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AHHOTAIINA

B pabore mpemiokeH OpUTHHAIBHBI OPTOHOPMUPOBAHHBIA 0a3Wc, COCTaBICHHBIA U3
COOCTBEHHBIX BEKTOPOB CYOIOJIOCHBIX MATPHIl KOCHHYC-TIPEOOpa30BaHMUs, COOTBETCTBYIOIIUX
3aJlaHHON TOJ00JIaCTH 00JacTH OIpeIeNIeHnsT KOCHHyc-Tipeodpa3zoBanus. [lokazaHo pasmokeHue
IUQPPOBBIX M300paKEHUH 1O BEKTOpaM MpEJIOKeHHOTo Oa3uca. BBepeHo MOHsATHE Oa3MCHBIX
M300paKeHUH B JBYMEPHOM 0a3uce COOCTBEHHBIX BEKTOPOB CYOIIOJIOCHBIX MaTPHUI[ KOCHHYC-
npeoOpaszoBanus. [lokazanel cBOHCTBa 0a3MCHBIX M300PKEHUH W KOAPPHUIIMEHTOB PA3TIOKEHUS
n3o0paxennss @ mo mnpennoxkeHHOMY Oasucy. IIpuBeneHBI pe3yabTaThl BBIYUCIUTEIBHBIX
SKCIIEPUMEHTOB, JAEMOHCTPUPYIOIIUX OCOOCHHOCTH paclpelesicHHs 3HAYCHUH TONTydeHHBIX
KO3 (HUITUEHTOB Pa3IoKEHUS H300paKEHHIA.

KaroueBble cioBa: wm300pakeHHe, KOCHHYC-TIpeoOpa3oBaHHe; CyONOJOCHBIE MATpPHIIBI,
KO3 (QUITUCHTHI Pa3I0KESHUS, COOCTBEHHBIC BEKTOPBI.
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Abstract

We propose an original orthonormal basis composed of the eigenvectors of subband cosine
transform matrices corresponding to a given subdomain of the cosine transform definition
domain. The decomposition of digital images onto vectors of the proposed basis is shown. The
concept of basic images in the two-dimensional basis of eigenvectors of subband cosine transform
matrices is introduced. The properties of the basis images and image decomposition coefficients
according to the proposed basis are shown. The results of computational experiments that
demonstrate the features of the distribution of the values of the obtained image decomposition
coefficients are presented.

Keywords: image; cosine transform; subband matrices; decomposition coefficients; eigenvectors.
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Pacnpoctpanenue, 06paboTka U UCIONB30BAHUE M300paXKEHUH B IEKTPOHHOH (Qopme sBIseTCS
HEOTHEMJIEMON YacThl0 MPAKTUYECKHM BCEX COBPEMEHHBIX HH(OpPMALMOHHBIX cucTeM. Bo MHOrmx
cllydasix IIeJIecoO0pa3Ho Ui aHaIM3a M300paKEHUH MPUMEHSATh MX CYONOJIOCHBIA aHAIMW3-CHHTE3 Ha
OCHOBE KOCHHYC-TIpeoOpa30BaHUsl 1O AUCKPETHBIM HaHHBIM [1]. B paborax [2, 3] mokazaHo, 4TO €ro ajs
€ro OCYIIECTBJICHUS HCIONb3YeTCS MAaTeMaTHUYeCKUN ammapar CyONOJOCHBIX MAaTpUI] KOCHHYC-
npeoOpa3oBaHus.

PaccmoTpuM mpencrtaBieHHe HM300paXXeHMH Ha OCHOBE ©0as3nca COOCTBEHHBIX BEKTOPOB
CyOmoOJIOCHBIX MaTpUll KOCHUHYc-TipeoOpa3oBanus. IlycTh H306pa>1<eHHe 3aJJaHO B BHUJE MAaTPHULIbI
BEIECTBEHHBIX 3Havennii O =(f, ), 1=12,..,N;, k=12,...,N,, 21€eMEHTb KOTOPOH COOTBETCTBYIOT

SIPKOCTH OTIENIbHBIX TUKCEICH N300paKeHUS.
[Tycth 3amanHON 10100IACTH MPOCTPAHCTBEHHBIX YacTOT [4] Vrlr2 (ITITY) obnactu ompenencHUs

KOCHHYC-TIPe0Opa30oBaHusl COOTBETCTBYIOT CYOIIOJIOCHBIE MAaTPHIIBI KOCUHYC-TTPeoOpa3oBaHus Grl uH -

pasmeprocTd N, xN; # N, x N, COOTBETCTBEHHO.

CyOmosnocHble MaTpHIlBl KOCHHYC-ipeoOpa3oBanuss G, u Hr2 SIBJISIIOTCS  BEILIECTBEHHBIMH,

n
CUMMETPUYHBIMU MaTpPULIAMH, CIIEZIOBATEIbHO, UX MOKHO IPEICTAaBUTh B BUJIE CICIYIOIIUX Pa3I0KESHUMN:

_ T _ T
Gr1 _erLrler’ Hr2 _UrzMrzurz ! (l)
IJIe CTOJIOIBI MATPHIL er n U , ABIAIOTCA COOCTBEHHBIMH BEKTOPaMHU MaTpPHI] Grl " Hrz, Ha TJIAaBHOM

JMaroHalld MaTPHIL Lr1 u M r, PACIIONOKEHBI COOCTBEHHBIC YHCIIAa MATPHII Grl u HIr2
=N = =1 ——r il
Q, = (67,848 ), U, =(U2,02,...% ), @
H I I I H I I; I;
L, =diag(4}, 47,45 ) My :dlag(;liz,uzz,...,y,\fz).
Paccmorpum Matpuny ' = (32), i=12,...,N;, k=12,...,N,

e — Qrqumr2 , (3)
ameMeHTHI ¥, i =12,...,N;, k=12,...,N,, KOTOpOif MpeJcTaBICHHbIEC B BHIC
yie = (G)" oGz, (4)

MOYKHO CUUTATh 3HAUCHWsIMH KOd(DDUIMEHTOB pasznokeHus [S] m3oOpaxkeHuss @ 1Mo OpTOroHAIBHBIM
BekTopam G, i =12,...,N;, m 0,2, k=12,...,N,, CyOIOIOCHEIX MAaTPHIl KOCHHYC-TIPEOOPA3OBAHHS Grl
¥ H_ , COOTBETCTBYIOINUX 3aaHHOM MOA00IACTH IPOCTPAHCTBEHHBIX YacToT (1Y) V

2 fr,

OueBHIHO, YTO MPOM3BEACHUE MATPHILI KOD(HUIIMEHTOB pasioxkenus: [ 172

Ha MaTpHIlbl nu
puIbt Q,
U ;.I; , COCTABJICHHBIC U3 COOTBCTCTBYIOIINX CO6CTBCHHLIX BCEKTOPOB, COBIIANACT C I/I306pa>KeHI/IeM CD,
_ no T
D = erl“ Ur2 . 5)

[IpencraBuM npaByro 4acTh COOTHOIIEHUS (5) B BUJIE TPOU3BEICHUS DJIEMEHTOB COOTBETCTBYIOIINX
MaTpHull,

yrlrzyrlrz_ ylr%\lri (UrZ) (urz)
hrp, nh nr il iih2
T ymnat =n | V21 Y227 V2N (U, ) T (T, )
Q, IV, = (G d;..ay,) ’ (S5;--Sy,)
=1 \T = \T
i i, NOK,) (Ux,)
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=

5 =3 qn e k=12,..,N,

i=1
N1 Nj

Torna, Z w2t (@)’ . (6)

|:
CnenoBarenbHo, n300paxkenne @ MOXKHO IIPEACTaBUTh (CHHTE3MPOBAaTh) B BHAE CYMMEI
HEKOTOPBIX KOMIIOHEHT (m306paxennit) X 17, i =12,..,N;, k=12...,N,

X =gu@2)", i=12,..,N;, k=12,...,N,. (7
WsoGpaxenns X rlrz’ i=12,..,N;, k=12,...,N,, Buza (7), xoTOpBIC 00pa30BaHbI COOCTBEHHBIMU

BekTopamu {* u U,? CyOIOJOCHBIX MATPHUI[ KOCHHYC-IPeOOpa3oBaHuUs G u H_, COOTBETCTBEHHO,

r bl
npeainarac€rCsa Ha3bIBaTb 0a3HCHBIMU I/I306pa)KCHI/IHMI/I B JIBYMCPHOM 633HC€ COOCTBEHHBIX BCKTOPOB
CyOMOJIOCHBIX MaTPHI] KOCUHYC-TIPE00pa30BaHmsl, COOTBETCTBYIOIIMX 3aaHHON roxobmactu [TH Vrlrz

Uccnenyem cBoiictBa GasucHbIx u306paxenmit X% (7), COOTBETCTBYIOMMX COOCTBEHHBIM
BekTopam G, i =1,2,...,N;, n (.2, k=1,2,...,N,, CyOIOIOCHBIX MAaTPHIl KOCHHYC-TIPEOOPA3OBAHHS Gr1
uH,

b 6 72 6 g, i=12
A3UCHBIC HU30 pa)KeHI/ISI ik > COOTBCTCTBYI-OH_[I/IG COOCTBCHHBIM BeKTOpaM qi y I—l, ""’Nl’ nu

k=12,...,N,, CyONOIOCHBIX MaTpHIl KOCHHYC-NPEOOpa3oBaHus G u H_, uMeroT pa3mMepHOCTb

r 9

N; x N, HUKCENIEN.

MoXHO MOKa3aTh, 4TO HOpMma GasucHoro msobpaxenms X2, i=12,..,N;, k=12...,N,,
paBHa 1,
-1 ®
CnenoBaresibHO, 3HaueHHS KOA(DGHUIMEHTOB pa3IoKEHUS %ng }, i=12,..,N;, k=12,...,N,

MO>KHO HCIIOJIb30BaTh Ui (hOPMAaIbHOTO OMHCAHUS WX 3HAYUMOCTU C TO3UIUN Pa3IUYHON CTETeHU
oToOpakeHust HHGOpMAITIU 00 NU300PAKEHHH.
Mo>xHO TOKa3aTh, YYUTHIBas CBOWCTBA Pa3jOKEHUN MO OPTOrOHAIBHBIM 0a3ucam, 4TO IHEPrHs

n300paxkeHust [1] @ MoxeT GbITh BBIYMCICHA HAa OCHOBE 3HAYCHHI KOI(DOUIUCHTOB PasIoKeHUs y,l'2,
suna (4), i=12,...,N;, k=12,...,N,, I/ICHOJ‘IL3y5I cleayroliee COOTHOILIEHHE,

H(DH z Z (7|r1r2 2:“Fr1rz 2

i=1 k=1

(9)

nr
3naueHuss kodpdunueHToB paznoxenus [? wuzoOpakenus @ 1o COOCTBEHHBIM BEKTOpaM

CyOmOJIOCHBIX ~ MaTpull KOCHHYC-TIpeoOpazoBaHus, coorBercTByrommx [1ITY Vi,,» TO3BOJIAIOT

anmpOKCUMHUPOBATh 3HAYCHHS YacTH dHeprun E . [1] u3o0paxxenus @ B nanHoi nogobnactu ITY.

BrutM BBITTOJTHEHBI BBEIYHCIUTEILHBIE 3KCHepI/IMeHTBI JUIS WCCIIENOBAHUS BEIUYUHBI 3HAYEHUH
KOX(P(UITMEHTOB pa3NiOKEHUs U300paKEHUI B TBYMEPHOM 0a3uce COOCTBEHHBIX BEKTOPOB CYOIIOIOCHBIX
MaTpull KOCUHYC-TIpeoOpa3oBaHusl.

Paccmorpum  uzobpaxenne d=(f,), 1=12,...,N;, k=12,...,N,. C muenpio nopbimenus

HATJISTHOCTH  JHarpamMM, OTOOPaKAIOMUX 3HAYCHUS BBIYHCISAEMBIX KOI(D(HUIIMEHTOB pPa3lIOKCHUS
(pucyHoOK), pazMepHOCTh u300paxeHus @ (0e3 moTepu OOIIHOCTH Pe3ynbTaToB) ObLTa BeIOpaHa 32 x 32
makceneit (N, =N, =32).
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Puc. ]JluarpamMMsbl pacrpesieleHus 3HaueHnit kodpQuimenToB pasnoxenus nzobpaxenns O
10 COOCTBEHHEBIM BCKTOpam Cy6HOJIOCHBIX MaTpun Koanyc-npeo6pa30BaHI/m B COOTBCTCTBYIOIIUX
nogoonacrax [T Vr1r2 :
a— Marpuua Fll; 0 — MaTpuIa r2;s— MaTpuna e;r- MaTpuia 4,
1l — MaTpuua r? ; € — MaTpuIa r#
Fig. 1. Diagrams of the distribution of values of the coefficients of the decomposition of the image on the
eigenvectors of subband matrices of the cosine transform in the corresponding subdomain of the Vir, -
a—matrix T*'; b —matrix [*2; ¢ — matrix I'*®; d — matrix T%;

e — matrix T"?; f — matrix %2

[IpencraBum  06MacTh  MPOCTPAHCTBEHHBIX dYacToT D _, (00macTh ompenencHuss KOCHHYC-
npeoOpa3oBaHusl),
D, ={(u,v)|0<u,v< 7z}, (10)
B BHJEC OOBEAWMHEHHUS TMOA00IACTe MPOCTPAHCTBEHHBIX YaCTOT Vr1r2 , 1=12...,R, n=12..R,,
npsamMoyronbHoi Gpopmel. Kommuectso IITY BbiOpano paBHeiM R, =R, =4, 4T0 HE BIMAET HA OOIIHOCTD
MOJTy4aeMBbIX Pe3yJIbTaTOB.
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Hns  Bcex momoOmacTeit Vir, s n=12..R, r,=12..,R,, ObUlM BBHIYUCIEHBI 3HAYCHUSA

K03((UILMEHTOB pa3iIokeHus wu3odpakeHus @ 10 CO6CTB€HHBIM BEKTOpaM COOTBETCTBYIOIUX
CyOITOJIOCHBIX MAaTpHIl KOCHHYC-TIpeoOpa3oBaHus. Ha pucyHke B BuIe auarpaMMbl IPEICTaBICHBI
3Ha4YeHUs KOAPPHUIHUEHTOB Pa3IoKeHHs n300paxkeHuss @ 1Mo COOCTBEHHBIM BEKTOPAM COOTBETCTBYIOIIUX

CyOIOIOCHBIX MATPHILL KOCHMHYC-NIPe00pa3oBanus B OTAENbHBIX mopoonactax M9V ,, V,,, Vi3, V,, V, 1

V,, 00macTu omnpeneneHus KOCHHYC-peoOpasoBaHus (Ha JuarpaMMax IO OCAM KOOPJIHMHAT yKa3aHbl
HOMEpa COOTBETCTBYIOLIUX COOCTBEHHBIX BEKTOPOB).

Pe3ynbrarthl BBIYMCIUTENBHBIX AKCHEPUMEHTOB IIOKa3ald, 4YTO 3HAYUTEIbHOE KOJMUYECTBO
KOO PHUIMEHTOB pAa3NIOKEHUA HMEET BEIMYMHY OJIM3KYI0 K HymO. Bu3yalbHO HTaHHOE CBOMCTBO
MOJTBEPXKJIAeTCsl JuarpaMmMamu, IpUBeIEHHBIMU Ha pUCyHKe 1. YKa3zaHHOe CBOMCTBO KO3 PHUIIMEHTOB
pa3ioKeHus: U300paKEHUH MOXKET OBITh HCHOJB30BAHO IMPH PEIICHHHM DPA3JIMYHBIX 33734 aHalIu3a U
00paboTKK M300pakeHU, B YAaCTHOCTH, B 3ajJlau€ C)KaTHUA W CKPBITHOTO BHEIpEeHHs HH(OpManuu B
U300paKeHMsL.

TakuM oOpa3om, MOKa3aHO, YTO HAa OCHOBAaHMHM COOCTBEHHBIX BEKTOPOB CYOIIOJIOCHBIX MAaTpHI
KOCHHYC-TIPe0Opa30BaHUsl MOXHO TOCTPOHUTH OPTOTOHAJIBHBIE pasioxeHus u3oOpaxenwid. Ilpu sTom
napbl COOCTBEHHBIX BEKTOPOB COOTBETCTBYIOUIMX CYOMHTEPBAIBHBIX MaTpPHUIl 00pa3ylOT €CTECTBEHHBIN
IBYMepHBI 0Oa3uc. MccnemoBanbsl CBOMCTBa KOA(D(PHUIIMEHTOB pa3lioKeHUsT H300paKCHHH MO Tapam
COOCTBEHHBIX BEKTOPOB CYOIOJIOCHBIX MaTPHIl KOCUHYC-TIPE0OPa30BaHHUS.

Hccnedosanue evinonneno npu ¢unancosou noooepocke PODU 6 pamkax Hayunozo npoexma

MNe 19-07-00657.
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