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Pecbepar. ccnegosaH OByMepHbIM LIMPPOBOM PEKYPCUBHBIN (DUNLTP BTOPOro nopsigka ¢
HENUHENHOCTbIO CyMMaTopa TuMa HacbILeHne U TpeXypoBHEBLIM KBaHTOBaHUeM. B xoae paboTbl
oGHapyxeHO 82 pasnuuHbIX CuUrHana, BO3MOXHbIX Ha BbIXOAe CUCTeMbl. Bbinv nony4yeHsl
aHanMTU4YecKne BbIpaXXeHUs Ans obracTel CyLWecTBOBaHMS pPasnuYHbIX TUMOB OBVXXEHWUW,
pas3bueHnss  NpOCTpPaHCTB  MNapaMeTpoB Ha  cooTBeTcTBywwmMe  obnactu.  [loctpoeH
OMdYypKaLMOHHBIV MOPTPET CUCTEMBI.

1. BBegeHune

[BymepHble LMdpPOBbIE UNBLTPLI BTOPOro nopsaka yaobHo wucnonb3oBatb Ans 06paboTku
CTaTM4eCKMX W  OVHAMUYEeCKMX u3obpaxeHum B peanbHOM MacwTabe BpeMeHW, MOCKOMbKY
BblYMCIMTENbHbBIE 3aTpaThl NPY UX peanusaunn HeaHaumTenbHbl. OOHUM 13 BaXKHENLLNX 3NTIEMEHTOB Takux
GUNbTPOB SABMSETCH CyMMaTtop, KOTOPbIA B pearnbHbIX LMEPOBLIX YCTPOMUCTBAX WMeeT HEeNWHENHYHo
XapakTepUCTUKY. YUeT 3TON HENMMHEMHOCTM no3BonsieT 6onee ahEKTUBHO MCMNONBb30BaTb BO3MOXHOCTU
undpoBbIX GUNLTPOB M un3bexarb HEKOTOPbLIX HexenatenbHbiXx 3ddekToB. B GonbliMHCTBE paboT,
MOCBSILLEHHbIX MCCNeoBaHUI0 HEMWHENHbIX CBOMCTB Takmx cuctem [1-5], obbl4HO paccmaTtpuBaeTtcd
cnyyan dunbTpoB nepsoro nopsgka. OgHako yem OGonblie nopsagok dunetpa, Tem  6onblue
BO3MOXHOCTEN ANs1 ero UCMnonb30BaHWs, HO BMeCTe C NOpsiAkoM (punbTpa BO3pacTaeT M CIOXHOCTb €ro
nccneaoBaHus.

2. lNMocTaHoOBKa 3apgaum

Vcecnegyem OByMepHbIA LMAPPOBOM PEKYPCUBHBIN (pUNbTP BTOPOro nopsigka C¢ HENUHEeNHOCTbHO
CyMMaTtopa Tuna HacbileHne 1 TPEXyPOBHEBbIM KBAHTOBAHUEM, OMUCHIBAEMBbIN Pa3HOCTHbIM ypaBHEHNEM
BMAa:

X(m, n)=F{a*[ X(m-1, n)+ X(m, n-1)]+b*[ X(m-2, n)+ X(m, n-2)]+

+c*[ X(m-1, n-1)+ X(m-2, n-2)1},

roe a, b n ¢ — HezaBMCUMbIE KOSPULNEHTLI PUnbTpa, a PyHKUMA F(X) yunTbiBaeT HENMMHENHbIe
cBoncTBa (punbTpa, N €€ BuA 3aBMCUT OT BblOOpa XapaKTepUCTUKM CymMaTtopa, W KOonumyecTBa YpOBHEN
KBaHTOBaHUA.

CnepyeTt y4ecCTb, YTO CMOXHOCTb [ABYMEPHbIX HEMUHENHbIX CUCTEM HE CpaBHMMAa CO CMOXHOCTbIO
OLHOMEPHbIX XOTs Bbl NOTOMY, YTO MOBOE rpaHMYHOE YCroBMe AN ABYMEPHOW CUCTEMbl BTOPOro nopsiika
npeactaesnsieT cobon ABa GeCKOHEYHOMEPHbIX B ABYX HanpaBrneHusX BeKTopa, Toraa kak Ans OgHOMEpHOW
CUCTEMbl MNEpPBOro MNOpsiika HadanbHbIM YCNOBMEM CRYXWUT OAWH OTcYeT. Tak u4Tto nepebpaTtb
BCEBO3MOXHbI€ HayarnbHble YCNOBUSA ANS OBYMEPHOW CUCTEMbl MpU ee WcCcregoBaHuM CTaHOBUTCSA
HepeanbHbiM. B CBA3M C 3TMM Ha rpaHW4YHbIE YCMNOBUS OBYMEPHbIX CUCTEM MPUHATO HaknagbiBaTb
OOMNOMHUTENbHbIE YCMNOBUSA TakMe, YTO OTMIMYHLIMU OT HYNS ABMSIOTCA TONbKO nepBble N BepTUKanbHbIX U
M ropusoHTanbHbIX OTCYETOB, @ BCE OCTarbHbIE paBHbl HyM0. Takue ycrnoBus SBNATCH €CTeCTBEHHbIMMU,
T. K. N300paxeHnsa UMeloT KoHeudHble pa3mepbl. [Mpy 6onblinx 3HaveHusx N u M BO3HMKaeT OorpoMHoe
4YMCMNO BO3MOXHbIX KOMOMHaUMIA TpaHWYHBLIX YCIOBWIA, YYeCcTb KOTopble efBa nu pearnbHo. [loaTomy
OCHOBHOE BHUMaHWe yaensdeTcsl YCNoBUSIM 3apOoXAeHWs npefenbHbIX LMKNOB Npu OTCYTCTBUM BXOLHOMO
BO3OEWCTBUS U HaYvanbHbIX YCNOBUSIX TaKMX, YTO OTIIMYHBIM OT Hyms ABMSeTCS TONbko oTcyeT X(m-2, n-2),
a BCe OCTanbHble paBHbl HYMIO, T. €. U3y4aeTCs peakuus CUCTEMbl Ha CKavyoK B Hayarne koopauHat. Takon
BbIOOp  FPaHWYHbIX  YCMOBWUIA  SIBNSIETCA  YacTHbIM  CfllydaeM  OObIMHO  HanaraemblX  YCIOBWN,
ChopMynMpOBaHHbIX Bbille. Ho yxe uccnegysa cuctemy npu Takmx rpaHuWYHbIX YCHOBUSAX, OKa3sbiBaeTcs,
YTO HEKOTOpble pe3ynbTaTbl OCTalOTCH CNpaBeanvBbIMUA U NPU UHBIX HayanbHbIX ycroBusx. Kpome Toro,
paccmaTpuBaeTCcsa CryyaW TPeXypOBHEBOrO KBAHTOBaHWs, T. €. OTCYET Mocfe annpokcumauum MOXeT
NPMHMMAaTb OOHO M3 TPEX 3HaYEHU B COOTBETCTBUMN C XapaKTEPUCTMKOWN HENMMHENHOCTH (puc. 1).

" PaboTa BbIIOIHEHA IpH BHHAHCOBOI MoIepskke Poccuiickoro Gona GyHIaMEHTAIBHBIX HCCISI0BaHHI (TpanT No
99-02-17939).
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Puc.1. Bug doyHKUUKN HENMHENHOCTHN

3. MeTopn uccnepoBaHum

B HacTosillee BpemMs He CyllecTByeT eOuHOW pa3paboTaHHOM MeToaMKM UCCrefoBaHus
HENMUHENHbIX SIBNEHUA B OBYMEpPHbIX LUM@POBLIX cuctemax. B gaHHon paboTe gns onpegeneHvst B
NpoCTpaHCTBE nNapameTpoB obnacTer CyleCTBOBaHWUS KOHKPETHbIX BWAOB [ABYMEpPHbIX MpeaeribHbIX
LIMKINOB MCMOSb30Banucb MNpuMemMbl CUMBOMbHON AuHamuki. CyTb MeToga COCTOUT B TOM, 4TO obnactb
3Ha4YeHMN YHKUUN HENUHENHOCTUM pas3bmBaeTcs Ha XapakTepHble 30Hbl U 3aTeM OTCMeXunBalTCA
OBWKEHUS CUCTEMbl MeXAy 30HaMW Mpu U3MEHEHUM MepeMeHHbIX M u n. PaHee MeTod CUMMBOMbLHON
OWHaMWKM MNpuMeHsancsa B paboTax [6-7] AnA uccnegoBaHUsi HENMUMHEWHbIX SIBMNEHUA B OOHOMEPHbIX
UMdpoBLIX UNbTpax, a Takke B ABYMepHbIX LUMGPOBbIX (unbTpax nepsoro nopsaka. B pesynbrtate
nccregoBaHWA  PasfuyHbIX TUMOB ABMXKEHWI, BO3HMKAOWMX B CUCTEMEe, MPOCTPaHCTBO MapameTpoB
pa3buBaloTca Ha 06NacTu, B KaXXAON U3 KOTOPbIX CyLLEeCTBYET ONpeaerieHHbIV BUua ABUWKEHWS.

4. Pe3ynbTaTthbl UCCnegoBaHus

B xome paboTtbl oOHapyXeHOo 82 pasnuuyHbIX CUrHama, BO3MOXHbIX Ha BbIXOAe cucTembl. [ns
KaXgoro curHana HangeHO MHOXECTBO 3HayYeHun KoddhULMEHTOB, MNPU KOTOPbLIX OH OOCTUraeTcs.
MocTpoeH BudypkaLMOHHbIA NOPTPET cucTemMsl (puc. 2-3).

Kaxxgas obnactb, orpaHuyeHHas nuHuaMu 6rudypkaumMOHHOro nopTpeTa (3a UCKMYeHneM ocen
KoopauHaT), npeacTtaBnsieT coboM MHOXECTBO 3HayeHur KoapuUMEeHTOB unbTpa, nNpu 3agaHum
KOTOpbIX Ha BbIXOAE CUCTEMbl OydeT KOHKpeTHbI curHan. OBHapykeHo, 4To npu KoadhdmumeHTe ¢
nameHsawowemcsa ot -0.5 go 0.5 curHan Ha Bbixoge OyaeT OTCyTCTBOBaTb. OTO OObACHSAETCS BUAOM
PYHKUMM HENUHENHOCTU. Kpome TOoro, nerko 3ameTutb CUMMETPUYHOCTbL B1dypKaLMOHHOIO NopTpeTa, 3To
nony4Ynnocb BCNeACTBMM CUMMETPUYHOIO 3adaHusd  Ko3dUUMEHTOB unbTpa U CUMMETPUYHOCTU
YHKUMN HEFIMHENHOCTH.
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Puc.2. budypkaunoHHbii noptpeT npu ¢<0.5
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Puc.3. budypkaunoHHbsli noptpet npu ¢>0.5

5. 3aknro4yeHue

B paboTe Obina 3aTpoHyTa TemMa HENUHENHbIX 3h(EeKTOB B ABYMEPHbIX PEKYPCUBHLIX LIMPOBbLIX
dunbTpax BTOPOro nopsgka. [daHHbIi BOMPOC SABMSETCA ewé HegoCTaTOMHO MW3YYeHHbIM, XOTS WU
npeacTaBnsieT 60NbLION NHTEPEC ANst UCCNeaoBaHUs.

HenvHenHble adhdekTbl MOryT NposiBNATb cebsa NOSABMEHMEM CITOXKHBIX CUIHANoOB Ha BbIXxode Mpu
OTCYTCTBUM CUTHaNa Ha BXo4e CUCTEMbI. DTO SIBNIEHNE, 3a4acTyt0 HeXxenaTenbHOe, MOXHO UCMONb30BaTh B
nonesHbIX Lensx, Hanpumep Ans reHepauuu pasnuuHbiX ABYMEPHbIX nocnefoBaTensHocTen. 3agaBas
onpeaenéHHbiM 0b6pa3oM Ko3IPUUNEHTbI UNbTPa, MOXHO MOMyyaTb Kak MpocTenline OBWXKEHUS
(eAVHWYHBIN UMNYNBC, EANHUYHBIA CKaYOK, NIMHENHbIE UMMYNbChI), Tak 1 Bonee CnoxHble (AnaroHanbHble,
pasgenuvble U Hepasaenuvble NpeaenbHble LUKbl, CEKTOPHbIE ABUMXEHUS).

3HaHue HenunHelrHbIX 3PEKTOB MOXET MOMOYb B NMPOEKTUPOBAHUM U UCMOMNb30BaHNN ABYMEpPHbIX
uMdpoBbIX UNLTPOB, a Takke B CO30aHMM Ha 0ase UMPOBLIX CUCTEM rEHEpPaTOPOB pPa3fNYHbIX
OBYMEpPHbIX CUrHanoB. lMonyyeHbl aHanMTUYeCcKMe BbipaXeHUsa ans obnacten CyllecTBOBaHWUS PasfiMyHbIX
TUNOB [OBWXEHWWA, a Taawkke pa3bueHus NpoCTpaHCTBa NapameTpoB unbTpa Ha COOTBETCTBYHOLLME
obnactn. PesynbTatbl AaHHOM paboTbl MOryT OblTb MCMONb30BaHbl Afs AanbHENLWero MccrnegoBaHus U
pa3paboTkn ABYMEPHbIX LIUGPOBLIX CUCTEM C KBAHTOBaHMEM.
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INTRODUCTION

The two-dimensional digital filters of the second order are convenient for using for processing the
static and dynamic images real-time, as the computing expenditures at their embodying are inappreciable.
One of major elements of such filters is the adder, which in actual digital devices has a nonlinear
characteristic. The account of this nonlinearity allows more effectively to use opportunities of digital filters
and to avoid some unwanted effects. In the majority of works devoted to probing of nonlinear properties of
such systems [1], case of filters of the first order normally is considered. However the more order of the
filter, the is more than opportunities for its use, but together with the order of the filter the complexity of its
probing increases also.

STATEMENT OF A PROBLEM

The two-dimensional digital second order recursive filter with nonlinearity of the adder of a type
saturation and three-level quantization featured by a difference equation of a view is explored:

X(m, n)=F{a*[ X(m-1, n)+ X(m, n-1)]+b*[ X(m-2, n)+ X(m, n-2)]+

+c*[ X(m-1, n-1)+ X(m-2, n-2)]},

where a, b and ¢ - 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
guantity of quantizing levels.

It is necessary to take into account that the complexity of one-dimensional nonlinear systems is not
compared to complexity two-dimensional. Even because any terminal conditions for a two-dimensional
system of the second order represents two infinite-dimensional in two directions vectors, whereas for an
one-dimensional first order system the initial conditions is one sample. So to touch the every possible initial
conditions for a two-dimensional system becomes unreal at its probing. In this connection on a terminal
conditions of two-dimensional systems it is accepted to superimpose side conditions such, that nonzero are
only first N vertical and M horizontal samples and all others are equal to zero. Such requirements are
natural, because the images have the terminating sizes. Under greater values N and M there is a huge
number of possible combinations of terminal conditions, which to take into account rather difficultly.
Therefore fundamental notice is given to requirements of generations of limit cycles at absence of input
influence and initial conditions such that nonzero the sample X(m-2, n-2) is only, and all others are equal to
zero, because the response of a system on unit step at the beginning of coordinates is studied. Such
choice of terminal conditions is a special case of normally imposed requirements formulated above. But
already exploring a system at such terminal conditions it appears, that some results remain valid and at
other initial conditions. Besides the case of three-level quantization is considered. The sample after
approximation can take one of three values according to the characteristic of non-linearity.

RESULTS OF PROBING

Many different signals on an output of a system are revealed. For each signal the range of
coefficients is found. The bifurcation portrait of a system is found.

Each area restricted by lines of a bifurcation portrait (except for axes of coordinates) represents a
range of coefficients of the filter, at which assignment on an output of a system there will be a concrete
signal. It is revealed that at coefficient ¢ varying from -0.5 up to 0.5 output signals will be absent. It is
explained by a view of function of nonlinearity. Besides it is easy to note symmetry of a bifurcation portrait,
it has turned out as a result of the symmetric assignment of coefficients of the filter and symmetry of
function of nonlinearity.
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CONCLUSION

In probing the theme of nonlinear effects in two-dimensional recursive digital filters of the first order
was affected. The given question is still unsufficiently investigated and represents major interest for
probing.

The nonlinear effects can show themselves by occurrence of compaosite output signals at absence
of an input signal of a system. It is possible to use this phenomenon frequently unwanted in the useful
purposes, for example for generation of different two-dimensional sequences. Setting definitely coefficients
of the filter it is possible to gain as the elementary motions (discrete-time pulse, unit step, linear pulses) and
more composite (diagonal, separable and inseparable limit cycles, sector-shaped motions).

The knowledge of nonlinear effects can help in design and use of digital filters and also in making
on the basis of digital systems of oscillators of different motions. The analytical expressions for areas of
existence of different types of motions, dissection of spaces of parameters into the relevant areas were
obtained. The results of the investigations can be used for the further investigation and development of
digital systems with quantization.
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