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AnHoTanusa. lludpoBoil GuabTp ¢ GeCKOHEYHOH MMNYJIBCHOM XapaKTePHUCTHKOW MOXeT GbITh peasn30BaH
6ECKOHEeYHO GOJIBIIMM YHCJOM CIOCO60B. PasjMyHble CTPYKTYpbl UMEIOT Pa3HyI0 YYBCTBHUTEJBHOCTb K TOYHOCTH
npeAcTaB/eHUs K03$OUIIMEHTOB, Pa3HbIH YPOBEHD IIYMOB OKPYTJIEHHUs], B HUX Pa3IMYHBIM 06pa3oM MOTYT IPOsIB-
JIATBCSl NapasuTHble KoJiebaHUsl NpeseJbHOro LuKaa. OJHUM U3 NyTeld CHHTe3a HOBBIX CTPYKTYpP SIBJSAETCS MX
TpaHCIIOHUpOBaHHUe. [Ipy TPaHCIIOHMPOBAHUM BXOAHOM y3eJ1 CTAHOBUTCS BBIXOJAHBIM, @ BBIXOJHOW — BXOJHBIM, Y3JIbI
3aMeHSI0TCS Ha CyMMaTOPBl, a CYMMaTOPBI — Ha Y3J1bl, HallpaBJleHHe BceX llepe/iad MeHseTCs Ha TPOTUBOIOJIOXKHOe. B
JJAHHOHN paboTe TPAHCIIOHUPOBAJUCH JIeCTHUYHbIE CTPYKTYpBI, [T0Jy4yaeMble MyTeM DPa3JIOXKEHUsI B LEMHYI0 ApPo6b
nepefaToyHol QyHKUMU. B pesysbTaTe mpou3BeeHHBIX MPeoO6Pa3soBaHUN BBIICHUJIOCH, YTO TPAaHCIOHHpPOBaHHeE
JIAHHOTO KJ1acca [UPPOBBIX GUIBTPOB NPAKTUYECKU He MPUBOJUT K GOPMUPOBAHUIO TPUHIIUIHAIBHO HOBBIX CTPYK-
Typ. [IpoucXoUT TpHUBHAIbHOE U3MEHEH e MTOpA/Ka CIeJ0BaHUs T10C/e10BaTebHO COeJUHEHHBIX 6JI0KOB YMHOXe-
HUS U 33JIEPXKKH.

KioyeBble c0Ba: peKypcUBHBIN 1MPPOBOM GUALTp, NepefaTodHass QYHKIMS, LiellHasl APOOb, JeCTHUYHAs
CTPYKTYpa, TPAaHCIOHUPOBAHKE CTPYKTYPBI, TOMOJIOTHYeCcKas MaTpHUIA.

M3BecTHO, 4TO /AJ1s peaqnsalnu pekypcuBHoro nudposoro ¢punbstpa (LP) c nepesaroyHoit GyHK-
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MOXEeT OBbITh UCHOJb30BAaHO GECKOHEYHOE YUCJI0 CTPYKTYPHBIX CXeM, pa3jMyarluxcsl ypoBHeM 3ddek-
TOB, CBSI3aHHBIX C OrPaHUYEHHOHN Pa3psAHOCTbI0 KO3QPUIUEHTOB U 6/I0KOB, BBINOJIHSAOIIMNX apudMeTH-
yeckue onepanuu. B pabotax aBTopoB [3; 5; 6] pa3pabaTbiBaeTcs MOAX0[ K MpoeKTUpoBaHuto LD, Bkit0-
YalLMH reHepalyio CTPYKTYPHBIX CXeM 0/ KOHKpPeTHYI0 crenuuKanuio Tpe60BaHUM K XapaKTepUCTH-
kaM LI®. 3TOT noAxXos OCHOBaH Ha NPUMEHEHHU B KauyeCTBe MaTeMaTHYeCKOM MoJe/NU CTPYKTYpbl Tak
Ha3blBaeMOU TOMNOJIOTMYECKOW MaTpHLbl, 3JIeMEHTbl KOTOPOH ABJAIOTCA Ko3PPHULIUMEeHTaMU Iepeladu
CUTHaJIOB MeX/y y3J1aMU cxeMbl. Takasi MoZieJib 6bl1a IpeJiyioxkeHa B [4].

M3BecTHa npocTtas MeToAUKa [1; 4], no3BosdoLas U3 JI60H CTPYKTYPhl, B TOM 4UCJ/ie CTeHepUpo-
BaHHOMW B COOTBETCTBUH C [3; 5; 6], OJYYHUTb HOBYIO CTPYKTYPY, Ha3blBaeMYI0 TPaHCIOHUPOBaHHOM. CyThb
MeTOAMKH B TOM, 4YTO BXO/JJHOM y3eJl CTAHOBUTCS BbIXOJHBIM, @ BBIXOJHOW — BXOJHBIM, Y3/1bl 3aMEHSAOTCS
Ha CyMMaTopbl, a CyMMaTOpPbl — Ha y3Jbl, HapaBJeHHe BCeX Nepejad MeHsEeTCs Ha NPOTHUBOIOJIOKHOE.
Tonosiornyeckass MaTpUILa HOBOM CTPYKTYpPBI 0OJy4YaeTcs TPAaHCIOHUPOBAaHHWEM TOINOJIOTUYECKON MaTpH-
bl UICXOAHOU CTPYKTYPBI.

Kak npaBusio, B3aMMHO TPaHCIOHHMPOBAaHHbIE CTPYKTYPHI JOCTAaTOYHO CYLIECTBEHHO OTJIMYalOTCs
Apyr oT apyra. Ha puc. 1 npefcraBiensl kiaccudeckast npssmasa ¢opma P BToporo nmopsgka (72 = 2)
(puc. 1a) ¥ coOTBeTCTBYOLAsA €M TPAaHCIIOHUPOBaHHas npsiMas popma (puc. 16).

(1)

* Paboma evinonHeHa npu noddepicke POPHU — epanm 18-07-00986a.
© Haymosuu T. B, 2018
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Puc. 1. llpsamas dopma LD

TonoJsiornyeckre MaTpULLbl ITUX CTPYKTYP UMEIOT BUJ:
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Puc. 2. Kanonuueckas ¢opma

Ha puc. 2 MOKa3aHbl KJjlacCUyeCKrHe B3auMHO TPAHCIIOHWPOBaHHbIE€ KaHOHHUYEeCKHE (l)OprI C ToOIIOo-
JIOTU4€CKHUMH MaTpUullaMH
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JJISI TPaHCIOHMPOBAaHHOM KaHOHHWYeCKON GopMbl. Pasinyusg TpaHCIOHWPOBAHHBIX U MCXOJHBIX
CTPYKTYp O4Y€BHAHBLI. COBepLLIEHHO Apyrad CUTyalusd BbIABJIAETCA IPU TPAHCIIOHUPOBAHUHU JIECTHUY-
HBIX CTPYKTYP.

M3BecTeH KJacc CTPYKTYP, MOJy4aeMbIX pa3JjioKeHUEM IepefaTouHON QYHKUUHU B LENHYI Apo6b
[2;7;8;9].

CtpykTypa Trna IA ocHOBaHa Ha pa3JOXXeHUHU

H(z)=4,+ 1 : (6)

Puc. 3. JlecTHUYHbIe CTPYKTYpbI TUMA [A

CooTBETCTBYyIOLIAs CTPYKTYpHasl cxeMa Npe/cTaBieHa Ha puc. 3a. Tonosoruyeckas MaTpyLa 3TOH
CTPYKTYPBI paBHa

0 0 0 0 0 0 z' 0 0 0
1/ B, 0 0 0 0 O 0 o0 o0 O
0 0 0 0 0 0O 0 0 z' 0
0 0 1/B, 0 0 O 0 o0 o0 0
_| O 1 0 -1 0 O 0 0 0 0] 7
T(z)=| 0 0 0 1/4 0 0 0 0 0 @
0 -1/ 4, 0 0 0 I 0 O 0 O
0 0 0 0 0 O 0 o0 o0 0
0 0 0 0 0 -1 0 1 0 O
0 0 0 1 0 0 0 4 0 O
[Toc/ie TpaHCIIOHUPOBAHUSA TONOJIOTUYECKasi MaTpULla IpUOGpeTaeT CAeAYIOLUN BUJ:
[0 1/ B, 0 0 0 0 0 0 0 0]
0 0 0 0 1 0 -1/4, 0 0 O
0 0 0 1/B, O 0 0 0 0 O
0 0 0 0 -1 0 0 0O 0 1
10 0 0 0 0 1/4 0 0O 0 O (8)
Tz)={o 0o o0 0o o0 o0 10 -1 0
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0 0 z" 0 0 0 0 0 0 O
0 0 0 0 0 0 0O 0 0 0]
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CooTBeTCTByOILLAsA 3TOU MaTpHILie CTPYKTypa NOCTpoeHa Ha puc. 36.
Ctpykrypa Trna IB ocHoBaHa Ha pa3J/iIoKeHUHU

H(z)=4,+

(9)

Puc. 4. CtpykTypa Tuna IB

TomnoJsiornyeckass MaTpULA 3TOH CTPYKTYpPbl UMeET BUA:

o o o0 o o 0 o0 0
0O 0 0 0 0 0 z' 0
1 =B, 0 0 0 0 0 0
/0 0 0 0 0 z' 0 O©
T()=0 0 1 -, 0 0 0 0 (10)
o o0 0 0 4 0 0 O
0O 0 4 0 0 1 0 O
4 0 0 0 0 0 1 0]
[locsie TpaHCIIOHMPOBAaHUA TOMNOJOrMYecKas MaTpuLa NpUobpeTaeT BUJ,
0 0 1 0 0 0 0 4]
0 0 -B O 0 0 0 O
0 0 0 O 1 0 4 O
o 0 o0 O -B 0 0 O
T()=lo0 0 0 0 0 4 0 0 (1)
o 0 0 z' 0 0 1 0
0 z' 0 0 0 0 0 1
00 0 0 0 0 0 0]

Ilo aTO¥ MaTpHlLie CTPOUM CTPYKTYPHYIO CXeMY, PUC. 46.
Ctrpykrypa Trna IIA ocHoBaHa Ha pa3J/iOKeHUU
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H(z)=4,+ . (12)

+
Bz+A,

Ha puc. 5a nokasaHa cTpyKTypHas cxeMa jiecTHuyHoro Ll® Tuna IIA.

Puc. 5. CtpykTypa Tuna Il1A

Ero Tomosiornyeckast MaTpuIia paBHa

O 0 0 0 0 0 z' 0]
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)= o o o0 1/B 0 0 0 0f (13)

0 -1 1 0 -4 0 0 0
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TpaHcroHupyem MaTpuuy: ~

0 1/B, 0 0 0 0 0 0

0 0 0 0 0 -1 -4 0
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o o o0 0 1/B 0 0 0
T()=o 0o 0 0 0 -4 0 I (14

O 0 0 z'" 0 0 0 0

"0 0 0 0 0 0 0

0 0 0 0 0 0 0 0]

Y CTPOUM CTPYKTYPHYIO CXeMy pHc. 56.

AHany3 MoJiyyYeHHBIX Pe3y/bTaTOB MOKa3bIBAET, YTO TPAHCIOHUPOBAHHUE JIECTHUYHBIX QUIBTPOB
NpPaKTUYECKU He NPUBOAUT K IOJYYEHUIO HOBBIX CTPYKTYP. [IpOUCXOAUT MPOCTO TpHUBHAJIbHOE U3MEHE-
HUe TOopsiiKa CJeJOBaHUs IOCIe0BaTeNbHO COe/JUHEHHBIX 6JI0KOB YMHOXKEHUS U 33J€PKKH B BETBAX

CTPYKTYPBL.
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Transposition of ladder structures of digital filters based
on decomposition of the transfer function into a chain fraction
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Abstract: A digital filter with an infinite impulse response can be implemented in an infinitely large number of
ways. Different structures have different sensitivity to the accuracy of the representation of the coefficients, a different
level of rounding noise, in which the parasitic oscillations of the limit cycle can manifest themselves in different ways.
One way to synthesize new structures is to transpose them. When transposed, the input node becomes the output
node, and the output node becomes the input node, the nodes are replaced by the adder, and the adder is switched to
nodes, the direction of all the transmissions is reversed. In this paper, transposed ladder structures, obtained by de-
composition into a continued fraction of the transfer function. As a result of the transformations it was found out that
the transposition of this class of digital filters practically does not lead to the formation of fundamentally new struc-
tures. There is a trivial change in the order of succession of the sequentially connected multiplication and delay blocks.

Keywords: IIR filter, transfer function, continued fraction, ladder structure, structure transposition, topological
matrix.
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