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Pedepat. lccnenoBansl koneGaHust B PEKYPCHUBHBIX LEMSAX BTOPOTO ITOPSAAKA C JBYMs BHIAMH HEIMHEHHOCTH CymMMaTopa: C
HACBILIEHUEM U ¢ TIepenonHeHneM. Onpesenena oonacTs TuHEHHOro pexunma. [loxaszano, 4To 1enb ¢ HETHHEHHOCTHIO C HACHIIIEHHEM HE HCKaKaeT
BHEIIHee Bo3zelcTue. [ HEIMHEWHOCTH C HEPENONHEHHEM YCTAHOBJICHA CBA3b MEX/IY IIEPHOAOM BO3HHKAIOMMX Iapa3sWTHBIX KoleOaHWH,
rapaMeTpaMy LENH 1 BEITMYNHON BO3IEHCTBHS.

[Mudposbie 1enu BTOPOro MOPSIKA MOTYT HCIOJNBb30BaThCsS B COBPEMEHHBIX CHCTEMax MNepenaydu
nHpOpPMAIUK IS TIOCIIENETEKTOPHOM 00paboTkm curHamoB. Ha 0a3e peKkypCHBHBIX Iienei co3marorcs (QUIbTPhI
HIWKHUX ¥ BepxXHHUX 4acToT [1]. [Ipu 3TOM BHemIHee BO3JCHCTBUE 3a4acTyH) UMEET BUJI IMPSIMOYTOJIBHOTO MMITYJIbCA.
Nudopmanuio 0 peakiuu IIETH HA TaKOE BO3JICHCTBHC MOXKHO IIONYYUTh K3 JHHAMUYCCKUX PEKAMOB NPHU
MTOCTOSIHHOW BHEIIHEH CHJIe. AHAIU3 PSKUMOB B HEMHEHHBIX PEKYPCHBHBIX IEMSIX MEPBOTO MOPSIKA BEITONHEH B
[2]. UccnenyeM paHee HE pacCMaTpUBAaEcMYIO JHHAMHKY IIEIH BTOPOTO MOPSAKA C YUETOM PEAbHO CYIIECTBYIOUICH
HEJIMHEWHOCTH XapaKTCPUCTHKH CYMMATOPa, ToJIaras, 9To 3((GeKThl KBAHTOBAHUS OTCYTCTBYIOT.

Konebanus B paccMaTpuBaeMOH IIEMTH OTHCHIBAIOTCS Pa3HOCTHBIM YPaBHCHHEM

x(n+2)= flax(n+1)+bx(n)+ A], (1)

rae GyHkuus [ ONMCHIBAET XapaKTEPUCTHKY cymmatopa, d W b - mapamerpsl uenu, A - BeJIMYMHA BHELIHETO

BO3JICHCTBHS.

Jluneiinvlii pesicum
Ecnu Gyukumst f nuneiina, To peuenne ypasuenus (1)
B YCTAaHOBHUBIIEMCS PEKHME UMEET BH
x(n)=Al/(l—a->b).
[Monaras |x| <1 (uro xapakTepHO IS MCIONb30BaHMS

apupMEeTHKH ¢ (UKCUPOBAHHOW 3alATOM W YHUCEll,
BBIpaBHEHHBIX clieBa [3]), u3 (1) mosrydum ycioBus
JUHEHHOTO peXuMa

a —-1<A/(l-a-b)<1. )
—————>» ®ynxuus A =0(a,b) onuchBaeT TpexMepHYIO
' 061aCTh TMHEHHOTO PEXKIMA.

BaXkHO, YTO aMILTMTYIHO-YaCTOTHAS XapaKTEPH-CTUKA (HIBTPA BEPXHUX 4acTOT Ha yactore =0 mmeer
MUHUMaJIbHOE 3HAY€HHE, MOTOMY B TaKOM (QHIBTpE IpH |A|<1 BCerJa CYIIECTBYST JHHEHWHBIN pexum.UTto

KacaeTcsi 00beKTa JATbHEHUIIIMX UCCICIOBAHUMN - (QUIBTPA HIDKHUX YacTOT, TO 00JAaCTh JTMHEHHOTO peKUMa JUIsS HEro
nokazana Ha puc.l. B cBA3M ¢ cuMMeTpuell XapaKTepUCTHKH cyMMaTopa 3iech u Huke nomaraem A >0.
I TpUXOBBIMYU JIMHUSIMU BCIOIY 0003HAYACTCS HIXKHSISI TOBEPXHOCTh COOTBETCTBYIOIICH 001aCTH.
Cymmamop c HacvlujeHuem

Jnis ucciaemoBaHUs TMPOIECCOB BOCIOIB3YyeMCS METOJTUKOW, pa3paboranHoil B [4]. OHa mpexmonaraet
pa3bueHue (a3oBoi IUIOCKOCTH Ha Tpu o0mactu: Dy, Dy u D;, COOTBETCTBYIOIIKEC OONACTSIM XapaKTCPUCTHKH
cyMMaTopa. OJTO TIO3BOJSET OIPEACIUTh YCIOBHE YCTOWYMBOrO pexkuMa (konebanuii ¢ mepuogom T=1)
A 2> (1—a—b), uro cornacyercs ¢ ycnosueMm (2).

Cymmamop ¢ nepenonnenuem

[Ipu ncnonb3oBaHNK apuPMETHKA C GUKCHPOBAHHON 3aITOH, BEIPABHEHHBIX CJIEBA YHCEII, IPEICTABICHUN

OTPULATENBHBIX YKCEN B JOMOJHUTEIBHOM KOJIe XapaKTePUCTHKA CyMMAaTOPa BHIPAXKAETCS 3aBUCUMOCTBIO

f(@)=(p+1)mod2-1.
YunTeiBas TpU CcoceaHMe OONACTH XapakTepucTnku cymmaropa (mpu stom @€ [—3;3)), xak u panee,
IJIOCKOCTh COCTOSIHHN pa3o0beM Ha TpH 00IacTH.

* PaGoTa BbITONHEHA IpH (PHHAHCOBOI momepKe Poccuiickoro GoHna GyHIaMeHTanbHbIX HCCIenoBaHmii (rpaHT Ne 99-02-
17939).

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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DKCINEPMMEHTAILHO YCTAHOBJIEHO, YTO HpU BbIOOpe mapamerpoB d, b u A BHe obmact IMHEHHOro
pEXMMa B LIEM BO3HHKAIOT HapasuTHbIE nepuoauueckue konebanus. Ilepuon T mapasuTHBIX KojieGaHMIA M OPaBHIO
ABIDKEHHS (TIOJ MPAaBHJIOM JIBHKCHHS ITOHMMAETCS MOCIeNOBaTeNbHOCTs obmacteit D), dasoBoit miockocTw,

MOCEIAEMBIX HM300paKatoleil TOYKOM) 3aBUCAT OT BBINIEYKA3aHHBIX MApAMETPOB M HE 3aBHMCAT OT HAaYaJbHBIX
YCJIOBHH. YCTaHOBUM CBsA3b MeXty BemuvHamu 1 , d, b u A.
Bo3HUKaIOIMI IEPUOMYECKHIT IPOLIECC OMUCHIBAETCS JIMHENHBIM Pa3HOCTHBIM YPaBHEHHEM

y(n+2)=ay(n+1)+by(n)+ A+u(n) 3)
¢ navanshpiva yenosusmu y(0), y(1), rne y(1) 3aBucur ot Toro, u3 kakoil 061acTH CTapTyeT U300paKaromIas
Touka, ecau 310 obmacte D_p, to y(1) =ay(0)+bx(0)+A—2. lpu srom dysxuus u(n) ynosnersopsier
ypasuenuto U(n+71)=u(n).

Peutenue ypasHenus (1) B yCTAHOBUBIIEMCS PEKUME UMEET BHJL

N P T-1
yn)=Al(l—a-b)+ Y, z, > uk)zy, "“N(zy;—az, —b) [1(z, —z)],
m=0 k=0 i=0,i#zm

rae z; = exp(j2mi/T).
He MeHee BaKHEIM U CIOKHBIM SIBIISIETCS HAaXOXKICHHE HIDKHEH M BepxHed mosepxmocteit A = 0l(a,b),
COOTBETCTBYIOLIMX ompeseiaeHHomy nepuony 1 . Ha puc.2 usobpaxenst odnmactu A =0(a,b) ma T e [2;5].

ITpaBuna nBukeHUs U BhIpaxeHus s V(7)) npu Tex e 3Hauennit 1 cBenensl B Tadu. 1.

3axnrouenue

HUccrenoBanbl koJicOaHUs B PEKYypPCHBHBIX IM(POBBIX (UIBTPaX BTOPOTO MOPSAKA C HEIUHEWHOCTHIO
HACBHIIICHUS W C TCPEHOJIHEHUEM MPU MOCTOSHHOM BHEIIHEM Bo3aercTBuu. OmpeneneHbl 00JacTH CyIIeCTBOBAHUS
JIMHEWHOTO M HEJIMHEHHOro pPekuMOB. [10Ka3aHO, YTO LENb ¢ HEITMHEHHOCTHIO HACHIIICHUS HE MCKAXAeT BXOJIHOC
BO3JICHCTBHE, a B ICMH C MEPEIOTHEHUEM BO3HUKAIOT Mapa3UTHBIC MEPUOTUUCCKUE KOJIcOaHus. Y CTaHOBJICHA CBS3b
MEXITy IEpPHOJIOM KOJIcOaHMIA, ITapaMeTpaMH I U BEIMYUHON BHEIITHETO BO3ICHCTBHSI.

PesynbTaThl MOTYT HCHOJB30BAaThCS MpU pa3paboTKe CHCTEM Tepenadn WHQOpMalu C UPPOBOH
00paboTKOM CUTHAJIOB.

s A p A
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Puc. 2
Tabuuna 1

ITepuon IIpaBuno
T [ Usmenenue koopaunatsl (1)
5 —>D_y— _n

Dy (A-D/A—-a-b)+ (1) " /(A+a->b)

—>D_y— (BA-2)/[30—a—-b)]—4sin[on — OL((D)]/(\/E [B(w)l),
3 — Dy — o(w) = arg B(w),

— Dy — B(®) =1+ ja3 —bexp(jo) + b — exp(— jo)

—D_y—> | 2A-D/2(0-a-b)-1C 1" sin[mn/2-B]+
A —2Do= Lyt 2a+a-b,

— Dy — C=1+ja+b,

- DO - B =arg C

—> D_2 —>

4 4

— Dy — Ald—a-b)— Y 22" (2 —azy —b) [1(zm — 201

5 - DO — m=0 l:=0
1#=m
= Do = z, =exp(j2mm/5)
— Dy —
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OSCILLATIONS IN SECOND ORDER NONLINEAR RECURSIVE DIGITAL FILTERS UNDER
CONSTANT EXTERIOR INFLUENCE"®
Bryuhanov Yu.A.
Yaroslavl State University
150000, Russia, Yaroslavl, Sovetskaja st., 14. Phone: (0852) 32-11-94 E-mail: bruhanov@uniyar.ac.ru

Abstract. Oscillations in second order recursive circuits with two kinds of adder nonlinearity are investigated: saturation and overflow.
The area of the linear regime is defined. It is shown that the circuit with the saturation nonlinearity does not distort an exterior influence. For the
overflow nonlinearity a relation between the period of originating parasitic oscillations, parameters of the circuit and the magnitude of the influence
is established.

The digital second order circuits can be used in modern systems of information transmission for post-detector
signal processing. On the base of recursive circuits the low and high pass filters are created [1]. Thus the exterior
influence frequently has a kind of a rectangle impulse. The information about the response of the circuit on such
influence can be received from dynamic regimes under a constant exterior force. The analysis of regimes in nonlinear
recursive first order circuits is carried out in [2]. We research the dynamics, not considered earlier, of the second order
circuit with the account of really existing adder nonlinearity, supposing that the quantization effects are absent.

The oscillations in the circuit under consideration are described by the difference equation

x(n+2)= flax(n+1)+bx(n)+ A] (1)
where the function f describes the adder characteristic, @ and b are parameters of the circuit, and 4 is the
magnitude of an exterior influence.

Linear regime
If the function f is linear the solution of the equation (1) in the stable regime is this

x(ny=A/(l-a->b).
Assuming that|x| <1 (which is characteristic of fixed point arithmetic and fractional numbers [3]), from (1)
we obtain the conditions for the linear regime
-1<A/l-a-b)<1. )
The function A = ou(a,b) describes a three-dimensional area of the linear regime.
It is important that the amplitude-frequency characteristic of a high-pass filter has a minimum value at the

frequency W= 0, therefore in such filter by |A| <1 there always exists a linear regime. Because of the symmetry of

the adder characteristic here and below we assume A > (0. The dashed lines denote the bottom surface of the
appropriate area.

Adder with saturation
For the research we shall take advantage of a technique developed in [4]. It assumes a partition of the phase
plane on three areas: D_;, Dy and D, corresponding to the areas of the adder characteristic. It allows us to define a

condition for the stable regime (oscillations with the period T = 1) A = (1 —a —b), which conforms to the condition

.

Adder with overflow
When the fixed-point arithmetic (the representation of negative numbers in two’s complement code) is used
the adder characteristic is expressed by the dependence

f(@)=(p+1)mod2-1.
Taking into account three adjacent areas of the adder characteristic (where () € [=3;3)), we divide the state
plane into three areas.
It is experimentally established that when the parameters @, b and A lie outside the linear regime area in
the circuit there are parasitic periodic oscillations. The period T  of these oscillations and the motion rule (under the
motion rule a sequence of areas D, on the phase plane visited by the state value is understood) depend upon the

above-stated parameters and do not depend upon the initial conditions. Let us establish the relation between the values
T,a,b and A.

The originating periodic process is described by the linear difference equation

y(n+2)=ay(n+1)+by(n)+ A+u(n) 3)

* The work has been carried out with financial support of Russian Foundation of Fundamental Research (grant Ne 99-02-17939).
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with the initial conditions y(0), y(1) whereby y(1) depends on where the state value starts from if it is the area

D_5, y(1) =ay(0)+bx(0) + A—2 . Thus the function u(n) satisfies to the equation u(n+71) =u(n).
The solution of the equation (1) in the stable regime is this

T-1 . T-l P T-1
ym)y=Al(l—a-b)y+ Y, z,, X u(k)z), “N(z; —az, —b) [1(zm —zi)]
m=0 k=0 i=0,i#zm

where z; = exp(j2ni/T).
Not less important and complicated is the determination of the lower and upper surfaces A = 0u(a,b)
corresponding to a definite period 7 . In the paper the graphs of the areas A = 0l(a,b) as well as the table of the

motion rules and expressions for y(n) are represented by T € [2;5].
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