1/M NMONOCHBIE ®UINbTPbl: PACYET U NMPUMEHEHUWE B CUCTEMAX AHAJIU3A-CUHTE3A
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Pacuer 1/M monocHBIX (HIBTPOB OCHOBBIBACTCS HA TEOPUU MOIYMOJIOCHBIX (PUIBTPOB.
N3BectHO [1], 9TO B UMITYICHOM XapaKTEPUCTHKE MOITYIOJIOCHOTO (DHIIBTPA BCE YETHBIE OTCUETHI
— Hynaesble. [Ipu aTom Ha yacrote f/f,,=0,25 AUX nomynonocHoro ¢uibrpa uMeet 3HadeHue 0,5 u
SBJISICTCSI CHMMETPUYHOM OTHOCUTENBHO 3TOM ToukH (Puc.1), 9To gaeT BO3MOKHOCTh MOCTPOUTH
CHCTEMY JBYXIIOJOCHOW (DMIbTpallid, IOYTH HE BHOCSIIYI0 COOCTBEHHBIX MCKAKCHHHA B
oOpabaThIBaEMBbIil CHUTHAI :

[To ananoruu ¢ nomynonocHeiM @HY, B mmmynbcHON XapakTepuctuke 1/M MomocHOTo
¢dbunpTpa KaxAbli M-HBIM OTCUeT — HysneBoi. OTCIo/Ia TIEpBOE OTpaHUYCHUE — TOPSAIOK TaKOTO
¢upTpa He MOXeT ObiTh Hike BenmuuHbl KM, toe k>1 — kosdduumeHTt, 3aBUCSIMIA OT
TpeboBanuii Kk mepexomnoit 3ome AUX ®HY. Ha wgacrore f/f;=1/2M AUYX 1/M mnoaocHOro
¢ubTpa umeer 3HaueHue 0,5 U SABIAETCS CUMMETPUYHON OTHOCUTEIBHO 3TOM TOUKH.
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Pacuer 1/M nosiocaoro ®HY meToa0mM 0KOH.

[IpocToii meTon pacuera UMIyabCHON xapakTtepuctuku 1/M monocnoro ®HY ocHoBaH Ha
COBMECTHOM HCIIOJIb30BaHUM O00paTHOrO Z-peoOpa3oBaHus UaealnbHOI mpsmoyroasHo AUX u
OKOHHOU ()YHKITUW OTpaHUYEHHOU amuTeabHocTH N+1:
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rae W(n) — okonHas GpyHkIws, N — 11e10e 4eTHOE MOJI0KUTETBHOE YHCIIO.

PerynupoBanue mnapamerpoB AUX mnpoextupyemoro ®HY ocymectBiasercs ¢
WCIIOIb30BaHNEeM OKOHHBIX QyHKIMK Kaiizepa n UeOnimeBa, B KOTOPBHIX BXOAHBIMH TTapaMeTpaMH
ciyxat anurenbHocTh N 1 3atyxanue O [1,3]. Benmuunnoit N perynupyercst kpyrusHa craga AUX
B IEPEXOJHOW 30HE, C IOMOINBI0 O YCTaHABIMBAIOTCS HepaBHOMEpHOCTh AUX B momoce
IIPOIYCKaHUsI U COOCTBEHHO 3aTyxaHue B nojoce nogasieHus (Puc.2). IlpuBoasaTcst pe3ynabTarTsl
pacuetoB 1/M -nonocueix ®HY ¢ ucnonp3zoBannemM okoH Yebbimena u Kaifzepa npu pa3nuyHbIx
3Ha4eHUsAX M.

Pacuer 1/M noJsiocHoro ®HY na ocHoBanuu aaropurma Peme3sa.

OunbTpel, MOJYyYCHHBIE METOJOM OKOH, 007ajaloT 0ojee BBICOKMM IOPSIKOM TI0
CPaBHEHUIO C aHAJIOTMYHBIMH (PUIBTpaMH, pacCUUTaHHBIMU 1O anroputmy Pemesa. Ilociennue
00JIajaloT CBOMCTBOM pPAaBHOBOJHOBOCTH, TO €CThb HMEIOT OJWHAKOBBIM BEpXHUH YpPOBEHb
nenectkoB AUX mo Bcelt 30He Hempomyckanus (Puc.2), Torga xak y pacCYMTaHHBIX METOJOM
OKOH (PMJIBTPOB BEPXHUH ypOBeHb JienecTkoB AUX B 1mosioce MoJaBICHUSI UMEET PaBHOMEPHBIN
Crmaji ¢ pOCTOM YacTOThI — 3Ta “U30BITOYHOCTH” M MPUBOJIUT K O0siee BRICOKOMY Topsnky. Pacuer
nostynonnocHoro ®HY no anroputmy Pemesa mpoBoautcsacs myTeMm 3afaHusl ‘CUMMETPUYHBIX
TpeboBaHMil K mapameTpam AUX B 1osocax mpoITyCKaHUs U IMOJABICHUS :
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[IpuBoasTCS pe3ynbTaThl UCCIIEOBAHUI METOIOB pacyeTa MOIYHOJIOCHBIX (PUIBTPOB.
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Jlanee mpeyraraercs nmpoctor MeroA pacyera 1/M  momnocHoro ¢unbstpa (M - yeTHOE) Ha
6a3e nomymnonaocHoro ®HY-npoToTuia, KOTOPHIi MO3BOJIIET MPOCKTUPOBATH IPEOCHKU (PHIIBTPOB
JUISS MHOTOCKOPOCTHBIX CHCTEM OOpa0OTKH CHUTHAJIOB C YaCTOTHOW MpeceNeKIreldl U TOJHBIM
BOCCTAaHOBJICHMEM BXOJHOTO CHTHaja. B COOTBETCTBUHM C€ OTUM METOJOM HMITYJIbCHAS
XapaKTepUCTHKA QUIBTPA-TIPOTOTHUIIA PACIIUPSETCS B V pa3 (V - IeJI0e TOI0KUTENBHOE YHUCII0) TI0
MPaBUJTY : HA KaXKIBI OTCUET UCXOTHON UMITYJIbCHOM XapaKTePUCTUKHU J00aBiseTcs V-1 HyJIeBbIX
OTCUETOB, YTO MPUBOIUT K OOpa30BaHMIO “‘TpeOeHYaTOW  YaCTOTHOM XapaKTepucTHKH. Jlis
nosryueHust 1/M — nmonocunoro (M=2*v) ®HY cnexyer nmonaButh “nuiiHue’” cocrapistonme AUX
rpebenuaroro ¢uibrpa ¢ nmomomplo @HY — uHTEpmONATOpa CO CIACAYIOMMMU MapaMeTpaMu :
yacrora cpesa mosockl mpomnyckanus f;=(0,25*fxp+Af)/v , dacToTa cpes3a monochl MoaaBICHUS
fu=fxp/2*v - fi11. MoaenupoBanue mokasasio, 4To 3a cyeT 0oJiee MIMPOKOHN MOJIOCHI POITYCKAHHUS
u nepexoaHoit 30Hpl AUX @HY—uHTepnonsTopa ero nopsaok NpuMepHoO B 3 paza HUXKE MOPsIIKa
rpebenuaroro ¢uibrpa. [lopsaok cunTesupoBanHoro 1/M mojgocHOTO GUIBTpa MOKEM OIICHUTH
o popmyne: Nyy =N + Ny, rae v=M/2, N — nopsnok monynonocaoro ®HY - mpotoruma, Ny —
nopsok uHTepnoaupyromero @HY.

ITocTpoenue rpedeHKH M0JI0COBBIX (UILTPOB HA Oaze DHY.

[Ipu peanuzauuu rpedenku [1dD (momocoBbx (PUIBTPOB) B yCTpoiicTBEe, paboTaromeM B
peasibHOM MaciTabe BpeMEHH, OCHOBHBIMU OTPAHUYEHHUSIMHU BBICTYIMAIOT Pa3MeEp 3aHHMaeMOi
MaMsTH JTaHHBIX U 00BHEM BBIYHMCICHUH 32 IUHUILY BpeMeHU. [[aMsTh pacxoayeTcss Ha XpaHCHHE
KO(PPUIIMEHTOB HMMMYJIBCHBIX XapaKTepUCTUK (UIBTPOB W OydepusupoBaHHBIX OTCYETOB
BXOJIHOTO ¥ IPOMEKYTOYHBIX CUTHAJIOB.

I[Ipu dopmupoBanuu rpedbenku [ID myrem mnoctpoeHuss TpeOyeMOro KOJIMYECTBA
OT/EJBHBIX MOJOCOBBIX (DMIBTPOB 3aTpaThl mamsTH JaHHBIX cocTaBaT (K+1)M sueek, roe K —
KoJm4yecTBO KaHaloB rpebenku, N — mopsgoxk @HY-mportoruma. Ha onuH OTCYET BXOMHOTO
curnana npuxogutcs K[ onepanuii yMHOXEHUS C HAKOTIJICHUEM.

C ucnosp30BaHUEM KBAJpaTypHOU MOIyJsiluM curHaina Ha Bxoge @HY 3arparsl namstu
nanubix coctaiarT (2K +1)N+Q sueek, rae Q- 3arparhl HA XpaHEHUE 3HAYCHHN ICHTPATbHBIX
gactoT [I®D rpebenku (Q=K-1). Ha omuH oOTCYeT BXOJHOTO CHUTHAJIA TPUXOIUTCS OKOJIO
(2K +4)[M oneparuii yMHOKCHHUS C HAKOTIIICHUCM.

Takum 00pa3om, MpH MOCTPOCHHH MHOTOKAaHAJIBLHOW CHUCTEMBI IHU(PPOBON (HHUIbTpaAIUN
MPEAMOYTUTETHHEH OKa3hIBACTCS CTPYKTYpa C UCTIOIB30BaHUEM HAOOpa MOIOCOBBIX (PHIBTPOB.

HUcnonb3zoBanne 1/M monocHbIX (GUJIBTPOB B CHCTEMAaX YacTOTHOH CeJIeKIHHM €
MOJIHBIM BOCCTAHOBJICHHEM IPH HEIMOJHOM AenuMaluH.

PaccmaTpuBaercs cTpyKTypa CUCTEMBI C YaCTOTHOM TIpecemeKInel U ¢ mpeodpa3oBaHUSIMU
gacToThl auckpetusanuu (puc.3). 3mece @HY; (1/M-monocHsbIi) sBisercs (GopmupoBaTeiem
AUYX cooTBeTCTBYIOIIETO KaHana, V - kodddunuent nerumaru, ®HY, — uaTepnionsarop curxana
C BOCCTAaHOBJICHHOM 4YacTOTOM JuCKpeTu3auuu. llepexom Ha MOHMKEHHYIO YacTOTY
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AUCKPCTU3ALIUN CHUIKACT BBIYHMCIMUTCIBHBIC PACXOAbl HAa PCAIM3AalUI0 TTOJIOCOBBIX q)HJII:TpOB BV
pa3 [2,3].
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Cunraercs [1], uro Takas cucrema o0iasaeT CBOWCTBOM MOIHOTO BocctaHoBienus (I1B),
€ClIi TP TMPOXOXKJIEHUU uYepe3 Hee BXOJHOTO CHTHajlia B OTCYTCTBHE OOpabOTKH MpPOMOpLUU
MEXIy KOMIIOHEHTaMH YaCTOTHOTO CIIEKTpa COXPAHSIOTCS, a (pa3oBas XapaKTepUCTHKA BCel
cucteMbl — nuHeHA. OTCIOa cienyeT TpedoBaHue:

3 H(0 - 0) Hyio - o) =™, Dod[o .

e ®, =0; Hi(jw), Ha(jow) — A®YX ®HY; u ®HY, , COOTBETCTBEHHO, T -IPyIIIOBast

3anepxka cucteMbl. [Tapamerper ®HY, onpenensitorcs ko3hPUITMEHTOM MPOPEKUBAHUS V © €CITH
V=M (npenenbHOe WM KpuTuueckoe npopexusanue), To ®HY, skBuBanenten ®HY;, uro
HaKJIaJbIBAET JIOTOJHUTENIbHBIE TpeOoBaHus Ha popmy AUX OHY; :

5 H,((@-o) =1, Deo[o o

[Ipobnema moucka GuiabTpa ¢ TaKUMHU CBOWCTBAMHM B OOIIEM cllydae HETpPUBHAJIbHA U
TpeOyeT HCMOIB30BaHUSI METOJIOB MHOTOKpUTepHanbHOW ontumuzanuu [1,2]. Ilpenmaraercs
YIPOCTUTH 3Ty 3ajiady MyTeM yMEHbIIECHUS Kod(pQUIMEeHTa MpopeKuBaHus V B 2 pa3a. B stom
ciyqae B kauectBe ®HY, mcnonbiyercss GUIbTP-UHTEPHOIATOP, CHPOCKTUPOBAHHBIM Ha 3Tare
dbopmupoBanus 1/M-nonnocioro ®HY;. MoaenupoBanue MOATBEPAMIO pabOTOCIIOCOOHOCTH
3TOro moxaxona. Hemoctatkom ero siBisieTcsi TO OOCTOSATENBCTBO, UYTO CTPYKTypa C HEMOJIHOU
JenuManueil obecrneyuBaeT M HE MaKCUMalbHO BO3MOXKHOE COKpAllleHHE BBIYMCIMTEIbHBIX
3aTpar Ha pean3alfio MOJIOCOBBIX (PMIBTPOB CUCTEMBI C YACTOTHOM MpeceIeKIHeH.
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M-TH BAND FILTERS : DESIGN AND APPLICATION IN THE DIGITAL SIGNALS ANALYSIS-
SYNTHESIS SYSTEMS WITH PERFECT RECONSTRUCTION
Sorokin D.V.
Ryazan state radioengineering academy
391000, Ryazan, Gagarina str., 59, k.1, A& MM department.

M-th band low pass (LP) finite impulse response (FIR) filters' design is founded on the half-band filters
theory [1,3]. It is known [1] that magnitude frequency response (MFR) of the half-band filter has the value 0.5 at the
frequency 0.25*fs and is symmetrical about this point ( fs is a sampling frequency of the input signal ). This fact
allows devel oping two-band filtering system with very small own noise level:
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The impulse response of the half-band filter has the each second sample equal to zero [1]. Similarly to the
half-band filter the M-th band one has the each M-th sample of the impulse response equal to zero. The MFR of M-th
band filter has value 0.5 at the frequency f§/2M and is symmetrical about this point.

The simple method to design the impulse characteristic of M-th band filter [1] is founded on the inverse z-
transform of ideal rectangular MFR windowed by special function with limited length N+1:

sin( )
h(n + E) = —M[W(n + ﬁ)’ n= _E,E (D),
2 m [h 2 2 2

where w(n) — window function, N — positive integer even number. The setting of MFR parameters may be
accomplished by using the Kaiser or Tchebyshev window function with adjustable attenuation parameter 6 [1,3]. The
length of window function influences on the MFR form at the transition band, the & sets irregularity of MFR at the
pass band and, in fact, sets attenuation at the stop band (Fig.2). The results of computations of the several M-th band
LP filters using window functions of Tchebyshev and Kaiser are represented in report.

Designing of M -th band LP FIR filter using Remez algorithm.

The filters designed using windows has the

larger orders in comparison with similar filters, which
\y 2*d computed by Remez algorithm using Tchebyshev

SANAA . approximation. The half band filter is being developed
by setting “symmetrical” parameters at the input of the
Remez procedure (Fig.2). The results of investigations
S \k\é on half-band filter design methods are represented.

0,0 VAVAVAVAVAVAVAVAVAVAVAVAVAV Further it is suggested a simple M-th band (M-even

0.25-Af \\0,25+Af 05 fifc  number) LP filters design method that allows
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converting the half-band LP prototype filter to M-th

band one. By this method the prototype filter impulse

Fig.2 characteristic must be extended in a v times (v is a

positive integer number) by rule: each original sample is

being added by the v-1 zero samples. This procedure

results to comb filter. To obtain M-th band LP filter (M=2*Vv) it is necessary to cut out the “waste” comb MFR

components using interpolation LP filter with following parameters: pass band cut off frequency fi;=(0,25*fs+Af)/v,

stop band cut off frequency fi,=f¢/2*v - f;;. The modeling showed that order of interpolation filter is approximately 3

times lower than order of comb filter. The order of synthesized M-th band filter may be estimated by expression: Ny
=NQN + N;, where v=M/2, N — order of half band LP prototype filter, N; — order of interpolating LP filter.

Design of filter comb using L P filters.

The data memory size and number of calculations at a fixed time period is a general constraints for
development of filtering comb dedicated to use in areal time system. We can apply quadrature modulation to impulse
response of M-th band LP filter to design required number of separate band pass filters. In this case the data memory

-4 -
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expenses is (K+1) words, where K — number of channels, N — order of the origina M-th band LP filter. Each
sample of the input signal requires up to K multiplying/addition operations. While using quadrature modulation of
the signal at the input of a LP filter the data memory expenses is (2[K+1)M+Q words, where Q- memory space
occupied by central frequencies of pass band filters (Q=K-1). Each sample of the input signal requires up to
(2K +4)M multiplying/addition operations. Thus, while designing of multi channel digital filtering system it is more
preferable to use separate pass band filters. This statement is valid for systems with constant sampling frequency at al
stages of signal processing.

Usage of the M-th band filtersin the digital signal processing systems with perfect reconstruction and
non critical decimation.

Consider the multirate digital signal processing system with frequency preselection (Fig.3). Here the LPF; is
a M-th band LP filter-decimator which, after al, forms MFR of all channels, v - decimation coefficient, LPF, —
interpolator of reconstructed signal. Reducing of sampling frequency brings to reducing of calculation cost of pass
band channdl filtersinv times[2,3].

Processing
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The phrase “perfect reconstruction” implies [1] that when processing is absent (Fig.3) the input signal passes
through the system saving proportions between components of it's magnitude spectra and the overall phase
characteristic of the system is linear. Here we obtain the following requirement:

M H H — aTjor . (2)

5 Hi(i(0 - ) H,((0 - w)) =e’ , Do [0;n] ’

i=0

where ©, = 0; Hi(jw), Ha(je) — magnitude-phase frequensy characteristics of the LPF, and LPF; ,

respectively, T - system group delay. The LPF, parameters are specified by decimation coefficient v : if v=M (critica
decimation), then LPF, must be equivalent to LPF; and MFR of LPF; must comply following condition:

5 H.G(o 0 ) =1, w0 fo:r] 3

To design so filter it is necessary to use methods of multi criterion optimization [1,2]. It is suggested to
simplify this problem by reducing the decimation coefficient v in two times. In this case in place of LPF, may be used
the interpolation filter designed to form M-th band LPF; from comb filter. Modeling has confirmed the validity of this
method. But the bad property of the method is that the structure with non critical decimation has the non maximal
reducing of computational cost of pass band filters and intermediate processing procedures.
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