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YACTOTHO-BPEMEHHA{ OKCTPATIIOJIALIVIY BPEMEHHOI'O PA A
HA OCHOBE MUHUMM3AIIAY IIOJIYHOPM BEUBIIET
PA3JIOZKEHN

M.B. Hukynuu, B. B. Crasckui
Aamatickuti eocydapemeennbiii ynusepcumem, Poccus

In operation the new method of build-up of prolongations of signals based on minimization of various
Euclidean seminorms of wavelet-decomposition is offered. The algorithm is implemented in the system
Matlab and is applicable for signals of arbitrary length and anyone wavelet.

By,IIQM 1100 CUTI'HaJIOM IIOHMUMAaTh IIOCJI€OOBATECIIBHOCTE YUCEJI S — {Sn} rme 7 — MHOXKECTBO BCEX TIEeJIbIX

nez’
ancen, ||s|| = /> ¢z |sn|? < 00. IIPOCTPAHCTBO BCEX TAKMX MOCIEIOBATEILHOCTEN 0Go3HaumM uepes L2(Z)
u GyIeM paccMATPHBAThH KaK BEIICCTBEHHOE I'MIbGEPTOBO MPOCTPAHCTBO. IIEMEHTH €; = {din},c, 9TOrO
IPOCTPAHCTBA 00pa3yl0T OPTOHOPMUPOBAHHELA Gasuc. JloGoit koneunsit HaGop uaucen h = {hg,h1,...,hn}

ompenensgeT orobpaxkenue mpoctpancTsa L2(Z) B cebs mo dopayie:

N
H(S) = Z Sn—ihi-
=0

Orobpaxkenne H HaswpiBaeTcs GuiibTpoM KoHeuHON myiuabl. ConpsikerHoe oTobpaxenue H* Takxe ecTh QUiibTp
¢ koapdumenramu h* = {h_n,h_N41,...,ho}. Ecam conoctaBuTh moCIenoBaTennbHOCTIM $ U b UX IPOU3BO-
namue GyHKINN

N
s={sntpey — 8(2) = Z sn2",  h=A{hi};_o n— h(z) = Z hiz',
nez =0

To mponssonsme Gyukuun nis H(s) u H*(s) paBHBL:

1

H(s) = s(2) - h(z),  H(s) = s(2) - h(2).
BseneM ermie mBa oTo6paskerns npoctpancTsa L2 (Z) B cebs — mpopexusanme u maTeprosmmo (downsampling,
upsampling);
s(+/2) + s(—/z s(z) +s(—=z
a(z) - WEAEIVD ) ), 1 s SO

ToBopsT, uro mBa puibTpa (HU3KMX W BBICOKMX 4acTOT) H m G COCTABIAAIOT KBANPATYDPHBIN 3ePKAILHBIN
GUILTP, €cu MOocye PAa3JIOKEHUST CUTHAIIA 3TUMHU (GUIBTPAMU, €r0 MOXKHO IOJTHOCTHIO BOCCTAHOBUTH, TaK KakK
9TO MOKa3aHO Ha puc. 1. B TepMuuax mpoussomsamux [1] GyHKIUE 5TO CBOACTBO SKBUBAJIEHTHO PABEHCTBAM

s(2)a@+n(2)ne = 2
g (%) g(=2)+h (%) h(—z) = 0.

HO,IICTaBI/IB z = 6“'), TIOTyIUM 3KBUBAJICHTHBIC DAaBEHCTBA

lgw)* + |h(w)* = 2,

9(W)g(w +7) +h(w)h(w+7) = 0.

*PaboTa BHIIOJIHEHA IpK (GUHAHCOBOI ofnepKke Poccuiickoro Gporna GyHIaMeHTAIBHBIX NCCICNOBAHMNI (KOIBI IPOEKTOB 99—
01-00543, 00-15-96165).
© M. B. Huxynus, B. B. Cnasckuniz, 2001.
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Puc. 1. KBagpaTypHbIl 3epKaIbHBIA QUILTD.

Ecrmu nonoxuts g(w) = —e~*“h(w + 7) TO moTyumTes OfHO yenosme Ha byHKImO h(w)
2 2
[h(W)|” + [h(w + )" = 2.
Cursas s pacKJIAIBIBACTCA IPU 3TOM HA COCTABIIAIOIINE
eDy =] G(s), cA; =] H(s)

— BBICOKOHM U HMU3KOU YacTOTHI UK KO3(h(UIUNEHTHI IeEPBOI0 yPOBHS OeTajlell U allIpOKCHUMAIlUN CATHaJIa, CO-
OTBETCTBEHHO. Ecnm curHai s uMmen minHy 1 TO curHaibl cDi u cAy 6ynyT uMmeTh mimHy He Gosiee %N_l
ITocTynas aHAIOTUYIHO C CUTHAJIOM CAj HMOIYYAlOT CIELYIOMINI yPOBEHDb PA3JIOKEHUS

CD2 = l G(CAl),
CA2 = l H(CAl)

Ha k-om miare BefiBrieT passioxkeHue curHaja GyIeT MpeacTaBIeHo KoapduineHTaMy anlpoOKCAMAIAN U eTaiei
PA3HEIX YPOBHEH Pa3spermMoCTH
s — {cAg,cDg,cDg_1,...,e¢D1}.

PeKOHCprKHHfI CUT'HaJIa OPOUCXOOUT B O6paTHOI7[ II0CJIEOOBATEJIbHOCTH. ?)aMeTI/IM, qTO OJId OPTOrOHAJIBHOT'O
BEUBJIETA, CIIpaBEOJINBO PaBE€HCTBO

k
2 2 2
sl = lleArl” + > leDil*.
i=1

Il71s1 BpeMEHHBIX PSIIOB BEWBIIET INPENCTABJIEHNE CUTHAJIA OCYIIECTBIIAeT 3PGEKTUBHYIO “pacKoppersanun’; 3a
CYET TOTO, YTO KOMIIOHEHTHI OTHOCSITCS K Pa3HBIM YaCTOTHBIM mojiocaM. OUMCTKA CUTHAJIA WM €r0 CKATUE
MIPOUCXOMUT 38 CUeT yoajieHus “Mejkux’ merajieil. Eciau curaaj uMeeT KOHEUHYIO IUIMHY HE B CUITy CBOEN Ipu-
pombl, & B CWJIy TEXHUYECKUX OTPAHUYEHUN, TO Ha BeJudnHE KO3(hDUIIMEHTOB neTajell OyIeT NOMOIHUTEILHO
CKA3bIBATHCSI HESIBHOE WCIOJIL30BAHUE HYJIEBOTO MPOMOJIKEHUS CUTHAJA. VIMEIOTCS pasiudHble TeOPpEeTUIeCKre
TOOXOMBI K PEIIeHNI0 5Tol mpobieMbl [2—4]. XoTs GhopMaIbHO 5T METONBI PEIIaloT HaHHYI0 IpobieMy, (ak-
TUYECKN OHA MEPEXONUT B APYIYIO INIOCKOCTH — HAPYIIAETCS MHBAPUAHTHOCTH BEWBIIET 6a3mca OTHOCHUTEIHHO
TPAHCIISIINN, B pe3ybTaTe TpaHUYHBIE 3PHEKTHI OCTAIOTCS, HO YK€ B 3aByaJIMPOBAHHOU (hopMe.

IlosToMy Ha TpaKTUKE TPEATIOYUTAIOT MOIB30BATHCS KIIACCHIECCKIM BEHBIIET PA3JIOKEHUEM, & CUTHAJI CAUTA~
0T HEOIDAHMUEHHBIM BO BPEMEHH, PACIPOCTPAHsS €ro Ha BCIO BpeMeHHY0 ock (cM. [5]). Hampumep, 6asucHbii
anroputm miist DW'T| mpumensiembril B cucteme Matlab, ucmonb3yer Tpu pasHbIX METOHA MJIS TPOMOJIKEHUS CUT-
HaJa: OOMOJTHEHUE HYJISIMU, CHMMETPU3AIINIO, TIIaIKOe ONoHeHe. [Ipu 9TOM BO3ZHUKAIOT NCKAXKEHUS B 00JIACTH
TPaHUI] CUTHAJIA, KOTOPhIE HAMO YUNTHIBATL IPU YIAJCHUU IIyMa WX IPU HAXOXKIIEHUN BEHBIIET-CIeKTpa. Pe-
3y/IbTAT MOXKET 3aBUCETH OT METONA MPOMOIXKEHUA. BelBaeT pasimoxeHue He 3aBUCUT OT CIIOCO0a TTPOIOIIKECHUS
CAT'HaJIa TOJIBKO B OIHOM CJIydae, KOT[la CUT'HAJI UMeeT NJINHY PaBHYIO CTENEHU NBa U NCIOJIb3yeTCS BEWBIET
Xaapa.

B nannoit paboTe mpenmaraeTcss METOOUKA TTOCTPOECHUS TMPOIOJIXKEHNUST CATHAJIA UCXOMS U3 BEUBIIET PAa3JI0okKe-
HUS U aPUOPHON MHDOPMAIINY O CUTHAJIE. PaccMOTPUM MPOMOIKEHUE CUTHAJIA HA 77 OTCIETOB

T
S=s+ Z Tn+5€ntj-
j=1
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OnpenenuM kBanpaTudHyo Gopmy GOPMYIIOi:

k

Q(x1,...,2:) =po (czk) + Zpi (cﬁi) ,

i=1

rme p;, ¢ = 0,1,..., k — KBagpaThl €BKJIUIOBLIX OJYHOPM. BBIOOD 3TUX TOIYHOPM OIPENEIeTCs alpUOPHON
nHGOpPMAIINEH O TPUPOIE CUTHAJIA, TO €CTh €ro Momeabio. IlycTh, HAmpuUMep, 3Ta MOMETb UMEET BUI

St = f(t) + E(t)a

rne f(t) — momumom cremenun < 2, g£(t) — mym Gembii (miam mseTHON). Torma menecoo6pasHO B KAYECTBE
BelBJIETa NCIOJIb30BATh BEWBJIET, MOMEHT KOTOPOIO > 2, B KadeCTBE IOJIyHOPMEI Py — KBaIpaT TPEeTbel IIpo-
M3BOMHOM, a MOMYyHOPMBI p; ¢ = 1,...,k mombupaTb HCXOHmS M3 CIEKTpa IIyMa. DB KauecTBe WIIIOCTPAIMN
pPacCMOTPUM PUCYHKU ToiydeHHble B cucreme Matlab. Curnan s = f(t) + &(t), B3saTor B 20 oTCUeTax, €CTh
CyMMa KBaIpaTH4IHOH QyHKnnu m 6es0ro rayccoBa IryMma. Ha puc. 2,a m300pakeHBI IIBe SKCTPAIOJISIUN CHAT-
Hasa, omHa 9T0 ¢(t) — OOBIUHBIA METON HAUMEHBIINX KBAIPATOB, APYTas IOCTPOEHA HA OCHOBE MUHWMU3ALIUN

eBkyNOBO# MosryHOpMEL ||cD1||? + ||dif f(cAq, 3)||?. Ha puc. 2,6 m3o6pakena 5KCTPAIIOATNS TOTO e CUTHAJA
nist eBkImnoBoit moryHopmut ||cD1 |2 + 8||dif f(cA1, 3)||%

14 20
x
12 x *

10

Puc. 2.

YKazaHHBII CIOCOO IIOCTPOEHU NPOOOJ/IKECHUA CUT'HaJIa MOXKHO PaCCMaTPUBATH KakK MO,III/I(I)I/IK&HI/IIO MeTOooa
HaMEHBIINX KBAaAPATOB B IIPUJIOKEHUU K BEUBJIET AaHaJIA3y. HaHHBIﬁ MeTOOo MOXKHO HCIIOJIB30BaTh TaKXKe IIPpU
MHTEPIIOIAINN CUTHAJIA.
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