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Pemenuro 3ala4u NpeaACTaBJICHUA U CUHTE3a HEPA3JACIIUMbIX BeleJ'IeT-(l)ldﬂprOB B HaCTOAIIEC BpEMs IOCBs-
IIEH CPaBHUTEIHLHO HEOOJIBIION 00beM MyOJIMKALUi MO MPUYMHE BHICOKOW BBHIYMUCIMTEIHLHON CIOXHOCTH M MaJloi
pacrpocTpaHEeHHOCTH HCIOJIb30BaHUS HEPa3AeNUMbIX (QHIBTPOB B NMpHiIoKeHUsX. OCHOBHAs Macca aJIrOPUTMOB Ha
0aze BelBIeT-NMPeoOpPa3OBaHU, M PEATbHO HCIIOIb3YyeMble KOJIEKH HCIIONIB3YIOT Pa3feiuMble BEeHBIET-(QUIBTPHI.
O06001eHre 0JTHOMEPHOTO BeHBIIET-NPeoOpa3oBaHusl Ha IByMEpPHBIH ciydaii ObUI0 BBINONHEHO emme B 1990-x rogax
u mnpexacraBieHo B paborax [oGemm [1,2]. Ilpm wucmoms30BaHWM ABYMEPHBIX HEpa3lCIMMBIX BeEHBIET-
npeoOpa3oBaHUl MPOCIEKUBAIOTCS JBAa OCHOBHBIX HAIIPABICHHUS — OOIIUH CIydaid, KOTJa OpPTOHOPMHUPOBAHHBIH
6a3uc BEHBIETOB NMPECTaBICH TPEMs IPOCTPAHCTBAMU, M PA3JIOKEHNE H300PaKEHUs] B YACTOTHON IUIOCKOCTH TPO-
UCXOAUT Ha 4 00nacTH; YacTHBIN CIy4aid, COOTBETCTBYIOIINI IBYMEPHOW NTH(THHT-CXEME, H CXeMa Pa3IOKEHHS
MMEET IaXMaTHYIO CTPYKTYpY (B 3TOM cilydae BeHBieT-0a3uc MPEACTaBICH OJHUM, ABYMS WJIN TPEMs IIPOCTPAHCT-
BaMu). B Hacrosmel paboTe mapamerpusanus U CUHTE3 BEHBIET-QUIBTPOB KacaeTcs OOIIero BapuaHTa MIPeACTaB-
JICHUSI IBYMEPHBIX BEWBIET-(QUILTPOB.

Jnst ynoOcTBa nanbHEHIIEro npeAcTaBlIeHus] MaTepraIoB PaCCMOTPUM HEKOTOpBIE ONpEAEICHHUs U CBOMCTBA

JIBYMEpHOTO BeiiBneT-npeodpazoBanus. Ilycts (p(x, y) — €CThb JByMepHas Maciurabupyromas (QyHKIHs, MOJ9H-

HAMOIIAasACA YpaBHCHUAM MaCHITa6I/IpOBaHI/I$I
M-1M -1
o(r,y)= X Y cpyol2x—k2y—j).
k=0 j=0

B cuny oproronajibHOCTH (p(x, y) s ee Dypre-00pasa BEIIOIHIETCS PAaBEHCTBO
|H(j031,j0)2)2 +|H(jw1 +n,jm2)|2 +|H(j031,j002 +nl2 +|H(jcol + T, joo +Tc)2 =1, e

rue H(jwl’j(DZ):— Z Z cnl,nze_j(®1n1+0)2n2)-

[lo ananorum ¢ OAHOMEPHBIM CiTydaeM, GHIbTP, oOnagaromuii cBoricTBoM (1), OyzmeM Ha3pIBaTh KBAAPATypHO-
3epPKaJIbHBIM JIByMEPHBIM (PHIIBTPOM.

Ionnplit BelBreT-0a3UC MpeCTaBIEH TPEMs IPOCTPAHCTBAMU Y1, Yo, Y3

M-1M-1 M-1M-1

vilny)= X 3 gigvi@e—k2y—j). wolxy)= Y Y gava(2x—k2y- )
k=0 j=0 k=0 j=0
M-1M-1

v3(ny)= Y X g3va(@x—k2y—j)
k=0 j=0

KoadppummenTsr C I g Jj CBA3AHBI MENIY c000i CIIEAYIOIIMMA COOTHOIICHUSIMU

_ k+j / = i
8lkj = (_ 1) CM—k+1,M—j+1> 82k = (_I)J Chk,M—j+1> 8315 = (_ 1) Corokst, -
[Toj HU3KOYACTOTHBIM [BYMEPHBIM BEHBIET-GHIBTPOM MOHUMAETCS LUPPOBOM GHIBTP, UMITYIBCHONW Xapak-
TEPUCTUKON KOTOPOTO ABISIOTCS KO3 PHUIUEHTH MaCIITAOUPYIONIET0 YpaBHEHHUS C kj

i i LM —j(koy+ joo, )
H(joy, jor )= MM, kzo ZO Crj€ :
0 /2

[Ton BEICOKOYACTOTHBIM JIBYMEPHBIM BEHBIIET-(QMIBTPOM ITOHUMAETCs HU(PPOBOI QHUIBTpP, UMITYJILCHON Xapak-
TEPUCTHKOH KOTOPOTo ABIAIOTCA KO3()(HIHMEHTHl MacIITAOMPYIOIIEro ypaBHEHUS <] kj» 82k 83k -

Ha puc. 1 NpCACTaBJICHbI KBaJApaTbl aMIUNIMTYAHO-YAaCTOTHBIX XapaKTCPUCTUK HU3KOYACTOTHOI'O BEUBJICT-

¢unsrpa H 2(0)1,(02) U COOTBETCTBYIOIIETO BBICOKOYACTOTHOTO BEHBIET-QIIBTpPa G12 (001,0)2). IIpumep

pasacicHus YaCTOTHOM INIOCKOCTH MNpeACTaBJICH Ha Oaze HEPA3ACIINMOI0 BeﬁBHeT-(l)HJ'ILTpa, CUHTC3UPOBAHHOI'O
COorjiaCHoO HpPIBOZ[PIMOﬁ HWXXEC METOAUKE.
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H(olo2) . Gi(wlo2)
i 1,

05 ! ;
0 ,

2 B b " 05
w-x%) 4 ol(-mnr) m2(-mm) A A‘__‘ 05 ] wl(-m,7)
a) 0)
Puc. 1. Paznenenue 4acTOTHOM INIOCKOCTH Ha 00J1aCTH TP UCIIOJIB30BaHUU PA3IMYHBIX (DUIIBTPOB:

a) HY; 6) B4

ITo ananoruu ¢ CHHTE30M OJHOMEPHBIX BEHBIET-(QHUIBTPOB OCHOBHBIMH YCJIOBHUSIMH, OTPaHHYMBAIOIINMH BBI-
6op BeiiBneT-PyHKINI, OCTAIOTCSl YCIIOBHE OPTOrOHAJIBHOCTH CABHUIOB M YCJIOBHE HAJIMYHMS KaK MHHUMYM OJHOTO
HYJIEBOI'O MOMEHTA. YCJIOBHE OPTOTOHAJILHOCTH CIIBUTOB BEWBIIET-(QDYHKIMH OOecrieunBaeT MOIHYI0 00paTHMOCTh
BeiiBieT-pasnoxenus. Haimnume Xots Ob OHOTO HYJIEBOTO MOMEHTA O0YCIIOBICHO TeM, YTOOBI BeHBIET-QYHKIMS 1
COOTBETCTBYIOIas Mactabupyronas GyHKIMS ObLIH JOCTATOYHO PETYIISAPHBIMU. 3/1€Ch CHHTE3UpyeMble BEHBIET-
(GYHKIMH MMEIOT MUHHMYM OJWH HYJIEBOH MoMeHT. OJHAKO NpeICTaBJICHHAas METOJHMKA pacyera IO3BOJISCT BBI-
MTOJTHUTH 0000IIIeHNE Ha CITy4Jail G0JIBIIET0 YUCIIa HyJIEBBIX MOMEHTOB.

OrpaHuueHHs] Ha NOPSJOK TJIaJKOCTH /1 TPUMEHHUTENIFHO K YaCTOTHBIM CBOMCTBaM BEHBIET-(QHUILTpA OIpe-
JIeISIeTCS BEIPAKEHUSIMH [ 3]

akH((ol,coz) 0 akH(ml,(nz) 0
- 7 =Y, ] =Y,
6km1 K 6k0)2 T (2)
== W=
2 2
k=1,....m—1.
KBa,upaT aMHHI/ITyHHO-‘IaCTOTHOﬁ XapaKTepI/ICTI/IKI/I HpeHCTaBI/IM B BU/IC pa3HO)I(€HI/IH 10 KOCI/IHYCHBIM (I)yHKIII/I-
M
N,=IN,-1
2
H*(0,,0,)= Z anl,nz cos(w,n, +,n,) 3)
n=0n,=0

Heobxoaumo ormeTuTh, 4TO pasioxeHueM (3) mpeicraBisieM oOmumil ciaydail npencraBieHus (QUIBTPOB —
cilydail IBYMEPHOTO Hepa3aeauMoro GpuibTpa. B yacTHOM ciydae cuHTe3a pas3aeaumoro Guibtpa, pasnoxenue (3)
YIPOIIACTCS.

Jlns momy4eHus: HeoOXOAMMOM TTIAIKOCTH BEHBIIET-QYHKIMH 100aBUM B KOCHHYCHOE pa3iiokeHue (3) momod-
HUTEIFHBIC MHOXKUTEIH, 00JIaJaroIIue cCBOHCTBaMU (2)

N,-1N,-1
2
H*(op,07) = (1+cos(o))1+cos(a,) X ¥ Ay 1y cos(wny + @any )- “4)
m =0 ny =0
Pasnoxxenne (4) SBISIETCS OCHOBOW pPEMICHHWS ONPEACICHHOW 3aJadd TMapaMeTpH3alrd, a Kod(p(HUIIMEHTH
d ny.ny, — MAPAMETPAMH NAPAMETPH3ALINH. C LeNbIO ONPEIeIeHNs JOMONHUTEIBHBIX ypaBHeH I Ha (] nyny BB

TIOJIHAM TOJCTaHOBKY pasiioxkeHus (4) B Belpaxkenue (1). OmycTuB Bech HEOOXOAMMBIN 00BbEM MaTeMaTHUECKHX
BBIUUCJICHUH, 3alUIlIEM KOHEYHOE BBIPAXKEHUE MOCIIE YKa3aHHOU MOJCTaHOBKU

NI-IN2-1 NI=IN2-1
z Zdnl,nz cos(colnl +o,n, )+ Z Z d, cos(ooln1 + o,n, )cos(oa1 )cos(oa2 )+
nl=0n2=0 nl=0n2=0
i0é ny—+do, ny—id+do ide  ny—id+do , ny—id+ao
N1-1N2-1 N1-1N2-1 1
+ Z z d, cos(ooln1 +,n, )cos(oo2 )+ Z Zdnl,nZ cos(ooln1 +o,n, )cos(oa1 ) = E
nl=0n2=0 nl=0n2=0
i8¢ n—+do, ny—id+do i8¢ m—id+do , ny—+do
Ta6numa 1
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O61wee UHCIO Mepe- Yucno orpaHuYMBaIo-
HOVPﬂHOK MEHHBIX (K0D( M- YHcito napaMeTpos d/‘k [IUX ypaBHEHHUN Ha Yucno cBobo-
BeiiBJICTA : HBIX TTapaMeTPOB
€HTOB) d jk
4*4 16 9 4 5
6*6 36 25 9 16
8*8 64 49 16 33
10*10 100 81 25 56
12*12 144 121 36 85
Tab6muma 2
[Topsinox BeiiBiiera [Topsimox Tlopsinox Yucao cBOOOIHBIX Yucao cBOOOIHBIX Yucno cBo-
(p(x, y) =0 (x)(p2 (y) o3} (x) 0 ( y) napameTpoB IapaMeTPoB (P (y) OOJHBIX T1a-
o1(x) pameTpoB
obmiee
4%*4 4 4 1 1 2
6*6 6 6 2 2
8*8 8 8 3 3 6
10*10 10 10 4 4 8
12*12 12 12 5 5 10

Iycts nopsgok seiinera ectb M * M, Torma uncio ypaBHeHHiA, OrpaHNYMBAIOMIUX BEIGOP jk » onpezens-

erca  Boipakennem M x M / 4. Yucno  cBOOOAHBIX  MApaMETPOB  ONPEJAENSETCS  BBIPAKEHHEM

((M - l)x (M - 1) —MxM / 4). PesynbTarhl pacyera yucia CBOGOHBIX IAPAMETPOB MPECTABIEHBI B Ta0I. 1.
TMOKOCTh MPECTABIEHUS U MHOMXKECTBEHHOCTh PEAM3ALMN HEPa3leuMbIX (UILTPOB 0CO00 3aMeTHa Ha (JOHE
TIPECTABIIEHHS PA3IETUMBIX (HILTPOB Ta0IL. 2.

Heo6X0MMbIM YCIIOBUEM, OTPaHUYHMBAIONIMM BHIOOP NapameTpos d jk » ABIACTCS MIONOKMTENBHOCTh TPHIO-

HOMCTPHUYECKOI'O psiza

2
H*(0),05)>0= Y3 d,, cos(ko; +nwy)>0- (%)
k n
Peurenne HepaBeHcTBa (5) B SIBHOM BHJIE, /€ Pe3yJbTaTOM OyIeT n-MepHas 00JNacTh CYIIECTBOBAHUS Iapa-
METPOB, ABJSICTCA OYUCHb CIIOXKHOM 3aﬂa‘l€ﬁ. I[a)l(e B OJHOMEPHOM Cliy4dac pa3pa60TaHLI JIMIIb YaCTHBIC PCHICHUS

HO,Z[O6HOFO HEPABCHCTBA. 3MHI/IpI/I‘-IeCKI/I TIOJIYYCHO, YTO IIPH CYKEHUN o0Jactu JAOITyCTUMBIX 3HAYCHUI d]k

N-1N-1
doo = Y, Dldul (©)
n=l k=l
HEpaBeHCTBO (5) BeIMonHseTC. Heo0X0AUMO OTMETHTb, UTO CYIIECTBYIOT U APYTHME BapHAHTHI BHIOOpa d e

YIOBJIETBOPSIONINE HEPABEHCTBY (5), MpH KOTOPHIX HEPABEHCTBO (6) HE BBINOIHIETCS, OJHAKO TMOWCK JOTOIHU-

TeJIbHBIX 00acTei OIIPCACIICHUA d]k — AOBOJIBHO HETpHUBHAJIbHAA 3a1a4a.

PaccMoTpum BTOpOH 3Tam CHHTE3a ABYMEPHBIX BEUBIET-(QUIBTPOB — pacdyeT MMITYJIbCHOM XapaKTEepUCTUKU
(UX). [y MOTHOLIEHHOTO pacyeTa UMITYJILCHOW XapaKTEpPUCTHKH TpeOyeTcsl 3HaTh COOTBETCTBYIOLIYIO (ha3oByro
XapaKTepUCTHUKY, T.€. He0OX0oanMO pemenne GazoBoii 3a1aqm.

[IprMeHnTENBHO K pacyeTy OZHOMEPHBIX (PHUIBTPOB, pacdyeT Hy KHOU (ha30BOH XapaKTEPUCTUKHU BBIOIHSACTCS,
UCTIONB3Ysl METOA (paKTOPHU3ALNH, ITyTeM BbhlunciaeHns Hyiaed AUX ¢unbTpa v pasMelieHus MX Ha Z -IUNIOCKOCTH B
COOTBETCTBHUH C pemiaeMoi 3amadeii. HamoManM, 9T0 Meton (akropm3anu OCHOBBIBaETCSI HA OCHOBHOI Teopeme
anreOpel — monmuHOM P mopsimka M MOXKHO mpeacTtaBuTh B (opme MpousBelAcHHs M COMHOKHUTENICH Buaa

*
(Z —Z ) Z+2zgy | [4]. Umenno Bo3MOkHOCTBIO (paxTopu3anun AUX omHOMepHOro (GUIbTpa OOBACHAETCA TOT

(axr, uro oguoit AUX coorBercTByeT Heckoyibko UX.

[IpumeHuTENBHO K ABYMEpPHOMY (DMIIBTPY OCHOBHas Teopema ainreOpsl He BbInonHseTcs. bonee Toro, MmHoro-
MepHbIE TOJIMHOMBI, KaK MPaBWIO, HE pa3jiararoTcsi Ha MHOXKUTeIH. [103TOMy pemieHus: MHOTOMEPHBIX (ha30BBIX
3aJ1a4 B YaCTOTHOM IUIOCKOCTH OKAa3bIBAIOTCSL €AMHCTBEHHBIMU BO BCEX CIIy4dasiX, KPOME CIIEHUANIbHBIX, HE MMEIOLIUX
MPaKTHYECKOTO 3HAYEHHUsI. DTO NMPUBOJUT K TOMY, YTO aBTOMAaTHYECKH CHUMAETCs 3a/a4ya KOpPeKIH (a3bl IBY-
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O6paboTka 1 nepegaya M3o6pakeHUmn

MEpHOTO BeiBneT-GunbTpa. s pemeHus aBymepHOU (ha30BOM 3aJaddl MOXKHO BOCIIOJB30BATHCS CTaHIAPTHBIM
HTepaOHHBIM anroputMoM Daiinama (Moandukaius aaroputMa I'epxoepra).

Takum oOpa3om, B paboTe mpemnaraeTcs METOJ NMapaMeTpU3alMU JBYMEPHBIX HEPa3[eIMMBIX BEHBIET-
(GUIBTPOB, a TAKOKE JaeTCs ONMCAaHUE METOJUKU CUHTE3a JaHHBIX (DHIIBTPOB.

Jlutepartypa

1. lo6emm U. lecsts nekumit no BeiiBieram: [lep. ¢ anri. — M.: HULL «PeryssipHas u xaoTudeckasi JMHaMu-
ka», 2004.

2.Cohen A., Daubechies I. Nonseparable bidimensional wavelet bases / Rev. Mat. Iberoamericana. 1993. V. 9,
Ne 1, P. 51-137.

3.BopobseB B.1., I'pubynun B.I'. Teopust u npaktuka BefiBner-npeodpasoanusi. — CI16.: BYC, 1999.

4 Nnena B.A., [To3wsik O.1. JIuneitnas anredpa. — M.: @u3martiut, 2005.

'y
A4
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In our days not much publications are devoted to solving problems of presentation and synthesis of wavelet-
filters, because of a high calculation compound and of small spread of using non separable filters in supplements.
The main part of algorithms on the base of wavelet-transform and the real using coders are using separable wavelet-
filters. Generalization of one plane wavelet transform on a case of two-dimensions had been made in 1990 years and
presented in the work of I. Doubechies [1]. While using two-dimensional non separable wavelet-transform over-
looked two directions — general case, when the orthonormal bases of wavelet are presented by three spaces and
transform of image in frequency plane is coming in four regions; special case, corresponding two-dimensional lift-
ing scheme, and a scheme of transform have a chess structure (in this case wavelet bases is presented by one, two, or
three dimensions).In this work parameterization and design of wavelet-filters is concern of the common version of
the presentation of two-dimensional wavelet-filters.

How in the case of design of one-dimensional wavelet-filters the main conditions, that limited the choice of
wavelet-filters, are staying conditions of orthogonal of translations and the condition of presence as minimum as one
vanishing moment. Condition of orthogonal of translations of wavelet-filters providing the full reverse of wavelet-
transform. The second condition is stipulate of condition of enough regularity of wavelet- and scaling-functions.
Here, in this work, wavelet function have minimum one vanishing moment. However, presented method of calcula-
tion allows making generalization on the case of more numbers of vanishing moments.

Square of frequency response characteristic is presented as transform by cosine functions

N,-1N,-1

H?(0,0,)= Y, 2 bum, cos(@;y +w,ny).

n,=0 n,=0

For the full calculation of impulse response is need to know corresponding phase response, so solving of the
phase problem is necessary.

According to calculation of one-dimensional filters the calculation of necessary phase response is made using
the method of factorization by calculation of zeros of frequency response of the filter and by placing them on z-
plane according to solving problem. Remind that the method of factorization is based on the main theorem of alge-

bra — polynomial P of M order may be presented in the form multiplications of multiplier (z A )(Z + ZO* )

Just by the possibility of factorization of frequency response of one-dimensional filter explains the fact that to
one frequency response according several impulse responses.

In the case of two-dimensional filter, the theorem of algebra doesn’t work. Moreover, multidimensional poly-
nomials don’t decompose on multiplier, as a rule. So solutions of multidimensional phase problems on a frequency
plane turn out to be unique in all cases, except special, that doesn’t have practical mean. This lead to take off of the
problem of correction of phase for two-dimensional wavelet-filter. For solving of two-dimensional phase problem
the standard iteration algorithm Phynapa (modification of algorithm of Gerkhbera) can be used.

Thus, in this work offer the method of parameterization of two-dimensional non separable wavelet-filter and
the method of designing of such filters is given.
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