METOO YOANEHMA LWYMA HA OCHOBE BEWBNET OBPABOTKW, AOANTUPOBAHHbLIA K
PA3PbIBHbIM CUTHAJTAM ,
Jacroukun A.B.", KoGenes B.IO.”

“KueBcknii rocynapcTeennsiii yausepentet um. T.I. I1leBdeHKo.
252000, Ykpanna, Kues, yi. Bnamumupckast, 28. E-mail: andrey_v@mail.univ.kiev.ua
" slpociaBckwuii rocynapcTBeHHbi yuuepeuter um. ILT. Jemunosa
150000, Poccus, SApocnasnse, yin. Coerckas, 14. Temn.: (0852) 32-11-94. E-mail: cat@uniyar.ac.ru

Pegepar. IlpemioxkeH MeTon yhaleHus IlIyMma, aAalTUPOBAaHHBIA K pPa3pbIBHBIM CUTHalaM M COXPAHSAIOLIUI
HPEUMYIIECTBA yXKE M3BECTHBIX METOOB BeiiBiaeT 00paboTku. [oka3aHo, 4TO MpPEIUIOKEHHbBIH METOA MOXKET paboTaTh B paMKax
Teopuu 6aHKoB GuibTpoB. [IpoBeneHO cpaBHEHHE C IPYTMMH METOAaMH BeHBIIET 00paOOTKH.

BBenenne

Teopust BeiiBiaeT 00pabOTKK CUTHAJIOB C LENBIO YIAICHHS [IyMa YK€ JJOCTATOYHO Pa3BUTA, B YACTHOCTH B [1]
[I0Ka3aHO, YTO KMMEHHO BEHBIIET METOJ YAaJeHUs IIyMa SBISETCS ONTHUMAaJbHBIM JUIS CUTHAJOB C 3apaHee
HEU3BECTHOW ()OpMOM, HO MPUHAIICKAIUX K OMPEACICHHOMY KIAaccy TIAAKOCTH. J[Is pa3phIBHBIX CHUTHAJOB,
HCTBITHIBAIOIINX CKAYKH CBOETO CPEIHEro 3HAYCHUS (K MPHMEPY, MPSMOYTOJIbHBIC WMIYJBCHI) OBLUT MPEIIOKEH
METOJ] C aJaNTUBHBIM MOPOTOM, YTO MO3BOJISET YACTUYHO COXPAHWTH pe3kuil GpoHT ummynsca. B maHHO# pabore
MPEUIO’KEH ANbTEPHATHBHBIA METOX [UII COXpPaHEHUS pPE3Koro (poHTa, MPHUCYIIETO pa3pBIBHBIM CHTHANAM,
OCHOBaHHBIM Ha WCIOJIb30BaHUM HEKOTOPhIX CcBOHCTB KUX-dunbrpoB. IIpemsioskeHHBI METON COXpaHseT
MTOJIOKHUTEIEHBIE CBOMCTBA BEHBIIET METOIOB yIOAJNCHHS IITyMa H MOXKET padoTaTh Kak B paMKax JAUCKPETHOT'O BEHBIET
peoOpa3oBaHus, TaK U B paMKax TEOPUH OAaHKOB (QHUILTPOB.

Ynanenune myma ¢ IoMoIbIO BeifBJIET METO/I0B
[Ipeanonaraercs, YTO HCXOIHBIM CUTHAI UCKaXKEH aI/TATUBHBIM OEJBIM HJIM I'ayCCOBBIM LIIyMOM:
yl:xl+6nl, i:l,...,N,

IJIe X — UCXOAHBIH CHI'HAN, 1 — IIYM CO CTaHAAPTHBIM CPEJHEKBA/PATHYHBIM OTKIOHEHHEM O , y — 3allyMJICHHBINA
CHTHAJL.

ITpoBeneM auckpeTHOE BEHBIET MPe0Opa3oBaHKUE JAHHOTO CUTHANA!

Y =My,

rae M - omepatop IMCKPETHOTo BelBiieT npeoOpa3oBanus, Y - BeiiBier TpaHchopmanra. [Ipu sTom Y coctout U3 2-X
gacTed — BbIcOko4yacToTHOW (BY) TtpancopmanTsl (Y}), MONy4EeHHOW C HWCIOJIL30BaHUEM BEUBIET (YHKIMH M
nuskovactoTHoi (HY) tpanchopmanTs! (Y]), MOJIy4eHHOH C HCIIOJIB30BAHHEM MACIITAOUPYIOMIEH (QYHKIUH.

Hanee x BU tpanchopmanTe IpuMeEHsIETCS ONepalys IIOPOTOBOTO YAAICHHUS IIyMa:
B COOTBETCTBHH C )KECTKOM MOPOT0BO# 00paboTKOM
. Y. ||z,
0, |ru|<t,
WJIN B COOTBETCTBHH C MATKOH IIOPOroBoi 00paboTKon
sgn(V)(V| -0, 1|21,

0, V| <z,

rae ¢t — mopor (BeIOOp mopora xopomo paccmorper B [1,2]). Tlocnme 3Toro mpousBoAWTCS OOpaTHOE BEUBIET
npeoOpa3oBaHme:

YAh :TS(Yh,t) =

xX=M (Y hoo Y 1 ) .
B ciydae ecnm CcUrHAN He TNIAJKUH, MCTBITBIBAET Pa3pbhIBbl M CKAYKM, CTAHAAPTHAS IOpOrosas o0paboTka
MOXET HC JaTb MCKOMOTO pE3yJibTara, IMOCKOJIBKY PE3KUEC I'PaHUIbl CKAYKOB CIIAXKHUBAIOTCA B IPOLCCCE YOAJICHUA

aryma.

inverse

Ecim yOpatp »ieMeHTHI AEIMMANWH, T.€. COXPAHATh BCE OTCUETHl Ha BBIXOAAaX (PUIBTPOB DPa3NOKECHHS,
MIPOBOJIUTH CTAHJAPTHYIO 00pabOTKY M MOJMYYEHHbIC TPaHC(HOPMAHTHI HAIPABIIATH B BOCCTAHABIUBAIOIINE (DHIBTPHI,
TO 9TO MPUBEJET K HEOOJBIIOMY BBIUTPHINIY IPH 00OpabOTKE INIaJKMX CHrHANOB. OFHAKO Ha3BaTh 3TO AMCKPETHBIM
BelBIET IMPpeoOpa30BaHUEM B CTPOTOM CMBICIIE YKE HENb3s, IOATOMY Jajiee 3To OyJeT Ha3bIBaThCs MpeoOpa3oBaHUEeM
C TTOMOIIIBIO BEHBIET (PHUIBTPOB.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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AJITOPUTM aJaNTAIldH K Pa3pbiBamM

PaccmorpuM HEOONBIION OTpPE30K CHUTHala, BHYTPH KOTOPOTO HAXOAWTCS «pa3phIB» — CYIIECTBEHHOE
M3MEHEHHE CPETHETO YPOBHS CHUTHAIIA, XapaKTepu3yomeecs pe3kuM (ppoHTOM.

UT00BI KOPPEKTHO pabOTATh C Pa3pBIBHBIME CUTHAIAMH, TIPEIIaraeTcs CICAYIOMINI aJrOpUTM:

1. WNmetcs orcuer (KOOpIWMHATA CKadKa), HAYMHAS C KOTOPOTO CpelHee 3HAUYeHHE CHUTHaja CHIBHO
HM3MEHSETCS.

2. CTpouTCs HEKOTOPBIN «MOJICIBHBIN CUTHAI, TIEpBasi YaCTh KOTOPOT'O — CPEIHEE 3HAUCHHE 3alTyMIICHHOTO
curHana (Iociie CKayka), a BTOpPas 4acTh — HEMOCPEACTBEHHO OTCYCTHI 3allyMIICHHOTO CHUTHAJIA MOCIE CKadka (MX
KOJIMYECTBO OTPECISICTCS 3apaHee U SIBISCTCS OJHUM U3 TApaMETPOB METO/IA).

3. TlpomsBoautcst mpeoOpa3oBaHWE C IMOMOMIBIO BEHBICT (QUIBTPOB 3AITyMJIICHHOTO W «MOJCIBHOTOY
CHUTHAJIOB (B CITy4ae MOCiIeHero 1ocTatoyHo BY TpancdopMaHThI)

4. V3 BY TtpaHchOpMaHTHI 3allyMJIEHHOTO CHTHaja (HauWHas C KOOPJIMHATHI CKadka) Bbluuraercss BY
Tparc(hopMaHTa «MOIEITHFHOT0)» CUTHAJIA.

5. B Toi1 wactu curHama, rae He OBIIO MPOM3BEACHO BBHIYMTAHHE, BBHITIOJIHACTCS CTAHAAPTHAS IIOPOTOBAs
obpaboTka.

6. I[IponsBouTCs 0OpaTHOE MPeOOpPa30BaHKUE C TIOMOIIBIO BEHBIIET QHUIIBTPOB.

3amnucarb 3TO MOYKHO CIIEAYIOITUM 00pa3oM:

Hycts S'=V(S) — KOMIIOHEHTA pA3/OXKEHHMS CHMIHaZa S C MOMOIIBI0 (DHIBTPA, COOTBETCTBYIOLIEIO
MaciitTaOupyromeil QyHKIuy (IenuManus He MPOBOIUTCA), Vinerse(S) — 00paTHOe mpeoOpa3oBaHHE C MOMOIIBIO
¢ubTpa, 06paTHOTrO K HCXOAHOMY (€T0 KO (PHUIMEHTHI CTOST B 0OPaTHOM IOPSIZIKE).

Iyctb S"=W(S) — KOMIIOHEHTA PA3/I0KEHUs CHUTHANA S ¢ HOMOMIBIO (DHIBTPA, COOTBETCTBYIOIIETO BEiBIET
¢byukuun (6e3 geuumaryn) U Wi,,.,s.(S) — COOTBETCTBYIOIIEE OOpaTHOE MPeoOpa3oBaHuE.

Toraa MOXHO 3amKCaTh:

S = Winverse (SW )+Vinverse (SV) =S
; )
2
rae S, — BocctaHoBieHHbIN curHan. Koadduiment 1/2 nosiensiercs u3-3a OTCYTCTBUSI JCIUMAIHH.
MoienbHBIN CUTHAT CTPOUTCS CICIYIONIM 00pa3oM:
M1= M2= M3=...= MN1=( Sic+Sic+1 S,‘C+2+...+ S,»Hn)/n, 1<n<N1,
MN+j= SiCJrj, j=0,1,2,...,N.
rne N — mmHa ckadka, N1 — mmHa (OdQdexTuBHas MHA) OTKIMKA (PHIBTpa pPa3IoKEeHHS, COOTBETCTBYIOIIETO
BEHBIIET QYHKIWH, ic — OTCUET, C KOTOPOT'O HAYMHAETCS CKaYOK.
Jlamee MokeM 3aIncaTh:
MY = WM); M'=M;", j = N1+1, N1+2, ..., N1 +N,
rae M — 4acTh KOMIOHEHTBI Pa3NOXKEHNs MOJEILHOTO CHTHANA, CONEPIKALIAs HEMOCPEACTBEHHO OTKIMK (DHUIBTPa
Pa3J0XKEHUs Ha OTCYETHI CKadka. [lociie STOro mpou3BOAUTCS MOporosas 00paboTka TpaHCHOPMAHTHI MOJEIHEHOIO
currana MY, HO mOCKOIBKY OHa Gy/eT OTHUMATHCS OT KOMIIOHEHTBI PaslIoKeHHs - S” , TO MOPOroByio 0OGpaboTKy
HY>HO TIPOBOJIUTH CIICITYIONINM 00pa3oM:

O ‘MCW‘ 2 ¢
™m _ cw _ H
M =ThMY =3 i

M=, M| <t

TUTST JKECTKOM TTOPOTOBOM 00pabOTKH WITH
Cw . cw cw cw
MY =T (MCW £ = M™" —sign(M )(‘M ‘—l), ‘M ‘ >t

-8 . cw cw
M=, M <t

JUTSL MATKOH TTOPOTOBOI 00pabOTKH.
(Tanee moporoBast 00pab0TKa, BHE 3aBUCUMOCTH OT THIA OyneT 0003HavaThes - Thr).

Takum 06pa3zoM, oOpabOTKa KOMIOHEHTBI PA3TOKEHHs S s YHANCHHS IIyMa BBICISANT CIICIYFOLIHM
obpazom:

oW Thr(S}), i#ic,ic+1,ic+2,..,ic+ N1
sV MW", i=ic+j,j=012,..,N

! J
[Mocne uero nponsBoauTcst 0OpaTHOE NMPeoOpa30BaHNE CUIHAIA!
wr \%4
S = Winverse (S ) + Vinverse (S )
r 9 :

HJ'IH OIPCACIICHUA KOOPAUHATBI CKauKa BBIYUCIISICTCA CIICAYroas (1)yHKIII/I$IZ
f@ =|ai-n+D+ali—n)+..+al -1 +a@)/n—(aG+1)+...+al+n))/n|.
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ITo cytu, 3TO JBa OKHA, HAXOJSIIMECS BIUIOTHYIO OPYT K APYTY U «CKOJbB3SIME» BIOJb CUrHajda. BHyTpu
9THX OKOH HaxXOJIHUTCS CpelHee 3HAUCHHE CUTHANA, a Pe3yJbTHUPYIoIas (QYHKUIUS — Pa3HOCTh CPEAHUX 3HAYCHHM.
MakcumyM pe3ynbTupyomieil pyHKIHA TPUXOAUTCS Ha KOOPAWHATY CKavKa.

Jnst ompenenieHUs] BEJIMYHMHBI IOPOra MOXKHO HCIIOJIB30BaTh (POPMyNy Tak Ha3bIBAEMOTO YHHBEPCAIBHOTO
mopora [2]:

t=0(2logN)"?,
rze t — mopor, N — KOJMYeCTBO OTCYETOB B cHTHANE, O - Iucrepcus nryma. Jucrnepcnio MOXKHO OLIEHUTh, BBRIOPaB st
9TOrO TJIAJIKUI YYACTOK UCXOJHOTO CUTHANA C TOOABICHHBIM a/IUTHBHBIM [ITYMOM.

B npunimne, HeOobIIOE H3MEHEHHE MTOPOTA HECHIIBHO BIIMSET HA Ka4EeCTBO IOJy4aeMOro B UTOTE CHTHaA.
HwxkHuil mpenmen 3HaYeHWH MOpOTra paBeH HYIIO, a BEPXHHUHA MOpPEICN OMPENeNseTCs HAuOOJBIIUM 3HAYCHHUEM
Tpancdopmantsl BU BeiiBneT pazioxeHus.

Heo0xomnMo OTMETHTB, YTO ONMCAHHBIA METOZ paboTaeT M C MCIOJIH30BAHMEM JEIMMAIUH, T.C. B paMKax
JVICKPETHOTO BEWBIET MpeoOpa3oBaHUs (I 9Eero IMPOBOMUTCA NCHUMAIMs KOMIIOHEHT DPa3JIOKEHHS Ha BBIXOJE
(UIBTPOB M KOMIIOHEHTHI Pa3oKEHMS MOJIETPHOTO CUTHANA, a Takke youpaercs kodhdumueHT 1/2), Ho moydaembie
PE3yIBTaThl OKA3bIBAIOTCS HECKOJBKO XYyXKe (B TEPMHUHAX OTHOIIECHHUS CHTHAI/TITYM), 4eM 0e3 IeIuMAaIlHH.

3KCHepI/lMeHTaJI])H])Ie pe3yibTaThbl

IIpennosxxeHHbIN METOJL ObLIT
MPOBEPEH Ui TIAAKHUX W Pa3phIBHBIX
curHaioB. B kadecTBe pa3phIBHOTO
CUTHAJIA HCTOB30BaNIach
MOCTIEIOBATENEHOCTE  IPSAMOYTOJIBHBIX
HUMIIYJIBCOB, JJIUTENBHOCTS UMIYNbCa - 7
OTCYETOB M PACCTOSHUE MEXKAY HUMHU
Toke 7 oTcueToB. K curnairy mo6apmsuics
OembIit IIyM c PaBHOMEPHBIM
pactpenenenneM. Ha Bxome cucCTeMBI
00paboTKN COOTHOLICHHE CHUTHA/IIYM
MeHs1och B npeaenax ot 1 mo 30 ab. B
pe3ynbTare 00paboTKM  TOJIydEeHBI
CJIC/IyIONINE 3aBUCHMOCTH  OTHOIICHHS
CUTHAJI/IIIYM HAa BXOJIC M BBIXOJIC CUCTEM

(puc.1). CpaBHeHue IIPOBOJUIIOCH

MEXIy BEHBIIET MeTOmaMH OOpabOTKH.

CpaBHeHHe MEXIY CTaHIAPTHBIM
Puc.1. CpaBHeHue BEHBICT METOJOB 00pabOTKH METOZIOM M MEIUaHHBIM  (QHILTPOM
(3aBucumocts C/III ma Beixome ot C/III Ha Bxome MOKHO Haiitu B [1] (B ciydae
JUISL IPSIMOYTOJILHBIX UMITYJILCOB): MPSMOYTOJIEHBIX UMITYJIECOB MEIHAHHBIN
1 — cranmapTHas BeliBIeT 00paboTKa, ¢uneTp MO  CBOMM  pe3ynpTaTam
II - mpeIoXKeHHBIN METOT OKa3bIBAJICA OIU30K K BEHBJIET
I1I - BeiiBneT 06pabOTKa ¢ aNaNTUBHEIM IIOPOTOM 00paboTKe ¢ aIaNTHBHEIM TIOPOTOM).

[Ipu ManoM ypoBHE ITyMOB CTaHIAPTHEIA METOJ OKa3bIBACTCS HAUMCHEE BBITOJIHBIM, TaK KaK CTIaKUBACTCS
¢poHT mMmmynbca. UeM Oonblie pa3pblBOB B CUTHANE, TeM OONBIINM OKAa3bIBACTCS BBIUTPHINI TPU HCIOIH30BAHUHU
MIPEUIOKEHHOTO METOJa, C YCIOBHEM, YTO TaKOW MapaMeTp KakK «MHHHMallbHas IJTMHA TJIaJKOTO Y9acTKa CHTHAJIA
Iocyie pa3pbIBay 3a1aH KOPPEKTHO (0OBIYHO 3HAYEHHE BaphHpyeTcs oT 3 1o N OTCUETOB M BHYTPH ATOTO MHTEpBAJIA
HE JIOJDKHO HaXOAMTHCS APYroro cKadka, K KOTOPOMY HYXKHO afantupoBathes). [Ipu oOpaboTke ObLIa MCTIONB30BaHA
BeiiBneT QpyHkuus Daubeshie 4.

Jis THamkux CUrHaioB (MCIIONB30BAJIACH CHHYCOWAAa C meproaoM 70 OTCYETOB) MPEAIONKECHHBIH METON
HE3HAYUTENbHO TpeBocxoauT (mo 1.5 nb) cranmapTHeIi BeiiBieT MeTtoa oOpaOOTKH IS IIUPOKOTO TUAra3oHa
BxogHbix 3HaueHud C/III, 9TO CBsI3aHO C OTCYTCTBHEM JCHMMALMH B PacCMaTPUBACMOM METOJC (eCIH MEeTO[
MPUMEHSCTCS C JeIUMAIIUeH, pe3ysIbTaT MOJIydaeTcsi aOCOTFOTHO UACHTHYHBIM).

3akJ0uenue

B pabote mpeanoxeH MeToJ, MO3BOJLItONMA yaydmuth cootHornenue C/II npu pabore ¢ pa3phIBHBIMU
CUTHAJIAMH TI0 CPAaBHCHUIO C JPYTMMH METOAaMHU BelBieT 00paboTku. [Ipu 3TOM coxpaHseTcs OONBIIMHCTBO HX
MIPEUMYIIECTB, HAIPUMEP, BO3MOKHOCTh aJallTUPOBAThCS K KOHKPETHOMY CHUTHAITY 3a CYET BEIOOpa BeiiBneT pyHKImN
[3], coxpaHeHHMe Kiacca TIAJAKOCTH HWCXOJHOTO CHUTHAaja Imocie oOpaboTku WU Jp. BO3MOXKHOCTH HCIOIB30BAHHS
MeToma 0e3 JerMManiy Mo3BoJisieT paboTaTh B paMKaxX TEOpHUH OAHKOB (PHIIBTPOB, UTO PACIIUPSET BO3MOKHOCTH
CHCTEMBI 1O yTAJICHHIO IITyMOB, HEPAaBHOMEPHO paclpe/eleHHBIX Mo CIEeKTpy. MeTox MoxeT ObITh 0000mmeH Ha M-
TTOJIOCHBIN OaHK (IIIBTPOB, a TAK)KE MOXKET HCIOIB30BATHCS IS YAAJICHUS IIIyMOB U3 N300pakeHHH.

-3-
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Abstract: The method for denoising signals with boundaries has been suggested. All good properties of
wavelet denoising methods have been preserved. It is shown that suggested method can be applied in case of filter
bank signal processing. The comparison to wavelet denoising methods is given.

Introduction

The wavelet denoising theory is already well developed. Wavelet-based methods are optimal for a large class
of signals. The method with adaptive threshold has been suggested to denoise signals with sharp boundaries (like
square waves). In this paper the alternative method is suggested. This method uses some properties of FIR filters and
is able to keep sharp boundaries of signals. The suggested method keeps practically all good properties of wavelet
denoising methods and can be applied in case of signal processing by filter banks.

If the initial signal is not smooth and has sharp boundaries then the standard wavelet denoising by
thresholding can work with less efficiency, because the sharp boundaries will be smoothed during the processing. If
we will remove a procedure of downsampling and oversampling in discrete wavelet transforms (in other words we
will leave all samples of the signal) than we will obtain a little advantage in case of denoising the smooth signals.

Algorithm for adaptation to signals with sharp boundaries
Let us suppose that the noised signal y consists from the initial signal x distorted by a white noise n:
y; = Xx; +on;, i=1,...,N
Let us consider a small part of the signal, which contains a sharp boundary. To work with it correctly the next
procedure is suggested:

1. Finding the beginning of the boundary.

2. Building so called model signal (its second part is samples of signal displaced after the boundary including
the sample of the beginning of the boundary and the first part of the model signal is samples containing the average
value of the second part).

3. Executing transformation by wavelet filters for signal and model signal (for the model signal it is enough
to find only the Hi-component of decomposition).

4. Subtracting the second part of Hi decomposition of model signal from the Hi component of signal
decomposition in corresponding samples .

5. Executing the usual thresholding in other parts of the signal.

6. Executing inverse transformation by wavelet filters for processed the Hi-component and Lo-component of
the signal.

Let $'=V(S) - denote Lo component of the signal decomposition obtained by the filter corresponding to the
scaling function without downsampling, and V,,..(S) - inverse transformation by the filter corresponding to the
scaling function without oversampling. Let also S"=W(S) - denote Hi component of the signal decomposition
obtained by the filter corresponding to the wavelet function without downsampling, and W;,,...(S) - inverse
transformation by the filter corresponding to the scaling function without oversampling. Then we can write
reconstructed signal S,
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S — ‘/Vinverse (SW ) + Vinverse (SV )
’ 2

where the factor 1/2 appears because of the absence of downsampling and oversampling.

The model signal can be built as follows:

M= Mr= Ms=...= Mpy=( Sic+Sics1 Sicsot...+ Sicen)/n, 1<n<N1,
My.j= Sic+y j=0,1,2,..,N

where N — is the minimum length between two boundaries, N1 — is the length (effective length) of the impulse
response of the decomposition filter, corresponding to the wavelet function without downsampling, ic — is the sample
of the beginning of the boundary.

For the next step we can write:

MY = WMy, M'=M,", j = N1+1, N2+2, ..., NI+N

where MY — is the part of the decomposition of the signal, containing the filter response exactly for the samples of
signal displaced after the boundary (including the response for the sample of the beginning of the boundary). After
that we should apply the thresholding to the M" , but we will subtract the second part of Hi decomposition of model
signal - M" (thresholded) from the Hi component of signal decomposition - §" in corresponding samples. So we
need apply thresholding as follows:

=S

- cw 0, MdCW‘Zt
M =Th(M~" ,t)= W W
MY, MY <t
for hard thresholding and
MY _sign(M €V )(‘M CW‘ _p), ‘M CW‘ >
™W _ cw —
M™" =Ts(M™~" ,t)= cw cw
MY, MW <
for soft thresholding (we will denote the thresholding as - Thr).
Now we can write the processing of S" as follows:

oW _ Thr(S)Y), i#ic,ic+1,ic+2,...,ic+ N1
St -MYT, i=ic+j,j=012...N
After that we should execute inverse transformation by wavelet filters:

wT
Winerse ST +V,

S = inverse nverse
: 2
To determine the beginning of the boundary the next function can be calculated:
f@=|ai-n+D+ai—n)+..+ali—D)+a@@)/n—(ai+D)+...+a(i+n)/n|.

It represents two windows which are “sliding” along the signal. The function equals to the difference between the
average values of those windows. The maximum of the function corresponds to the beginning of the boundary. The
described method can work with downsampling as well as without it, but the results of applying this method without
downsampling are usually better than with it. During the experiments we found that for the signals with many
boundaries the suggested method was better for 0.5 - 5 dB than usual wavelet denoising methods with adaptive and
non adaptive threshold.

(s¥)

Conclusion
The suggested method is able to improve the results of denoising of the signals with sharp boundaries. In the
absence of boundaries the results of denoising is the same as in standard wavelet methods (with downsampling and
oversampling) or a little better. The suggested method can be applied in the case of system with more than two bounds
of decomposition.




