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Pedepar. PaccmoTpeHbl 0COBEHHOCTM U BO3MOXHOCTM MeETOAa Bapuauun  UCXOOHbIX
napameTpoB B 3aayax CuHTe3a u aHanmsa undposbix BUX- n KNX-pnneTpoB ¢ KOHEYHON ANMHON
cnosa Ko3a(hu1LIMEHTOB.

1. BBegeHue. [Ina cuHTe3a LMMPOBbLIX (PUMLTPOB C KOHEYHOW AMWHOM CnoBa Ko3(MULIMEHTOB
MOXHO MPUMEHNTb OAMH 13 AByX nogaxonos [1]. MNepBbIn OCHOBaH Ha BapuaumyM UCKOMbIX KO3IhULNEHTOB
(BK) Ha OUCKpPEeTHOM MHOXECTBE WX 3Ha4YeHul, a BTOPOW - Ha Bapuauuum UCXOAHbIX napametpos (BUIT).
Metog BWIT un3yyeH B MeHblen cteneHn. OOHUM U3 €ro MNpeMMyLLEeCTB SBMSIETCA Maroe Yucho
He3aBUCKMMbIX NMepeMeHHbIX. B gaHHom ctaTbe obcyxpalTcsi 0COBEHHOCTM M BO3MOXHOCTU MeToga BUI
npu pelleHnn 3agady cuHTe3a n aHanuaa umdgposbix BUX- n KUX-chunbTpos.

2. MeTtoa BUIN u ero ocobeHHocTn. BonbluMHCTBO paboT, B KOTOPLIX paccMoTpeH meton BUIT,
NOCBSILLEHbl CUMHTE3Y YaCTOTHbIX KackaaHbIX ungpoBbix BUX-punbTpoB. Hike meToa manoxeH 6e3 Takoro
orpaHnyeHus. CCbInkn Ha MHOrMe ctaTbM, YNOMSAHYTbIE B [1], onyLLeHbI.

2.1. Obnacmb 0GonycmumbiX UCXO0HbIX Mapamempos. [Ona cuHTe3a UIbTPOB HeobXoaAMMO
3agaTtb ncxogHble napameTpbl. COOTBETCTBYOLWMUIA NOPSAOOK nepesaToyHon OyHKLUUKN 06bIYHO BbiGupaeTcs
Tak, YTo TpeboBaHUA K xapakTepuctuke unbTpa yaoBNeTBOPsTCS € 3anacom. [Mpu 3Tom cywecTtByeT
HekoTopasi obnacTb AOMYCTMMbIX UCXOAHbLIX MapameTpoB S. PacueT dwmnbTpa ans nwbor Toukm B S
NpMBOOUT K NPUEMIIEMON (OO0MYCTMMOW) XapaKTEPUCTUKE.

2.2. KoagpbgbuyueHmsi ¢punsmpa Kak hyHKUUU UCXOOHbIX napamempos. Vickomble KO3IpULMEHTbI
dunbTpa ABAAIOTCA HEKOTOPLIMU OYHKLMAMU UCXOAHbIX napameTpoB. Bua gyHKUMM 3aBUCUT OT MeToda
annpokcumaumm Tpebyemon xapaktepucTuki. KeaHTOBaHWe KOS(PMUUMEHTOB AenaeT 3Tu  yHKLMK
anckpeTHbIMU. B o6nactu ucxoaHbIx napamMeTpoB OHU 06pasyloT CNOXHbIE NepeceyeHus.

2.3. 3ameHa nepemeHHbIx. KBaHTOBaHME KOIMULMEHTOB, PACCUUTAHHbIX ANSl TOYKM B S, MOXET
npuMBeCTU K HeyooBNeTBOPUTENbHOW XxapakTepuctuke dunetpa. OpHako npuMmeHeHne BK  moxeTt
ucnpasuTb 3Ty cutyaumo. Bmecto BK moxHO ncnone3sosats BUI. Takas 3ameHa nepeMeHHbIX NpuBOaUT K
MOUCKY TOYKM B S, ANsi KOTOPOW MOCre pacyeTa U KBaHTOBaHWA KO3((PULIMEHTOB xapakTepuctuka byaet
Haunyywen nnu onycTMmon.

2.4. YmeHbweHue pasmepHocmu. Pa3mepHOCTb BekTopa KO3(MULMEHTOB 3aBUCUT OT nopsaka
dunbTpa, a BEKTOpa UCXOAHbIX MApaMeTpoB - OT Tuna unbTpa 1 BUAA annpokcumaumm u He 3aBUCUT OT
nopsigka cdunbetpa. Hanpumep, ana ®HY 3onotapeBa-Kayspa (annuntuyeckue unbTpbl) pasMepHOCTb
BEKTOpa NapamMeTpoB paBHa BCErO TPEM.

2.5. Cmpykmypa obnacmu S. B obwem cnydyae cTpyktypa S MMeEeT CrOXHbI AUCKPETHBIN
xapaktep. Kaxgomy 3HauyeHuIo BeKTopa KBAHTOBaHHbIX KO3(MULMEHTOB COOTBETCTBYET onpeaerieHHas
nogobnacte B S. CTpykTypy S B cnydae Tpex napaMeTpoB MOXHO 06pasHO CpaBHWUTb CO CTPYKTYpoW
rpaHaTa, a MoOUCK HannyyLlen xapakTepUCTUkM unbTpa - C MOUCKOM CaMoro Cnaakoro 3epHblLLKa.

2.6. Ympama pa3mepa u pasHomepHocmu waza eapuayuu. OBbl4HO KO3(hDULMEHTBI KBAHTYIOTCS
C paBHOMEpPHbLIM LIAroM ¢, paBHbIM CTeNeHU Yyucna Asa. [103ToMy o4YeHb Nnerko BapbuUpoBaTb 3HAYEHUAMU
KBAHTOBAHHbIX KO3((UUMEHTOB. YNOMsIHYTble Nogobrnactv B S MMEKT pasHble pasmepbl U hopMbl.
Moatomy nepebpaTb ux 6e3 NponyckoB M MOBTOPOB OLIEHOK Ka4eCTBa XapakKTepPUCTUKM 3aTpyaHUTENbHO.
3ameHa BK Ha BUIT npuBoauT K yTpaTte pa3mepa 1 paBHOMEPHOCTM Liara BapuaLlmm.

2.7. OnpedeneHue u KoppeKkuusi pasamepa waza. Ha kKOHe4YHOM WHTepBane M3MeHeHUs TOro Wnu
WHOTO WCXOQHOro napameTpa WMMeeTCs KOHEYHOe YMCMO OTPE3KOB pas3HOW ANWHbI, KaXAOMY W3 HUX
COOTBETCTBYET CBOW BEKTOP KBaHTOBaHHbIX KO3huuneHToB. BekTopbl Ans cocegHux OTpPe3KoB
OTNIUYAOTCA Ha BenuuMHy . OTOT akT NO3BONSEeT B MNpoLecce MNouCKa peLleHns onpeaensite U
KOppEeKTMpOBaTb TEKyLLMIN pa3Mep Liar Bapuauuu, 4tobbl Ha KaKaoM OTpeske AenaTtb Nullb OAHY OLEHKY
KayecTBa XxapakTepuUCTUKN punbTpa.

2.8. Xopowue HayasibHble mMOYKuU. HavanbHble TOYkM B 06ractm S MOXHO BblGpaTb Tak, YTO B
COOTBETCTBYIOLUUX UM BeKTOpax KOIPDULMEHTOB YaCTb KOMMOHEHTOB OKaXeTCA KBAHTOBAHHOW C LLArom

Jmax 0€3 NpeaHamepeHHoro nx keaHToBaHma. Mpu q = (.. B S nMeeTcsa xoTa Bbl 0AHA U3 YNOMSAHYTLIX

TO4YeK, a npu q>qmaxOHI/1 OTCYTCTBYIOT. Bbl60p TOYEK XenaTenbHO BbIMNOMHUTL Tak, 4YTOObI 3TU

KBAHTOBaHHbIE KOMMOHEHTbl ObiNMM M3 4yucra OOMWHMPYKOLWUX, T.e. Hanboree CUMbHO BIUSAKOLIMUX Ha
XapaKTepuCcTUKy punbTtpa.
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2.9. Cmpameausi noucka peweHul. OpgHa u3 cTpaTerMn noucka pelleHun ¢ nomotllsto BUIM
3aknoyaeTca B criegylowem. V3aMeHsieTca OOMH M3 UCXOOHbIX MapaMeTpoB B OKPECTHOCTUM TeKyLUen
HayanbHoM Touku. lMownck (c yyeTom n.n. 2.7) BegeTcs Ha OTpe3ke, OrpaHMYeHHOM 30HOWM MOCTOSIHCTBA
OOMVHUPYIOLNX KO3 dUUMeHTOB. 3HadeHue napameTpa, MpUBOOALEro K Iydylwen XapakTepucTuke
dunbtpa, dukcupyetca. MameHsieTca gpyron napameTp U T. 4., Noka He OyaeT HalgeHo npuemrnemoe
peweHve wunu He OyoyT wucyepnaHbl Bce napameTpbl. B nocnegHem criydae war KBaHTOBaHWS
yMeHbLUIAEeTCss M Bce noBTopseTcs. Ha Bpemsi noucka M KavyecTBO peLlueHMs1 BIMSIOT OvYepeHOCTU
nepeyncrieHns HayanbHbIX TOYEK 1 BapbupyeMblX NapameTpos.

3. CnepcTBuA meToAa XOPOWMX HavarbHbIX To4yeKk. MeTod nomyyYyeHus XOpOLUMX HadvarbHbIX
TOYEK MMEET CaMOCTONATENbHOE 3HAYEHNE A1 MPOEKTUPOBAHUS (UMNBTPOB.

3.1. Knaccudeckue BUX-¢bunbmpbl ¢ K8aHMOBaHHbIMU KoaghghuyueHmamu. Lincpposbie ounbTpbl
YebbiweBa, 3onoTtapea-Kayapa v gp., CTpOro roBopsi, HeMb3s HasbiBaTb TAKOBbIMW MOCIE KBAHTOBAaHUA
ux koapduumeHToB. MeTog MONyYeHWs XOPOLIMX HadamnbHbIX TOYEeK MPUBOAUT K WHTEPECHbBIM
pesynbTatam. Tak, cywecTBytoT npoctenwme ®HY (OPBY) ¢ kBaHTOBaHHbIMKM KO3 PULMEHTAMM, @ UMEHHO
dunbTpbl YebbiweBa n 3onotapeBa-Kayspa BTOporo nopsigka, a takke ¢unbTpbl 3onotapeBa-Kayapa
TpeTbero nopsaka, peanu3oBaHHble Kak napannenbHoe coeauHeHne OBYX (0a3oBbiX 3BEHLEB [2].

3.2. nobarnbHble peweHus. Ona npocTenwnx UNLTPOB METOA XOPOLUMX HavamnbHbIX TOYeEK
NpUBOOUT K peLUeHnaM C rnobanbHO MWHMMAarnbHOW AMNWHOM crioBa KO3PULUMEHTOB unu ¢ rnobanbHo
MUWHMMarbHbIM YMCIIOM CyMMaToOpOB B peanusauusx 6e3 ymHoxuTenein. Mimeetcs B Bugy rnobanbHocTb B
npegenax BbliGpaHHOW annpoKcMMaLmK.

3.3. Homoepammbl. WVgea nonyvyeHMs XOPOLWIMX HadasnbHbIX TOYEK MOSIoKeHa B OCHOBY
rpacomyeckoro CuUHTe3a M aHanusa UNbTPOB BTOPOro nopsiaka. [locTtpoeHHble HoMorpammbl anga ®HY
(PBY) YeObiweBa, NOMOCOBLIX U PEXEKTOPHbIX (PUNBTPOB HArfsiAHO MOKa3biBalT BIUSAHME MCXOOHbIX
napameTpoB U KBaHTOBaHWsi HA NapaMeTpbl PUNbLTPOB.

3.4. CneuyuanbHbie ¢unbmpbl 3ornomapesa-Kayapa. Ana ®HY 3onotapesa-Kayapa N-ro nopsgka
C MUHMManbHbIMK OBGPOTHOCTW MOMOCOB Nepeaayn YCTaHOBMEH UHTEPECHBIN akT [3]: TOUKY B S MOXHO
BblOpaTh Tak, 4YTto (N+1)/2 koadppmumeHToB M3 N OKa3bIBaOTCSl KBAHTOBaHHbIMW €3 NpegHaMepPEHHOrO UX
KBaHTOBaHWs. OTO JOCTUraeTcsa B Criydae peanu3aunv punbTpoB Kak napannenbHoe coeavHeHue OBYX
KackagHbIX ha30BbIX Lienen Ha 3BeHbsAX C NnepeaaTtoyHon yHKLMeNn onpeaeneHHoro Buaa.

3.5. Hekomopnbie HabnwodeHus. [ONyCTMMblE PELUEHUS C KBAHTOBAHHbIMU KO3hdUUMEeHTaMm
MOXHO MOMyYnTb W ANsi HayanbHbIX TOYeKk BHe obnactn S, Ho BONU3M ee rpaHuy. MeTtop nonyveHus

HayanbHbIX TOYEeK 4acTo JaeT aonycTumble pelwleHus 6e3 gononuutensHon BWIM. War (. sABnsetcs
XOopoLlen BepxHen rpaHuLen ans q.

4. CuHTe3 n aHanus ¢ nomoubio BUIN. B metoge BUIM koacpdpuumeHTbl He MOryT Npov3BONbLHO
N3MEHATbCSH, T.K. CBSA3aHbl PYHKLMNOHANbHLIMU 3aBUCMMOCTAMW C UCXOOHBbIMW MapamMeTpamu, U Kasanocb
Obl, YTO 3TOT MeTo4 [AacT 3aBedoMO XyAlne pesyrnbTaTbl CUHTE3a B cpaBHeHun ¢ Mmetogom BK. OgHako
37O He noaTeBepxgaeTcs Ha npakTtuke. C nomolbio BAM 6binv nonyveHbl NnpeBocxogHble pe3ynbTaThl Npu
peweHnn pasHbiX 3agad cuHtesa BbUX- n KUX-punbTpoB C KOHEYHOW ANWHOW crnoBa KO3IhULMEHTOB.
MeTtoa BUIM moxHO ncnonb3oBaTh M ANs aHanusa 3aTnx unbTpoBs.

4.1. CuHme3 ¢punbmpos. OdpdekTnBHoCTb MeToda BUI noateBepkgeHa Ha MHOMMX npuMepax
CvHTe3a u4acToTHbiXx BUX- n KUX-duneTpoB ¢ 3agaHHOM UMM MUHUMAnNbHOW AMNWHOM  CroBa
KO3(P(PULMEHTOB UNU C MUHUMATIbHBIM YACITIOM CYMMaTOPOB B CTPYyKTypax 6e3 ymHoxuTenewn [1-4]. Metoa
BUI paeT aHanornyHble vnu nydwme pesynbTatbl U TpebyeT 3HauMTENbHO MEHbLUEro 4Yucrna OLEHOK
Leneson yHKLMM B cpaBHeHumn ¢ metogom BK [1].

4.2. Coyemanrue BUI u BK. MNMpumeHeHne BK nocne BUI moxeT ynydwunTe peweHns. Tak, B [1]
ana ®HY 10-ro nopsgka anuHa crioBa KoadhUUMEHTOB Obinia yMeHblUeHa Ha 1 6uT. Mpn 3TOM HangeHo
HEeCKONbKO OOMYCTUMBbIX pelleHun. MonbiTka nony4mTe NogobHbIM pe3ynbTat Ans Apyrmx cemu punbTpoB
n3 [1] nytem HesiBHOro nepebopa 3Ha4YeHW KBAHTOBAHHLIX KO3(MUUMEHTOB He mmena ycnexa. ([Ons
dunbtpa LId-7 meTon BUIM npuBoanT K AnvMHE crioBa paBHOM 4, a He 5 kak yka3aHo B Tabn.3s [1]).

B [3] ansa Toukn B S, BblIOpaHHOM cornacHo n.n. 3.4., MOUCK KBAHTOBaHHLIX 3HAYEHUA OCTaslbHbIX
(N-1)/2 koadpcuumeHToB BbINOMHEH C nomowbio BK. [MonyyeHbl peleHns ¢ MUHUMarbHbIM 4UCIIOM
CyMMaTOpOB B peanu3auusax unstpoB 6e3 ymHoxuTenen. OgHako anroputm BUIT mn3 [2], B kKOTOpOM He
ucnonesyetcsa BK, naet nyywmne pesynbrathbl.

4.3. AHanu3 ¢punbmpos. AHanna BUX- nnn KNX-counbTpoB ¢ KBAHTOBAHHbIMU KO3hdMUMEHTaMN
MOXHO MpPOBOAUTbL MO 3aBUCMMOCTW  KOHTPONUPYEMOro napameTpa XapakTepUCTUKM OT HEKOTOPOoro
NCXogHoro mnapameTpa (MOCTPOEHHOW ¢ ydyeTom n.n.2.7). Tak, B [5,6] paccMOTpeHbl 3aBUCUMOCTU
HepaBHOMEPHOCTU B MOJIOCe MpPOMNyCcKaHWst M ocrabneHve B MONoce 3adepXUBaHWs OT WCXOOHOM
HepaBHOMepHocTU. B [5] aHanuaumpytoTca annpokcumaumm gns kackagHblx BUAX-gounbTpoB Ha 3BEHbSX
npsimoi popmbl. CpaBHUTENBHOMY aHanu3y kackagHbix ®HY 3onoTtapeBa-Kayspa Ha 3BEHbsIX MPsSIMON
OopMbI 1 HA KOMMSEKCHBIX 0a30BbIX 3BEHbSAX MOCBsILLEeHa paboTa [6]. HekoTopble pe3ynbTaTthl aHanmsa:
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a) ons AByx OECKOHEeYHO ONM3KMX 3HAYEeHU WUCXOLHOM HEepaBHOMEPHOCTU MOXHO HabnpaTb
OYeHb Oonblioe pasnuyMe B HEPaBHOMEPHOCTSX, COOTBETCTBYIOLUMX KBAHTOBAHHbIM Ko3adhduumneHTam
[5,6], Hanpumep 7 ob n 0.5 gb [5];

0) He Bcerga annpokCcMMauus UM CTPYKTypa C MEHbLUen KOIMMPULMEHTHON YyBCTBUTENBHOCTbIO
NPUBOANT K MEHbLUEN ANUHe croBa koaduumneHTos [5,6];

B) HE KOPPEKTHO CyauTb O MPEUMYLLEeCTBe TOW WM MHOW annpoKCMMauuu Wi CTPYKTYpbl MO
pacyeTam, BbINOSTHEHHbIM TONLKO OS5 OAHOM TOYKKM B obnactu S [5,6];

r) Ona kackagHolx uUNbTPOB He Bcerga npobnema ToyHocT AYX B nonoce nponyckaHus
saBnsieTca 6onee ocTpoun, YeM B nonoce 3agepxmsaHus [5].

PaccmoTtpeHHbIn noaxon Ha ocHose BUI [5,6] no3sonsieT aHanM3nMpoBaTh BUsIHUE KBAHTOBaHWUSA
Ko3ahpuLmMeHTOB Npu NOHGOM LLare q 1 MOXET CNYXUTb XOPOLUUM CPeACTBOM AMS BbIABMEHUS HaUNy4Llero
coyeTaHMs BO3MOXHbIX UCXOOHbIX MapaMeTpoB, TUna annpokCUMaunm n CTpykTypbl unbTpa.

5. 3akniouyeHue. BbllensnoxeHHoe no3sonsieT paccmatpusatb meton BWI kak goctaTtoyHo
yHuBepcanoHoe 1 3EeKTUBHOE CpeacTBO AN M3YyYeHUS M MPOEKTUPOBAHUSA pPasniuyHbIX LMEPOBbIX
UNbTPOB C KOHEYHOW ASIMHOW CnoBa KO3 PULIMEHTOB.
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Abstract. Properties and opportunities of a method based on a variation of initial parameters for
synthesis and analysis of IIR and FIR digital filters with finite coefficient wordlength are considered.

1. Introduction. For synthesis of digital filters with finite coefficient wordlength one of two
approaches [1] can be applied. The first is based on a variation of the unknown coefficients (VC) on the
discrete space of its values, and the second - on a variation of the initial parameters (VIP). The VIP method
is investigated in smaller degree. One of its advantages is a small number of independent variables. In this
paper properties and opportunities of the VIP method for the synthesis and analysis of IIR and FIR digital
filters with finite coefficient wordlength are discussed.

2. VIP method and its properties. The large part of works, in that the VIP method is considered,
are devoted to the synthesis of cascade frequency-domain IIR digital filters. Below the method will
discussed without such restriction. The references to the lot of papers mentioned in [1] are omitted.

2.1. Tolerable initial parameter space. It is necessary for synthesis of filters to set initial
parameters. The suitable order of transfer function is usually chosen so that the requirements to a filter
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characteristic would be satisfied with some margin. Thus there is some space of tolerable initial parameters
S. The filter calculation for any point in S results to the acceptable ( tolerable ) characteristic.

2.2. Filter coefficients as initial parameter functions. Unknown filter coefficients are functions of
initial parameters. The kind of the functions depends on an approximation method of the required
characteristic. The quantization of coefficients results to the discrete behavior of these functions. In the
initial parameter space they will form complex crossings.

2.3. Change of variables. The quantization of coefficients calculated for a point in S can result in
the unsatisfactory filter characteristic. However this situation can be corrected by an application of VC.
The VIP can be use instead of VC. Such change of the variables results in a search of a point in S so that
the characteristic after calculation and quantization of coefficients will be best or tolerable.

2.4. Reduction of dimension. The dimension of the coefficient vector depends on the filter order,
and the dimension of the initial parameter vector depends on the type of filter and the kind of an
approximation and does not depend on the filter order. As example for Zolotarev-Cauer lowpass filters
(elliptic filters ) the dimension of the parameter vector is equal only three.

2.5. Structure of S space. In general the structure of S has a complex discrete character. For each
value of the quantized coefficient vector there is a certain subspace in S. In the case of three parameters
the structure of S can be compared in images to the structure of pomegranate, and the search of the best
filter characteristic - to a looking for the most mellow grain.

2.6. Loss of size and uniformity of variation step. Usually the quantization of coefficients with the
uniform step q equal to a power of two is executed. Therefore values of quantized coefficients can be very
easily varied. The mentioned subspaces in S have the different sizes and forms. Therefore it is difficult to
execute their enumeration without miss and repetitions of evaluations of a characteristic quality. The
change VC on VIP results in the loss of size and uniformity of the variation step.

2.7. Determination and correction of step size. On a finite interval of change of any initial parameter
there is a finite number of different length portions. Own quantized coefficient vector corresponds to each
portion. The vectors for neighbour portions differ on the size g. This fact permits during the solution search
to determine and correct the current variation step size of parameters in order to make the only evaluation
of the characteristic quality on each portion.

2.8. Good starting points. The starting points in the space S can be chosen so that in appropriated

them coefficient vectors the part of components will be quantized with the step q,,, without their priori

guantization. With q =q,,,, in S there is at least one of the mentioned points and with q >, none of

them. The choice of these points can be executed so that the quantized components will correspond to
dominant coefficients. These coefficients the most strongly affect on the filter characteristic.

2.9. Solution search strategy. The one of the solution search strategy by VIP consists in following.
A change of one of the initial parameters appropriated to the current initial point is executed. The search
(taking into account 2.7) is performed in the portion limited by a neighbourhood where the dominant
coefficients are constant. A value of the parameter led to the best filter characteristic is fixed. Other
parameter is changed and etc., until the acceptable solution will be found or all parameters are not be
exhausted. In the latter case the quantization step decreases and the procedure is repeated. Computer
time and solution quality depend on the sequences of choice of starting points and varied parameters.

3. Consequences of good starting point method. The described good starting point method has
independent significance for synthesis and analysis of digital filters.

3.1. Classical quantized coefficient IIR filters. The Chebyshev, Zolotarev-Cauer digital filters and
other, strictly speaking, can not be so named after quantization of their coefficients. The good starting point
method results in interesting situation. So, there are simple lowpass (highpass) filters with quantized
coefficients, namely Chebyshev and Zolotarev-Cauer second order filters as well as third order Zolotarev-
Cauer filters realized as a parallel connection of two allpass sections [2].

3.2. Global solutions. For the simple filters the good starting point method results in the solutions
with the global minimum coefficient wordlength or global minimum number of adders in multiplierless
realizations. The global solutions inside of the chosen approximation are meant.

3.3. Diagram. The idea of good starting point method was taken into the basis in graphic synthesis
and analysis of second order digital filters. The constructed diagrams for lowpass (highpass) Chebyshev,
bandpass and bandstop filters show the affect of initial parameters and quantization on parameters of
filters.

3.4. Special Zolotarev-Cauer filters. For N-th order Zolotarev-Cauer lowpass digital filters with a
minimal Q-factors analog prototype an interesting fact was established [3]: a point in S can be chosen so
that (N+1)/2 from N coefficients get quantized without their priori quantization. This is achieved in case of
filter realization as a parallel connection of two cascade allpass networks based on certain kind sections.
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3.5. Some examination. The tolerable solutions with quantized coefficients can be obtained also for
the starting points outside of the S space but near to its bounds. The good starting point method often gives

the tolerable solutions without VIP. The step q ., iS the good upper bound for q.

4. Synthesis and analysis by VIP. In the VIP method the coefficients can not arbitrarily change
since they are functions of varied initial parameters. It can be assume that this method will give obviously
worse results of synthesis in compared to the VC method. However it is not confirmed in practice. Excellent
results were obtained by VIP for different problems related to synthesis of finite coefficient wordlength IIR
and FIR filters. The VIP method can be also used for the analysis of these filters.

4.1. Synthesis of filters. The efficiency of the VIP method is confirmed by many examples of
synthesis of frequency-domain IIR and FIR filters with the given or minimum coefficient wordlength or with
minimum number of adders in multiplierless structures [1-4]. The VIP method gives similar or best results
and requires considerably smaller number of evaluations of an object function in comparison to the VC
method [1].

4.2. Combination of VIP and VC. The application VC after VIP can improve the solutions. So in [1]
for 10-th order lowpass filter the coefficient wordlength was reduced on 1 bit. Some tolerable solutions was
found. The attempt to obtain similar result for other seven filters from [1] by implicit enumeration of
guantized coefficient values was not successful. (For a filter DF-7 the VIP method results in the wordlength
equal 4, instead of 5 as is specified in table 3 in [1] ).

In [3] for a point in S chosen according to 3.4 the search quantized values of other (N-1)/2
coefficients is executed by VC. The solution with the minimum number of adders in multiplierless filters are
obtained. However a VIP algorithm without the using of VC gives the best results [2].

4.3. Analysis of filters. For analysis of IR or FIR filters with quantized coefficients the dependence
of the controllable parameter on some initial parameter (taking into account 2.7) can be used. So, in [5,6]
the dependencies of the passband ripple and stopband attenuation on the initial passband ripple are
considered. In [5] approximations for cascade IIR filters based on direct form second order sections are
analyzed. The comparative analysis of cascade Zolotarev-Cauer lowpass filters using direct form and
complex allpass second order sections is considered in [6]. Below some results of analysis are presented:

a) For two infinitely close values of initial passband ripple can be observe very large distinction in
passband ripples appropriated to quantized coefficients [5,6], e.g. 7 dB and 0.5 dB [5].

b) Not always the approximation or structure with smaller coefficient sensitivity results in smaller
coefficient wordlength [5,6].

c) It is not correctly to say about advantage of any approximation or structure on computations
executed only for one point in the S space [5,6].

d) For cascade filters not always the accuracy problem of a magnitude response in the passband is
more acute than in the stopband [5].

The approach using VIP [5,6] permits to analyze the affect of coefficient quantization at any step q
and can serve as a good means for revealing of the best combination of the possible initial parameters,
kind approximation and filter structure.

5. Conclusion. The VIP method can be used as reasonably universal and efficient means for study
and design of various digital filters with finite coefficient wordlength.
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