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Pedepar. B pabore unccmemyercs BO3MOXKHOCTb AaJalTUBHOIO BbIOOpa BeHBIET-QyHKIMH C LEIbI0 MHHHMH3AIUH OMIMOKU
BOCCTAaHOBJICHHOTO CHTHajna. IIpe/UIoKEHHBIH alropuTM aHAIM3HPYeT CIIEKTPalbHBIE OCOOCHHOCTH 00pabaThlBaeMOro CHrHaia (CTereHb
xoppemsinun Hu3kodactoTHeIX (HY) u BeicokouacToTHBIX (BY) cocraBmsromux cnektpa). Mcnonb3oBaHue 3akOoHa HpeoOpa3oBaHMs CIIEKTpa
CHTHaJA NP BeHBIET-00paboTKe AaJo BO3SMOXHOCTH CHHTE3HPOBAaTh BEHBIECT (PMKCHPOBAHHOTO IOPSAKA, MO3BOJSIOUIMI BBHIIOIHHTD CHKATUE C
MHHUMaJIbHOH ommokoi. [T0609HO motydaeMple 3aBUCHMOCTH ITO3BOJIIOT IIPOAHATN3UPOBATh d(Q(HEKTHBHOCTD CHKATHS IIPHU Nepexojie K BelBIeTaM
BBICIIHX HOPSIIKOB.

Beenenne

B pabote uccnemyercss BO3MOXKHOCTh aJalTUBHOTO BEIOOpA BEHBIICT-QYHKIMHU C IIETBE0 MHUHUMH3AIHMU
OLIMOKH BOCCTAHOBJIGHHOTO CHrHaia. Peann3anmsi moJOOHBIX ajlrOPUTMOB OCHOBBIBAETCS Ha PEUICHHU 3aJadd
MHHAMU3AIUU Ui (QYHKIUA MHOTHX TiepeMeHHbIX [1]. Vka3zaHHas QyHKIUS €CTh 3aBHCHUMOCTH OIMHOKH
BOCCTAHOBJICHHOT0 CHTHAJa OT MEPEeMEHHBIX NapaMeTpu3anuu BehBieT-kod(h¢uuueHToB. OCHOBHON HEIOCTATOK
MoT0OHOTO METO/Ia — HEOOXOAUMOCTh 3HAHHS JIMOO SBHOW 3aBHCUMOCTH KO03()(DUIMEHTOB BEHWBIECTA OT MTAPaMETpPOB,
1100 HESBHOM 3aBUCHMOCTH, YTO OIPAHHUYUBACT IPUMEHEHUE STOT0 METO/IA.

[peanoxeHHbI aNropuT™M JIMIIEH 3TOTO HEAOCTAaTKa. DTO MO3BOJSIET COKPATUTh OOBEM BBIYUCICHUIH U
BBINOJIHUTh PacyueT aJalTUBHOTO JBYMEPHOTO BeiBlieTa BBICOKOTO MOpsAKa. AJFOPUTM OCHOBBIBACTCSl HA aHAaM3e
CIICKTpalIbHBIX 0COOCHHOCTEW 00pabdaTeiBaeMoro curuaia (crenenp koppeisiuud HY u BU cocTaBnsiomux CrekTpa).
Hcnonp3oBanue mpeoOpa3oBaHUs CIEKTpa CHTHAjda MPHU BEHBIET-00pabOTKE, MO3BOJIUIO CHHTE3MPOBATH BEUBJIET
(DUKCUPOBAHHOTO HAmepe] 3aJaHHOTO MOPSJKA, BBIMONHSIOMIUN CKaTHE ¢ MUHHMaIbHOW oImuOkoi. [loGodHO
MOJTy4aeMbI€ 3aBHCUMOCTH MMO3BOJIIOT MPOAHATU3UPOBATh (H(HEKTUBHOCTD CXKATHS BEHBICTAMHU BBICIIUAX MOPSIKOB.
[epBoHauankHOE UCCIEIOBAHUE MPOOIIEMBI OBLIO BBIMOJIHEHO B padote [2].

MeTtoauka BbIOOpPa COOTBETCTBYIONIEH BelBaeT-GpyHKIMU
PaccMoTpuM BBEIpaKeHUs, TO3BOJLSIIOLIME BBIOJHWATH TIPSIMOE M OOpaTHOE BEHBIIET-TIPEOOpa3OBaHUE

0
HCXOZHOTO OHOMepHOTo curHana F' k [1]:

. -
F :ZF/ Ciok>

1

j_ j—1 i
R =Y F'7 (1) Cy_izivon
i
rne Cy - koadduimeHTs BeiiBiera.
[TpeobpazoBanus (1) MOKHO TPaKTOBATh Kak (GHIBTPALMIO PEOOpa3yeMoil MOCIe0BATEIbHOCTH GHILTPOM
m6o HY, mmbo BY u mocnemyronmm mnpopexuBaHueM pesyibrata (uibTpanuu. OToOpa3suM NpeicTaBICHHbIE
npeobpa3oBanus Ha Oypre-00aacTs:

F!(jo)=C(jo)F°(jo)* K (jo).

(1

rac
M -1
Cjo)= Y.Crexp(=j(M -1-k)o), F*(jo)=3 F, exp(= jmw),
k=0 m
K(jw)=Y k, exp(~ jmw), k, =(0,1,0,10.........),
m

a () - 3HAYOK CBEPTKH (OTeparnus CBEPTKH 00YCIOBICHA MPOLEAYPON Pa3perKUBAHUS).
AHanu3 npouenypbl CBEPTKH MO3BOJISIET BBIYUCIHUTE CIIEKTP CKATOTO CUTHAJA:

F'(j0)=5 (o) (j0)-3 Clilo-n)F  (jo-). ®

BhINomHUM Omepanuio BOCCTAHOBIICHHMS, OMHUPAsCh Ha Clieayroliee npeodpasoBanusi (oOpaTtHoe BeiiBier-
npeoOpa3oBaHue):

F :ZFilck—zi : 3)
l

[To ananoruu ¢ npsiMeIM NpeoOpa3oBaHKHEM, BhIpaKeHUE (2) MOXKHO TPAKTOBaTh KakK J00aBJICHUE HYJIEBBIX
OTCUETOB U MOCIEAYIONIYIO (PHIBTPALMIO BHOBb 00pa30BaHHOM MOCIIEI0BATEIBHOCTH.

Iycrs F ! ( ]0)) — Oypre-00pa3 ckaToro CUrHaia, IPOpeKCHHOT0 HYJISIMU:
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1. 1 .
F'(jo)=Y F, exp(-2 jnw). )
n
Onupasice Ha (2)-(4) onpenenum Dypoe-odpas F 0% ( ]0)) BOCCTAHOBJICHHOH TOCJIEIOBATEILHOCTH:

P (jo) = S Cj0)F (jo)H (j0)- > C(/=-m)F (jlo-m)H /o).

rae ¢pyakmus H(jw) npeacrasmser Pypre-00pa3 Ko GUINEHTOB MaCIITAOUPYIOMIETO YPaBHEHHS.
[TycTh BOCCTaHOBIICHHAS TIOCIICAOBATCILHOCTD OTIMYACTCS OT OPUTHHANA JTUIIB (Da30BOM 3aePIKKOI:

O/ . _ =0/ .
F (jo)= F°(jo)exp(- j(M ~1)o). 5)
BBeneHHoe TIpenmroNiokeHHWE AaeT BO3MOXKHOCTh — paccuuTaTh KOX(PQOUIIMEHTHl BEWBIETa, ITO3BOJISIONIETO

6e30mMO0YHO CxKMMaTh curHai. Mcmosbs3ys cBs3p Mexny ¢ynkousmu C(jo) m H(jw) u cooTHOmIeHME MEXIy
BOCCTAHOBIICHBIM M HCXOHBIM CHUTHaJIaMU (5), MOTydUM:

exp(— j(M —l)w)FO(jw)%exp(— JM ~D)F° (jo)i " (jo)H (jo)-

~ 2 expl 0 = o= m)F° (flo-m)H " (jlo-m)H (o)
[Tocne npeodpazoBanust uMeeM:
FO(j)= P (o)t (j0)H (jol+ F(o-m)H" (jo-m)H (jo)

JHanee, nociae HEKOTOPOU I'PYNIHUPOBKU CJIATa€MBbIX, HOIY4HM:!

FP(jo) _ H'(jl0-n)H(jo)

F(jlo-m)) 2-H(jo) H(jo)

U3 YCi10BUS OPTOTOHAJIBHOCTHU CABUI'OB MaCIHTa6prIOHICﬁ (byHKIlI/II/I CJICAYCT OTpaHUYCHUC Ha q)yHKIII/IIO

H(jw):
IH (jo) +|H(jl0-n)f* =2, (©)
C YUCTOM KOTOPOT'O UMECM!
FOljo) _  H'(jle-n)d(jo)
FO(jlo-n)) H"(jlo-m)H(j(0-r)

ITocite HECIOXKHBIX MPe0Opa30oBaHUN TIOMYYUM KOHEUHOE ypaBHEHHE, omnpenersionee Pypre-o0pa3 koddhpuipreHTon
BeliBIIeTa, 00€CIeYNBAIOIIEro 0€30IIMO0YHOE CIKATHE:
0f - .
F'(jo) _  H(jo)
07 = : 0
FO(jlo-n) H(j(@-n))

U3 ypaBHenust (7) cpasy BeITeKaeT ycioBHe Ha a3y nckomoid pynkuuu H(jm):

argFO (joo))+ are(FO (j( - w))) = arg(H (joo)) + arg(H (j(x - 0)). ®)

VYcnosue Ha Momynbs pyHkmmy H(jw) momywaercst u3 (7) mocie HECIOXHBIX MPeoOpa3oBaHH, a UMEHHO
BO3BCIICHUE B KBAJ[PAT MPaBOU ¥ JIeBOH yacTu (7) U mpUBJICUCHUE YCIOBUA (6), B pe3yJIbTaTe MOIYUUM:

0\

) 2 FO( Jm)1
|H (jo)” = 5 = ©)

O 0

FP(jo) +|F°(j(o-m)

Vpasuenus (8), (9) Mo3BONSAIOT CHHTE3UPOBATH MCKOMBINH BelBieT. O4EBUIHO, YTO B CIIydae CIIOKHOTO
CUI'HaJla, NOPSAJOK BeiBlieTa OyleT CpaBHHUM C pa3MepoM CHKUMAaeMO# I0CIIeJOBAaTEIbHOCTH, MOITOMY BO3HHKAET
npoOiemMa TOHWKCHUSI TIOpsAKa BeiBIeTa NPH MUHHMAaJbHBIX MCKRKCHHSAX BOCCTAHOBJIEHOro curhana. Jlaiee

NPEAJIOKCH aJIrOPUTM, HO3BOJ'I${IOHII/II71 HpI/I6J'II/I)K€HHO MMPOBECTU pPACYET UHCKOMBIX KOB(l)(l)I/IIII/IeHTOB BelBIIETa
(bHKCPIpOBaHHOFO nopsaka.

Aaroputm pacyera k03(pGuuueHTOB BeiiBjeTa GUKCHPOBAHHOIO MOPSIAKA
Pacger xod¢p¢ummentoB Sy BeiBIeTa, MHHUMI3HPYIONINX OIMMOKY BOCCTAaHOBIEHHOTO CHTHAJIA,
MIPOU3BOJUTCS ITyTeM TNPUOJMKECHHUS TIOMYyYeHHOH ¢ TIOMOIIbIO BhIpaxkeHWH (8) m (9) mociIeaoBaTeIbHOCTH
kod¢punmenToB C, (YacTHBIH cloydal JaHHOW IIOCIIEOBATENILHOCTH TMpeAcTaBlieH Ha puc.la). Meronnka
NpUOIKEHUST MOXKET OBbITh pa3nuuHOM. B pabore paccMOTpeHB! J1Ba MOAXOAA: MPHOIKEHHOE PELICHUE CHCTEMBI
ypaBHenuii (10) 1 B3sTHE BHIOOPKH M3 TOJIydeHHOI nocienoBarenbHocTd Cy:

-2-
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>SS ok =87, Y CiSimy =1 (10)
J J
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BTopoii crioco6 oTiM4aeTcs MpoCTOTOW BBIYMCICHUH M PEKOMEHIYETCs MPH pacueTe BEHWBJIETOB BBICOKOTO
TopsiAKa.

[IpenmyIiecTBO NPEUIOKESHHOTO METOIa TIepe] CTaHAapTHOW 00paboTKo# BeiBieTamu Jlobeun cocraBiseT
5-15 % (8 cmeicne ymenemenuss CKO BoccTaHoBieHHOTO curHama). OHO OIpenenseTcss CHeKTPaTbHBIMU
O0COOCHHOCTSIMA HCCIICAYEMbIX MOCIEeJOBATENFHOCTEH: MO0 CHIBHBIM MpeoOrajaHneM HH3KHX YacToT, JH00
OTCYTCTBHEM BBICOKON KOPPEJSIMOHHONW 3aBUCUMOCTH BBICOKOYACTOTHOM W HHU3KOYACTOTHOW OOJIacTeil CIeKTpa
CHUTHAJIA - YTO BHITEKACT U3 MPEJCTABICHHON BBIIIIC METOAMKH pacyera BeipaxeHuit (8) u (9).

[Momy4yeHble pe3ynbTaThl MMEIOT TAaKXKE M APYroe INpeAHA3HAYCHHE, a WMEHHO II03BOJISIOT OICHHUTh
3¢ (GEKTUBHOCTh CKaTHsI BeHBIeTaMH 0OoJiee BBICOKHX TMOPSAKOB, a TAaKKE MPOCICAUTh YCPEIHCHHYIO
KOPPEISAIMOHHYIO 3aBHCUMOCTh COCETHHUX OTCUETOB. [Ipe/roskeHas OlleHKa MOTyYyeHa B PE3yIbTaTe CTATUCTHYCCKON
o0paboTtku mocnenoBarenapHocTel Cy. Ha puc.10 mpeacraBieHbl CTaATUCTUYECKUE 3aKOHOMEPHOCTH IPEIaraeMoro
QIrOpUTMa - HEJHWHEHHAs 3aBHCUMOCTh OIIMOKHA BOCCTAHOBJICHHOTO CHTHAjla OT IHCICPCUH PACIPEICICHUS
k03¢ (PHUIIMEHTOB TIOTYYCHHOTO BEeWBIIETa (aMMpOKCUMAIHS KBaJApaTHIHON (GyHKIHeH). Takke mosydyeHa 3aBUCHMOCTb
YIIydIIeHus] KadecTBa cCxaTtus (YMEHBIICHHE MOIITHOCTH IIyMa) TPH BO3pAacTaHWU TMOpsIKa 0OpabaThIBAEMOTO
BeiiBieTa ¢ 4 10 6 OT TUCTIEPCUH pacTpeieieHnss KodPGUIEHTOB (puc. 1B).

3akJl0uenue
B pabote mpexactaBieH aiaroOpUTM aJAaNTHBHOTO BEHBIIET-CKATHS, WCIIOJNB3YIOMNN CHEKTpabHBIE
ocobeHHOCTH OOpabaTeiBaeMoOro curHana. [lomydeHHBIC pe3ysbTaThl IMO3BOJSIIOT OLCHHUTh Kak 3()()EKTUBHOCTH
BEHBIIET-00pabOTKH B IIEJIOM, TaK U MPEUMYIIECTBA BEHBICT-00pabOTKHU MPH MEPEeXoe K BelBieTaM 0oJice BHICOKOTO
TopsiIKa.
Bubnmorpadus
1. Kumar M. Mandal. Wavelet for image compression. University of Ottawa, 1995, p.180.
2. KobGenes B.IO., Jlacroukun A.B. BpIOOp ONTUMaIBHBIX BEHBIETOB i OOpabOTKHM CHTHAJIOB |
n300pakeHnit // moki. 2-oi MexmyHap. KoH(. u BbicTaBkd “IludpoBas oOpaboTka CHUTHAIOB M €€ TMPUMEHEHUS
(DSPA’99), Mockaa, 1999. T.2. C.514-518.




3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

ADAPTIVE WAVELET-COMPRESSION
Kobelev V.Yu.
Yaroslavl State University
150000, Russia, Yaroslavl, Sovetskaja st., 14.
Phone: (0852) 32-11-94 E-mail: cat@uniyar.ac.ru

Abstract. The paper is devoted to the possibility of an adaptive choice of wavelet-function to minimize the error of a restored signal,.
The offered algorithm analyses spectral features of a treated signal and allows the synthesis of the fixed order wavelet for minimum error
compression. Dependencies allowing the analyze of the compression effectiveness by high-order wavelets are also obtained.

Introduction
The paper is devoted to the consideration of the possibility of an adaptive choice of wavelet-function to
minimize the error of a restored signal. The realization of similar algorithms is based on a solution of the minimization
problem for a function of many variables [1]. This function is a dependence of the restored signal error from the
wavelet coefficients. The basic shortage of the similar method is the necessity to know an explicit or implicit
dependence of wavelet coefficients from the parameters, which restricts the appliance of the above mentioned method.
The offered algorithm is devoid of this shortage that allows one to reduce the volume of evaluations and to
calculate the high order two-dimensional wavelet. The algorithm is based on the analysis of spectral features of the
treated signal (degree of correlation of high and low frequencies of the spectrum) and allows the synthesis of a fixed
order wavelet with the minimum error with the help of signal spectrum transformation by wavelet-processing.
Dependencies allowing the analysis of the compression effectiveness by the high-order wavelets are also obtained.

The initial research of the problem was carried out in the work [2].

Technique of choice of appropriate wavelet-function
Let's consider the expressions permitting to execute a direct and an inverse wavelet-transformation of the

initial one-dimensional signal F/ kO [1].
. i1 . - .
F/ = ZFiJ Ciows Rl = ZF/ (1) Cpriisan (1)
l 1

where C,, are the wavelet coefficients.
The algorithm is based on the analysis of the procedure of wavelet-expansion in the spectral area. Omitting
some calculations we shall present the restored signal spectrum:

PO (jo) = Cl0)F (o) (o)~ C(i(o-m)F° (j(o-m)H (jo) o
where
c(m):fg;ck exp(— j(M ~1- ko). Hu@:fg;ck expl(- jkw).

Assuming identity of the initial and the restored signal spectrums, the expressions (3) and (4) alowing us to
calculate a massive of the wavelet coefficients Cy, for the signal faultless compression are obtained:

arg(F° (jo)) arg(F (- )= arg(H (jo) + arg(H (- 0). ®
21F%(jo)l
IFO(w)? +1 FO(j(o-m)1>

The calculation of the fixed-order wavelet coefficients S; minimizing the restored signal error is produced by
an approximation of the coefficient sequence C; obtained with the help of the expressions (3) and (4). The technique
of the approximation can be different. In the paper two approaches are considered: an approximate solution of a set of
the equations (5) and of sampling the obtained sequence C;.

0
ZSij+2k :8 ’ ZC]S]—m() =1 (5)
J J

where my, is a time shift between sequences S; and C,.

The latter approach differs by a simplicity of evaluations and it is recommended for the calculation of the
high-order wavelet coefficients.

The research results allow us to estimate the compression effectiveness by the higher-order wavelets as well
as to trace the average correlation dependence of the adjacent dots. On fig.1 dependence approximated by the
quadratic function of restored signal error from the variance of the wavelet coefficient distribution is represented: the
less the variance, the less the error.

|H(jw)>=

4
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Fig.1

Conclusion
In the paper algorithm of adaptive wavelet-compression with the help of the analysis of spectral features of
the treated signal is represented. The obtained results allow us to estimate effectiveness of both the wavelet processing
in whole, and of the processing by the higher order wavelets.
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