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PecpbepaT. PaccMoOTpeHbl MHOMOCTYNeHYaTble CUCTEMBI Npopexusanng ¢ umdgposbimm KNX- 1
BUX-dunetpamu. MpoBeaeH aHan13 BapMaHTOB NOCTPOEHUS TAKUX CUCTEM ANt KOHKPETHbIX
TpeboBaHWi C y4eTOM KOHEYHOMN AMWHbI CroBa KOIMULIMEHTOB N BHYTPEHHUX NEPEMEHHbIX B
dunbTpax.

1.BBegeHue. [Ins nNOHWXKeHUA (MPOPEXMBaHUSA) WM  MOBbIWEHUS (MHTEpPnonsuun) YacToThbl
avnckpeTMsaumm B UMGPOBOM 0OpabOTKM CUrHamoOB LUMPOKO MCMOMb3YTCA MHOroOCTyneH4YaTble CUCTEMBI,
OCHOBHbIMM 3nemMeHTamm KoTopbix aBnstoTca KUX- nnn BUX-punbTpbl HWKHMX 4acToT. CRnoXHOCTb
hunbTpoB 1M TpeboBaHue K BbICTPOAENCTBUIO ANeMeHTHON 6a3bl Ans ux peanu3aumm 3aBUCUT OT BapuaHTa
NMOCTPOEHMSI TakKOW CUCTEMbI, @ WMEHHO OT KOMnMyecTBa CTYyMEeHEeM U 3HAYEHUA MPOMEXYTOUHbIX
KO3(phMLMEHTOB MpopexusaHusa (MHTepnondumn). Yetkne pekomeHgauumu no BbIGOpYy Ny4llero BapuaHTa
natbe 3aTpygHutenbHo [1]. OpgHako, Kkorga 4YMCno BO3MOXHbIX BapuaHTOB He OYeHb BEMNUKO MOXHO
BbINONHUTL aHanu3 CIIOKHOCTU BCeX BapuaHToB. B gaHHOM coobulieHun TakonW aHanu3 npoBedeH AN
cuctem npopexunsaHusa ¢ KUX- n BUX-cunbstpamm ona KOHKPETHbIX TpeboBaHui kK AYX ¢ yueToM KOHEeYHow
ONVHBI CroBa KO3 MULMEHTOB N BHYTPEHHNX MEPEMEHHbIX.

2.TpeboBaHuAa Kk cucteme npopexuBaHus. KoacddpuumeHt npopexusaHua K=16. AUX cunbtpa
HWXXHUX YacTOT AOMKHA yAOBNETBOPATb Crieayowum TpeboBaHNSM:

MaKcKhMarbHas HepaBHOMEPHOCTb B NMOSIOCE NPOMycKaHus Aa . =0.105B,
MUHMManbHoe ocnabneHue B nonoce 3agepxusadua a . =80ab,
rpaHU4yHasi YacToTa NMosocCkl NPONyCcKaHUA f,=0.004,

rpaHU4Hasi YacToTa MosoChl 3a4epPXKMBaHUS f,=0.0585.

YKaszaHHble 4acTOoTbl HOPMUPOBaHbI OTHOCUTENBHO MaKCUMAarbHOW 4acTOTbl AUCKPETM3auuu B cucTeme
npopexuBaHus. Kak Buaum TpebyeTcss [OCTATOMHO Y3KOMOMOCHbIM  UNBLTP C  KO3PDULUEHTOM
npsiMoyrofibHocT! = 15.

Ons paHHoro K=16 Hapsgy C OOHOCTYMNEH4YaToW CTPYKTYPOW MOXHO MONy4uTb 7 BapuaHTOB
MHOTOCTyneH4aTbix CTpYKTyp ¢ K=4 X4, 8X2 2X8, 2X4X2, 4X2X2 2X2X4 n 2X2X2X2.
Hanpumep, BapuaHT ¢ K=8X2 o03HayaeT [BYXCTYMeH4YaTyld CTPYKTYpPy C  MNPOMEXYTOYHLIMU
KoadhduumeHTaMmmn npopexmnsaHnsa 8 n 2 n vyactotamm guckpetnsauum 1, 1/8 n 1/16. TpeboBaHna k AYX
PUNBLTPOB Ha KaXaoWn CTyNeHu onpeaensaTcs cornacHo metoaumke [1].

3.Mporpammbl ana pacyeta punbTpoB. [Ana pacyeta KUX-punbTpoB npsmor opMbl NPUMEHNUM
nporpammy 13 [2], BKMIOYMB B Hee npouenypy OKpyrneHns koadduumneHtoB. MuHUManbHas AnvHa crosa
KO3(pPMLIMEHTOB YCTaHaBNMBaETCA MyTEM UTepauuin, HaunMHas C HEKOTOPOro 3aBeJOMO Marnoro 3HavyeHus
ONVHbI.

[Ona pacyeta kackagHbolx BWUX-cunbtpoB wucnonb3dyem nporpammy DIFID [3] B pexume
MUHMMU3aUUM OUHbI CroBa KO3MMULIMEHTOB UM OTHOLWIEHUS (LUYyM OKpYrfieHus)/curHam npu criegyrowmnx
yCTaHOBKax: aHanorosbli npototun — unbtp 3onotapea-Kayaspa, popma 3BeHbEB — npsimas, HopMa Ansi

MaCLLITa6MpOBaHMF| -Loo, MacwTabHble MHOXWUTENW BBOOATCSA nytem Wu3MeHeHuda KOSC*)(*)I/ILI,I/IGHTOB
ynucnuTenemn nepegaTtoYHbIX (byHKLI,MM 3BEHbLEB.

[Ona npomexyTouHbIX KOI(MDULMEHTOB MNPOPEXMBAHUSA PaBHbIX 2 C MOMOLLbIO 3TUX MNporpamm
MOXHO paccumtatb nonynonocHble KMX- n BUX-punbTpbl, YacTb KOSMPULNEHTOB KOTOPbLIX PaBHa Hymio.

Bocnonb3ayemcs 3To BO3MOXHOCTbIO AJ1sl BapyaHTa 2 X2 X2 X2,

4.Pesynbtatbl. B Tabnuue npeactaeneHol TpeboBaHus k AYX ang  Bcex BapuaHTOB
MHOFOCTYMeH4YaTbIX CUCTEM MPOPEXMBAHUSA W MONyYEHHbIE 3HAYEeHUsI NapamMeTpoB PUNbTPOB.
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Tabnvuya
BapuaHTt CryneHb | Ag ,ab f1 f2 KNX-dounbTpbl BUX-cpmnbTpbl
M N M A
16 1 0.1 0.004 | 0.0585 19 4 10 7
9
4x4 1 0.05 0.004 | 0.246 15 3 7 5
2 0.05 0.016 | 0.234 2 16 4 6 4
17
8X%X2 1 0.05 0.004 | 0.121 18 3 10 6
2 0.05 0.032 | 0.468 6 9 3 4 1
6
2%X8 1 0.05 0.004 | 0.496 3 2 3 1
2 0.05 0.008 | 0.117 35 19 4 9 5
4X2X%X2 1 0.0167 0.004 | 0.246 12 15 3 7 5
2 0.0167 0.016 | 0.484 5 13 2 7 2
3 0.0167 0.032 | 0.468 6 9 3 5 1
2X4X2 1 0.0167 0.004 | 0.496 3 2 3 1
2 0.0167 0.008 | 0.242 16 16 3 7 5
3 0.0167 0.032 | 0.468 6 9 3 5 1
2X2X4 1 0.0167 0.004 | 0.496 3 3 2 3 1
2 0.0167 0.008 | 0.492 3 3 2 4 1
3 0.0167 0.016 | 0.234 17 17 4 7 4
2X2X2X2 1 0.0125 0.004 | 0.496 3(6) 3(5) 2(3) | 3(2) | 1(1)
2 0.0125 0.008 | 0.492 3(6) 3(5) 2(3) | 4(2) | 1(1)
3 0.0125 0.016 | 0.484 5(6) 11(5) 2(3) | 7(8) | 2(1)
4 0.0125 0.032 | 0.468 6(6) 9(10) 3(4) | 5(5) | 1(1)
3oecb N — nopsgok dunbtpa, M —anmHa cnoBa ApoGHOM 4acTM ABOUYHBLIX  KOS(PMPUULMEHTOB C

cukcmpoBaHHOM ToukoW, A -gononHuTenbHas AnuHa crioBa HeobxoauMas Afs KOMMeHcauuu yCuieHus
Wwyma okpyrneHuss B BUX-cTpykType. YactoTl f, ¥ f, HOPMMPOBaHbI OTHOCUTEMBHO YacTOTh

AMCKpeTM3auun Ha JaHHOW CTyNeHu npopexusaHus. [ns scex gpunbTpos Ha nobon ctynewn a . =80a6. B
ckobkax ykasaHbl 3HauyeHna N, M v A ans nonynonocHbIX gunbTPOoB.

5.BbiBoabl. AHann3 faHHbIX B Tabnuvue no3sonseT caenatb cneylowme BbiBOAbl. MUHUMAabHbIN
CyMMapHbIi nopsgok unetpoB ansg KNX-CTpyKTyp COOTBETCTBYET BapuaHTy 2X2X2X2 a gna BbUX-
CTPYKTYp — BapuaHTy 16. 3HaveHua anuHbl cnoBa koadduumneHtoB ansg KUX- Gonblie, yem ana BUX-
CTPYKTYp. HaumeHblUne 3HayeHWss p[awT Tpex- WU JeTblpexcTyneHyatole BUX-cTpykTypbl. BapuaHT
2X2X2X2 (NonynonocHbIi crnyyai) obnagaeT nyywuMm LWyMOBbIMK cBocTBamu (Manbie AA), yem gpyrue.
OpHako emy COOTBETCTBYET MakCUMarbHbIA CyMMapHbIA NOPSAOK M3 BCeEX BapuaHToB ¢ BUX-cTpykTypamu.
OdanbHenwmnn aHanua MoCTPOEHMS CUCTEMbI MPOPEXMBaHMS HEeOOXOAMMO MpoBOAUTE C  Y4ETOM
OOMNONHUTENbHBIX TPeOOBaHUA K MPOEKTY, 0COBEHHOCTEN peanunsalmm 1 UCMNosib3yeMON 3r1EMEHTHON 6asbl.
[ns ucnonHeHns Ha OCHOBE 3aka3HbIX UM nonysakasHbix CBVC no-sBungnmomy 6onee npurogHbl BApuaHThbI
2X2X4n2X2X%X2X%X2 c BUX-hunbtpammn n 2xX2X2x%x2 ¢ KUX-cpunetpamu.
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Abstract. Multistage decimating systems with FIR and IIR digital filers are considered. The
analysis of configurations in such systems for given requirements is executed with the finite
wordlength of filter coefficients and internal filter variables.

1. Introduction. Methods of decrease (decimation) and increase (interpolation) of the sampling
frequency are widely applied in digital signal processing. For this aim multistage systems are used. The
basic elements of these systems are FIR or IIR low-pass digital filters. Complexity of the filters and the
requirement to speed of element base for their realization depends on the variant of structure of such
system, namely on quantity of stages and values of intermediate decimation (interpolation) factors. It is
difficult to give precise recommendations for the choice of the best variant [1]. However the analysis of
complexity for all possible variants can be made when their number is not large. In this paper such analysis
is executed for decimating systems using FIR and IIR filters with the finite wordlength of coefficients and
internal variables.

2. Requirements to decimating system. Decimating factor is K=16. The magnitude response of
the low-pass filter should meet the following requirements:

the maximal passband ripple ~ Aa_, =0.1dB,
the minimal stopband attenuation a_, =80dB,
the passband edge /,=0.004,

the stopband edge /,=0.0585.
The specified frequencies are normalized in relation to the maximal sampling frequency in the decimating
system. As we see the narrow-band filter with f, / f; LJ15 is required.
For given K=16 we can receive besides one-stage still 7 variants of multistage structures with K
=4x4, 88X, 2XE, 2X4X2, 4x2x2, 2%X2%x4 and 2x%X2x2x2. For example the variant with K
=8%X2 means two-stage structure with intermediate decimation factors 8 and 2 and the sampling

frequencies 1, 1/8 and 1/16. The requirements to magnitude response filters at each stage are defined
according to a technique [1].

3. Programs for calculation of filters. For the calculation of FIR direct form digital filters we apply
the program from [2] adding the coefficient rounding procedure. The minimal coefficient wordlength is
established by iterations.

For the calculation of cascade IIR digital filters we use program DIFID [3] in a mode of minimization
of the coefficient wordlength and (roundoff noise )/signal at the following installations: the analog prototype
is Zolotarev-Cauer filter, the structure of second order sections is the direct form, norm for scaling is L, -
norm, the scaling multipliers are entered by change of numerator coefficients of section transfer functions.

For intermediate decimation factors equal 2 by these programs it is possible to calculate half-band
FIR and IIR digital filters. For these filters some coefficients are equal to zero. Let’s use these filters in the
structure with 2xX2x2x2 .

4. Results. The requirements to magnitude response for all variants of multistage decimating
systems and received values of filter parameters are shown in the table. Here N is the filter order, M is

the mantissa wordlength of binary fixed point coefficients, A is the additional wordlength for compensation
of the roundoff noise gain in IIR digital filters. The frequencies f, and f, are normalized in relation to the
sampling frequency at the given decimation stage. For all filters at any stage a_,, =80dB. Values N, M and
A\ in brackets are corresponds to the half-band filters.

5. Conclusions. The analysis of the data in the table allows to draw the following conclusions. The
minimal total order filter corresponds to the variant 2X2X2X2 for FIR structures and variant 16 for IIR
structures. The coefficient wordlengths for FIR are more than for IIR structures. Three and four-stage IIR

—3-
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structures have the minimal wordlengths. The variant 2X2 X2 X2 with half-band IIR digital filters possess the
best noise properties (smallA) than others. However this variant has the maximal total order among all IIR
structures. The further analysis of the decimating system should take into account additional requirements to
project, features of realization and used element base. For hardware implementation on the basis of custom
or semicustom VLSI the variants 2X2X4 and 2X2Xx2X2 with IR and variants 2X2X2X2 with FIR digital
filters are apparently more suitable.

Table
Variant Stage Aa_. ,dB fi £ FIRfilters [IR-filters
M N M A
16 1 0.1 0.004 | 0.0585 19 4 10 7
9
4x4 1 0.05 0.004 | 0.246 15 3 7 5
2 0.05 0.016 | 0.234 2 16 4 6 4
17
8x2 1 0.05 0.004 | 0.121 18 3 10
2 0.05 0.032 | 0.468 6 9 3 4 1
6
2X%8 1 0.05 0.004 | 0.496 3 2 3 1
2 0.05 0.008 | 0117 | 35 19 4 9 5
4X2X2 1 0.0167 0.004 | 0.246 | 12 15 3 7 5
2 0.0167 0.016 | 0.484 5 13 2 7 2
3 0.0167 0.032 | 0.468 6 9 3 5 1
2X4X2 1 0.0167 0.004 | 0.496 3 2 3 1
2 0.0167 0.008 | 0.242 | 16 16 3 7 5
3 0.0167 0.032 | 0.468 6 9 3 5 1
2X2X4 1 0.0167 0.004 | 0.496 3 3 2 3 1
2 0.0167 0.008 | 0.492 3 3 2 4 1
3 0.0167 0.016 | 0.234 | 17 17 4 7 4
2X2X2X2 1 0.0125 0.004 | 0.496 | 3(6) | 3(5) | 2(3) | 3(2) | 1(1)
2 0.0125 0.008 | 0.492 | 3(6) | 3(5) | 2(3) | 4(2) | 1(1)
3 0.0125 0.016 | 0.484 | 5(6) | 11(5) | 2(3) | 7(8) | 2(1)
4 0.0125 0.032 | 0.468 | 6(6) | 9(10) | 3(4) | 5(5) | 1(1)
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