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Pecbepar. ViccnegoBaH [OBYMEpHbI PEKYPCUMBHbIA  LMdpoBon unbTp NEepBOro nopsgka c
HENUHEMHOCTLID CymMMaTopa Tuna HacbiWeHne U MNpPOM3BOSMbHLIM YPOBHEM KBaHTOBaHUA. [lony4yeHsl
aHanMTU4YecKne BbIPaXeHUst ONnd obrnacTer CylleCcTBOBaHWS pPasfMYHbIX TUMOB ABWXEHUIN NpeaeribHbIX
umkroB ¢ amnnutygamm —1 n 1.

MocTtaHoBKa 3agaum

3apaun, cBA3aHHbIE C U3YYEeHWEM YCIOBUW 3apOXAEHUSA MpedenbHbIX LIMKIOB pasHbiX Nepuofos B
pesynbraTe HENVHENHON XapakTepUCTUKU CymmaTtopa M C OLEHKOM MX aMnauTydbl, MOryT ObiTb peLueHbl B
pamkax geTepMuHMpoBaHHOro nogxoda. [ns atoro HeobxoAMMo paccmaTpuBaTtb (MYHKUUW HENMHENHOCTU
KBaHTOBaHWs U cymmatopa B siBHOM Buge. OCOBEHHO YCROXHSET uccnegoBaHus TOT hakT, 4To Bce
HENMHENHOCTU ABNSATCA KYCOYHO-NTIMHENHBIMU (OYHKUMSAMM, @, CNefoBaTenbHO, He auddepeHumnpyembiMu.

JTioboe rpaHuyHoe ycroBue ANs ABYMEPHOW CUCTEMbl NMepBOro nopsgka npegcrasnset cobon ase
BeckoHeYHble nocneaoBaTernbHOCTU, Torga Kak Ansg OOQHOMEPHOW CUCTEMbl MEPBOro Mopsiaka HavarbHbIM
YCMOBMEM CMYXUT BCEro oAuMH OTcyeT. Tak 4To nepebpaTb BCEBO3MOXHbl€ HadvanbHble YCroBUS Ans
ABYMEPHON CUCTEMbI MPU NPUMEHEHNN MeToAa CUMBOSIbHON AWHAMUKN CTAaHOBUTCA HepearbHbIM. [1oaTomy
OCHOBHOE BHUMaHWe ydenseTcs YCNOBWAM 3apOXAEHWs MpefenbHbIX LMKIOB MpW OTCYTCTBMU BXOAHOIO
BO34ENCTBUS N HaYarnbHbIX YCMOBUAX TakuX, YTO OTAIMYHBIM OT HYNsA sBAseTcs Tonbko otcyeT X(-1,-1), a Bce
oCTarnbHble paBHbI HYMIO.

B paboTe paccmaTpuBaloTCa ABYMEpPHble PeKypCuBHble LMdpoBble (unbTPbI NEPBOro Mopsaka,
onvcblBaeMble HENMHENHbIM PA3HOCTHLIM YPaBHEHNEM BUAA:

X(m, n)=f{ a*X(m-1, n)+b*X(m, n-1)+c*X(m-1, n-1)},

<5
<& [

Puc.1. IBymMepHbIN peKkypCUBHbIN LMPOBON (hrnbTp NEPBOro NOpSAKa C HyrneBbIM BHELUHUM
BO3ENCTBMEM

roe a, b u ¢ — He3aBMCKMMbIe KO3(PDULNEHTLI PUNbTPa, a PYHKUMA f(X) yUUTbIBAET €ro HenmMHenHble
ceonctea. EE& Bua 3aBucuT OT BbibOpa XxapaKTepucTukm cymmartopa, cnocoba KBaHTOBaHUSA U KONM4yecTBa
YPOBHeN KkBaHTOBaHus. CTPYKTypHad cxema [OBYMEpPHbIX LUUMPPOBLIX PEKYPCUBHbIX UNLTPOB NEPBOro
nopsifika npeacrasneHa Ha puc.1.

HavanbHbiMK  ycnoBusaMu  ans unbTpa  4BRSIeTCA  COBOKYMHOCTb  ABYX  HECKOHEeYHbIX
nocnegosatenbHocten {X(m, -1)} n {X(-1, n)}.

Ecnn npn BbINOMIHEHUM apudMETUYECKON onepauum MNonyvarT pesyrbTaT, KOTOpblA BbIXOAUT 3a
npegensl guanasoHa NpeAcTaBnsieMbIX YWCen, TO FOBOPSAT, YTO UMEET MeCTO nepenofniHeHue. B atom
criyyae nposiBNSATCA HENVHeVHble CBOWCTBA CyMMaTtopa — 3fieMeHTa, MpUCYTCTBYHOLWEro B Mobom
umdppoBomM unbTpe.

* (v (v v
Pabora BrImOsTHEHA U puHAHCOBOM Noepskke Poccuiickoro ¢onna GpyHIaMeHTaIBHBIX HCCIIeIOBAHUN 1
MumnucrepcTBa obpazoBanus Poccun
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Puc.2. Bug dpyHKUMM HENMMHENHOCTU C HacbILLeHneM 6e3 KBaHTOBaHWS

AHanuUTM4eckn yHKLUMS HENMHEWHOCTM 3a4aeTca cneayoLwmm obpasom:

Lx>1
fx)=4x,-1<x<1
-Lx<-1

Mpn HanoXeHMM YCNOBWIA KBAHTOBaAHWS, 0ONacTb NMHEMHOro pexunma yHKUMM HENMMHENHOCTU
pa3bunBaeTcs Ha 30HbI C PA3NNYHBIMU 3HAYEHUAMMU.

OaHMM 13 NpPOSIBNEHWUIA HENUHENHbIX CBOWCTB B ABYMEPHbIX LMMPOBLIX PEKYPCUBHBLIX UnbTpax
ABMNSIETCA NOfyyYeHne BbIXOAHOMO CUMrHana B BuAe NpederibHoro uukna. 3To CBOMCTBO MOXHO MCMONb30BaTh
Kak Ons paspaboTkM reHepaTtopoB ABYMEPHbIX LMPOBLIX CUrHanoB, Tak WU Ans Toro, 4ytobbl mnsberatb
CBSI3aHHbIX C 3TUM HexXenaTternbHbIX 3h(EeKTOB.

Pe3ynbTaTbl MccnegoBaHus
HargeHsl obnactu cywecTBoBaHusA npeaenbHbIX LUMKNOB ¢ amnnutygamu —1 v 1 ana AByMepHbIX
PEKYPCUBHbIX (PUMbLTPOB MEPBOro nopsiaka ¢ NPOU3BOSIbHLIM YMCIIOM YPOBHEW KBaHToBaHus. OnpeaeneHsl
rpaHuubl obnacten CywecTBOBaHUS npedernbHbiX LUUKIOB Af1 ABYMEPHOr0 PEKypPCUBHOIO LMAPOBOro
dvnbTpa NepBoro Nopsigka ¢ NPOM3BOSIbHLIM YMCIIOM YPOBHEN KBAHTOBaHUA U 3a4aHHbIM BUAOM HadamnbHbIX
ycnosuii. Hanpumep, o6nactb CylecTBOBaHUS €AMHMYHOIO MMMyrbca C aMniuTygon paBHOM -1 3apjaeTcs
CUCTEMOWN HEPABEHCTB:

c<-1,
b=>1,
a>l,
a+b+c=>1

n MMeeT BN I'Ipe,D,CTaBJ'IeHHbIIZ Ha pI/IC.3.

O6Hapy>|<eHo, 4YTO nNpn WU3MEHEeHMN BuUAa HaYalnbHbIX yCJ'IOBI/II7I, obnactu cyuiecTtBoBaHNA
npegenbHbIX UUKNOB C aMmnnntygamu -1n1 6y£l,yT OCTaBaTbCA MOCTOAHHLIMU ONA NMPOWU3BOJIBHOIO 4nUcna
ypOBHeIZ KBaHTOBaHUA.

Puc.3. ObnacTb cywecTBoBaHNs eQUHUYHOIO MMMNynbca ¢ amnnuTygon pasHon -1

OT0 0bObAcHAETCA TeM, 4YTO 3PdEKTbl MEepPernonHEeHns BO3HMKAKOT MNPU BbIXOAE 3a rpPaHuLibl
NMMHEHOTO peXxmma (YHKUUM  HEenMUHEWHOCTW, a, crnedoBaTenbHO, He3aBMCMMO OT Buaa  yHKUMU
HENVHENHOCTM ABYMEPHOrO PEKYPCUBHOMO LUMGPOBOro unbTpa Ha [OaHHOM OTpe3ke. BbISICHEHO 4TO

—2_



5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

obrnacTtb OTCYTCTBMSI curHamna Ha Bbixoge dunbTpa OyaeT yMeHbllaTbCs C POCTOM 4ucfia YPOBHEN
KBaHTOBaHWUSI.

3aknroyeHue
lMpoaHanuanpoBaHbl 0OMacTu CyleCcTBOBaHWS MpedenbHbIX LUMKIOB B ABYMEPHbLIX PEKYPCUBHbIX
LMGPOoBLIX (unbTpax NepBoOro nopsigka C MpPOU3BOSIbHbIM YUCIIOM YPOBHEN KBaHTOBaHWUA. PaccMmoTpeH
Cny4yan HavanbHbIX YCMOBUN NPOWM3BONBLHOrO Buaa. PesdynbtaTbl paboTbl MOryT ObITb MCMOMb30BaHbl ANS
JanbHenwero muccnegoBaHWss U pa3paboTku LMPOBbIX TENEKOMMYHUKALMOHHbLIX cuctemM, obpaboTku u
nepeaayn AByMepHbIX LMDPOBLIX CUrHANOB U M306paXeHnn.
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The tasks bound with learning of conditions of origin of different periods limit cycles as a result of the
nonlinear characteristic of the adder and with an estimation of their amplitude, can be decided within the
framework of the determined approach. For this purpose it is necessary to consider functions of nonlinearity
of quantization and adder in obvious sort.

Any boundary conditions for a two-dimensional first order system represent two infinite sequences,
whereas for an one-dimensional first order system the initial condition is only one sample. Thus, it begins
unreal to sort out the all possible initial condition for the two-dimensional system on application of a character
dynamics method. Therefore main attention is given to conditions of origin of limit cycles with absence of
entry effect and initial conditions such, that distinct from zero is only sample X{(-1, -1), and all remaining are
peer to zero.

In work the two-dimensional recursive digital filters of the first order are considered, described by a
nonlinear difference equation of a view:

X(m, n)=R a*X(m-1, n)+b*X(m, n-1)+c*X(m-1, n-1)},

where a, b and c - independent coefficients of the filter, and function f(x) takes into account nonlinear
properties of the filter. and its view depends on a choice of the characteristic of the adder and quantity of
quantization levels. The initial condition for a filter is the collection of two infinite sequences {X(m, -1)} and
{X(-1, n)}. At overlying of conditions of quantization, the area of the linear mode of the function of nonlinearity
is divided into zones with various values. One of manifestations of nonlinear properties in two-dimensional
digital recursive filters is obtaining an output signal as a two-dimensional limit cycle. This property can be
utilized as for development of generators of two-dimensional digital signals, and to avoid of undesirable
effects bound with it.

The areas of existence of two-dimensional limit cycles with amplitudes -1 and 1 for two-dimensional
recursive filters of the first order with arbitrary number of levels of quantization are retrieved. The boundaries
of areas of existence of two-dimensional limit cycles for a two-dimensional recursive digital filter of the first
order with arbitrary number of levels of quantization and given view of the initial conditions are defined.

It is revealed, that at change of view of the initial conditions, the areas of existence of two-
dimensional limit cycles with amplitudes -1 and 1 will remain stationary values for arbitrary number of levels
of quantization. It is explained, that the effects of overflow arise at overrunning boundaries of the linear mode
of the function of nonlinearity, and, therefore, irrespective of sort of the function of nonlinearity of a two-
dimensional recursive digital filter on the given segment. It is clarified that the area of absence of a signal on
an output of a filter will be decreased with increasing of number of levels of quantization.

The areas of existence two-dimensional limit cycles in two-dimensional recursive digital filters of the
first order with arbitrary number of levels of quantization, are parsed. The case of the initial conditions of
arbitrary view is surveyed.
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