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Pedbepat: wnccrnemoBaH anroputm MOAABMNEHWUA LIymMa, MNOCTPOEHHbIM Ha ocHoBe wavelet
npeobpasoBaHNs 1 Pas3NMYHbIX OBHYNAKOLWMX PYHKLMSIX.

Osonouns 1 passuTue anroputMoB U cpeacTs undgposon obpabotkm curHanos (LLOC) noctasunu
3afjiayy NpUMEHEHUs1 HOBbIX METOA0B AN ux obpaboTkn. HeoTbemnemonm 4epTon NpuHMMaeMbIX CUrHaroB
ABnsieTcd Hanvume 6enoro rayccoBckoro wyma. PunbTpaums cryyarHbIX CUrHamoB M3 LUYMOB SIBMSIETCH
Krnaccu4ecKkon B TEOPUWN JIMHEWHOW U HENMMHENHoW unbTpaumm curHanoB. CylecTBYHOT M Apyrue MeTonpl,
HanpaBfieHHble Ha ocrnabneHve AencTBus Wyma. Tak, B pabortax [1-4] npeanoxeHbl anropuTmbl wavelet
dunbTpaumKn, pPaccMOTpeHbl MeTOAbl COKpalleHus KoadhdmumeHToB wavelet pasnoxeHua curHana u
nccrnedoBaHo WX BMMSIHME Ha CTeneHb ModaBreHust wyma. ABTOpaMu MPOBEOEH aHamnm3 YyBCTBUTENBHOCTM
anropuTMOB K M3MEHEHMSM CUrHana 1 aHanmus CMELLEHNS 1 OMCIEPCUN OLIEHKM CUrHana rnocrne BOCCTaHOBIIEHWS,
paccMOTpeHbl BOMpochbl Bblibopa nopora OBHyneHus koadduumeHToB. B ykasaHHbIx paboTax oOTCyTCTBYET
UHOpMaLMA O BNUSHAM nNapameTpoB obbema BbIOOPKM BXOOHOTO CUrHama Ha KadecTBo bunbTpaumn wu
HeO0HXOAMMBIX BbIMUCTIUTENBHBIX pecypcax Arns NpakTU4eckon peanmnsaummn anroputMosB.

Pabota nocesiweHa BoMpocaM pacnpoctpaHeHus anroputma [loHoxo u [xoHcoHa [2] ans
dunbTpauun NCeBAOCNyYaNHOW NOCnefoBaTenbHOCTU U3 LWyMa, aHanuady BhvsHUA ob6bembl BbIBOPKK
CWrHana Ha KayecTBO (pMnbTpaunm U OLLEHKE BbIYMCIUTENBHOW CAOXHOCTU anroputma.

MpencTaBum ncecnegyemoln curHan x = (xl s X9 ,...,xL) B BUae
x; = f;+og; i=12,..,L (1)

roe f; - NeTepMUHUPOBaHHBIN curHar; €; - 6enbiit rayccoBckuin Wwym; O - aucriepeusi wyma; L - anuva

curHana. Heobxoanmo HarTu OLEeHKy curHana f , KOTOpasi 6bl MUHUMU3MpPOBana cpeaHUn KBaapaTt OLINBKM:
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B psage pabort [1,2] paspaboTaHbl 4ENCTBEHHbIE anropuTMbl s OLEHKM curHana f obnapatouiue
MOYTM aCUMMNTOTUYECKMMM CBOMCTBAMM.

Myctb X = (xl,xz ,...,xL) - amnupuyeckne wavelet koadduumeHTbl, a. KoadduumeHTbl wavelet
Pa3fOKEHUs BbIYUCTIAIOTCA C MOMOLLBIO NTMHEHOro npeobpasosanus W= Wx rpe W = |c,m| — maTpuua

wavelet npeobpasoBanus, C — KoahdpmumeHTbl wavelet pasnoxeHusi. B aTom crnyyae nokasasLuni

nn
BbICOKYHO 3(phEKTUBHOCTb ANs NogaBreHns wyma anroputm [JoHoxo 1 [HKOHCTOHa hopMaribHO MOXET ObiTb
ONucaH criefyLmnmMm Wwaramu:

1. BbluMCnNTb KoadduLmeHTbl wavelet pasnoxenua w = Wx .

2. T[lpuMeHUTb HemnuMHenHoe OOHynsowee npaBuno  (YHKLMIO) 67% (cM.  Hwxke) k
koadhdmLmeHTam pasnoxeHus W :
Wy =089, (w, /3), 3)
roe 7\.;(— nopor o6HyneHnst KOAPULIMEHTOB, G - oLeHka MacluTaba O .
7 -1
3. Wcnonb3oaTtb o6paTHoe wavelet npeobpasoBaHue fx =W "w.
B S H
pabotax [1,2] npeanoxeHO MCNonb3oBaTb «MSTKYO» 8%1 OKECTKYIO» 5;» N «NOMYMSKYO»

5§€S OBHyNsIOLLME COYHKLIM:
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Bbino yctaHoBneHo, 4To BbIGOp OBHyNsoOWeNn GYHKUMKM M nopora OBHyNneHus KoapduuneHToB
pasnoXeHus CyLeCTBEHHO BNUSET Ha ah(peKTUBHOCTL paboTkl anropuTtMa unsTpauuu.

PabotocnocobHocTe anroputma Obina nposepeHa Ha unbTpaumm n3 Wwyma obpasLoBoro curHana, B
KayecTBe KOTOpOro BblibpaHa nocrneaoBaTesisHOCTb XadhdmeHa.

Ha puc. 1a nsobpaxeH UCXOAHbIN CUrHam OJSIMHOM 2™ oTcueToB, Ha pnc.16 - puc.1r npeacTaBneHbl
pesynbTaTbl (uUnbTpauMyM COOTBETCTBEHHO anrOpUTMOB (©KECTKOTO», «MArKOro» W «MOMyMSITKOro»
O0BHyneHus koadpduumeHToB. MOXHO 3amMeTuUTb, YTO NYYLMMU XapakTepucTvkamn obnagaroT anroputMbl
KMSATKOro» N «KECTKOro» OOHyNeHuss — BOCCTAHOBIMEHHbIA CUrHan Hambonee 6nm3ok k opuruHany. Xyglmve
XapaKTepUCTMKN MOoKa3an anropuTM «KEeCTKOro» OOHyneHus, Tak Kak B 3TOM crydae Habnwpaetcs
Hanbonbluas gucnepcus Wwyma.

Pwnc.1.
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Pe3yanaTb| KONMn4eCcTBeHHbIX unccrnegoBaHnMnm 3aBUCUMMOCTU BXOOHOIO pex 1N BbIXOOHOIo p6blx
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OTHOLLEHU CUrHarn-wyM npu U3MeHeHun obbema BbIGOPKM BXOAHOrO curHana B AvanasoHe 2°...2
nokasaHbl Ha puc.2.
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Mpu mopenupoBaHUM WUcnonb3oBanock aesATuyposHeBoe (K =9) wavelet pasnoxeHnve u3s
cemenictBa [obelum n wkectkoe» obHynawwee npasuno (5). OTMeTuM, 4TO 3h(PeKTUBHOCTL NoAaBneHus
LWymMa B 3HQUUMTENBHON CTENEHM 3aBUCUT OT YMCNa OTCHETOB UCXOOHOMO CUrHana.

OcHoBHble BblUMCNUTENBHbIE 3aTpaTtbl nNpu paboTe AaHHOro anropuTMa cocTaBnselT wavelet
pasnoxeHue N BOCCTaHOBMeHWe. 3aTpaTbl Ha wavelet pasnoxeHve 3aBUCAT OT YUCra YPOBHEN pasnoXeHus,
nopsgka wavelet n ncnonbsyemoro cemencrsa.

Wavelet npeoGpasoBaHve WCMOnb3yeT N:K(Naeu"‘che) onepaumin, rae K — wuucno

YPOBHEN PasnoXeHus, Naeu — uucno waros aeunmauni, 2N, — uicrno onepauuit ceepTku. O4eBUaHO,

yTo pabota anropuTma TpebyeT 3HauUMTENbHbIX BbIMUCIMTEMbHBLIX pecypcoB. B To ke BpeMs Bbicokas
3hpeKTUBHOCTL anropMTMa npu ero peanusaumn Ha yHMBepcarnbHbIX LM POBbIX CUTHAMBHBLIX NpoLeccopax
TMS320C6XXX n FPGA cewmenct Virtex (Xilinx) unu Cyclone (Altera) genaet BO3MOXHbIM UCMONb30BaTh
annapaTHO-NporpaMMHyl0 peanusaumio 3TUX anropuTMOB B MPAKTUYECKUX MPUIOXEHUAX ANs nodaBneHus
wyma
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Evolution both development of algorithms and digital signal processing tools have put the task of
application of new methods for they’re processing. The filtering of random signals from noise is classical in
the theory of linear and nonlinear filtering of signals. Nevertheless there are also other methods directed to
suppress the noise, for example based on wavelet denoising [1,2]. In this papers there is no information on
influence of parameters of digitization of an input signal to quality of filtering and necessary computing
resources for practical implementation of algorithms.

This paper is devoted to problems of wavelet decomposition for denoising a pseudorandom sequence,
analysis of influence of a estimation rule of wavelet coefficients and evaluation of computing complexity of this
algorithm.

The following steps can circumscribe the Donoho and Jonstone algorithm:

1. Calculate wavelet transform.

2. To apply non-linear estimation the function to coefficients of decomposition.

3. Calculate inverse wavelet transform.

In papers [1,2] it is offered to use "soft", "hard" and "semi-soft" estimation rules.

The considered algorithm was checked for denoising of an etalon signal, as which the Haffman
sequence for three variants of estimation function is selected. Is placed (installed), that the algorithms "soft"
are more effective and "semi-soft" shrinkage - the restored signal is closest to the original. The worse
characteristics are observed at "hard" estimation.

Results of quantitative researches of dependence of the input pl-zn and output p(zmt signal to noise

ratio’s from change of length of a source sequence has shown, that the efficiency of suppression of noise
largely depends on a sample size of source signal. At simulation the decomposition from a Daubechi wavelet
family and "hard" estimation rule 9 level decomposition was used.

The computing complexity of the given algorithm is determined by wave-let decomposition and
restoring.

Wavelet transform used about N=K(Nd +2NC) operations, where K - number of

decomposition levels, Nd — number of step of decimation’s, 2NC — number of operations of convolutions.
Obviously, algorithm required significant computational resources. At the same time simplicity and high
efficiency of algorithm make it rather attractive for a wide range of DSP developers. The using of universal
digital signal processors TMS320C6X and FPGA of Virtex family (Xilinx) or Cyclone family (Altera) makes
possible to use implementation of these algorithms in practical applications even now.
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