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PaccmaTpuBaloTCS OCHOBHble TeopeTUyeckue nonoxeHus, onpeaensiowme BEWVBET-
npeobpasoBaHMe M ero ceorctBa. [aH 0630p Haubonee pacnpoCTpPaHEHHbIX MPUMEHEHUI U
npuBoaATCA pesynbTaTbl, B TOM 4MCNe MOMNyYeHHble aBTopaMu, a TakkKe HanpaBfeHust uX
pa3BUTUS.

1. BBepeHue

B HacTtosillee BpemMsi npoucxoaut OypHOe pasBUTME WHM(OPMALMOHHBLIX TEXHONOMUA B
BbIYMCIMTENBHBIX CETAX, CUCTEMAxX TENeKOMMYHUKaUUA M OpyrMx obracTax TexHuku. B ocHoBe aTumx
TEXHOMOrMM nexut undposas obpaboTka CMrHamoB; NO3TOMY PE3KO BO3POC MHTEPEC K peLleHuio 3adad
aHanusa, CMHTe3a, KOOUPOBaHUs, CxaTus, nepefayvn ogHOMEPHbIX U MHOFOMEPHbIX curHanos. [lpu aTom
Hapsdy C pasBUTMEM TEXHUYECKMX CPeAcTB Ans WMH(OPMALMOHHBLIX TEeXHOMOMMn pasBuMBaloTCA W
TeopeTnyeckne metoabl. B nocnepHue roabl Bce Gonee wmnpokoe npumeHeHne B obpaboTke curHanos
HaxoOuT BeunBneT-npeobpasoBaHue. Hwxke paccmaTpuBaloTcsl npemmyllecTBa 3Toro npeobpasoBaHus u
HEKOTOpble pelleHus pasnuyHbiX 3agad B obnactu undgposon 06paboTkM OgHOMEPHBIX U MHOFOMEPHbIX
CWUrHamnos.

2. OnpepgeneHue n CBOMCTBA HaxoAUT BeWBreT-NpeobpaszoBaHuA

BenBneT-npeobpa3oBaHue sIBMSETCA MHCTPYMEHTOM, pa3buBarolMM OaHHble, Unu QYHKUUW, UIn
onepaTtopbl Ha COCTaBMsKLWME C pasHbiMM 4YacTOTaMMu, Kaxdasi M3 KOTOPbIX 3aTeM WUCCrepyeTcs C
paspelleHnem B nogxogsiwem wmacwrtabe [1]. BcneacteBue cBoero MeXOUCLUNIIMHAPHOTO
npovcxoxaeHusa (MatemaTuka, usmka, TEXHUKa CBSA3M U T.4.), 3TO npeobpasoBaHMe HALUMO NpUMeEHeHue
B CaMbIX pa3HOOOpa3Hbix obnacTax, Bkroyas 06paboTKy curHanos.

Bo MHoOrux npunoxeHusx, umes 3agaHHbli curHan f(t) (ceryac nonaraem, 4to t- HenpepbiBHas
nepeMeHHasi) HeobxoOUMO 3HaTb €ro  YacCTOTHYI XapaKTepuCTUKy rfokanbHO BO BpeMeHu. ObbluyHoe
npeobpasoBaHme dypbe [aeT npeacTaBneHVe O YacCTOTHbIX XapakTepUCTUKaxX, HO MHGOpMauuio,
KacaloLLyloCsl BPEMEHHOW Iokanusaluum COCTaBRSOWUX CrnekTtpa OObIMHO — TPYAHO M3BMNEeYb U3 3TUX
XapakTepucTuk. [nsa pelueHns 3ToM 3agady MUCMOSb3ylT OKOHHOEe npeobpasoBaHue Pypbe C NOMOLLbHO
OOMNOMHUTENBHOM (PYHKUUKN-OKHA, KOTOpas MOXET CMeLaTbCA Mo OCYM BPEMEHM, OOHAKO U 3TO He Bceraa
MOXET [aTb XOpOoLune pesynbTaThl.

BenBneT-npeobpa3oBaHne no3BonsieT  MNOJyYUTb CXOOHOE 4YacCTOTHO-BPEMEHHOE OnucaHue C
HEKOTOPbIMW CYLLIECTBEHHBIMU OTIIMYMNSIMA U, BO3MOXHO, C npeunmylliectBamu. dopmyna, onpegenstoLlas
HenpepbIBHOE OQHOMEPHOE BEMBIET-Npeobpa3oBaHue, nmeet Bug [1]:
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- hukcmpoBaHHble yucna. B (1) n (2) npegnonaraetcs, 4To J' Y(t)dt =0 (ycnosue gonyctumoctn).
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B kauecTBe BewBneT-(OYHKUUA BbIOMPAOT pasnuyHble OYHKUMM, XOPOLUO JIOKanM30BaHHbIE BO
BpemeHm n B npoctpaHcTBe. Yacto B kavectBe Y([) 6epyT BTOpPYIO Npon3BoaHyo dpyHkuum Maycca (t)=(1-
t )exp( -t /2) KoTopas yaoBneTBopsieT BCeM HEOOXOAUMbBIM YCIIOBUSIM.

Korga a meHsieT cBoe 3HaveHne, QyHKkums ¢ (x)-[la[f”zw (x/a) meHsieT cBolO 4acToTy: 6onbLune
3HauyeHus macwTabupylowero napameTtpallallcooTBeTCTBYEeT MarbiM 4actotam u 6onblwomy maclitaby
ans ¢7%  manble napameTpbl [ACCOOTBETCTBYIOT BLICOKMM YacToTaM W MarbiM Maclutabam (PP,
M3meHeHWe napameTpa b no3BomsieT CMECTUTb LIEHT BPEMEHHON Nokanuaaumun: kaxaast pyHkumst ¢-°(x)
nokanusoBaHa okono s=b. CneposatenbHo (1) 1 (3) 4alOT YaCcTOTHO-BpeMEHHOe onucaHue f.

Pasnnune mexay BerBneT-npeobpasoBaHNEM UM OKOHHbIM MNpeobpasoBaHveM Pypbe COCTOUT B
HEOAMHAKOBBLIX (DYHKUMSIX OkHa U P, MocredHsiss MMeeT LUMPUHY BO BPEMEHW, COOTBETCTBYIOLLYIO
4aCTOTe; BbICOKOUACTOTHbIE YF° SBASIOTCS Y3KIMMM, B TO BPEMSI Kak HU3KOYACTOTHbIE YP° — HAMHOTO LuMpe.
B pesynbtate c nomouiblo BenBreT-npeobpasoBaHUa MOXHO NOMNy4nTb GomnbLUyl0 M3BUpaTenbHOCTbL BON
BpeMeHM (YactoTe) unm HaoboporT.

B obwem crnyvyae napameTpbl caBura u cxatusi a, b MeHsilotcst Ha MHoxecTBe R ¢ orpaHuyeHvem
az0. Jlobas dyHkumsa f(t) MOXXeT ObITb BOCCTAHOBEHA C NOMOLLIbIO hOpMYIbl OOpaLleHust
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dopmyna (5) moxeT ObITb paccMOTpeHa C OBYX TOYeK 3peHMst: Kak crnocod BoccTaHoBrieHus f, ecrnu
N3BECTHO ee BenBneT-npeobpasoBaHue, nu kak cnocob 3anucu f B Buge cynepnosvumy BEVBNETOB l,tla'b;
KO3(pbMLMEHTBI 3TOM Cynepno3numMmM TOYHO 3a4aHbl Yepes BENBIET-Npeobpa3oBaHue.
MpakTnyeckn Mcnonb3lyeTcsa AUMCKpeTHoe u3bbiTouHOe npeobpasoBaHue (pperim). B aTom cnyyae
oba napametpa a W b npuHMMalT  TONbKO AWUCKPETHblE 3Ha4eHusi. BeliBneT-npeobpasoBaHne c
OVNCKPETHLIMU MHOEKCAMU UMEET BUA.

l'IJm,n(X) :aomlzl'l"(aomx _nbo) (6)

B aTom cnyyae cyLlecTByeT YNCIEHHO YCTOMUMBLIN anroputm BoccTaHoBneHus f(t).

BenBneT-npeobpa3soBaHne MoXeT ObiTb 0606LEHO AN MHOFOMEPHbIX (OYHKLMIA, YTO NO3BONSeT
€ro NpumeHsTb Anst 06paboTkn MHOroOMepHbIX CUrHanoB. Hanpumep, AByMepHOe HenpepbiBHOE BEWBMET-
npeobpasoBaHMe MOXHO 3anncatb Kak
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U3 (7) — (9) MOXXHO nony4nTb cbopmynbl ANns npsiMoro n obpaTHOro ANCKpeTHOro npeobpasoBaHums.

3. HekoTopble npumeHeHUs1 BeMBrneT-npeobpasoBaHusi

OpHomepHoe BenBneT-npeobpa3oBaHne NpuMeHseTcs ANns 3agad obpaboTkn B obuieM cnyyae
HecTaLMOHapHbIX CIydalHbIX CUrHanoB — aHanmMsa M CMHTe3a, ONTMMU3auMu napameTpoB Mogenen
CWrHamnoB, BblAENEHUs CUIHanoB Ha (poHe LIYMOB pasfU4YHOrO MNPOUCXOXAeHWs. B crnyyae crnoxHbIx
CWrHamnoB, HanpvMmep, C MMMYNbCHBIMW COCTaBNSOWMMMK, Grarogaps BbICOKOMY paspeLleHuo BENBMET-
npeobpas3oBaHnsi BO BpeMEHHOW obnacTtu, BO3MOXHO BbIAENATb U aHanu3npoBaTb 3TV COCTaBnfwoLue,
fiokanu3oBaTb (PPOHTbI UMMNYNBCOB M ApyrMe ocobeHHocTu [2, 3]. Kak nokasanu onbiTHble UCCIeAOoBaHus,
pesynbTaTbl B CpaBHEHUM ¢ npeobpasoBaHmem Pypbe CyLeCTBEHHO Yy4LlalTCs.

BeliBneT-npeobpasoBaHns No3BonsieT BecbMa 3P(EKTUBHO co3faBaTb OaHKM OOHOMEPHBLIX U
MHOIOMEpPHbIX PUNbTPOB AN 06paboTkM peyeBblX CUrHanoBs, nsobpaxeHun un ap. [4]. bonbwon addekt
nonyyaeTcs Npy peLleHun 3adad ckaTus cnekTpa ans cuctem obpaboTkm peun n usobpaxeHun. Mpu
3TOM, Hanpumep Ans U300paXeHUW, MOXHO pellaTb He TONbKO BOMPOCHI CXaTus UHOopMaumu, HO U
MOCTPOEHMS TUCTOrPaMM, YrydlLEeHUs KadecTBa WM300pakeHui, pecTaBpauuyM NyTeEM akLeHTUPOBAHHOrO
N3MeHeHns KO3(P(ULMEHTOB B BEMBMET-00MacTu ANA M3MEHEHUS VHTEPEeCyKLMX Hac KOMMOHEHTOB B
HY)KHY0 CTOpPOHY. BO3MOXHO Takke cnusiHne wu3obpakeHuin (Hanpumep, nNPOEKUMNn Kakoro-nnbo
BHYTPEHHEro opraHa 4YenoBeka) B 04HO M300paKeHue.

B poknage paccmatpuBaloTCs Takke NpUMMeHeHus BewBrneTt-npeobpasoBaHust ons cybnonocHoro
KOAMPOBaHWsi, CyonoriocHOM punbTpaLum n MHOrOCKOPOCTHOM LindpoBO 06paboTKM CUrHaroB.
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4. 3aknroyeHue

PelwaemMble ¢ nomouibo BenBMEeT-Npeobpa3oBaHUs 3agadvM HamgyT LUMPOKOE MPUMEHEHMNE B
dbyHOaMEeHTanbHbIX UCCReaoBaHNAX, TEXHUYECKON M MEeOULMHCKOW AMarHOCTUKE, cucTemax nepegadv
MHGOPMALMKN, CENCMUYECKNX W PafMOSIOKALMOHHBIX CUCTEMax, MpU pasBUTUM CUCTEM WCKYCCTBEHHOIO
WHTEennekTa.
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APPLICATION OF WAVELET TRANSFORM FOR PROCESSING OF 1-D AND M-D SIGNALS
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The basic theoretical provisions defining WAVELET TRANSFORM and its properties are
considered. The review of the most widespread applications results (including received by the
authors) is given. The direction of their development also is mentioned.

2 t—b
The 1-D wavelet transform is defined as W, (a,b) = |aj v J'f(t)l]J(—)dt, and the 2-D wavelet
J) a

transform as W, (a,b,,b,) = I J'f(x,y)l]J (X, y)dxdy [1].
o)) a,b,,b,

The 1-D wavelet-transform is applied to problems of processing generally of non-steady casual
signals - analysis and synthesis, optimization of parameters of the patterns of signals, allocation of signals
on a noise background of different derivation. In case of composite signals, for example, with pulse
constituting, due to a high-resolution of wavelet-transform in time-domain, it is possible to select and to
analyze these constituting, to locate fronts of impulses and other features [2, 3]. As have shown
experimental researches, the results in matching with a Fourier transform are essentially improved.

Wavelet-transforms allow rather effectively to create filter banks for processing of 1-D and M-D
signals for speech interpretation, of the images etc. [4]. Large effect is received at problem solving of a
frequency compression for systems of voice recognition and images. Thus, for example for the images, it is
possible to decide not only problems of compression of the information, but also construction of the
histograms, improvement of the quality of the images, restoration of images. Probably also merger of the
images (for example, projections any of an internal organ of the person) in one image.

In the report the applications of wavelet-transform for subband coding, subband filtration and
multirate digital signal processing are also considered.
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