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Pedbepar. NpeacraBneHa nporpamma CuUHTE3a KackagHbix umdppoBbix BUX-cgunbtpos - DIFID.
Mporpamma no3BonsieT MUHUMU3UPOBATbL 3PPEKTbI KBAHTOBAHUS MEPEMEHHbIX U KO3(PULINEHTOB
dunbTpa. Ha KOHKpeTHbIX NpMMepax nokasaHa ee apPeKTUBHOCTb.

1. BBegeHune. CrHTE3 4YacCTOTHbIX LNPOBbIX PUNBTPOB CBHA3aH C pelleHueM psaa 3agad Takux,
Kak annpokcumauus Tpebyemon XxapakTepucTuKM ocrabneHus, BblIOOp MCXOOHbIX NapamMeTpoB, MOWCK
CTPYKTYpbl ¢hbunbTpa, BbiOOp cnocoba maclitabupoBaHus. Kpome Toro, ons kackagHblx BUX-cunbtpos
HeobOXx0QMMO OnpedenuTb CTPYKTYpPbl 3BEHBEB, BapuaHTbl TPYNNMPOBKU MOSOCHO-HYNEBLIX Map U
ynopsijoveHnst 3BeHbeB. Bce aTn npobnembl xenateneHO pellatb COBMECTHO C 3adadaMy MUHUMMU3auun
3hEKTOB KBAHTOBAHUSA BHYTPEHHUX NEepeMEHHbIX U KO3 UUMEHTOB nepegaTodHOn dyHKUUK bunbTpa.
OTO no3BoNdAeT pacwupuUTb [uanasoH BO3MOXHbBIX XapakTepUCTUK MPOEKTUpYeMbIX CUCTEM Ha
CYLLeCTBYIOLLMX npoLieccopax obpaboTku curHanoB, a Ans cuctem Ha 6Gase 3akasHbIX UMW Nony3akasHbIX
CBUC - ymeHbLUIUTL Nnowans Kpuctanna, notTpebnsemyto MOLHOCTb, CTOMMOCTb, CHU3UTL TpeboBaHus K
ObICTPOOENCTBMIO.

MonHyo aBTOMaTM3aLMIO CUHTE3a LUAdPOBLIX BUX-unbTpoB Ha CEroaHSAWHNA AeHb BbINOMHUTD
He BO3MOXHO. [loaTomy ucnonb3yloT Gonee NPOCTOM Noaxod, a WMEHHO Ans BblOpaHHOW CTPYKTYpbl
dunbTpa pelwarT 3agavy CMHTe3a nepegartodHon yHkuun. HecmoTps Ha 6onblioe vncno BUX-cTpykTyp,
Hambornee npuvBnekaTenbHbIMU ANs pa3paboTYMKOB OCTalOTCH KackadHble OUNbTPbl Ha 3BEHbAX MPSAMbIX
unn obpalleHHbix ¢dopmMm. Hepoctatkamym Hamboree nonynsapHbIX MporpaMMa CUHTE3a 3TUX (PUnbTPoB
ABMNSETCA TO, YTO B HUX HE OMNTUMU3NPYKOTCA WCXOAHbIE MapameTpbl, KBaHTOBaHWE Ko3ahduUMeHTOB
COOTBETCTBYET MNPOCTOMY OKPYITIEHUIO, a WCMONb3yemble Mpoueaypbl  rPynnUPOBKU-YMOPSOOYEHUS He
Bceraa adppektmBHbl. Llenb paHHOW nybnuvkauuu - npeactaBuTb NporpaMMy CUHTE3a KackaHbIX
undposbix BUX-cbunetpos DIFID (paspabotka Paguc Jlta), kotopaa cBobogHa OT 3TUX HELOCTaTKOB, U
NpoOAEMOHCTpMpPOBaTh ee 3h(PEKTUBHOCTb Ha KOHKPETHbIX NpuMepax.

2. Mporpamma DIFID. [llporpamma no3BOMSET paccyuThiBaTb KackagHole uudpposble BUX-
PUNBTPbI HWXHUX M BEPXHUX YaCTOT, MOSIOCOBbIE U PEXeKTOopHble unbTpbl. B kayecTBe aHamnoroBbIx
NpoTOTUMNOB ucnonb3ytoTcs GunbTpbl Yebbiwea, battepBopTa, beccensi, nHBepcHble YebbiweBa M
3onoTtapeBa-Kayspa. MeTog nepexoga OT npototMna K uudpoBomMy unbTpy - OunuHerHoe
npeobpasoBaHue.

CTpyKTypbl 3BEHbEB BTOPOro mnopsigka - nNpsiMas unmM kaHoHuveckast oopma mnm mx obpalleHHble

BapunaHThbl. MaCLLITa6I/IpOBaHI/Ie OocCyLllecTBNAEeTCA C NOMOLLbH L2 - Lw- mnnn 11 -HOPMbI NyTéM U3MeHeHUA

KO3(PPULIMEHTOB YNCNUTENA MepefaToyHon (PyHKUUM MM nyTeM BBeAEHUS MaclITabHbIX MHOXUTEnNewn
MeXay 3BEHbAMMU.

Ona nonyyeHWss npuemnembiX pelieHun ¢ 3afaHHOW WNU  MWHUManbHOW AONWHOW  CcrnoBa
KO3(ppMLMEHTOB MCNONb3yeTCa MeTo Bapuauuum ucxodHblx napametpoB (BWM) [1]. Bapbupyembii
napameTp HepaBHOMEPHOCTb XapakTepUCTUKM ocnabneHus B nornoce nponyckaHus [2]. MNpegycMmoTpeH
pexum 6e3 npumeHeHus BAT.

Ong  MuHMMM3auum OTHOWweHusA (WyM KBaHTOBaHus)/curHan MpUMEHSETCS  3BpUCTMYECKas
npouegypa rpynnupoBKM MOMIOCHO-HYMEBLIX Map W ynopsgoveHust 3BeHbeB [3]. Kpome TOro, MOXHO
BPY4YHYIO 3afaBaTb rpynnMpOBKN W YNOpsOoYEHNs.

Ons oueHkn 3PeKToB KBAHTOBAHWS  BHYTPEHHUX MEPEMEHHbIX, MpeACTaBeHHbIX C
(hMKCMPOBAHHOW TOYKOW, PaCCUMTLIBAIOTCA YCUIIEHME LUyMa KBaHTOBaHWS, OTHOLUEHWE LyM/curHan,
OOMOMHUTENbHOE 4YUCNo GUT ANA KOMMNEHCauuW LiymMa W BEPXHSs rpaHuua npeaenbHOro uukna npu
HyneBOM BXOAHOM CuUrHane, BblpaxeHHas B butax.

HepaBHOMEPHOCTbL B Nonoce npomnyckaHus, MUHUMansHoe ocrnabneHue B NOMNoce 3afepXvBaHus,
MakcumarnbHbId  KO3(MUUMEHT nepefadn, MaKCUMyM CreKTpanbHOW MAOTHOCTUM MOLUHOCTU  Liyma
KBaHTOBaHUSA, HepaBHOMEPHOCTb M Makcumym B3 B nonoce nponyckaHwsi OLeHMBalOTCA Ha 3agaHHOM
KOMnmMyecTBe TOYEK.

Bce nepeuncneHHble W psg  BCMOMOraTeflbHbIX MapaMeTpoB BMECTe C  MOMyYeHHbIMU
KoaghdpuumMeHTaMmm garT 4OCTAaTOYHO NOSTHY MHPOPMAaLUIO O CUHTE3MPOBaHHOM (bunbTpe.
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3. Mpumepbl cuHTe3a hunbTpoB. PaccMoTpuM cuHTE3 KackaaHblx BUX-counbTpoB ¢ NOMOLLbO
nporpammbl DIFID npu ucnonbe3oaHun BUIT n npoueaypbl rpynnupoBKM-ynopagodeHns. Monoxum, 4to
MaclWTabHble MHOXUTENW BBOASATCA MyTeM W3MEHEHWs KOIMUUMEHTOB YUCIUTENS nepegaToyHOn

PyHKUMM 1 ANs BCEX CYMMUPYIOLUUX y3noB B ounbTpe Hopmbl L L1,

OTmacLuTabrpoBaHHasi nepefaTodHas PYHKLUUS C KBAHTOBaHHBbIMU KO3hdULNEHTaMm
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Hi =1. FpaquHble 4aCTOTbl HOPpMUPOBAHbI OTHOCUTESTIbHO YaCTOTbl ANCKPETU3aLnn.

i=K+1

Mpumep 1. TpeboBaHua k uUpPoBOMY DUNBTPY HUKHUX HYaCTOT:
HepaBHOMepHOCTbL B nonoce nponyckaHus, Ab

MwuHMmanbHoe ocrnabrnieHne B nonoce 3agepxumBanus, ob

["paHnYHbIE YacTOThI
MakcumanbHbIi koadhbmuneHT nepegayu, ab

[nnHa cnoBa nepemeHHbIX 1 K03 PUUNEHTOB, OUT
AHanoroBbI NPOTOTUN

<0.3
250

0.0260, 0.0263

£Jo
16

dunsTp 3onotapesa-Kayapa

PesynbTatbl cuHTe3a : b,, =b,.,1=1,...,6,
I ay; ay; by b,
1 |-1.91833496093750 0.93347167968750 | 0.17266845703125 | -0.33520507812500
2 | -1.97045898437500 | 0.99676513671875 | 0.90466308593750 | -1.78424072265625
3 | -1.95062255859375 | 0.97277832031250 | 0.41809082031250 | -0.82153320312500
4 | -1.96502685546875 | 0.99023437500000 | 0.55767822265625 | -1.09899902343750
5 |-1.87628173828125 | 0.88238525390625 | 0.06250000000000 | -0.10308837890625
6 | -1.97259521484375 | 0.99926757812500 | 0.97259521484375 | -1.91864013671875
HepaBHOMEpPHOCTL B norioce nponyckaHus, ab 0.271 (1.535)
MwuHMmanbHoe ocrnabrneHne B nonoce 3agepxumBanus, ob 524 (54.6)
MakcmanbHbIn ko3 dUUNEHT nepedayun, ob 0.002 (-0.050)
MoLyHOCTb WyMa KBaHTOBaHMSA Ha Bbixoae, ob -55.2 (-47.70)
Mpumep 2. TpeboBaHuna k uUPPOBOMY DUNBTPY HUKHUX HYaCTOT:
HepaBHOMepHOCTL B Nofnoce nponyckaxus, ab <0.15
MwuHumanbHoe ocnabneHne B nonoce 3agepxmBaHus, ob =55
['paHWyHbIE YacToThl 0.04, 0.045
MakcumanbHbI k0adhdmUuneHT nepegayn, ab o
[nuHa crnosa nepemMeHHbIX 1 KO3 PULIMEHTOB, BUT 16

AHanoroBbIi NPOTOTMN

punbTp Yebbiwesa

PesynbTaTbl cuHTesa: b, = b,.,1 =1,...,9,

' ay a; by, b,

1 | -1.92584228515625 | 0.93127441406250 | 0.00115966796875 | 0.00225830078125
2 | -1.92193603515625 | 0.98138427734375 | 0.01391601562500 | 0.02789306640625
3 | -1.92004394531250 | 0.94165039062500 | 0.00451660156250 | 0.00903320312500
4 | -1.91619873046875 | 0.95898437500000 | 0.00750732421875 | 0.01501464843750
5 | -1.91735839843750 | 0.94952392578125 | 0.00256347656250 | 0.00512695312500
6 | -1.92315673828125 | 0.93548583984375 | 0.00415039062500 | 0.00830078125000
7 | -1.91741943359375 | 0.96966552734375 | 0.00720214843750 | 0.01434326171875
8 | -1.92736816406250 | 0.92913818359375 | 0.00402832031250 | 0.00805664062500
9 | -1.93023681640625 | 0.99371337890625 | 0.01580810546875 | 0.03155517578125
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HepaBHOMepHOCTL B Nofnoce nponyckaHus, ab

0.147 (0.434)

MwuHmanbHoe ocrnabneHune B nonoce 3agepxmsanunsg, ab 55.2 (57.5)

MakcmanbHbIn ko3 dULNEHT nepedayn, ob 0.005 (-0.682)

MoLHOCTb WyMa KBaHTOBaHMS Ha Bbixoge, ob -57.9 (-18.7)
Mpumep 3. TpeboBaHMs K NOIOCOBOMY LIMGOPOBOMY PUILTPY:

HepaBHOMepHOCTL B Nofnoce nponyckaxus, ab <3

MwuHumanbHoOe ocnabneHue B nonoce 3agepxmBaHus, ob =35

["paHnyHbIE YacToThl 0.004, 0.01, 0.4, 0.45

MakcumanbHbI k0adhdrUuneHT nepegayn, ob o

[nnHa cnoBa nepemeHHbIX, ouTt 16

[nnHa cnosa koadbdpuumneHTos, GUT 11

AHanoroBbIi NPOTOTMN

duneTp BaTTepsopTta

PesynbTathl cuHTesa: b, =0; b,;=-b,;, i=1,...,6,

'] ay 4y by,

1 1.05859375 0.28906250 0.35546875

2 | -1.91406250 0.91796875 1.57421875

3 1.44531250 0.75000000 0.23828125

4 | -1.96484375 0.96875000 2.00000000

5 1.17968750 0.43359375 0.41406250

6 | -1.88671875 0.89062500 2.26171875
HepaBHOMEpPHOCTL B norioce nponyckaHus, ab 2.838 (4.220)
MwuHmanbeHoe ocrnabneHune B nonoce 3agepxmsanunsg, ob 35.8 (37.9)
MakcnmanbHbIn k0adhULNEHT nepeaayun, b 0.004 (- 0.05)
MoLHoCTb Wyma KBaHTOBaHWS Ha Bbixode, Ab -65.1 (+1.7)

Ona cpaBHeHuMa B ckobkax npuBedeHbl napameTpbl  (PUNbTPOB, CUHTE3MPOBAHHLIX C

ucnonb3oBaHMem naketa nporpamm QEDsign-2000/demo (paspabotka Momentum Data Systems). Kak
BMAMM, ONS BCEX MPUMEPOB peLUeHWsi, HavWdeHHble ¢ nomMolbio DIFID, NonHOCTbO YAOBNETBOPSAIOT
3a4aHHbIM TpeboBaHMSAM B OTMMYME OT PeLUeHU, NonyyYeHHbIX ¢ nomoubio QEDeisgn. Kpome Toro, ans
AByx nocnegHux npumepos DIFID npuBoguT K 3Ha4YNTENBHO MEHbLLUUM MOLLHOCTAM LUyMa KBAaHTOBaHUS.

4. 3akntoyeHue. [peacraBneHHble NpMMEpPbl CUHTE3a PUNbTPOB NOATBEPXKAAT 3PPEKTUBHOCTb
nporpammbl DIFID. Bonee wvpokne uccnegoBaHUs MokasbiBaloT, 4To B cpaBHeHun ¢ QEDesign
nporpamma DIFID moxeT gaBaTb aHanorMyHble MM nydwme pesynbTatbl. OTO 3aBUMCUT OT KOHKPETHbIX
TpeboBaHun Kk duneTpam. [Nporpamma DIFID mMoxeT ObiTb YyCMNeLWHO MWCMNonb3oBaHa [ANs CUHTe3a
KackagHbIX LmdpoBbix BUX-cunbTpos, peannsyemMbix Ha 6a3e curHanbHbIX npoueccopos u MJINC.
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DIFID: A COMPUTER PROGRAM FOR EFFICIENT DESIGN OF CASCADE IIR DIGITAL FILTERS

Mingazin A.
RADIS Ltd
ala 20, 103460, Moscow, Zelenograd, Russia,
Tel/Fax (095)535-04-73, e-mail: alexmin@orc.ru

Abstract. A computer program DIFID for cascade IIR digital filter design is presented. The
program minimizes quantization effects of the inner date and filter coefficients. Its efficiency is shown
on particular examples.

1. Introduction. The design of frequency-domain digital filters is connected to the decision of a
number of problems such as an approximation of the required attenuation response, choice its initial
parameters, search of a filter structure, choice of a type of scaling. Besides for cascade IIR filters it is
necessary to define the section structures, variants of pole-zero pairing and section ordering. All these
problems need to be decided together with minimization problems of quantization effects of the inner date
and filter transfer function coefficients. It permits to expand a range of possible characteristics of
developed systems on the basis existing signal processors, and to reduce the chip area, power consume,
requirements to speed of operation and cost for systems on custom or semi-custom VLSI.

Curently the complete automation of IIR digital filter design is not possible. Therefore a more
simple approach is using, namely for a chosen filter structure a transfer function design problem is
deciding. In spite of large number of IIR structures the cascade filters on the basis direct or transposed form
sections remaine the most attractive for the developers. The deficiencies of the most popular design
computer programs for such filters are that the initial parameters are not optimized in them, the quantization
of coefficients corresponds to simple rounding and used pairing-ordering procedures are not always
effective. In this paper the cascade IIR digital filter design program - DIFID (Radis Ltd) that is free from
these limitations is presented, and its efficiency on particular examples is demonstrated.

2. DIFID program. The program permits to calculate cascade IIR lowpass, highpass, bandpass
and bandstop digital filters. As prototypes the Chebyshev, Butterworth, Bessel, inverse Chebyshev or
Zolotarev-Cauer (elliptic) analog filters are used. The transformation method from a prototype to a digital
filter is the bilinear transformation.

The second-order sections are the direct or canonic form or their transposed variants. The scaling

withL, -, L - or I, - norm is executed by change of transfer function numerator coefficients or by inserting

scaling factors between the sections.

In order to obtain the acceptable solutions with the given or minimum coefficient wordlength a
method of variation of initial parameters (VIP ) is used [1]. The varied parameter is passband ripple [2]. A
mode without application VIP is also allowed.

A heuristic procedure of the pole-zero pairing and section ordering [3] is applied for minimization of
the (quantization noise)-to-signal ratio. Besides it is possible for user to set the pairing and ordering.

The noise gain, noise-to-signal ratio, additional number of bit (to compensation of the quantization
noise) and zero-input limit cycle upper bound, expressed in bits are calculated for evaluation of quantization
effects of fixed point inner date.

The passband ripple, minimum stopband attenuation, passband gain, maximum power spectral
density of resulting output quantization noise, ripple and maximum of group delay in passband are
evaluated for given quantity of points.

All listed and number of auxiliary parameters together with obtained coefficients give reasonably
complete information about the designed filter.

3. Digital filter design examples. Let's consider fixed-point cascade IIR digital filter design by
the DIFID program in case when the VIP method and pairing-ordering procedure are used. We allow that
scaling factors are entered by change of numerator coefficients of the transfer function and for all adding

nodes in the filter the norms L [1.
The scaled transfer function with quantized coefficients is
Kby, +b,.z" +b,z7 B.(z) &
0i 11_1 21_2 I—l I—l Hi(Z).
= l+a,z +a,z A (z) I

The resulting output quantization noise power(in dB) is
—2b K
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H(z) =
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where b - the number of bits (including sign bit) needed to be kept after rounding of date inside the filter,

K

rl H, =1. The edge frequencies are normalized according to a sampling frequency.

i=K+1

Example 1. Lowpass digital filter specifications:

Passband ripple,dB

Minimum stopband attenuation, dB

Edge frequencies
Passband gain, dB

Date and coefficient wordlength, bit

Analog prototype

Design results: b,, =b,,,1=1,...,6,

<0.3

=50
0.0260, 0.0263
Lo
16

Zolotarev-Cauer filter

ay;

ay;

bOi

b,

-1.91833496093750

0.93347167968750

0.17266845703125

-0.33520507812500

-1.97045898437500

0.99676513671875

0.90466308593750

-1.78424072265625

-1.95062255859375

0.97277832031250

0.41809082031250

-0.82153320312500

-1.96502685546875

0.99023437500000

0.55767822265625

-1.09899902343750

-1.87628173828125

0.88238525390625

0.06250000000000

-0.10308837890625

OB WIN|F

-1.97259521484375

0.99926757812500

0.97259521484375

-1.91864013671875

Passband ripple,dB

Minimum stopband attenuation, dB
Passband gain, dB

Output noise power, dB

Example 2. Lowpass digital filter specifications:

Passband ripple,dB

Minimum stopband attenuation, dB
Edge frequencies

Passband gain, dB

Date and coefficient wordlength, bit
Analog prototype

0.271 (1.535)
524  (54.6)
0.002 (-0.050)
-55.2  (-47.70)
<0.15

>55

0.04, 0.045
£lo

16

Chebyshev filter

Design results: b,, =b,.,1=1,...,9,

'l ay ay; by b,

1 | -1.92584228515625 0.93127441406250 0.00115966796875 0.00225830078125
2 | -1.92193603515625 0.98138427734375 0.01391601562500 0.02789306640625
3 | -1.92004394531250 0.94165039062500 0.00451660156250 0.00903320312500
4 | -1.91619873046875 0.95898437500000 0.00750732421875 0.01501464843750
5 | -1.91735839843750 0.94952392578125 0.00256347656250 0.00512695312500
6 | -1.92315673828125 0.93548583984375 0.00415039062500 0.00830078125000
7 | -1.91741943359375 0.96966552734375 0.00720214843750 0.01434326171875
8 | -1.92736816406250 0.92913818359375 0.00402832031250 0.00805664062500
9 | -1.93023681640625 0.99371337890625 0.01580810546875 0.03155517578125
Passband ripple,dB 0.147 (0.434)

Minimum stopband attenuation, dB 55.2 (57.5)

Passband gain, dB 0.005 (-0.682)

Output noise power, dB -57.9 (-18.7)
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Example 3. Bandpass digital filter specifications:

Passband ripple,dB <3

Minimum stopband attenuation, dB =35

Edge frequencies 0.004, 0.01, 0.4, 0.45
Passband gain, dB £lo

Date wordlength, bit 16

Coefficient wordlength, bit 11

Analog prototype

Butterworth filter

Design results: b, =0; b,,=-b,, , i=1,...,6,

: ay; ay; by

1 1.05859375 0.28906250 0.35546875

2 | -1.91406250 0.91796875 1.57421875

3 1.44531250 0.75000000 0.23828125

4 | -1.96484375 0.96875000 2.00000000

5 1.17968750 0.43359375 0.41406250

6 | -1.88671875 0.89062500 2.26171875
Passband ripple,dB 2.838 (4.220)
Minimum stopband attenuation, dB 35.8 (37.9)
Passband gain, dB 0.004 (-0.05)
Output noise power, dB -65.1 (+1.7)

For the comparison in brackets the parameters of the filters designing with the use of the QEDsign-
2000/demo software package (Momentum Data Systems) are indicated. As it can be seen, for all examples
the solutions found by DIFID completely satisfy to the given specifications unlike the solutions received by
QEDeisgn. Besides for two last examples DIFID results in considerably smaller output noise powers.

4. Conclusion. The presented examples of the filter design confirm the efficiency of DIFID
program.Wider researches show that in comparison to the QEDesign software package the DIFID program
can give similar or best results. It depends on the particular filter requirements. The DIFID can be
successfully used for design of cascade IIR digital filters on the basis of DSP and PLD.
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