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Pedepar. [Ipennaraercs crnoco6 moydeHnst BCEX BO3MOXKHBIX CTPYKTYPHBIX CXEM HM(POBBIX (PMIBTPOB C 3aJaHHBIM YHCIIOM Y3JIOB 32
CUET reHepaLy TOIONIOTHIECKUX MaTPHIL

1. BBEOEHUE

W3BecTHO, 4TO OfHA U Ta ke mepenaTovnas QyHkiwms mudposoro puierpa (IID) Moxker ObITH peann3oBaHa
IPU TOMOIIM PA3HBIX BAapUAHTOB CTPYKTYPHBIX cxeM (mpsiMas (opMa, KAHOHHYECKHE CTPYKTYPHI, JCCTHHYHBIC
cTpykTypsl Mutpsl u IllepByna, opTOroHadbHBIC MOJIMHOMHAIBHBIC CTPYKTYPBHI, BONHOBEIC (GuibTphl deTTBaiica,
BOJIHOBBIE CTPYKTYpHl Opdann u Ileiikapu, moctoBrle ¢unbTpel Cemmmeliepa, cTpyktypsl “leap-frog” Bbpyrona u
MHOTHE [pyTHE), Pa3INYalONINXCS YPOBHEM IIYMOB OKPYIJICHHS pE3YJIBTaTOB apU(PMETHUIECKUX OIeparui,
YYBCTBHUTEIBHOCTHIO K TOYHOCTH TIPEICTABICHHUS KOX(PQHUINCHTOB, YPOBHEM IMapa3WTHBIX KOJEOAHWH MpeaeTbHBIX
nukiIoB u T. M. K coxkaneHuro, 3agada CTPYKTYPHOTO CUHTe3a pekypcuBHOro LD 10 3amaHHOW crHeruQUKaIIIN
TpeOOBaHMI OHO3HAYHOTO pemIeHus He nMeeT. KOppeKTHOe BEINONHEHHWE CTPYKTYpHOTO CHHTE3a B HACTOSIIEEe
BpeMsI IOJDKHO MPeayCcMaTpHUBaTh Iepedop JOCTATOUHO OOBIIOTO YHCIIa BAPHAHTOB PEaM3alii CTPYKTYPHBIX CXEM,
JUIL KaXJOH W3 KOTOPBIX OCYIIECTBISIETCS NapaMeTpUuecKWil CHHTe3 (pacueT KOI((HUIMECHTOB), OKPYIJICHHE
KOX(PUIMEHTOB C y4YETOM OTpPAaHMYCHUN Ha Pa3psSAHOCTh, TUCKPETHAs ONTHMHU3AIMS KO3(Q(HUIMCHTOB, aHAIN3
xapakTepucTuk 1{® (4yBCTBUTEIBHOCTH K TOYHOCTH IMPEICTABICHUS KOA(PPUIIMCHTOB, YPOBHS IIYMOB OKPYTJICHUS U
T. 1.). Takol mOXXOX, OYEBHIHO, UMEET OTPAHWYEHHS, CBSA3aHHBIC, BO-TIIEPBBIX, C HEBO3MOXKHOCTBIO IOJIHOTO
mepedopa BCeX BO3MOXKHBIX CTPYKTYp, U, BO-BTOPBIX, C OOJBIION pa3MEPHOCTHIO 33/1a4 aHAIH3a U ONTUMU3AIUHN IS
KOHKpPETHOW CTpYKTyphl. B psae pabot, mampumep B [1, 2], IpeanpuUHSATH TOMBITKA pEHMICHUS 3TOW 3aaayw,
OTIMPAIOIIHECS Ha UCTIONF30BAHUN ypaBHEHUH cocTossHIA. OIHAKO TaHHBIHN IMOAX0I HMEeeT OrpaHn4eHus. J{eno B Tom,
YTO HE CYIIECTBYET B3aMMHO OJHO3HAYHOTO COOTBETCTBHS MEXIY YPaBHEHHSMH COCTOSHHSA M CTpykTypon LID.
Koadhumpmentsr momasmisironiero OonbmmHCTBAa CTPYKTYp L@ He coBmamaioT ¢ KodhGUIIMEHTaMH ypaBHEHHI
cocrostHus. B [3] Takue CTpyKTYphl Ha3BaHBI paCIpe/ICIICHHBIMH.

ABTOpBI B cBoMX paboTtax [4 - 7] pa3BHBAIOT MOAXOA K CTPYKTypHOMY cuHTe3y L[®D, ocHOBaHHBEIN Ha
TeHEepalliy BCEX BO3MOXKHBIX CTPYKTYp NpH 3aJaHHOM 4YHCIE Y3JIOB CTPYKTypHOH cxembl. B paborax [8, 9]
paccMaTpUBAIKCH BOMPOCH TEHEPAIUM CTPYKTYP IUQPPOBBIX (PHIBTPOB HAa OCHOBE JIMHCHHBIX MpeoOpa3oBaHMA
TOTIOJIOTUYECKAX MATpPUI] HEKOTOPBIX 0a30BBIX CTPyKTyp. OmHako B 3THX pabortax orpanuumiuck [1® BTOpOro
TIOPsIIKa, ¥ HE PACCMOTPEH BOIIPOC O MOJHOTE MHOXKECTBA CTEHEPUPOBAHHBIX CTPYKTYD.

2. AJITOPUTM rEHEPALINN CTPYKTYP

Anroput™m 1(poBoii GpUIBTPaNNK Ha CTPYKTYPHOM YPOBHE IIPHHSATO ONMCHIBATH CTPYKTYPHBIMH CXEMaMH,
COJep KALIIMH TaKHe JIEMEHTHI, KaK OJOKM YMHOXCHHS Ha MOCTOSHHBIN K03((UIMeHT, OIOKH 3aep)KKU Ha OIUH
HHTEpBAJ JUCKPETH3alMM M cymMmaropel. [lo cyTm [1ema, Takwe CTPYKTYpHBIE CXEMBI OSKBHBaJICHTHBI
OpPHECHTHPOBAHHBIM CHTHAIBHBIM TpadamM M»a30Ha. AnreOpandecKuMi YKBUBAJICHTaMHU CHUTHAJIBHBIX I'padoB SABISIOTCS
Pa3IMYHOTO BUAA TOMOJOTHYECKAE MaTpuilpl. OJHUM U3 BHIOB TOIOJOTHYECKAX MATPHIl SBISICTCS MAaTpUIA
NepelaTouHbIX  (YHKIWH Lenn T(z"), >nement tj, KOTOpo#l IpeacTaBiser co0Oil IepenaTouHylo (yHKIUIO
(ko3¢ dureHT nepenaun) OT y37a C HOMEPOM j K Y31y ¢ HOMEpoM i (Tpenmonaraetcs, 9To Bce Y3JIbl CTPYKTypsl LD
MIPOHYMEPOBAHBI PSIOM HATYpaIbHBIX 4ucen, HauwHas ¢ 1). [lepeHymeparusi y37I0B paBHOCHIBHA IEPECTAHOBKE
CTPOK U CTOJOIOB MAaTPHIIBI T(z"). B [10] moka3aHO, YTO Ui (PU3MYCCKOW PEaM3yeMOCTH (BBIYACIMMOCTH)
CTpyKTypHO# cxembl [{® HeoOX0AMMO M TOCTATOYHO CYIICCTBOBAHUEC TAaKOH HyMEpAallUH Y3IIOB, MPU KOTOPOW BCE
oTIHYHBIE OT 0 M OT Z' 3JIeMEHTHI MaTPHIIBI T(z'l) HaXOJATCS HIDKE TIaBHOW OuaroHamu. Takoe IMpencTaBiIcHHE
TOTIOJIOTHYECKOI MATPHIB! Oy/IeM Ha3bIBATH KAHOHHYECKHM. IIpeicTaBuM Tomonornyeckyio mMatpuiy B Bue T(z") =
C+z'Z, rne MaTpuia Z OMHUCHIBAET TOJBKO BETBU C OJIOKOM 3aJIep>KKH Ha HHTEPBAN JUCKPETHU3AIINH.

IIpomecc cunTe3a CTPYKTYpHBIX cXeM [Id cocrout u3 nByx stamnoB. Ha mepBom 3Tare BHIOMpaeTCss MaTpHIla
C cootBercTBytomen pasmepHoctd. Ha puc. 1, a — B mpencTaBieHsl (GyHKIIMOHAIBHBIE OJIOKH , COOTBETCTBYIOIIUE
matpuibl C pasMepHOCTH 4 — 6, COOTBETCTBEHHO.
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Puc. 1. CtpykTypHBIE CXeMBI 0a30BBIX CTPYKTYPHBIX €IHHHI

CoBepIIeHHO OYEBHIHO, YTO JUI1 HOCTPOCHHS CTPYKTYPHBIX cxeM Marpull C MOXHO HCIONB30BaTh PEKYpPCHIO
(puc. 2). Ha atom pucynke Stry — 310 cTpyKTYypa, coorBercTBytomas marpuie C nmopsinka N, i — y311bl CTPYKTYpBI.
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Puc. 2. Pexypcust mpu moctpoeHu# (PyHKIIMOHATHHBIX OJIOKOB

Ha BropoM osTame reHepupyercs Martpuma Z (mepeGHpAIOTCS BO3MOXKHBIC MONOXKCHHS SJIEMEHTOB Z).
TMonmyuuBmascs moce rexeparuy Matpuua T(z") 3amaet 0CHOBY [UIs MOTy4EHHS MHOKECTBA CTPYKTYp. Jleno B TOM,
YTO YMCIIO CTereHel CBOOOJBI MOJTYy4YMBIIEHCS CHUCTEMBI (YMCIIO KOY(DQUIMEHTOB Cjj) CYLIECTBEHHO OOJIbLIE, YeEM
YHCIIO TapaMeTpoB, ONPENEIISIONNX NepeaaTounyo GyHkiuo. HekoTopeiM U3 KO3 QHIIEHTaM MOXXHO NMPUCBOUTH
MIPOMU3BOJILHBIC 3HAYCHNUS, B TOM 4nciie 3HaueHns 0, +1.

B [4 - 6] mokasaHo, 4TO, reHepHpys MaTpullbl Hopsiaka N co BCeMH BO3MOXKHBIMU JOIMYCTUMBIMU
ko3 unmenTaMy u 3anaBas Homepa BXOJHOTO (inp) M BEIXOAHOTO (out) y3JI0B, MOXHO IIOJIyYHTh BCE (U3MUYECKU
peamuzyemble  LIdD.Onnako, naHHBIE METOA TeHEpalMU CTPYKTYp XapakTepusyercsi OOJbLION  CTerneHbo
N30BITOYHOCTH. 3HAYUTEIFHOE KOJIMYECTBO MOJIYYEHHBIX CTPYKTYpP HEOOXOAMMO OTOpPOCHTBH, HampuMmep, 0 TOU
NIPUYMHE, YTO OHM HE SIBISIIOTCS KaHOHWMYECKMMH IO 4HCIy OJOKOB 3aiepxku. B [6] aBTOpamm moxaszaHo, 4TO
CTPYKTYpPHBIH CHHTE3 [OJDKEH BKJIIOYATh MPOLEAYPY TEHEpaluu KAHOHMYECKOH TOMONOTHYECKON MaTpHIb,
cozepIKaIeil AMeMEHTHI Z ' TOMBKO BBIIIIE TIABHOI JHATOHATH 1 He GoJee OIHOrO B CTPOKE U CTONIOIIE.

B xadectBe mpumepa paccMOTpWUM BapHuaHt, g kotoporo N = 5 |, inp = 3, out = 4. Tononorudeckast
MaTpHILa VIS 3TOTO CIydast UMEET CIEAYIOLINI BU:
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Ortomy BapuaHTy cooTBeTcTBYeT LID, CTpyKTypHas cxemMa KOTOPOTo Mpe/ICTaBlIeHa Ha puc. 3.




3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

4,3

X 3 C5’3 5

Puc. 3. Ilpumep creHeprpoBaHHOH CTPYKTYpbI L(poBOro GuiabTpa
3. NEPEOATO4YHAA ®YHKUUA FTEHEPUPYEMbIX Li®

Pa6ota 1{® Ha cTpyKTypHOM YpOBHE ONHCHIBAaeTCs [3] pa3HOCTHBIM MaTPUYHBIM ypaBHECHHUEM
Y, =CY, +2Y,_, +1Ix,. 2)

rae Yx— BEKTOp OTCUETOB, BhIUUCIsieMbIX BO Beex y3nax Ld B moment Bpemenu KT; T — unTepBan nuckpeTusanuu;
I — BekTOp, BCE 3JIEMEHTHI KOTOPOT'O PABHBI HYJIIO, 32 HCKIFOUCHHEM 3JIEMEHTa C HOMEPOM inp, paBHOTO €IUHUIIC; X
— OTCYeTHl BXOAHOU nocienoBareabHocTH LID. M3 3TOr0 ypaBHEeHHSs TOTyYUM

Y, =(E-C)'(zY,_, +Ix,). 3)

rae E — ennananaas matpuna. B3ss ot (2) z-npeoOpa3oBanne, OTYINM BRIpaKEHUE

HiE")=E-T1E"))". @

-1 -1 o e .
rae H(z™) = [Hij(z )] — matpuna nepenarounsix ¢ynxuuii LI® B cirydae, eciau y3isl j U i SBIAIOTCA COOTBETCTBEHHO
BXOJHBIM U BBIXOJHBIM y3i1amu [[D.

4. 3AKNIOYEHME

[pemmaraeMeiii B HOKIaC CIOCOO TEHEPAIMH CTPYKTYPHBIX CXEM MO3BOJSET NMPUMEHUTH B CTPYKTYPHOM
CHHTE3¢ MapaMeTPUICCKUN MMOIXO0, MO3BOJISIOMINI 0TKa3aThCs OT Iepedopa U aHAIM3a M3BECTHBIX CTPYKTYp. Kpome
TOTO, TIOSABIISIETCS. BO3MOXKHOCTB peaNn3aliiyl W3MeHeHNs CTPYKTyphl LID myTeM M3MeHEeHUsI HEKOTOPBIX TapaMeTpOB.
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Abstract. The way of obtaining of all possible digital filters structures with given number of nodes is offered at the expense of
generation of topological matrixes.

It is known, that the same transfer function of a digital filter can be realised through miscellaneous versions
of the structure, distinguishing in a roundoff noise level, sensitivity to accuracy of representation of coefficients, level
of limit cycles, etc. Unfortunately, the problem of structural synthesis of IIR digital filters under the given
specification of the requirements of the unambiguous decision has not. The correct fulfilment of structural synthesis
now should envision exhaustive search of rather large number of versions of structures, for each of which the
parametric synthesis is executed, roundoff of coefficients is implemented in view of limitations on a coefficient
wordlength, discrete optimization of coefficients is executed, analysis of the characteristics of digital filter is
executed. Such approach, apparently, has limitations, bound, at first, with impossibility of an exhaustive search of all
possible structures, and, secondly, with large dimension of problems of the analysis and optimization for particular
structure.

The authors in the own publications [1 - 2] develop founded on generation of all possible structures with
fixed number of nodes the approach to structural synthesis of digital filters.

The structure of a digital filter can be described by topological matrixes of a different kind. The structure of a
digital filter can be described by topological matrixes of a different kind. One of kinds of topological matrixes is the

. .. L. -1 .. .
matrix of transmission factor of a circuit T(z ) = [tij]. Element tij represents a transmission factor from a node with

number j to a node with number i. That the digital filter was is physical realizable, it is necessary and enough, that
there was such numbering of nodes, at which one all members of a topological matrix which is distinct from 0 and
from z', were of a below main diagonal [3]. Such representation of a topological matrix we shall call canonical. Is
representable a topological matrix as T(z") = C + z'Z, where the matrix Z describes only branchess with the unit of
delay on a sampling interval.

The proposed algorithm of generation of the digital filter structure consists of two stages.
At the first stage the matrix C of given dimension is selected. In a fig. 1, a - ¢ are shown structures applicable to
matrixes C with dimension from 4 up to 6, accordingly.

At the second stage the matrix Z is generated. It means, that at the given stage the exhaustive search of
possible positions of members z"' in a matrix is executed.

As an example we shall consider version, for which one of N = §, inp = 3, out = 4. The topological matrix
for this case has a following view:

Fig. 1. The structures of base structural units
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To this version corresponds digital filter, the structure which one is shown in a fig. 2.
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Fig. 2. An example of the generated structure of a digital filter

The way, proposed in the report, of generation of the structures allows to apply in structural synthesis the
parametric approach permitting to refuse from exhaustive search and the analysis of known patterns. Besides there is a
capability of implementation of modify digital filter structure by change of some parameters.
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