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AHHoTauus. bbin paccmoTpen pekypcuBHbI cnocob peanuaaummn KNX-unbTpoB, OCHOBaHHbIV Ha 3aaaHum koaddmumenTos AMNO.
Mocne atoro 6bina npou3BedeHa OuUeHKa AN MOMyYEHWs YaCTOTHOW xapakTepucTukn cunbtpa. Peanusaums KUX-cunbtpa
MeTOOM YacTOTHOW BbIGOPKY C MUCnonb3oBaHeM rpebeHqaToro unbTpa U peKypcMBHOTO ounbTpa ¢ nepesaToqHon dyHKUMEN.
BbiBOA Ha Npvmepe OTHOLLEeHNS OYHKLUMIA B BUAE MONVHOMOB.

KnioueBble cnoBa. KoadduumeHt [MN®P, BbIGOpoYHblE 3HAYEHWS, CyMMa YacCTOTHbIX OTKIMKOB, rpebeHyaTbii unsTp,
PeKypCUBHbBI UNbTP.

OaHum 13 Tpex metodoB pacdeta KNX-pmnbTpoB € nuHenHon dason aBnsieTcsl MeTod YacTOTHOWN
BbIOOpKK. Micnonb3yem nepegaTovHyo OyHKLUMIO.

H@) = 3 o h(k)z % (1)

[ns aToro npeactasnm Yepes BbIOOPOYHOE 3HaYeHne PyHKUMM nonmHoma H(n) ¢ nomoLso obpaTHoOro
AMN®, roe yactoTHble Bbibopku 6epyTca ¢ warom 1/NAt u nogctaBum 310 B BbipaxeHue (1).
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Mpoussensa oueHky u3 BoipaxeHus (3), rae z = exp(2xfAt),nonyyaem 4acToTHYIO XapakTepuUCTUKY
dunbTpa:
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raoe npu f=n/NAt nmeet mecto H(f)=H(n).

OTHoweHus (3) 1 (4) NokasbIBalOT, UTO YACTOTHbIM OTKNNK KNX-hunbTpa sBnseTcs CyMMon YacTOTHbIX
otknukoB Buaa Sin(Nx)/Sin(nx), KOTopoe MOXHO yBUAETb Ha pucyHke 1. Kaxabii u3 HuUX umeet
KOMMNeKcHbIM Bec H(N) n LueHTpanbHyto YactoTy n/NAt, rae n=0,1,2,...,N-1.
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PucyHok 1 — dopmupoBaHmne 4actoTHoro oTknmka KUX-counbTtpa

Ona peanuzaumn KNX-dmnbTpa METOAOM YAaCTOTHOW BbIGOPKM NOCTPOUM €ro CXeMy:
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PucyHok 2 — Peanusauns KWX-dmnbTpa MeTo40M YacTOTHOW BbIGOPKM (W = exp (;z_n))
N

B nmaHHoW cxeme 6nok ¢ nepepatodHon dyHkumein (1-z7N) sensetca o6wum. Mo BUAYy Y4acTOTHOIA
XapaKkTepucTukn sensetca rpebeHyatbim unbTpoMm. Maywmin cnefom pekypeuBHBIRG punbTp C
nepegaTtoyHon yHKLMen 1 umeeT nomc B Touke z = W" U umeeT OTKIUK GecKoHe4vyHon

1-z-1wn
ONUTENbLHOCTU exp (]2_7'[) n=0,1,2,...,N-1; 0 < k< «., OgHako ucnonb3oBaHue rpebeH4yaToro cpunbTpa
N

UMNYNbCHas XapaKkTepucTuKa Kaxaoro nogunstpa aBnaeTca koHevyHou, aenas ero KUX-cunbtpom.

BbiBOA: B xo4e psda BblYUCHAEHUA Mbl O3HAKOMUIUCL C PEKYpPCUMBHbIM MeTooM peanudaumn KX-
unbTpa, MNOACTABMB B NepefaToyHyl0 (OYHKLUUIO BbIOOPOYHbIE 3HAYEHUS (PYHKUMM NOMMHOMA U
ucnonb3ya OM®. Mocne atoro nponsBeasi OLEHKY U CPaBHMB MOMy4YeHHble YHKLUUKN YBUAENM CBA3b
yacToTHoro oTknmnka KMX-cmnbTpa ¢ CyMMOW 4YacTOTHbIX OTKNUKOB. lMocne aToro Obina noctpoeHa
cxema KNX-cbunbTpa ¢ ncnonb3oBaHnem rpebeHyaToro n pekypcmMBHOro mnbTpa.

CnuUcoK UCnonb30BaHHbIX UCTOYHUKOB:

1. UmndppoBas obpaboTka curHanos KNX-comnbTpbl //J1eKUmMoHHbI MaTepuan MockoBCKOro (hu3MKO-TEXHUYECKOTO UHCTUTYTa
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Annotation. A recursive way to implement FIR filters was considered, based on setting the DFT coefficients. After that, an estimate
was made to obtain the frequency response of the filter. FIR filter implementation by frequency sampling method using a comb filter
and a recursive filter with a transfer function. Derivation on the example of the ratio of functions in the form of polynomials.

Keywords. DFT coefficient, sampled values, sum of frequency responses, comb filter, recursive filter.

One of the three methods for calculating linear phase FIR filters is the frequency sampling method. We
use the transfer function.

H@z) = Y, h()z - 6y

To do this, we represent through the sample value of the polynomial function H(n) using the inverse
DFT, where frequency samples are taken with a step of 1/NAt and substitute this into expression (1).
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Having estimated from expression (3), where z = exp(21fAt), we obtain the frequency response of the
filter:
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where for f=n/NAt we have H(f)=H(n).

Relations (3) and (4) show that the frequency response of the FIR filter is the sum of the frequency
responses of the form Sin(Nx)/Sin(nx), which can be seen in Figure 1. Each of them has a complex
weight H(n) and a central frequency n/NAt, where n=0,1,2,...,N-1.
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PucyHok 1 — ®opmmnpoBaHue vYactoTHoro otknmka KUX-cdunbtpa

To implement the FIR filter using the frequency sampling method, we construct its circuit:
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PucyHok 2 — Peanusaunst KWX-punbTpa MeTogoM YacTOTHOM BbIGOPKM W = exp (;z_n))
N

In this scheme, the block with the transfer function (1-z™N) is common. In terms of frequency response,
it is a comb filter. Following recursive filter with transfer function. The next recursive filter with transfer
function 1 has a pole at the point z = W" and has a response of infinite duration exp (Jz_n)

1—z—1wn N
n=0,1,2,...,N-1; 0 < k< «=. However, using a comb filter, the impulse response of each subfilter is finite,
making it a FIR filter.

Conclusion: in the course of a series of calculations, we got acquainted with the recursive method of
implementing the FIR filter by substituting the sample values of the polynomial function into the transfer
function and using the DFT. After that, after evaluating and comparing the obtained functions, we saw
the relationship between the frequency response of the FIR filter and the sum of the frequency
responses. After that, a FIR filter circuit was built using a comb and recursive filter.

List of sources used:

1. Digital signal processing FIR filters // Lecture material of the Moscow Institute of Physics and Technology.
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