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Pedepat. VccnenoBan 1ByMepHbIH peKypCHBHBIN IM(PPOBOIl (GHUIBTP MEPBOTo MOPSJIKA C JBYXyPOBHEBBIM KBaHTOBaHHEM. [IpoBeneH
aHaM3 AMHAMHUKU (QUIbTPa NPH BapHaLUK JABYX OTIMYHBIX OT HyJs HadaJbHBIX ycloBuii. IlomydeHsl pa3oueHns MpoCTpaHCTBA MapaMeTPOB MPH
Pa3IMYHOM BBIOOpE HadaJbHBEIX ycloBmil. HaiieHsl ycloBUs CYyIECTBOBAHMS PA3MUHBIX JIBWKCHHH, TAKHX KaK: JHaroHaJbHBIC, CTPOUHBIC U
CTOJIOIOBBIE TIPE/IETBHbIC LIUKIIBI, IBYMEPHBII €JMHUYHBIN UMITYIIbC, THHEHHBIA UMITYIIbC, IBYMEPHBIH €IMHIYHBIH CKa9dOK.

1. Beenenue

Autroput™ paboThl ABYMEPHOIO PEKYPCHUBHOrO IH(ppoBoro (GuiibTpa MepBOro Mopsijika C JAByXYPOBHEBBIM
KBaHTOBaHHEM MOXKHO TPE/ICTaBUTh B BUJE Pa3HOCTHOTO ypaBHeHust [1]

y(n, m) = Q(ay(n, m-1) + by(n-1, m) + cy(n-1, m-1)),

rae y(N, M) — curHan Ha BBIXOAE GmMiabTpa, @, b, € — ero Koad¢uIHeHTs, N, M — TPOCTPaHCTBEHHBIC
nepemenHble, Q(X) — HeJMHEWHOCTh KBaHTOBaHMs (puc. 1).

QA
1
0 x; 1,x>0,

QX = %)x<o

Puc. 1. Bug HenmmHEHHOCTH KBAaHTOBAHUS

Cuntaem, 94TO CHUTHAN Ha BXOJE CHCTEMBI OTCYTCTBYET, IIPH 3TOM Ha BBIXOJE CHCTEMBI MOXKHO HaOIIOIATh
0OJIBIIIOE KOJMIECTBO Pa3HOOOPA3HBIX ABMKEHUH (IMaroHaJbHBIE, CTPOYHBIE U CTOJOIOBBIC MIPEIEIbHBIC TUKIIBI [2-
5], AByMepHBIH €IWHUYHBIA HMITYJIbC, JTUHEHHBIH MMITYJIBC, TBYMEPHBIA €IMHUIHBIA CKAYOK, CJIIOKHBIC TBHKCHHUS,
HAMEIOIINE CEKTOPHBIN XapaKkTep).

2. Xox HccJIe10BaHusA
HavanbHbIe ycIoBUS BLIGI/IpaIOTCSI MIECTHIO PA3TUYHBIMHU CIIOCOOAMMU:

| 1 L= [1,n=m=0, N D= vid _,n=m=-10,
- Y- =yl m) = Epn m#0, -y(n,-)—y(-.m)—%),nzmi_l,o,
I 1,m)= -10, V. -1 1, m)= 2 n=m=1,
oYLm= Epm:t 10 On, y(n, -1) = y(-1, m) = Epn m#1
1,n=-10, [1,n=m=2,
i y(n’-l):%)ni—lo Om -y 1)_y(1m)_%)n m# 2.

Cnyyau |, 1V, V, VI npencraBisior co0oi CHMMETPHYHOE 3a/laHNe HaYaJbHBIX YCIOBHH, a ciydaun |l u ] —
acummerpuydHoe. [Ipu KaxIoM BeIOOpe HadalbHBIX YCIOBHII MOJyYeHO pa30OHMEHHEe MPOCTPAHCTBA MapaMeTpoB Ha
30HBI, B KaXJI0H M3 KOTOPBIX UMEET MECTO OIpPENCIEHHBIN BUA IBIKCHHA. PacCMOTpUM TEpBBIN Ciydail BeIOOpa
HaYJaJIbHBIX YCIOBUH (puc.2).

[IpocTpaHCcTBO mapaMeTpoB OyneM MPEACTABIATh B BUAE ABYX IUIockocTel (8,b) mpu ¢ > 0 u ¢ < 0. B nanHOoM
ciTydae OHO OyJeT BRITIISACTD CIeIyIOINUM 00pa3oMm:

" PaGoTa BhIMOHEHA K (PMHAHCOBOH MoIepKKe Poccuiickoro (ponaa (yHIaMEHTANBHEIX HCCTenoBanmit (rpant Ne 99-02-
17939).

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru



3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

m
210
1|0
01
11021200
-1 0 1 2 n
Puc. 2
m
210
1)1
00
11010210
-1 0 1 2 n
Puc. 3
m
211
110
00
1100|071
-1 0 1 2 n
Puc. 4
a=-b b= aA a=-b ap b=-c
8 ] 8 .
1
c a=-C
10
4 b 16 Q
e 0 0 R -
5
3 a=-c
11 * 2
9 7
c>0 cs0
Puc. 5 Puc.6

B 30He 1 Oyzmer HaOMIOAATHCS AByMEpPHAs €AMHUYHAS CTYIIEHbKA, KOTOPYIO MOXHO ITOJYYUTh, €CIIH BHIOPATH
napameTpsl GpuiabpTpa Tak, uro a >0, b >0,a>-b, a>-b-c,a>-c, b > -c. B 30ne 11 - quaroHanbHbI#H npeaeTbHbINA
LMK, @ B 30He 2 - OTCYICTBHE curHaima. Ha pucyHkax 5 u 6 IBHOKEHHs 30H YETBEPTOrO KBaJpaHTa SBIISIOTCS
3€pPKaJbHBIMU OTPAKEHHAMH JBIDKEHHM 30H BTOPOro KBajpaHTa. Takoro poja CHMMETpHUS XapakTEPHA TOJBKO LIS
CUMMETPHYHOTO BEIOOpA HAYAJILHBIX YCIOBHUIA.
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Janee, cMeCTHM HayallbHbIE YCJIOBHUS Ha OJMH OTCYET B HAMPABJICHWU OCEil N M M, KaK 3TO MOKa3aHO Ha
puc. 3. [Tonyunm pazbueHne MPOCTPAHCTBA TAPaMETPOB, TTOKa3aHHOE Ha puc. 7 1 8.
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ITnockocts mapameTpoB mpu ¢ > 0 ocranach npexkHeld, a npu ¢ < 0 U3MEeHWIach, BMECTO TISITH O0JIacTei
crano ceMb. Ho HeCMOTpst Ha CXOXKECTh IUIOCKOCTEH mapameTpoB npu ¢ > 0, IBIDKEHUS B TPaHULAX KaXKIOW 30HEI
pasyInuHbIE.

CMmecTiM HadaibHblE YCJIOBUS emé Ha OOMH OTCYET B HampamieHuu oceil (puc. 4). Ioayuum HoOBoe
pa3OueHne NpocTpaHcTBa apaMeTpoB Ha 30HHI (puc. 9 u 10).

[Tnockoctes mapamerpoB mnpu ¢ >0 H3MEHWIACh B CTOPOHY OOBEAMHEHHsS 30H IIEPBOTO M TPETHETO
kBazpaHToB. [lnmockocTe mapamerpoB mpu ¢ <0 IO CpPaBHEHHIO C MPEIBIAYLIIMM CIy4aeM OCTajach IPEXKHEH.
JIBr>KeHMs B IpaHMIAX KaXKIOW 30HBI OTIMYHbIE OT TeX, YTO ObUIM paHbiue. OHM Kak Obl pacTAHYTHI Ha JABa OTCUETa B
HaNpasJIeHUSX N 1 MO0 CPABHEHHUIO C TIEPBBIM CITydaeM.
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Ecnu m nanee cMemars HavaibHBIE YCIOBHS, TO pa30WEHNE MPOCTPAHCTBA APaMETPOB MEHSTHCS He OyJeT.
[TmockocTn mapamMeTpoB NPH Pa3IHMYHbIX ¢ OYAyT TAKUMH )K€, Kak MokazaHo Ha pucyHkax 9 u 10. IIpoucxoaur xax Ob1
HachIIIeHUE 30H. J[BkeHHs1, HaOroJaeMble Ha BBIXO/E CHCTEMBI, OyIyT ITPOIOJDKATh PACTATMBATHCS B HAIIPABICHUSIX
N 1 M. DTO MOXHO MPOJEMOHCTPUPOBATh, 0OpaTUBIINCH K puc. 11, 12 u 13. Ha puc. 11 (Bun cBepxy) u3odpaxén
muaroHabHeIA TipenenbHbii 1ukn (JI1L), cooTBercTByromuit 30He 12 puc. 5 W BBHIOOPY HAaYaIbHBIX YCIOBHH .
Puc.12 (Bux cBepxy) nemonctpupyet I, cymecTByromuii B 30He 27 puc. 7 v BEIOOpY HadabHBIX yciioBuil V. Ha
pucynke 13 mokazan JIIII, koTOpBIli MOXHO HaOMIONATh B 30HE 28 puC. 9 mpu BHIOOpPE HAaYaNbHBIX ycioBuid VI.
BugHo, 9To 00NacTh €OMHWYHBIX 3HAYCHWH pa3gBUTACTCS B HANpaBICHUAX N W M. AHAJOTHYHBIC W3MEHECHUS
MIPOUCXOIAT U CO BCEMH OCTAJIFHBIMHU CHTHAIaMHU.
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3. 3aki104eHHe

B pesynbrare mpoBeAEHHBIX HCCIECAOBAHUH IOJMyYeHBI pa3OMEHMs] NPOCTPAHCTB ITapaMETPOB Ha 30HBI, B
KaXI0M M3 KOTOPBIX MOXET CYILIECTBOBAaTh OMNpENCNEHHBIM TUn ABikeHHsA. MccrnemoBaH cimydail OBYX M TPEX,
OTJIMYHBIX OT HyJIs HayalbHBIX ycioBuil. HalieHa 3aBUCHMMOCTB BBIXOAHOTO CUTHAla OT CMEILEHHs HaudalbHBIX
yCIOBUH B HalpaBJIEHUH ocell N ¥ M.

[onyueHHBIE aHANTUTHYECKHE YCIOBHS, HAKJIAAbIBaEMble Ha MapameTpbl GuiibTpa, MOTYT IOMOYb H30€XKaTh
3apOXKICHUS apa3uTHHIX KoleOaHui B GMIIbTPE WIIM pallMoOHaJIbHO MCIIONBh30BATh UX B TEX MM MHBIX 33/1a4aX.
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Abstract. A two-dimensional first order recursive digital filter with two-level quantization is investigated. Analysis of dynamics of the
filter is conducted by the variation of two nonzero initial conditions. The partition of space of parameters is obtained by various initial conditions.
The conditions for existence of various motions such as diagonal, row and column limit cycles, two-dimensional unit impulse, linear impul ses, two-
dimensional unit step.

The two-dimensiona first order recursive digital filter with two-level quantization can be represented by the
difference equation [1]:

y(n, m) = Qay(n, m+1) + by(n-1, m) + cy(n-1, m-1)),

where y(n, m) is a signal on the filter output; a, b, ¢ are its coefficients; n, m are space variables; and Q(X) is
the nonlinearity of quantization. The signal on the filter input is assumed to be zero, and the nonlinearity of
guantization is determined as follows:

L, x>0
Q<X):le<o'
Six different kinds of initial conditions are considered:
.y, -1)=y-1,m= 4, n=m=0, V. y(n,-1) = y(-1, m) = 1,n=m=-1,0,
, ™= Bn=mzo, ’ ™= Hn=mz-10,
LoyLm=g v o) <y m < 2 N=MEL
' Ep,m:t—l,o On, ’ ' Ep,n:m;t]_
. yn,-1)= 2.n=-10, VI y(n, -1) = y(-1, m) = [1,n=m=2,
| Ep’ni_l’o Um, ' ’ Ep,n:m;tz.

Thecases|, 1V, V, VI correspond to a symmetrical combination of initial conditions, and the cases Il and 111
— to an asymmetric one. By each choice of initial conditions the partition of the parameter space on zones was
obtained. Each zone has its definite kind of motion. The obtained analytical conditions superimposed on the filter
parameters can help to avoid parasitic oscillations in the filter or to rationally use them in solving some problems.

Let us consider the first combination of initial conditions (case 1). The space of parameters will be
represented as two planes (a, b) by ¢ >0 and ¢ < 0. In the given case it will looks as shown on Fig 1 and 2.

In the zone l1a two-dimensional unit step will be observed, which can be received if a>0, b>0, a>-b, a>-b-c,
a>-c, b>-c. In the zone 11 there is a diagonal limit cycle (DLC), and in the zone 2 there is the zero signal. The
motions on Fig. 1 and 2 from the zones of the fourth quadrant are mirror reflections of the motions from the zones of
the second quadrant. Such symmetry is characteristic only for a symmetrical choice of initial conditions.

Now let us move the initial conditions one pixel further along the axis n and m. The plane of parameters by
¢ >0 remains the same. The plane of parameters by ¢ < 0 has changed. Instead of five zones there appeared seven.
Although the planes of parameters are similar by ¢ > 0 the motions inside of each zone differ.

Let us move theinitial conditions one more pixel further along the axis n and m. So we obtain a new partition
of the space of parameters (Fig. 1,2).
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The plane of parameters by ¢ > 0 has changed so that the zones of the first and third quadrants have joined.
The plane of parameters by ¢ < 0 has remained the same as compared with the previous case. Mations within the
boundaries of each zone differ from the earlier ones. They are as though stretched on two samplesin directions n and
m as compared with the first case.

M m m If we displace the initial conditions

6 6 6 further, the partition of the space of
5 5 5 parameters will not change. The planes of
. i . parameters will be the same by various c, as
2 2 2 shown on Fig. 1 and 2. Motions observed on
1 1 1 the system output will continue to be stretched
0 0 0 . : .
17375, 6123455 0T Z345%6n |nd|rect|onn.andm.Itcanbesho_wnby
. . i referring to Fig. 3, 4 and 5. On Fig.3 a
Fig.3 Fig.4 Fig.5

diagonal limit cycle (DLC) existing in the

third quadrant and by the choice of the initial conditions| is represented. Fig. 6 demonstrates a DLC existing
in a similar zone by the choice of the initial conditions V. On Fig. 7 a DLC is shown, which can be observed in the
zone 28 Fig. 1 by the choice of the initial conditions V1. It is visible that the area of unit values is moved apart in
direction n and m. Similar modifications take also place for al the remaining signals.

As aresult of the researches carried out the partitions of spaces of parameters on zones are obtained, in each
of which there can be a definite type of motion. The case of two and three nonzero initial conditions is investigated.
The dependence of the output signal from a displacement of the initial conditions in directions of space variables n
and misfound.

As on the system output even by zero input signal it is possible to observe a great many of various signals, it
is offered to use the above described system as a generator of two-dimensional signals.
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