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AunoTanus. PaccmaTpuBaeTcs 3aja4a CHHTE3a MHOTOMEPHBIX G6aHKOB (DHIIBTPOB C MpeANUCaHHbIMU cBOMicTBamu. Hanbomee BakHbIC
TpeOOBaHMUs ITO CBOWCTBO TOYHOTO BOCIIPOU3BEICHHS CUTHANA, JIMHEHHAs (a3a, MaKCHMabHas IIaJJKOCTh YACTOTHBIX XapaKTEePHCTUK Ha IPaHHLIE
noJioc mpornyckanus u ap. IIpencrasien 0030p pa3IMYHBIX ITOAXO0AO0B K pobieme cuHTe3a 6aHkoB (GuiabsTpoB. Hanbonee nepcrneKTHBHBIMU
SIBIISIFOTCS OJIMHOMUAJIBHBIC METOBI, KOTOPBIC IO3BOJISIIOT HAXOAUTh PE3y/IbTaT HEMOCPEACTBCHHO B aHAIMTHYECKOH (hopMme.

1 ITocTaHoBKa 3aga4n

[Tocnennue ronsl Bce Oonble BHUMaHUS yaensercss MHoroMepHbiM (M-D) mudposeim ¢unstpam. Oto
MOTHUBHPYETCSI BCEBO3PACTAIOLIMM CIIPOCOM Ha 00paboTKy M c)KaTHe HENOIBHKHBIX M300pakeHUi (AByMepHBIX 2-D)
n BUneo (TpexMepHbIXx 3-D) CHrHanmoB B TEXHOJOTHUSX MYJIBTHMEAWA, B TEICKOMMYHHKAIMAX W B JAPYTHX
MPHUJIOKEHUSX (00pab0oTKa MEAUIIMHCKUX U CEUCMUUECKUX CUIHAI0B, TBY, mudpoBsie KOJICKH U Jp.).

[Mpumenenne 6ankoB ¢uibTpos (filter banks - FB) npu cxxatum TaHHBIX paccMarpuBaeTcsi Kak 3QQeKkTHBHas
cXeMa KOJMPOBAHMSA B CHCTEMax Nepenadd ayawo u Buzaeo curHaimoB [3]. FB cocraBieHs u3 0aHKOB CHHTE3a H
aHamm3a. baHk aHanmM3a pacKiIagpIBaeT CHTHAN HA Pa3iIMYHBIC MPOCTPAHCTBEHHBIE YACTOTHBIC MOIMAIa30HbI, a OaHK
CHHTE3a BOCCTAHABJIMBACT UCXOAHBINH CUTHAJ U3 CUTHAJIOB ITOIANANIa30HOB.

Ecimm BoCcCTaHOBIIGHHBIN CHTHAN WACHTHYCH MEPBOHAYAIBFHOMY (C TOYHOCTBIO JI0 3aJEPXKKH W MACIITaOHOTO
MHOXXHTEJSI), TO TaKas CUCTeMa aHan3a/CuHTe3a 00JanaeT CBOMCTBOM TOYHOI0 BOCCTaHOBJIeHHsI curHana (perfect
reconstruction - PR).

Jluneiinocts a3ssbl (linear phase - LP) - sxenaTensHoe Ka4yecTBO BO MHOTHX MpuiIokeHus1x ¢ FB mo MmHorum
npuunHaM. DuIbTpsl ¢ JHHEHHOW (a30i NPHUBOIAT K HYJIEBOMY (ha30BOMY HCKaKCHHUIO. 3aMEUCHO TaKXkKe, 4TO
YeJoBeuecKass BH3yalbHas CHUCTeMa sBisieTcss Oojee TepnuMOH K CHMMETPHYHBIM HCK&KCHUSIM, 4YeM K
ACHMMETPUYHBIM.

CnenosarensHo LP u PR cBolictBa FB BecbMa cylecTBeHHBI A1 KOAUPOBAHUS CUTHAJIOB.

HepexypcuBHble GuabTpbl (C KOHEYHONH HMMIYJIBCHOW XapaKTEpHUCTHKOM) M A OaHKa aHamm3a, W Ui
0aHKa CHHTE3a, ABJLIOTCS MPEINOYTUTEIHHBIME, TaK KaK OHH UMEIOT OOJbIee KOJUYECTBO CTEMEHEH CBOOOABI IpH
TOH dtce IIIMHE UMITYIBCHBIX ITEPEIaTOYHBIX (PYHKIMH U CTAOMIIBHOCTH [T TAKMX CHCTEMBI BCET/Ia TapaHTHPOBaHa.

Hepazngennmsble (HEIPUBOIUMEBIE) PEIICTKH W OaHKK (MIBTPOB SBISIOTCA Takke MPEANOYTHTEIBHBIMH, T.K.
M-D curHamel SBISIOTCS B oOmieM ciydae Hepasgenumbivu, M-D FB B cpemHeM o001agaroT JTydOTAME
XapaKTepUCTHKAMH, OHM O00JamaroT OOJBIIMM YHCIOM CTETIeHeH cBOOOIBI (OONbIlle OTrpaHHMYEHUH MOTYT OBITH
YIOBIETBOPEHBI); JIydllle afaNTHUPOBAaHbl K 4eJIOBEYECKOIl 3pUTEIBHON CUCTEME; SJHEPTUsl COCPEAOTOUYEHA B MEHBIIEM
YHCIIe KOMIIOHEHT; 1pasod, Ux ClodcHee CUHMe3Upo6ams.

Ecnu noapIToXKUTh, TO OCHOBHBIMHU TpeOyeMbIMu cBoiicTBamMu M-D FB sBistoTest:

* OT0 GUIBTPHI C KOHEYHOM NMITYJIbCHOM XapaKTEepUCTUKON

» CBOICTBO TOYHOT'O BOCIIPOU3BEJEHUS CUTHATIA

* CBOWCTBO JMHEHHON (a3bl

* Hepaznenumocts M-D pemetok u xapakrepuctuk FB

* MakcumanbHas TIIaIKOCTh YaCTOTHBIX XapaKTEPHCTUK

2 OCHOBHBIE COOTHOIIICHHS

OcHOBHBIE COOTHOIIEHUsI TPUBEACHBI B pabortax [5, 6]. Ha puc. mpuBenmeHa >ddexTuBHAS peanu3ariys,
OCHOBaHHas Ha MONM(a3HOM IPEACTABICHUH.

Zhe oy - S PARY) ity
X (z"

( | |1 —||
S S [ : .
S . . 5
N PA [ z% | |
N — L1 (T A) B

Bauk ananusa _ 4L _ _ _ Dbank cunresa,

DddexTuBHas monudasHas peaan3alus

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



3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

I[Ipukaagnbie MeTOOBI CHHTE3A

B Hacrosiuee BpemMs U3BECTHBI ciieayromue Metoasl cuare3a M-D FB:

* CTPpyKTypHBIE MEeTOAbI - OCHOBAHBI Ha ONITUMH3AIINH KaCKaJHBIX CXeM [2];

* [IpencraBiieHHsi B MPOCTPAHCTBE COCTOSTHU - OCHOBAHBI Ha ()aKTOPHU3ALNH ITEPEXOIHBIX MaTpHIl [8];

e OnTUMH3AIHOHHbIE METOAbI - OCHOBAaHBI Ha ONTUMHU3AIUMU Kod(hduimeHToB (uiabTpa (OTHOCHUTEIHLHO
HEKOTOpOTO KpHuTepus kadectsa) [1];

* [IpeoOpa3oBanns nepeMeHHbIX - OCHOBAaHKI Ha npeodpa3zoBanuu MakKnemnana [2, 4];
* [TosiMHOMMAILHBIE METO/IBI.

IMonaunomuanbHbie MeToAbl. IloimHoMbl BepHmTeiina

3TO METOJ MPSIMOT0 aHATUTHYECKOTO CHHTE3a 0aHKOB (puiIbTpoB co cBoiictBamu PR, LP, Hepa3aeuMbIxX 1
¢ 3aJJaHHOIi CTEeNeHbIo IJIaJKoCTH [0, 5].
B ocHOBe MoOMTMHOMHUANBHBIX METO/IOB JICXKHUT MPUMEHEHHE IMOJIMHOMOB bepHTeiina
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a TaKKe HEKOTOPhIX METONOB U3 anreOpamyeckoir reomerpuu. Ilpu 3TOoM  z-mpeoOpa3oBaHue
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Abstract.The problem of the design of multi-dimensional filter banks with prescribed properties is considered. The most important
requirements are perfect reconstruction property, linear phase property, maximum number of vanishing moments and others. A survey of different
approaches to the problem of filter banks' design is presented. The most promising ones are polynomial approaches that allow finding the result
directly in analytical form.

Introduction.

In recent years, increasingly more attention is being paid to multi-dimensional (M-D) digital filters. This is

motivated by the growing demand for processing and compression of still two-dimensional (2-D) images and video
(3-D) signals in telecommunications and multimedia technology. Another areas of application of M-D digital filters
are: medical image processing, seismic signal processing, high-definition TV (HDTV), scanning rate converters, PAL
decoders and digital video codecs , exploiting of M-D digital filtering methods for the solution of partial differential
equations (PDE), which describe a wide variety of physical systems.
The application of filter banks (FB) to data compression, which is known as subband coding, has been studied as an
effective coding scheme in audio and visual communications [3]. FBs are composed of both analysis and synthesis
banks. The analysis bank decomposes a signal into different frequency subbands, and the synthesis bank
reconstructs the original signal from the subband signals. If the reconstructed signal is identical to the original one,
except for delay and scaling, then the analysis/synthesis system is said to be a perfect reconstruction (PR) FB.

Linear phase (LP) is also a desired quality in many applications of multirate FBs.

Finite impulse response (FIR) analysis and synthesis filters are usually employed in the design of PR FB,
since they have more degrees of freedom for same length of impulse responses and since stability for such system is
always guaranteed.

Fundamental Relations.
The main relations are given in [5, 6, 7].

Applied Design Methods.

Structural Methods. The design is based on optimizing the cascade filter structures, which ensure design
constraints (like orthogonality, LP or regularity) structurally [2]. No complete cascade has been available in the M-D
case due to the lack of a factorization theorem.

State-Space Representation. Another major design technique for M-D FBs is applying of the state-space
representations. Unfortunately, the set of transfer matrices, which can be factored in cascade form, represents only a
subset inside the complete class of such matrices.

Optimization Methods. The design is based on optimizing the filters' coefficients (with respect to some
performance index) under the constraints of orthogonality (or other properties) [I]. This solution is an approximation
of the exact result and has several disadvantages.

Transformation of Variables. There are various techniques proposed by different researchers (see [4]) that are
related to the McClellan transformation. Transformation-based designs have the disadvantage that the shape of the
frequency response of the filters is determined uniquely from the subsampling matrix.

Bernstein Polynomials.

Taking advantage of the multivariate polynomials (like Bernstein polynomials or other types) allows
obtaining filters with maximum number of vanishing moments and with other good properties [6, 5]. In this case it
was found the analysis filter [5]
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