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Pedbepar. PaccmatpuBaeTca AvHamuka OBYMEpPHbIX PEKYPCUBHBLIX LMGPOBbBIX (rnbTpoB
nepBoro nopsiaka C MNpPOM3BONbHLIMU HayarbHbIMW YCMOBUSMU MPU MOCTOSIHHOM BHELUHEM
Bo3gencTeun. onyyeHa 3aBUCUMOCTb CUrHama Ha BbixOAe (bunbTpa OT HayarbHbIX YCMOBWUNA.
BbisiBrieHa 3aBMCUMOCTb Mepexoda Mexay 30HaMy OGudypkauMoHHOro nopTpeTa Mccrnegyemon
CMCTEMbI OT aMNNUTYAbl BHELHEro Bo3aencTeus. [poaHanuanpoBaHO MOBEAEHNE CUCTEMbI MPU
HEKOTOPbIX KOHKPETHbIX TUMNax HayarnbHbIX YCIOBUINA.

1. BBepeHue

[BymepHble undpoBble GUNBLTPLI NEpPBOro nopsgka yaobHo ucnonb3oBaTb AN 06paboTku
CTaTM4ecKMX W OMHaMUYecKMx usobpaxeHun B peanbHOM MacwTabe BpeMeHW, MOCKOMbKY
BblYMCNIUTENbHbIE 3aTpaThl NpY UX peanusaunm HesHauntTenbHbl. OQHUM U3 BaXXHENLUMX 3NEeMEHTOB TakuX
DUNLTPOB SABMSIETCH CyMMATop, KOTOPbIA B peanbHbIX LUMPOBLIX YCTPOWCTBAX WUMEET HENUHENHYIO
XapakTepuCcTUKy. Y4eT 3TON HENUHEMHOCTM nossonsieT 6onee apPeKTUBHO MCMONB30BaTb BO3MOXHOCTU
undpoBbIX GUNLTPOB M un3bexarb HEKOTOPbIX HexenatenbHbiXx 3ddekToB. B GonblimMHCTBE paboT,
MOCBSILLEHHBIX MCCNEeOOBaHMIO HENMMHENHbIX CBOWCTB Takmx cuctem [1-4], obbl4HO paccmaTtpuBaeTcs
crnyya’h HErMHENHOCTW KBaHTOBaHWs (OKpyrreHue, yceyeHne B NPsSIMOM M AOMOMHUTENbHOM Kopax) 6es
yyeTta rmnobanbHON HENMHEWHOCTW (HacblWeHWs, OBOHYNeHns wunmu nepenosiHeHus). YactuyHo ata Tema
uccriegoBanacb TOMbKO AN Clyyas OOHOMO MU OBYX OTIIMYHBIX OT HyNsl HayanbHbIX ycroBusx, 6e3
BHELUHero Bo3aencTamns [5-7].

B pabote paccmaTpuBaloTcs OBYMEPHbIE PEKYPCUBHbIE LMGPOBLIE OUNBLTPLI NEPBOro NOpsaka,
OnNucbIBaeMble HENMMHENHbIM Pa3HOCTHLIM YpaBHEHUEM BUAA

X(mn)=f(@a* X(m-14,n)+b* X(mn-1)+c* X(m-1L,n-1)+A),

roe A — amMnnuTyda BHELHEro BO3AencTeuns, a, b n ¢ — HesaBucuMble KoahdununeHTbl uneTpa, a
dyHkums  f(X) yuuTblBaeT ero HenuvHemHole csBoncTBa. EE& Bua 3aBucuT OT BbiBOpa XapakTepuCTUKU
cymMmatopa, crnocoba KBaHTOBaHWUSI M KONMMYECTBa YPOBHEW KBaHTOBaHus. HavanbHbIMKM ycrnoBusMn ansi
unbTpa ABNSETCS COBOKYMHOCTb ABYX 6eCckoHeuHbIX nocnegosatensHocTen {X(m,-1)} n {X(-1,n)}.

2. BnusiHne aMmnnuTyAbl BHELLHEro BO3AeNCTBUSA

PaccmoTpum noBegeHve OBYMEPHOrO pPeKypCUBHOMO LMpoBOro cunbTpa nepBoro nopsaka nog
BNUSIHMEM MNOCTOSAHHOIO BHeELIHero Bo3gencTBus. [lycTb HayanbHble YCROBWSA 3adaHbl M B npoLuecce
uccnegoBaHua He MeHswTca. Hanbonee ynoBHbIMM HayanbHbIMU YCNOBUSIMU ABMSIETCA €OUHUYHBIN
umnynsc. OH 3agaeTcs cnegyoLmm obpasom:

X(m,-1)=X(-1,n)=1, npun m=n=-1

X(m,-1)=X(-1,n)=0, npw gpyrux m u n.

VccnegoBaH faHHbIMG Knacc unbTPOB MpU pasnnyHbIX (PYHKUMSAX HENMHEMHOCTU cyMmmaTopa
(oOHyneHue, HacbilWeHne U  MNepenosiHEHME) W 4Yncne  YpPOBHEW  KBaHTOBaHWs.  [1OCTpOEHbl
COOTBETCTBYWOLINE UM OudypkaumoHHble nopTpeTbl. [ns onpegeneHust B NPOCTPAHCTBE MNapaMeTpoB
obnacTen CylecTBOBaHMS KOHKPETHLIX BUOOB ABYMEPHbIX NPeAerbHbIX LUKIOB MCMONb30BaNUCh NpUeEMbI
CUMBOMNbHOM AuHamuku. CyTb MeTofa COCTOMT B TOM, UYTO 0BMnacTb 3Ha4yeHUn QYHKUUU HENUHENHOCTU
pa3buBaeTCs Ha XapaKTepHble 30Hbl, U 3aTeM OTCMEeXMUBAKTCA ABWXEHUS CUCTEMbl MeXAy 30Hamu npwu
N3MEHEHMM MHOEKCOB M u n. PaHee MeTo4 CUMBONBHOM OAMHAMUKM NpUMeHsncst B pabotax [8-10] ans
nccneaoBaHUsA HenMHENHbIX siIBNEeHU B OOHOMEpPHbIX LIMAPOBbLIX unbTpax. B pesynbtate uccnenosaHui
pas3nnMyHbIX TUMNOB ABMXEHWWA, BO3HUKAKOLIMX B CUCTEME, NMPOCTPAHCTBO NapamMeTpoB pasbuBaetcs Ha
obnactn, B KaxaoW W3 KOTOPbIX CyLleCTByeT oOnpedeneHHbl Buh AOBWXeHus. B xope aHanusa
OMdYpPKaLMOHHBIX MOPTPETOB BLISIBNIEHO MHTEPECHOE CBOWCTBO [aHHOro knacca ¢punbTpoB. M3ameHeHune
aMnnmMTygbl BHELWIHEro BO3AEWCTBMS MNPUMBOAUT K M3MEHEHW0 BMAA CuUrHama Ha Bbixoge dunbTpa.
BudypkaunoHHbIN NOpPTPeT caBUraeTca Mo OMCCEKTpUCe [MaBHOrO KOOPAMHATHOrO Yrra BHM3, Ha
BeNuMYuHy, NnpnbnuantenbHo pasHylo 1.4A, roe A - amnnuTyda BHelHero Bo3gencTteus. CrnegoBaTenbHo,
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M3MeHsass A, MOXHO nepexoauTb OT ofHow obnactm 6udypkaumoHHOro nopTtpeta K Apyron. [aHHoe
CBOWCTBO ygobBHO TeM, YTO, 3Has npasuna, Mo KOTOPbIM AaHHbIA Nepexof NMPOUCXOAUT, MOXHO MOMNyYuTb
reHepaTop pasnuyHbiX BMAOB ABYMEPHbIX LUEQPOBLIX CUTHANOB, YNpaBrseMblii BHELLHUM CUrHamnoM, npu
3TOM  KO3(hpuUMEeHTbl uNbTpa, nexawero B OCHOBE [aHHOro reHepaTtopa, MOXHO OCTaBUTb
NMOCTOSIHHBIMW.

3. BnusiHne HayanbHbIX YyCNOBUWA

WccnenoBaHne COBMECTHOrO BNUSAHUSA HayvarbHbIX YCIOBUA U aMMnMTyabl MOCTOSIHHOMO BHELLHEro
BO3OENCTBUA — CrOXHad MaremMaTudeckasi 3ajada, pellueHue KOTOpOM Moka HeOoCTYrnHo, BBUAY
HeJOCTaTOYHOW CTENEHN Pa3BMTOCTU MaTeMaTMYECKOro annapara, N03TOMYy OrpaHUYnNMCs UCCrnefoBaHUEM
BNUSIHUST HavamnbHbIX YCMOBUNW, MNOMOXWB aMnnuTydy BHELUHEro BO3AEWCTBUSA paBHOW Hyno. [aHHasa
3afjlaya CBsi3aHa C pelUeHUeM HEeNUHEMHOro Pas3HOCTHOrO YpaBHEHWs U B SBHOM BuAae AONS UCXOLHOW
CMCTEeMbI MoKa HeocyllecTBuma. [103ToMy HanoXxum Ha punbTP cregyoLwmne orpaHUYeHNs:

1) B punbTpe OTCYTCTBYIOT 3h(PEKThI NepenonHeHus,
2) nepeKkpecTHbIN koadduumneHT punstpa c=0.

[aHHble OorpaHuYeHnss He OKa3blBaloT CEepbe3HOro BMMSHMA Ha OOWHOCTb 3agayn, T.K.
KO3(P(PULMEHT C MOXHO B3ATb TaKMM MarieHbkuMm, 4To oTcyeT X(m-1, n-1) npakTnyeckum He BRMsSIeT Ha
otcyetr X(m, n). OcTtaBlwmecs KoauLUMeHTbl MOXHO nofobpatb Takum obpasom, 4to punbTp Byoet
pabotaTtb 6e3 achpeKkToB NepenonHeHus.
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ypasHeHusi umeet Bua: X(M,n) = X, * A+ X, * B.

AHanus gaHHOro ypaBHEHWsI MOKa3blBaeT, YTO Mpw ‘d <1, ‘b‘ <1, snusaHve Gonee yaaneHHbIX

HayanbHbIX YCIOBUI Ha oTcdeT X(m, n) MeHblue, Yem BrnusiHne Gonee 6nm3kmx. Ecnm npoHopmupoBaTb
BecoBble k0a(hdpuumneHTsl X(-1, n), TO 3aBMCUMOCTb BECOBOro KOadhduLmMeHTa OT HoMepa h UMeeT Bua;

Kn=b™".
AHnanormyHo ansa X(m,-1):
Kn=am

Ecnn Habop HavanbHbIX ycrnoBun orpaHunyeH ( X(m,-1)=0 npyn m>M un X(-1,n)=0 npu n>N), 1o 3a
rpaHvLaMm 06nacT HEHYMEeBbIX HayanbHbIX YCoBUM curHan X(m,n) OyaeTt MMeTb criegyrowmi Bug;

X(m,n)=X(M,n) npu M=M u

X(m,n)=X(m,N) npu n= N

[aHHble ypaBHEHMSI MOKa3blBAKOT, YTO MPU OrpaHMYEHHbIX HayarbHbLIX YCMOBUSIX M amnnuTyge
BHELLUHEro BO34eNCTBMSA paBHON Hynto, ounbTp OyaeT yCTONYmB.

4. 3aknoyeHue

lMpoBeneHo nccrnefoBaHWe BIUSIHUST aMMMTyAbl BHELIHEro BO3AEWCTBUS M HayarnbHbIX YCIOBUN
Ha [OBYMEpPHbIN PEeKypCUBHbIN LngpoBorn dunbTp nepBoro nopsigka. lNMonyveHbl 3akKOHOMEpPHOCTUM Ans
nepexoga OT OOHOWM 30Hbl BGUdypKaLMOHHOIO MOpTpeTa K APYror npyv U3MEHEHUM aMnuMTyObl BHELLHEro
Bo3gencTeus. [peacrtaBneHa v npoaHanvM3vMpoBaHa 3aBUCMMOCTb MPOM3BOMBLHOMO oOTcyeTa X(m,n) Ha
BbIxOo4e unbTpa OT HadamnbHbIX YycnoBui. PesynbTatel paboTbl MOryT ObiTb WMCMONb30BaHbI ANS
JanbHenwmnx wmnccnegoBaHnin B o6nacTu HenNMHENHbIX CBOWCTB [ABYMEPHbIX UMGPOBbIX (PUNBTPOB U
pa3paboTke yCTPOMUCTB nepepayun n obpaboTku ABYMEPHbIX CUrHANOB 1 U306paKeHNIA.
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THE INFLUENCE OF A FIXED EXTERNAL ACTION AND INITIAL CONDITIONS ON TWO-
DIMENSIONAL RECURSIVE DIGITAL FILTERS OF THE FIRST ORDER WITH THE NONLINEAR
ADDER

Rudyh D., Priorov A., Manko V.

Abstract - Dynamics of two-dimensional first order recursive digital filters with the arbitrary
initial conditions at a constant external influence is considered. The dependence of an output
signal of a circuit from the initial conditions is obtained. The dependence of transition between
zones of a bifurcation diagram of the research system from amplitude of an external influence is
detected. We have perfomed the analysis of the behaviour of system at some concrete types of
the initial conditions.

1. INTRODUCTION
In research the two-dimensional recursive digital filters of the first order are considered. The
nonlinear differential equation has a view:
X(mn)=f(a* X(m-Ln)+b* X(mn-1)+c* X(m-Ln-1)+A),
where A - amplitude of an external influence, a, b and c - independent coefficients of the filter, and
function f(x) takes into account its nonlinear properties. The initial conditions for the filter is the collection of
two infinite sequences {X (m, -1)} and {X (-1, n)}.

2. INFLUENCE OF AMPLITUDE OF AN EXTERNAL ACTION

Let's consider behaviour of a two-dimensional recursive digital filter of the first order under
influence of a constant external action. Let’s initial conditions have been preset and during research do not
change. The most convenient initial condition is the discrete-time pulse. He is set as follows:

X(m,-1)=X(-1,n)=1, if m=n=-1
X(m,-1)=X(-1,n)=0, in other case.

We have researched this class of filters at different functions of nonlinearity of the adder (zeroing,
saturation and overflow) and different number of quantizing levels. The bifurcation portraits relevant to them
are constructed. For determination in space of parameters of areas of existence of concrete kinds of two-
dimensional limit cycles the receptions symbolical speakers were used. In a course of the analysis of
bifurcation portraits the interesting property of this class of filters is detected. The variation of amplitude of
an external action gives in variation of a view of an output signal of the filter. The bifurcation portrait is offset
on a bisector of a main coordinate corner downwards on value approximately equal 1.4A, where A -
amplitude of an external action. Hence, changing A, it is possible to transfer from one area of a bifurcation
portrait to another. The given property is convenient for that, knowing rules on which the given transition
occurs, it is possible to receive the oscillator of different kinds of two-dimensional digital signals controlled
by an exterior signal, thus coefficients of the filter underlying given oscillator, it is possible to leave by
stationary values.

3. INFLUENCE OF THE INITIAL CONDITIONS

The research of joint influence of the initial conditions and amplitude of a fixed external action - is
complex mathematical problem, which solution is unavailable while, because of a poor degree of the
mathematical technics. Therefore we will research the impressions of the initial conditions, if amplitude of
an external influence is equal to zero. This problem is coupled to solution of a nonlinear difference equation
and it has not been solved till this moment. Therefore we will impose on a filter the following limitations:

1) there are not effects of overflow in a filter,

2) cross coefficient of a filter ¢=0.

These limitations do not render serious influence to community of a problem. Let's designate a
column of the initial conditions

0

0 X(0-1) O
O O- Xm,and string of the initial conditions - (O X(-10) .. X(n-1-1 X(n,—l))=Xn.
o - 0
(X(m-1-1)0

0 0
0 X(m-1) O
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Then the solution of the initial difference equation looks like: X(m,n) = X, * A+ X,* B.

The analysis of the given equation displays, that at ‘d <1, b‘ <1, the influence of more remote

initial conditions on a counting X(m, n) is less than influence more close. If we normalize weighting
coefficients X(-1, n), the dependence of a weighting coefficient from numbers n looks like:

K,=b™".
Similarly for X(m,-1):
Kp=am

If the set of the initial conditions is limited (X(m, -1)=0 at m>M and X(-1, n) =0 at n>N), then outside
the boundaries of the area of non-zero initial conditions, the signal X(m, n) will look like follows:

X(m,m)=X(M,n) if m=M and

X(m,n)=X(m,N) if n= N.

These equations display, that at the restricted initial conditions and amplitude of an external
influence equal to zero, the filter will be stable.

4. CONCLUSIONS

Probing influence of amplitude of an external action and initial conditions on a two-dimensional
recursive digital filter of the first order is carried out. The legitimacies for transition from one area of a
bifurcation portrait to another at variation of amplitude of an external action are obtained.




