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Pedepar. IlpennoxeHsl OBe HOBBIC pealH3aldd HU(GPOBOro (GHIBTPa BTOPOrO MOPAAKAa HA OCHOBE ONHCAHUS B IIPOCTPAHCTBE
COCTOSIHMI, B KOTOPBIX MCIIONB3YeTCs paclpesielieHHas apudMeTHKa W MyJbTHIUIEKcHpoBaHue. Kakaas peanmsaiyst COAEPKHT TOJBKO OJHUH
AKKyMYJIATOP.

B mudpoBeix ¢umpTpax Ha ocHoBe omwmcaHus B mpoctpancTtBe coctosHui (IIC) MOXXHO yCTpaHUTH
KOJIeOaHUSI TIEPENOTHEHHS TIPH JIIOOBIX 3HAYEHHUSAX IOJIOCOB MEpeAaTOYHON (YHKIIMH W OTHOBPEMEHHO IMOJIYYHTh
HU3KYI0 KO3(h(HUIIMEHTHYIO YyBCTBUTEIHLHOCTh W ONTHMAJbHBIE IMTyMOBBIE Xapakrepuctuku [l1]. Mcmonp3oBaHue
MapaJuiebHBIX WM KackamHbelx (opMm Ha 6a3e I1C-3BeHbEB BTOPOro TOpPSAKA TO3BOJISIET YMEHBIIUTH oOOIIee
KOJINYECTBO YMHOXHUTENEH B cTpykType dhunbrpa. Onuako [1C-3B€HO COEPKUT NEBITH YMHOXHTENIEH BMECTO IISTH,
TpeOYIOIMXCS B 3BEHE MpsMOl (OpMBI. YNPOCTUTH ammapaTypHytoo peanusanuioo [IC-3BeHa MOXHO IyTEM
HCTIONB30BaHUsI PACTIPEICICHHON apupMeTUKA. YalT [2,3] Mpeiokuin COOTBETCTBYIONIYIO pean3alliio, B KOTOPOH
UMEIOTC TpU akkymynsatopa u oxno [I3Y. B maHHOM COOOIICHWHM MpPEUIOKEHBI JBE JIPYTHC pealu3allvy,
BKITIOYAFOIIHE TOJIBKO OJTUH aKKyMysiTop u oHO [13Y. Dddekt nqocturaercs Onarogapss MyJIbTHILICKCHPOBAHUIO.

I1C-3BeHO OMUCHIBACTCS CIICAYIOIICH CHCTEMOW Pa3HOCTHBIX YpaBHCHHI

'

X, =a,X, +a,x, +bu,

X, =a5X, +a,x, +b,u, @)
y, =¢,X, +¢,x, +du_,
rae un 158 yn— BXOJHAas1T W BbIXOJHAas HepeMeHHI)Ie, Xn’Xn - HepeMeHHLIe COCTOsAHHA, aj,bj,Cj,d

K03(hpULMEHTHI.
CooTBeTCTBYIOIIAS CTPYKTYpa 3BEHA MpHUBEACHA Ha pHC.la. 3mech OJOK A O3HaYaeT aKKyMyJIsITOp, a OJIOK

7' onement 3aJICPKKH.

Kak BuaHO, HEOOXOIUMO BBIMOJHHUTH TPH CYMMBI HpOM3BeACHMM. [Ipu peanm3amuu STOro 3BEHA C
pacnpenenenHoir apudmerukoiri Tpedyercs tpu I13Y ¢ opranmsamueit 8 cinoB mo B Our m Tpm B-paspsaHbIx
akkymyJsitopa. [t mpoCcTOTHI 3/1eCh, Kak U B [2,3], IPUHATO, YTO pa3psaHOCTH mepeMeHHbIX, [13Y u akkymynsaropa
WICHTHYHBI, XOTS Ha CaMOM JieJie OHM MOTYT CyIecTBeHHO paznudarbes [4]. CormacHo (1) Bce cyMMBI IpOU3BEIEHUI
BEITTONTHAIOTCS U ONHUX M TeX XK€ MEepPeMEHHBIX, M03TOMy BMecTo Tpex [I3Y MoKHO HCmonb30BaTh OXHO, HO C
opranm3arnueir 8 cimo mo 3B Our [2,3], xak moka3aHo Ha puc.10. BBejaeHHe HOMOTHUTENHHBIX JIOTHYECKHX CXEM
MO3BOJISIET COKPaTUTh KoymdecTBO ciioB B I13Y mo 4 [3]. M3-3a mopa3psaHoii 00pabOTKY Il BEIYUCICHHS OJTHOTO
BEIXOJTHOTO oTcuera TpeOyercs B TakToB. OOpaboTka cpa3y HECKONBKHX OWT yBEIMYHBACT OBICTPOACHUCTBHE, HO
NpUBOIMT K pocty obObema [I3Y wmmm k yBenmyenuro kosmuectBa [I3Y M HEOOXOOMMOCTH — MCIIONIB30BAHMS
JIOTIOJTHUTENBHBIX CYyMMaTopoB [2,3].

PaccmoTrpuM Teneps ypaBHEHHE BUA

5
Vi = Bo,kwk +ZBi,ka—i' 2)
i=1
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Puc.1 Crpyicrvpa [TC-3EEHA a) H £T0 PEAMSZAITHA C PacpefencHHol apuhmMeTimoi [2,3]6).
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[Tyctp nepuoauyecku usMeHsieMble Kod(duimeHTs! Bi w» 1=0...5, k=0,1,2,... cBa3aHbl ¢ KodddUIEHTaMK

cuctemsi (1) cormacro Tabm. 1, mpuuem B, ., =P, ., a W, =u, npuk=0,1,2,

Tabuuma 1.
k BO,k Bl,k Bz,k B3,k B4,k BS,k
0 bI 0 a, a, 0 0
1 b2 0 0 a, a, 0
2 d 0 0 0 c, c,

W, =Uu,,, npu k=3,4,5 u T.1., TOr1a nepeMeHHble ypaBHeHUs (2) OyayT CBA3aHBI C NepeMEHHBIMU cucTeMbl (1)
COTJIacHO Tabi.2. DTy TabNuIly JIEerKo MpoaoDKUTh it k>3.

Tabymma 2.
K Wy Vi Vi Vs Vi Vis
0 u, Yo X;l XL; Yuo X;H
! u, X;H Yoo XL, XL; Y2
2 u, Xvn+1 X;;+1 Yo XL1 X;;
3 un+1 yl’l X;l+1 X'[;_H Yn—l X;l
W3 tabn.2 cnepyer, yro V,_, =Yy, , npu k=0, Vv, , =Yy, npu k=3 u t.1. IlooTOMy a1 peanusanuu

cucteMbl (1), MOXET OBITh WUCIIOJIE30BAaHO ypaBHEHHE (2), KOTOpOE MO CYIIECTBY OIUCHIBACT MYIJBTHILICKCHOC
UCIIOJTHEHHE PAacCMaTPHBAaEMOTO 3BEHa.

[1C-3BeHO ¢ pacripeneneHHON apu(METHKO, COOTBETCTBYIONIEE YpaBHEHUIO (2), Ipe/CTaBIeHO Ha pHc.2a.
B nem ucnonssyetcst oxuo I13Y ¢ oprannzanueii 128 cnoB 1o B OUT u 0MH aKKyMyJsTOp, @ HE TPH Kak Ha puc.10.
JlBa HezameWcTBOBaHHBIX azapeca [I3Y HeoOXomWMBI I  TIOOYEPETHOTO BBHIOOpa OOJACTeW  TaMsTH,
COOTBETCTBYIOIIMX OTHOMY W3 TpeX HaOopoB koddduimentoB tabm.l. Jlpyroii BapmanT peanusanuu I[1C-3BeHa
TIpUBEICH Ha puC.20. 3a cueT BBEJACHHS JBYX KOMMYyTaTtopoB Tpebyercs [I3Y ¢ opranusammeit 32 ciosa mo B Our.
3aMeTHM, YTO HWCIIOJIb30BAHWE JOTIOJHUTEIHHBIX JIOTHUECKHX cxeM [3] B peamm3anmsx Ha pwuc.2a,0 IMO3BOJSIET
COKpaTHTh KonmdecTBO coB B [13Y B 1Ba pasa. M3-3a MynbTUILICKCHPOBaHUS TpeiaraeMbie peanusanuu [1C-38eHa
YCTYMaroT B OBICTPOACHCTBUU peanu3anuu Ha puc.10 (B Tpu pasza) U TpeOYHOT HEKOTOPOTO YCIOKHCHHS YCTPOMCTBA
CHUHXPOHU3AIUH.
[1C-3BeHBs ¢ pacmpefecHHOW apu(pMETUKOM, PUBEICHHEIC 3/1eCh U B [2,3], OTIHYAOTCS 00BEMOM, KOJIHMYCCTBOM U
opranuzarmeii [13Y, KOIMYECTBOM aKKyMyJSATOPOB, 3JCMEHTOB 3aJICPKKA M JIOTMOJNHHUTEIBHBIX CYMMaTOPOB,
CJIOKHOCTBIO YCTPOMCTB CHHXPOHHM3AIMU M OBICTpozeiicTBHEM. BBIOOp TOro mnm MHOTO TMOCTpOeHWs 3BeHa Oyaer
OTIPEICIIATLCS HMCIIOJIb3YEMOU JIIEMEHTHON 0a30i, TpeOOBaHMSIMH K KOHKPETHOMY IPOEKTY W Ooliee IeTaTbHOM
MpopaboTKOH (YHKIMOHANBHBIX W TPUHIWOHAIGHEIX cxeM. llpeanmoxennsie peamm3amu [1C-3BeHBEB maioT
JIOTIOJTHUTEIIFHBIE CTETIEHH CBOOO/IBI IIPH MPOSKTUPOBAHUH ITH(POBBIX (HIBTPOB C pacTpeieIeHHON apu(pMEeTUKOH Ha
ocHoge 3aka3HbIx CBUC.
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Abstract. Two new realizations of a second-order state-space digital filter using distributed arithmetic and multiplexing are proposed.
Each realization contains only one accumulator.

In state-space digital filters it is possible to eliminate overflow oscillations for any pole locations of a transfer
function and simultaneously to achieve low coefficient sensitivity and optimum roundoff noise behaviors [1]. The use
of parallel or cascade forms on the base of second-order state-space sections permits to reduce the number of
multipliers. However, the state-space section contains nine multipliers instead of five that are required for a direct
form section. A hardware realization of the state-space sections can be simplified by use of a distributed arithmetic.
White [2,3] has offered the appropriate realization that contains three accumulators and one ROM. In the given paper
two other realizations, including only one accumulator and one ROM, are presented. The effect is received by
multiplexing.

The state-space section is described by the following difference equation system
X, =aX,+a,x, +bu,

Xn-%—l = aSXn +a4Xn +b2un (l)

y, =¢,X, +¢,x, +du,,

where U and Yy, are the input and output variables, X and X: are the state variables, a j,b i7Ci and d -

n

coefficients.
The appropriate structure of the section is indicated on fig.1a. Here the block A is the accumulator and block

A z-1 Xln-l

z s the delay element.

ROM
u, w1 B B 1
. - o
1 E E

¥ a :
Fig 1. Structure of state-space section a) and its distributed anthmetic realization [2,3] b).

As can be seen it is necessary to execute three sums of products. The realization of this section with
distributed arithmetic requires three ROM’s organized as 8 words on B bitsin each and three B-bit accumulators. Here
for simplicity as well as in [2,3] it is accepted that wordlengths of the variables, ROM and accumulator are identical,
though actually they can be essentially distinguished [4]. According to (1) all sums of products are executed for same
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variables, therefore instead of three ROM’s it is possible to use the one, but with organization of 8§ words on 3B bits
[2,3], as shown in Fig.1b. The introduction of the additional logic circuits permits to reduce the number of words in
ROM up to 4 [3]. Because of bit- by-bit processing for calculation of one output sample it is required B clock periods.
The processing of several bits at a time increases the speed but results to the growth of the ROM size or to increase
the number of ROM’s and necessity of use of additional adders [2,3].

We shall consider now an equation

5
Vi = Bo,kwk + ZBi,ka—i' 2)
i=1
Let the periodically varied coefficients Bi’k, i=0...5, k=0,1,2,... are connected to coefficients of the system (1)

according to Table 1 and Bi’k+3 :Bi,k’ and W, =u, at k=0,1and2, W, =u,_,

Table 1
Kl Box | B | Box | Bsx | Bax | Bsy
0 ‘b1 0 a, a, 0 0
1 b2 0 0 a, a, 0
2 d 0 0 0 c, c,

at k=3, 4 and 5, etc., then the variables of the equation (2) and system (1) will be connected according to Table 2. This
table easily to continue for k>3.

Table 2
Kol w, Vi Vi Vis Vi Vs
0 u, Yoo X;] X: Yoo X;H
I u, X;H Yo X'n X: )
2 un X;1+| X;;+I y“fl X'n X;;
3 un-¢—1 Yn X;]+| X:.H Yn—l Xyn

From Table 2 follows, that v, |, =y, _, atk=0, v,_, =Yy, atk=3, etc. Therefore the equation (2) can be

used for realization of the system (1). The equation (2) in essence describes a multiplex implementation of the
considered section.

The distributed arithmetic state-space section appropriate to the equation (2) is shown on Fig.2a. It uses one
ROM organized as 128 words on B bit and one accumulator instead of three as on Fig. 1b. Two uninvolved address of
ROM are necessary for periodical choice of memory contents, appropriate to one of three sets of the coefficients from
Table 1. Other realization variant of the state-space section is shown on Fig. 2b. The introduction of two switches
result in ROM organized as 32 words on B bit. We shall notice that use of the additional logic circuits [3] in
realizations on fig. 2a,b permits to reduce the number of words in ROM in two times. Because of multiplexing the
proposed realizations of the state-space section concede in speed of the realization on Fig. 1b (in three times) and
require some complication of a control unit.

w1
k
w1
—*ROM r 1 |ROM
——
2]
b

a b

Fig.2. Distributed arithmetic state-space sections: a) without switches and b) with switches,
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The distributed arithmetic state-space sections indicated here and in [2,3] differ in the memory size, number
and organization of ROM’s, the number of accumulators, delay elements and additional adders, complexity of a
control unit and speed. The choice of that or other construction of the section will be defined by the used element
base, requirements to the particular project and more detailed development of the functional and basic circuits. The
proposed realizations of the state-space section give additional degrees of freedom at designing of digital filters with
distributed arithmetic on the basis of custom VLSI.
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