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BblEOP MHOMOMEPHOW HEPA3OENTMMON MATPULIbI AELIMMALIMA
AnA MHOMOCKOPOCTHbLIX CACTEM
Yobany M.K.
MoOCKOBCKHIT SHEPTeTHIECKAN MHCTUTYT (TEXHUYIECKUH YHUBEPCHUTET)

B coctaB MHOTOCKOPOCTHOM CHCTEMBI 00pabOTKH CHTHAJIOB BXOIST ACIUMATOPHI (B OaHKE aHANM3a) U MHTEP-
nmoJsITOpH! (B OaHKe cuHTE3a). B maHHO paboTe pedp MoiAeT 0 MaTpUIlax JenuMalii. Bce MOHATHS U TeopeTHye-
CKHUE BBIKJIAJIKU, KAcaIOIIMEeCs WHTEPIIOISITOPOB B OaHKE CHHTE3a, MOTYT OBITh MOJYYEHbI aHAJOTUYHO, YYUTHIBAS
[IPH 3TOM, YTO MHTEPIIOJIALMS SBJSICTCS 0OPATHOM Omeparieii o OTHOIICHHUIO K ACIUMAIIHH.

ITocne npoBeaeHust GUIBTPAIIMKA UCXOTHOTO CUrHaia (M300paXkeHus ) TPeOyeTCsl MPOU3BECTH NCIIUMAIIHIO Pe-
3yJ'l])TaTa (bHﬂpraLII/II/I. Onepauym JeuumManum — 3TO yMeHbHJeHI/le KOJIMYECTBA OTCUECTOB B HUCXOJHOM CHUI'HAJIC B
3aJlaHHOE YHCIIO pa3. MaTeMaTH4ecKo peanu3anneil JeiuMaliy sSBISIeTCS TaK Ha3blBacMasi MaTpHIla JACIUMAIIUH,
KOTOpAst ¥ ONPEEIISICT THIT U crioco0 nerpmMarui. O003HaYnM MaTpully AenuManud yepe3 M. PasmMepHOCTh MaTpu-
I[bI COBIIAAET C YHCIIOM MepeMeHHbIX curHana. Ee ompenenurens - det M - 3T0 OTHOIICHHE YaCTOTHI CIICTOBAHHS
OTCYECTOB HCXOJHOTO W TPOJCIIMMUPOBAHHOTO CHUTHAJIOB. UHCIO KaHAJOB IS TOJHOCTHIO MPOICIIMMHPOBAHHBIX
CUTHAJIOB OmpezenseTcs aOCOMOTHBIM 3HAYCHUEM ONpEAeTHTENsT MaTpUIlpl merumanuid m = |det M|. DmeMeHTsI
MAaTpPHIBI AeHUMAIU M TOJDKHBI OBITh LENBIMU YHCITAMH.

IycTh cTpoka [n; n,] — 3TO0 KOOPAMHATHI OTCYETOB UCXOAHOTO CHrHaja. J{jist moay4eHus KOOPUHAT OTCYETOB,
KOTOpBIE OCTAHYTCSI MOCIE JASHUMAIIMU UCXOAHOTO CUTHAJIA, HY)KHO YMHOXHUTh 3Ty CTPOKY KOOPJMHAT Ha MaTPHILY
Jeuumanuu. B nBymepHOM paszaenumom (cerapabenbHOM) cllydae MaTpHlia ACHUMAIMd UMEET TUarOHaIbHbIA BUJI,

2 0
nanpumep M = 0 2l Takyro JenuManiio Ha3bIBAIOT NPSIMOYTOJIBHOM, TaK KaK ITOJyYaronIuecs B pe3yJibTaTe
Pa3I0oKeHHUs CUTHAIA CyOIOIOCH UMEIOT IPSMOYTONBHYIO (KBafpaTHyIo) popmy (cm. Puc.1).
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Puc.1. Cy6nonocs! curHana mocie GuiabTpauy Ipu Puc 2. UepHBIM 0003HaYE€HBI OTCUYETHI, OCTAIOIINAECS
Pa3aenuMoi MaTpuLe JeMannH. H0oCIIe ACLMMALHH.

B manHOM cirydae yrcno kananoB pasgenumoro b® pasao |det M| = 4. KoopanHaTHI OTCYETOB CHTHAJA, KOTO-

pbIe OCTAIOTCs MOCIIE MPOBEACHUS MPSAMOYTOJIBbHON JeLUMALMY, PaBHEI [N n;] =[2n, 2n,]. Pe3ynbraT nps-

2

MOYTOJIFHOW eIMMAaIiy mokas3ad Ha Puc.2. J[ins Hepa3genuMoi JenuMarii OJHAM W3 BapHaHTOB MAaTPHIIBI JICIHU-

MalMi MOKET OBITh «IIAXMaTHas» Marpuua aeaumanuu [1,2]: M = . Huciio xaHanoB B 3TOM Clly4ae paB-

HoO |det M| = 2. KoopqHATBI OTCUYETOB CUTHAJA, KOTOPBIC OCTAOTCS MOCTIC MPOBEACHUS MIAXMATHOHN eIMMAIUH- [N

1 -1
YaoUMecsl B pe3ylbTaTe HepasleauMoll (QUIbTpalMU M IOCHeIyIoUIeld Hepas3neluMOi MaxMaTHON AeluMalii
CyOTI0JIOCHI HA HEYETHBIX YPOBHSX PA3JIOKEHUSI MMEIOT POMOOBHIHYIO ()OPMY, HA YETHBIX YPOBHSX - HPSMOYTOJIb-

ny] F 1}—[n1+n2 n;-np] ITosTOMy BBIOOpKA OTCYETOB MPOUCXOMUT B ImaxmaTHOM mopsiake (cm. Puc.3). IMomy-

2
HyI0 (KBapaTHyI0) (GopMy. DTO CBSI3aHO C TeM, 4To Bbimonusercs paerctBo M~ =2-1, rne [ - exunnunas
MaTpUILA.
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Puc. 3. [llaxmaTtHas pemerka. Paznenenue orcueTon Puc. 4. Pesynbrar HepazaenuMoi AeluManui 1 GuiIbT-

CUrHaJia. panuu.

Cy6mnosnoca, umeroiasi Gopmy pomba, MOKET ObITh IIpeoOpa3oBaHa B MPSMOYTOJNBHHUK. 332 CUET yMEHbIICHUS
YHClla OTCUETOB B 2 pa3a, n3o0pakeHHe B CyOII0JI0Cce MCKA3UTCS — OHO OyNET «CIUTIOCHYTO» IO TOPU3OHTAIH (CM.
Puc.4). IloaToMy Ha HEYETHBIX YPOBHSX Pa3lIOKEHUs! HAOIIOAAETCsl HEKOTOPOE TeOMETPHUECKOE HCKaKEHHE CyOIIo-
JIOCBI, OJTHAKO JJIs1 HEPapXUUYECKOT0 aJIfOPUTMa cxaTus [3] 3To He HMeeT NPUHIUNHUAIBHOTO 3HaYEeHHUS.

B ciryuae 06paboTkn n300paskeHNH, MPUMEHEHHE HEPA3AeIMMbIX (QHIBTPOB JUIs GHILTPALUH U TTOCIIEeyIOIIeH
[IaXMaTHOM JELMMAINH SIBJIIETCS OOJiee eCTECTBEHHBIM U MPEATIOYTHTENIBHBIM, T.K. H300paykeHne 110 CBOEH IPHPO-
Jie SIBJISIETCSl HEepa3JeIMMbIM JIByMepHbIM (2-D) curnanom. ITosToMy BHonHe ecTecTBEHHO OBLIO OBI MCIIOJIB30BATH
IUTA eT0 (QUIbTpaIuy Hepasaenumelie 2-D 6aHku GuibTpoB.

Hepaspennmble 6aHKH (GUIBTPOB MMEIOT JIyUIIHE XAPAKTEPUCTUKH, YEM MX Pa3JeluMble aHAIOTH (IPEICTaB-
Jsromye co0or MPOU3BECHNE OHOMEPHBIX 0aHKOB (PHIBTPOB MO KaXKIOMY M3 W3MepeHui). Yncio cremneHei cBo-
60xb1 y HepaznenuMbix b® Takke HaMHOTO OOJIBIIE, @ 3HAYUT OOJBIIIE M BO3MOKHOCTEH Ul ONTUMH3ALIUH.

Hapsiny ¢ 3agagamu cxatust MM cHUrHaioB M3BECTHBI MHOTHE JPYTHe 00JIaCTH YAAYHOTO U TPEAIOYTHTEIBHO-
r'O IPUMEHEHUsI Hepa3/eNuMbIX OaHKOB (DHIBTPOB.

B Tomorpaduu nBymMepHble pa3lienuMble BEHBIIEThI, KOTOPbIE CTPOSTCS HA OCHOBE pasnenumbix bd, 3anator
MpAMOYTOJIBHOC JCJICHUE YaCTOTHOM IJIOCKOCTHU, YTO HE BCCrAa ABJJIACTCA MOAXOAALIUM IPU NPCANOJIOKCHHUU O
paguanbHBIX TOJI0CAX YacTOT B H300pakeHUsX [4].

[TpuMeHeHne Hepa3AeaMMOro MYJBTUPA3peIIeHUs B TOMOTpaguy B JBYMEPHOM CIydae MO3BOJSET yUUTHI-
BaTh F€OMETPHIO CHCTEMBI ITyTEM POMOOBHIHOTO JICJICHUS! YaCTOTHOM IJIOCKOCTH, YTO OOJiee MOAXOAMT IS CIIy-
Yasi paJuajIbHbBIX IT0JIOC YaCTOT CUTHaNa. MecTHas ToMorpadus, HCIOIb3yIoMIast Hepa3aeauMble 0a3uchl OKa3a-
Ja CYIIECTBEHHOE yBEIMUYEHHE MHUKOBOro oTHomeHus curHan/mym (PSNR). Ipyrum ycnemHsIM NMpUMEHEHHEM
HEepa3JIeIMMBIX BEUBIIETOB SBIIICTCS UX UCHONB30BaHue B 3-D BpammarensHoit aHTHOTpaduu [S].

B HEKOTOPBIX ciTydasx, KeIaTebHO UCIOIb30BaTh HEPA3ACIMMYIO JEIUMAIHIO, YTOOBI TOIYIHUTh MIOJIE3HBIE 2-
D BeiiBier-nipezcrabnenusi. Hanprumep, HepasearMble OPTOHOPMANbHbIE BEHBIIET 0a3UChl MOTYT HCIOJIb30BATHCS
JUISl pacIiO3HaBaHHs TEKCTYp U (PpakTabHOTO aHanu3a [6]. Beioop HepazaenuMbix GUIBTPOB VIS Pa3IoKEHHs UMe-
€T CYyILECTBEHHOE BIMSHHUE HAa pe3yJbTaT XapaKTePUCTUKU TeKCTyphl. B [7,8] mokas3aHo, 4To HepaslienuMmsble BEHB-
JIEThl MHBAPHAHTHBI K BPALCHUIO M300pa)KEHUsI TEKCTyphl. VIMEHHO 1MO3TOMY Kiaccu(UKalMs U pe3ysbTaThl cer-
MCHTalUHY JIy4Il€ Npr MCIIOJIb30BAHUN HEPAZACTIUMbBIX CUMMETPUYHBIX BEUMBIIETOB.

Cunraercs, YTO OJJHUM U3 TJIaBHBIX HEJAOCTATKOB HEepas3/AeMMOi (HUIbTPALMH SBISIETCS €€ BHICOKAsl BEIYMCIIH-
TeNbHAsl CIIOKHOCTh. B Hammx mccnenoBaHusx, a Takke B [9] moka3aHo, 4To BOOOIIE-TO 3TO HE COOTBETCTBYET JeH-
CTBHUTEILHOCTH. B pearbHOCTH CI0XXKHOCTH BBIYMCICHHUS 3aBHCUT OT MHOTMX (akTopoB. Cpenu Mpovnux MOXKHO
YIOMSHYTB pa3Mep CHrHajla, KOTOpHI Tpedyercss o0paboTath, Hocutenb BewBieTa (pazmep KUX ¢uprpa), apxu-
TEKTypa BBIYMCIUTEIBFHON CUCTEMBI U Apyrue. Hampumep, npu cpaBHEHWH Ha MHOTOINPOIECCOPHBIX CHCTEMax ai-
TOPUTMOB Ha OCHOBE CBEPTKHU JUIA PA3IMYIHBIX PACHPENEICHUH, pa3/eluMble BEHBIET (GUIBTPHI OKA3aINCh HAHOO-
nee 3(GEeKTUBHBI I pacrpeiesieHus OJIOKOB IPH MallbIX 3Ha4eHHsAX ¢puibTpa (¢ pasmepom L). Ho nns Hepasnenu-
MBIX (DUITBTPOB, pacmpeeneHne 0J10KoB 6osee d3GHEKTUBHO, €CITU pa3Mep M300pKEHUS N OKa3bIBAeTCS OOIBIINM
(npu peanpHbIX 3HaueHUsX L). BaxkHo oTMeTnTb, 4TO pe3ynbTathl B [9] (moayuenusie st Intel Paragon) 3aBucsr ot
napaMeTpoB apXuTeKkTypbl. Habmonaercs 3HaunTeNnbHOE BIMSHUE NapaMeTPOB apXUTEKTYphl (HapuMep, OTHOLIe-
HUA CKOPOCTHU BBIUMCIIEHUH K CKOpOCTH Mepeaaun IlaHHbIX) Ha OTHOCUTECJIbHYIO IPONU3BOJAUTECILHOCTD AJITOPUTMOB.

AJTOpUTM Ha OCHOBE CBEPTKH, HCHOJIB3YIOIIUNA pacnpeeseHue 0JI0KOB, paboTaeT ObICTpee, YeM aJITOPUTMBI,
HCIIOJIB3YIOLIHE PaCIpeesIeHne CTPOK, TAaKXKe Kak U B Cllydae pasJeIMMbIX BelBieT GuibTpoB. OQHAKO, B OTINYNE
OT pa3/IeIuMOro Ciiydas, C YBEJIMUEHHEM pa3Mepa HOCUTENs BEHBIIeTa BPEMsl BHIIIOJHEHHUS JITOPUTMOB Ha OCHOBE
CBEpTKH pacTeT ObicTpee, 4eM Bpems BeIMonHEHUS ansa bIId-anmropurmos. Hampumep, OTHOCHTENBEHO OOJBIIOE
BpeMsI 3arycka Ut mepenadu coodmenus Ha Intel Paragon (40-45 mcex) HEOMarompusaTHO BIUSAET HA XapaKTepH-
CTHKH OIepalliy TPAHCIIOHWPOBAHUS MATpPUIIBI, TpeOyeMoi Uil pazfaenuMbIX 2-D AHCKpETHBIX BEWBIET alropuT-
MOB, HCIOJB3YIONMX PACHpENeIeHHe CTPOK. Pe3ynbTaTel MOTYT OBITh PAa3IMYHbI JJISI MAIIMHBI C OYEHb HU3KUM
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BpPEMEHEM 3aITyCKa COOOIICHHS.

B o0macTu TeneBuaCHUS BBICOKOM YETKOCTH, NIPH MPE0Opa30BaHUN MEKAY MPOrPECCUBHBIM U YEPECCTPOUHBIM
BUJIEO, [IPU OLIEHKE MapaMeTpa JABMIKEHHS IIHPOKO UCIIONIb3YIOTCS TPEXMEpHbIe Hepasaenumbie ¢puinbTpsl [10]. Mc-
HI0JIb30BAHHE TPEXMEPHOH COINIaCOBAaHHOW (MIBTpAaLM NPUBOJUT K HEpa3AeNMMBIM (UIIBTpaM, KOTOpbHIE AAIOT
camoe Oospuiee ynyunienue SNR cpeau Beex JMHEHHBIX QUIBTPOB, B CIydae, KOrja MPOCTPAHCTBEHHBIE XapaKTe-
PUCTHKH O0BEKTA U3BECTHBI.

Yro xacaercss BUX ¢dunbTpos, To B [11] oTMeueHO, 4To HEOOXOIUMO MCIIOJIB30BATh HIMPOKO M3BECTHBIE IIpe-
MMYILECTBA YaCTOTHBIX XapakTeprcTHK Hepa3aenumblx BUX ¢unpTpoB. X ApyruM npenMymecTBoM sBIISIETCS
WX HU3Kas BHIYMCINTEIbHAS CIOXKHOCTb.

Hauunas ¢ u3BecTHo# pabdoTs! [12] 3anaua cuaTe3a M-D MHOTOCKOPOCTHBIX CUCTEM B T€UEHHE MOCIEAHUX 15
JeT paccMaTpuBaiach BechbMa 4acTo. CyIecTBYIOT pa3iIndHbIe METOIbI CHHTE3a AJISI CIydasi, KOT/la MaTpHIa AeIy-
Manuu u3BecTHa. OUEBHIHO, YTO KIIFOYEBBIM OJIOKOM ISt TOCTPOCHMSI M-D MHOTOCKOPOCTHBIX CHCTEM SIBIISIETCS
MaTpula genumanuy. /o HacTosIero BpeMEeHH Ha PAaCCMOTPEHHH ObUI TOJIBKO CIydai, KOrJa 3Ta MaTpUIa U3BECT-
Ha. OIHOM M3 OCHOBHBIX 33/1a4 IpU cuHTE3e M-D MHOTOCKOPOCTHOM CHCTEMBI SBISETCS HATMYHE MPOLEAYPHI CO3-
JaHUs] MAaTPHLL ACLUMAIIMHU C 33JaHHBIMU CBOMCTBAMU - OHHM Ha3bIBAIOTCS JIOMTYyCTUMBIMU MaTPHLIAMH ACLIMALIHH.

3ajavya aHanM3a BO3AEHCTBUS M3BECTHOM MaTPHIIBI JELIMMALMH HA CBOICTBA MHOTOCKOPOCTHOW CHCTEMBI ObLIa
peleHa Bo MHOTMX paborax u cratksix - [13, 14] Haubonee m3BectHbl U3 HUX. B [13] paccmaTtpuBaercs ciyuaid,
Korja Marpuia AcuuMalui U MaTpullbl paClIMPEHUA PA3JIMIHbI, U JJId JUaroHajau3daliu MaTpulbl J€HUMalUNU HUC-
nosnb3yercst popma Cmuta. KoHuenmy B3auMHON TPOCTOTHI, JI€BOTO (MIPaBoro) HauOOJbIIETo OOIIETo JEeIUTes,
OIIMCAHUsI MAaTPHULIBI Yepe3 APOOH - IPUMEHSIOTCS K LIEIOYUCIEHHON MaTpHIIe U3-3a TOTO, YTO €€ 3JIEMEHTHI (Iielble
YKciia) U3 NPUHIMIHAIBHO HiealbHol obnactu. Bee aTn monsTHs nmoMorarot peanuzoBate M-D cucremy c 3agas-
HBIMH MaTpullamMu aenuManuu/paciumpenns. B [14] nns ananuza M-D 6aHKOB QHUIBTPOB UCIIONB3yeTCS anredpau-
yecKasi TPpyIIoBasi TEOPHS.

TpebOoBaHMs K MaTpUIAM JELMMALNH:

1.Matpu4HbIE JIEMEHTHI JOJDKHBI OBITH LENBIMHU YHCIAMH (TOJIBKO 3TOT CIIydyail pacCMaTpUBAeTCsl B 3TOU CTa-
TbE).

2.Yucno kaHAIoB onperernseTcs adCOMIOTHBIM 3HAYeHHEM OIpeIeNIuTeNsl MaTpULbl AenuMaruy m = | det M. |.

3.Y0enuThes, YTO B KaK/AOM HANpPaBJICHUH, B KOTOPOM IMPOMCXOAUT pacUIMpEeHHe, COOCTBEHHbIE 3HAYEHUS
MaTpHIbl M JI0JDKHBI OBITH 00JIbIIE eUHHUIIBI [15].

4.C ToukHn 3pCHHA pCaIu3allii TAKKC HeO6XOZ[I/lMO HUMETb BO3MOXXHOCTD IOJYUYUTH Pa3AaCIMMYyI0o ICHHUMaIluio
MIOCJIE HECKOJIBKMX MTEPATUBHBIX IIaroB. JTO TOT CaMbIi CiIydaii, Korja mpolenypsl Tak Ha3bIBaeMOH "Hepasaein-
MO Yepe3 pa3nesiuMyro" (UIBTPAIUK BBIIOTHSIOTCA Kak B [16] U B HEKOTOPHIX JAPYTHX ciydasx. B 3Toil craThe
MIOKa3aHo, YTO 3TO TPEOOBAHME O3HAYAET TO, YTO MATpHLA JCHUMAIMH M JOIDKHA OBITH /- KBaApaTOM MAaTpPHUIIBI
UICHTHYHOCTH, YMHOXEHHOU Ha ckaymstp M" =1*I; st HeGonbInx 3Ha4eHHH n, k - KOJMIeCTBO M3MepeHwui, | -
MaTpHLa HACHTHIHOCTH.

Jlo HacToAIIEro MOMEHTa HE ObI0 HUKAKOTO CHCTEMAaTHYECKOTO MOAX0/a, KOTOPBIH MMO3BOMMI OBl IOCTPOUTH
HEpa3AeNuMyI0 MaTPUIly JelMManny Ul 331aHHOTO YKCiIa U3MEPEHUH 1 Yucia KaHainos. Jlo cux mop ObUIO TONBKO
YIOMSIHYTO, YTO a0COIOTHBIE 3HAYECHUS] COOCTBEHHbIX 3HAUCHUI MATPHUIIbI JEIUMALUH JOJKHBI OBITh OOJIBIIE €1-
Hutlbl. B [17] npuBeneH cnocod onpenesieHus] BCeX BO3MOKHBIX MATPHUI[ JCIIMMAIMHA U UX COOCTBEHHBIX 3HAUCHHIM
JUIsl TAaHHOTO B 3a]ja4e KOJIMUECTBA KAHAJIOB U U3MEPEHHH.
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CHOICE OF MULTIDIMENSIONAL NONSEPARABLE DECIMATION MATRIX FOR MULTIRATE
SYSTEMS
Tchobanou M.
Moscow Power Engineering Institute (Technical University)

The growing demand for processing and compression of still two-dimensional (2-D) images and video signals
in telecommunications and multimedia technology motivates the fact that increasingly more attention is being paid
to multi-dimensional (M-D) digital systems. As usual the transformation part of the encoding system is performed
by some multirate systems. The main interest in this paper is connected with so-called true M-D systems, namely
with nonseparable multirate systems. Multirate systems consist of M-D digital filters, decimators, interpolators and
delay elements. They form analysis and synthesis filter banks (FB). The decimation/interpolation processes are im-
plemented by use of some tools. The decimation matrix plays a very important role in it. The requirements that the
decimation matrix should meet are known. But till nowadays the way to build these decimation matrices and a pa-
rameterization of them are still unknown. This paper gives an answer to these questions.

Nonseparable decimation matrices and FBs are preferable because M-D signals by their nature are nonsepa-
rable. Nonseparable FBs have better characteristics than their separable counterparts (which consist of products of 1-
D FBs along each dimension). The number of degrees of freedom is also much bigger for nonseparable FBs. In to-
mography the 2-D separable wavelets impose a rectangular tiling of the frequency plane, which is not well suited to
the radial band-limited assumption of the image. Nonseparable wavelet orthonormal bases can be used for texture
discrimination and fractal analysis. It is supposed that one of the main drawbacks of nonseparable filtration is its
high computational complexity. In [1] it is shown that in general this is not true. The real complexity highly depends
on many factors. Among some of them one should mention the size of the signal to be processed, the support of the
wavelets (the size of FIR filter), the architecture of computing system and others. In high-definition television appli-
cations, in conversion between progressive and interlaced video, in motion parameter estimation, 3-D nonseparable
filters are widely used.

Beginning from the famous work [2] the task of M-D multirate system design was considered quite often dur-
ing last 15 years. Different design procedures were given for the case when the decimation matrix is known. As it is
clear the key building block in M-D multirate systems is the decimation matrix. Till now under consideration there
was only the case when this matrix is given. The most general task of M-D multirate system design requires to have
a procedure for generating decimation matrices with given properties. In what follows they are called admissible
decimation matrices.

Up to now there was not any systematic approach that allowed to build nonseparable decimation matrices for
given dimension and given number of channels. In [3] follows such an approach is given. Until now there was men-
tioned only that the eigenvalues of decimation matrix should have their absolute values bigger than one.
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