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MpeonoxeH meTon NPOEKTUPOBAHUA MHOrOMepHbIX 6aHKOB (PUMbLTPOB AS11 MHOTOCKOPOCTHbIX
cuctem o06paboTkm MHOroMepHbIX curHanos. MeTon oOCHOBaH Ha MPUMEHEHUW MOFIMHOMOB
BepHwTeriHa. MeTton obecneunBaeT BbINONHEHWE HeobXoAMMbIX CBOMCTB (bunbTpoB. lMpuBoautcs
npuMep cnHTe3a YeTbipeXMepHbIX 6aHKOB OUMNbTPOB.

BeeneHue

B HacToslee Bpemsi BaxHOe MeCTO 3aHMMaeT obnacTb Hayku, KOTopas cneumanuanpyetcsl Ha
06paboTke M306paxeHnn n BUOEO CUrHanoB. OT0 N obpaboTka MEeOULMHCKUX N300paeHUn, TeneBmaeHne
BbICOKOW 4eTKOCTK, obpaboTka cercMmuyeckmx curHanoB, VIHTepHeT, 3awmTa uHdopmMauumn u gp. VMIMeHHo
NMO3TOMY MPOEKTUPOBaHME MHOrockopocTHbix cuctem (MCC) [1] ans obpabotku mHoromepHbix (M-D)
CUrHarnoB sIBNSIETCA OYEHb BaXHOW 3agadven B obnactu undgposor 06paboTkmn curHanos.

Mpn opmupoBaHuU MHOFOCKOPOCTHbLIX CUCTEM WCMOMb3ylOT MeToAdbl [MnaBHbIM 0Bpa3om
HanpaBneHHble Ha [JOCTWXKEHWe ChneaylLlimMx CBOWCTB: TOYHOMO BOCCTaHoBreHus curHana (TBC),
NNHENHOCTK dasdbl, rMagKkocTh, HepasaenumocTu [2].

BaHkn cunetpoB (BP) npenctaBnAlT cobor COBOKYMHOCTb (hunbTpoB GaHka aHanm3a u 6aHka
cuHTe3a. baHk aHanmsa packnagpiBaeT CUrHam Ha  pas3fnuyHble  NPOCTPaHCTBEHHO-YaCTOTHbIE
nogavanasoHbl, @ 6aHK CMHTEe3a BOCCTaHaBNMBAET MCXOAHbIA CUrHaM M3 CUrHaroB NogananasoHoB.

MeToauka cuHTe3a chunbTpOB Ans AByxKaHanbHoun MCC

B paHHon paboTe paccmaTpuMBaeTCcs MNPOEKTUpOBaHME 4YeTbipexmepHbix (4-D) B® ans
OBYXKaHanbHou U wectHaguatukaHanbHo MCC. MNonnHoMmanbHbI Noaxon npegnonaraeT geuumauuio Ha
Hepasgenumol pewetke. [inga 4-D cnyyas 6bina BeibpaHa cnefytollas MaTpuua geyumasmu:

-1 -1 -1 -1
0O -1 -1 -1
Do _ (1.1)
o o0 1 -1
1 0 1 1

Co6CTBEHHbLIE 3HAYEHNA AAHHOW MaTpuubl PaBHbI |11234| :‘\‘/5, YTO BaXXHO AON1S1 BbIMOSHEHUS
onepauui geuumaumm n uHTepnonaumm B MCC. Onpepenutenb maTpuubl geuumMaumm 3agaeT 4vucno
kaHanoe MCC wn paBeH |det D|:2. MoaTomy C NOMOLLLIO AAaHHOW MaTpuubl Aeuumauun NpoeKTUPYHTCS

unbTpbl Ana asyxkaHanbHo MCC. BaxHO oTmMeTuTb, 4TO 9Ta MaTpuua obnagaet CBOMCTBOM, KOTOpoOe
HeobxoouMO AN AanbHenero nocTpoeHus wectHaguatukaHansHon MCC Ha ocHoBe B®, nonyyeHHbIX

ONs [ByXKaHarnbHOW CUCTEMbI, 8 UMEHHO D4 =214, roe 14- epuHnyHas matpuua pasmepom 4x 4.
Ha Bbixoge aByxkaHanbHo MCC 6yaet curHan euga [3]:

£(2) =§(X(z)-zg(z)+X(—z)-Tl(z)), (12)
roe

T,(2) = H,(2)-Gy(2) + H,(2)- G\(2). (1.2.1)
T,(2) = H,(~2)- Gy(2) + H,(~2)-G,(2) (122)

H,(z) v H/(z) - Hu3Kko4acTOTHasi W BbICOKOYACTOTHasl NEPeAaTouHble XapakTepucTuku 4-D
GunbTpoB BA cOOTBETCTBEHHO;

G,(z) v G,(z) - HM3KOYAcTOTHas W BbLICOKOYACTOTHAs NepedaToyHble XapakTepucTuku 4-D
dpunbTpoB BC cOOTBETCTBEHHO;

X(z) v X(z) - 4-D z-npeobpasoBaHust BXOQHOTO 1 BbIXOAHOMO curHanoB MCC cOOTBETCTBEHHO;

2=(2,,2,,23,2,).
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MonuHom bBepHWTEeNHa no3BONAET HaWTU MepefaToOdHble XapaKTEPUCTUKM UNbLTPOB, KOTOpPblE
nmeroT

- KOHEYHY UMMYFbCHYIO XapakTEePUCTUKY;

- NMHEenHyto ¢asy;

- rnagkoctb ctenewn N ans H,(z);

- rnagkocTtb ctenenn (N +M) ana H (z).

B ocHoBe nonvMHoMmnanbHOro meToaa nexunt npumeHenune 4-D nonvHoma bepHwTenHa:
N N N N

B, yvs)=d 3 Y G, j.k p)Cy C Ch Ch - '3
i=0 j=0 k=0p=0 (13)

A=V T A= )Nk A=) NP — NP,

OcyLlecTBUMB HEOOXOAMMYIO 3aMeHy MepeMeHHbIX, MONMMHOM BepHLITeliHa MO3BONSeT MOoMyYuTb
nepeAaToyHylo XapakTepucTuky ounbTpa HmkHUX Yactot H,(z):

1 & &YX o s . i y
572 XXX CCICCL D™ A=) A5 (1)

=0 j=0 k=0 p=0

H(z),2,,25,2,) =

(1= 1+ ) A= 5)* 1+ 2D A =2 (L2
PunNbTP BEPXHMX YacTOT MOXEeT ObITb MOMy4YeH Ha OCHOBe nonudasHbix coctaensowmx ®HY un
no6oro 4eTHOro nonmHoma [3].
HaHHaa mMeToguka npoektupoBaHus 4-D B® 6bina peanunsoBaHa ¢ nomollbio Maple. B kayectse
npumMmepa Huxe npueeaeHbl KO3 dULMEHTbI MONYyYeHHON nepeaaTodHon dyHkumm GHY ana N=1.

0 -1/128 0 -1/128 0 -1/128 0 -1128 0
-1128 0 -1/128 0 3/32 0 -1128 0 -1/128
0 -1/128 0 -1/128 0 -1/128 0 -1128 0O
-1/128 0 -1/128 0 3/32 0 -1128 0 -1/128
0 3/32 0 3/32 12 3/32 0 3/32 0
-1/128 0 -1/128 0 3/32 0 -1/128 0 -1/128
0 -1128 0 -1/128 0 -1/128 0 -1/128 0
-1/128 0 -1/128 0 3/32 0 -1128 0 -1/128
0 -1/128 0 -1/128 0 -1/128 0 -1/128 0

YeTbipexypoBHeBas MCC

Moess nocTtpoeHus uyeTbipexypoBHeBon MCC npuBOAMT K CO34aHMIO LWecTHaguaTuKaHanbHOM
cucTeMbl C pasgenumon feuumauven. Kaxabll ypoBeHb npefcTtaBnsieT cobon aByxkaHansHyto MCC ¢
Hepasgenumon  geummaumenr. CrOXHOCTb  UCNONb30BaHWS  HepasgenuMmon  MaTpuubl  Aeuumauum
npeacTaBnsieT TO, YTO Mocne AeuvMMauuMuM CurHam noBOpayvMBaeTCs Ha HEKOTOpbIA Yron U 3aHumaeT

fonblwyo nnowans. Tak kKak D4:2I4, TO MOXHO co3daTb 4eTblpexypoBHeByto MCC c nonHon

aeunmauuven. B takom MCC npoucxoouT AeneHMe U HU3KOYaCTOTHOW, M BbICOKOYACTOTHOW BeTBen. B
pesynbTate CoO34alTCA MakCMMarnbHO geuumMupoBaHHble bB®. Takke MWHTepec K MOCTPOEHUIO
yeTblpexypoBHeBon MCC npeacrtaBnsieT TO, UYTO B HacTosillee Bpems CO34aHbl MeTOAbl KOAMPOBaHUSA
TOMbKO ANs pa3genumoro cny4as.

H,(2) —p
H,@|»{l D »[: D
H,@|»{l D »[:
X(Q»[:Ho(z)—»J,D »[:
nus 4" yposens
Hl (Z) —p L. 34 yposens i

2% yposens

1" yposens

Puc. 1. lNepBbii kaHan 0aHka aHanusa (BA) wecTtHaguaTukaHansHon MCC

—2_
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Mocne npumeHeHnsa Hobnb-ToxxgecTBa nonyyaetcs adppekTnBHas wectHaguaTukaHansHas MCC.

x(n)

H,(@) H,z") H,z" ) H," )| D>

Puc. 2. 3ddekTuBHas peanunsaumsa nepsoro kaHana bA wectHaguaTukaHansHon MCC

MHoromepHbIi  nonuHom  BepHwTertHa obecneunBaeTr S@EKTUBHBLIA MyTb NPOEKTMPOBaHUSA
yeTblpexMepHblx 0GaHkoB unbTpoB. B pesynbrate Obina co3gaHa nporpamma, Mo3BonfwLlas
CMHTE3UpoBaTb  CUMMETPUYHble  bunbTpbl  ANS  ABYXKaHanbHOW M WeCTHaguaTUKaHanbHOM
MHOFOCKOPOCTHbIX cucteMm. [lonydeHHble unbTpbl 06nagawT CBOWCTBAMW  [MAAKOCTW,  TOYHOrO
BOCCTaHOBIEHWS CUrHarna, NMMHenHOCTU basbl U ABNATCA Hepas3aeTMMbIMN.
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DESIGN OF FOUR-DIMENSIONAL FILTER BANKS USING BERNSTEIN POLYNOMIALS

Bol’'shakova O.

Moscow Power Engineering Institute (Technical University)
105835, GSP, Moscow E-250, 17 Krasnokazarmennaya st.
Tel: +7 (095) 362 7463
E-mail: OlgaBolshakova@mail.ru

The method of design of four-dimensional (4-D) filter banks based on Bernstein polynomials is
considered. The method ensured a meeting of necessary properties. The examples of design of four-
dimensional filters are given.

Introduction

The design of multirate systems is based on meeting following properties: perfect reconstruction,
linear phase, maximum vanishing moments and nonseparability. Filter bank consists of banks of synthesis
and analysis. The bank of the analysis decomposes a signal into spatial-frequency sub-bands, and the bank
of synthesis restores an original signal from signals of sub-bands. This paper describes design of 4-D filter
banks for two-channel and sixteen-channel multirate systems.

Design of filters for two-channel multirate system
The polynomial approach assumed decimation on nonseparable lattice. The nonseparable lattice is

generated by
-1 -1 -1 -1

0 -1 -1 -1
_ 11
D 0o 0 1 -1 (.1)

1 0 1 1

Eigenvalues of this matrix is |ll,2,3,4| =4/2 . Determinant defined a number of channels for multirate

system and equal to |det D| =2 . Itis important to note that D4 = 21,.
4-D Bernstein polynomial is

N N N N . . ) o .
B,y vs)=Y, 3, 3 [, j.k. p) Cy Gy O i =0y 1= )N A -V FEsP -9V P, (1.2)
i=0 j=0 k=0p=0

After a necessary transformation (1.2) gives the half-band filter with the transfer function

I & Ooevw i~ i+ —1\2i E —i
HO(ZI,ZZ,Z3,Z4):28—NZ YN g ChCLChCh (=D (1= 2 (14 2,y x (1.3)

i=0 =0 k=0 p=0
X (1 _ 22—1 )2/' (1 + 224 2(ij>(1 _ 251 )2k (1 + Z;I 2(N—k)(1 _ Z;I )2p (1 " Z;I )2(}\,,,,)
Four-level multirate system

The idea of design the four-level multirate system leads by sixteen-channel system with separable
decimation. This approach is important for current methods of coding for multi-dimensional signals.
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