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Cekuis 2.RT (InTepHeT peuyeid, CHCTEMH PeaJTbHOIO Yacy).
Section 2. RT (Internet of Things, Real-Time Systems).
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OIJbTPU 31 CKIHHEHHOIO XAPAKTEPUCTHUKOIO
3 MIHIMI3OBAHUMMU AITAPATHUMMU BUTPATAMMU

MINIMIZEDHARDWAREFIRFILTERDESIGN

Posrnsinaerscst po3pobka mapanenbHUX HEPEeKypCUBHUX (DITBTPIB, SKiI peanizy-
I0ThCS B MPOTPAMOBAHMX JIOTIYHHUX 1HTErpalbHUX cxemax. HoBwil Merox mossrae B
TOMY, [0 OJOKM MHOXEHHS Ha Koe(iIieHTH, sIKIi MalTh HEBEIHKY aMILTITYAdYy,
3aMIHSIIOTBCS Ha OJIOKM TOCTIMHOI mam’sTi, siki 30epiraloTh KpaTHI 3HAYEHHS IUX
Koe(ilieHTiB. 3a paxyHOK IbOTO 3MEHIIYIOThCS arapaTHI BUTpPATH Ha pealli3allito
¢binbTpa Ta 30UIBIIYETHCS HOTO MPOIYCKHA CIIPOMOXKHICTb.

Kurouosi ciosa: [JIIC, HepekypcuBHuUil (HiibTp, KOHBEEP.
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The development of the parallel finite impulse response filters for the FPGA
implementation is considered. A new method consists in substituting the multipliers to
the small coefficients to the constant coefficient multipliers, which store the multiplied
values of these coefficients. Due to this, the filter hardware volume is minimized and
its throughput is increased.

Key words: FPGA, FIR filter, pipeline.
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Beryn. IIporpamosani noriuni iHTerpanbHi cxemu (IJIIC) mmpoko Bukopucro-
BYIOTHCSI JUISI BUCOKOIIBHUKICHOT 00poOKM mudpoBux curHaiiB. Apxitektypa [IJIIC
aZanToBaHa JIO peaizarii (GUIBTPIB 31 CKIHYCHHOK IMIYJIBCHOI XapaKTEPUCTUKOIO
(CIX). Hnsa uporo, Hanpukian, [IJIIC ¢ipmu Xilinx mictaTe 6ok DSP48, koxkeH 3
SKUX TpU3HAYEHHH i po3paxyHKy omHoro crymneHs CIX-¢inbrpa B KOHBEEPHOMY
pexumi. Asie mopsiiok Takoro ¢gurbrpa oomexxenuii 06'emom ITJIIC Ta KiabKicTIO OJI0KIB
DSP48 B omHOMY CTOBHIII €JIE€MEHTIB MikpocxemH. Sk pesynabTaT, mopsimok CIX-
bimeTpa, skuii TeHepyeTbest yTriiToro Xilinx Coregen mst [UIIC Spartan-6, oOmexxeHa
nianazonom Big 8 g0 48 [1]. Kpim Toro, sikmo ITJIIC BUKOPUCTOBYETHCS JHINE IS
¢dbimpTparii, TO B HiI HESPEKTUBHOTO BHKOPHUCTOBYETHCS peIITa MPOrpPaMOBaHUX
pecypciB, Takux K KOH(]IrypoBaHi jJoridHi 610ku Ta ix goriuni Tadmumi (JIT).

Icaye 6araro metoxiB peanizarnii CIX-(inapTpiB, Kl HE MaIOTh OJOKIB MHOKECHHSI.
BbinbiiicTs 13 HUX BUKOPUCTOBYIOTH CXeMH MHOKeHHS Ha KoHcTaHTy (CMK), siki MaroTh
MIHIMI30BaHU# 00’€M amapaTHOro 3a0e3nedeHHs. BOHM MIUPOKO BUKOPUCTOBYIOTHCS Y
IUIIC mpotsarom necatuniTe. Ilpu 1poMy Taki ¢uIBTpU 30BCIM HE 3aCTOCOBYIOTH
amaparHi OJIOKM MHOXKEHHSI, SIKI BXOJAT Y ckian 6mokiB DSP48 [2,3,4].
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Y poboTti 3ampornoHoBaHO HOBHM miaxixg a0 po3podku CIX-dimeTpy, sxuit
BUKOPHCTOBY€ sIK amapatHi Omoku MHOkeHHs, Tak 1 CMK. Bin 3abesmeuye sk
30iMbIIEHHST TOPSAKY (inbTpa, Tak 1 MIHIMI3OBaHI amapaTHi BUTpAaTH, a TaKOX
MiATPUMYE BUCOKY IPOIYCKHY 3/1aTHICTh QLIbTpA.

Crpykrypa CIX-¢pinbrpa. CIX-dinbTp, sSikuii mpu3HauYeHUN i peanizaiii y
[UIIC ¢ipmu Xilinx FPGA, mae Bigomy cuctomniuny ctpyktypy [1]. I'pad cunxpon-
Hux notokiB manux (I'CII) cucromiunoi cTpyKTypH (DiIbTpa A-TOMOPSIKY MOKa3aHa
Ha puc.l, a oro ymoBHe 300paxkeHHss — Ha puc.l, 6. Tyt x; y; € BXiTHUMH Ta
BHUXITHUMHU JaHUMH, KOJIa, TPUKYTHUKHA Ta TOBCTI BIAPI3KH NPEICTABISIOTH COOOIO
JOJJTaBaHHsI, MHOXKCHHSI Ha KOE(QIII€HT 1 3aTPUMKY Ha OJMH TaKT, BiamosimHo. Lleit
rpad BimoOparkaeTbes y BIAMOBIIHY MapayielibHy KOHBEEPHY CTPYKTYPY 3 MaKCUMAIlb-
HOIO TAaKTOBOIO YaCTOTOIO 32 JIOTIOMOTOI0 BiI0Opa)keHHS OJIUH JI0 OJHOTO.
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Puc. 1. T'CIIJ cucroniynoro CIX-dinbtpa (a) Ta iloro ymoBHe 300paskeHHs (0)

Ha6ip xoedimientiB CIX-¢pinpTpa n-romnopsiaky (opmye HOTro iMITyJIbCHY
xapakrepuctuky H(n). [Ipononyerbes peanizyBatu CIX-GinbTp 3 TpbOX OJOKIB, sIKi
OOYHCITIOITh 3rOopTKY 3 JiBowo Hi(n,), cepemnero H,(n,) Ta mnpaBorw Hs(n,)
i IMHOKHHAMU KoedilieHTiB, n = n; + n,, + n,. BimnoBiguuii moaepHizoBanuit I'CIT/]
MOKa3aHo Ha puc.2. Y OUIBIIOCTI BUNIAAKIB pO3PSAHICT KoedimientiB Hi(n;) ta Hs(n,)
Habarato MeHIne, HiK KoedirieHTiB H,(n,). ToMy OaxkaHo peaini3yBaTH YaCTHHY
¢binpTpa, mo3HaueHy Ha puc.2 sik H,(n,), BukopuctoBytoun 6moku DSP48, a pemry
¢binpTpa —3 Bukopuctanasim CMK.

Tperiit 610K (inbTpa, AKUH CTOITH OCTaHHIM Yy Tpadi Ha puc.2, TOBUHEH MATH
MIJBUILCHY PO3PSATHICTh MPOMIKHHX Pe3yJIbTaTiB, MO0 30eperTd HU3BKUKA PIBEHb
MOMHUJIOK BIiJ 1X ycikaHHA. Ile Moxke CyTTeBO 3HHM3UTH e(EKTHUBHICTH (UIBTpA,
OCKIJTBKM Oaratopo3psiaiHuii cymarop Ha ocHoBi JIT € 3HaYHO TOBUIBHIMIKMM, HIX
BIIMOB1THKM cymatop y 6ot DSP48.
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Puc. 2. Monepuizoanuii I'CI1J] ¢putpTpa

[Io6 3BecTu a0 MiHIMyMy Iiei (akTop, 3ampomoHoBaHo yaockoHaneHuit ['CII/,
KWW TTOKa3aHO Ha puc.3. BiAnmoBimHui ya1ocKoHameHUH DUIBTP MICTHTh JB1 YaCTUHU
H\(n)) Ta H;(n,) 3 0THAKOBOIO PO3PSJIHICTIO, sIKa HabaraTo MEHINA, HIX PO3PSAIHICT
onepanaiB 010Ky DSP48. Pesynbrar ¢inbrparii GopMyeThcs B OKpeMOMY CyMmaTopi
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31 301IBIIEHOI0 PO3PSAHICTIO. SIK pe3ynbTat, po3podnenuit CIX-pinbTp MICTHTD TuIIe
n,, 6nokiB DSP48, saxux moxe Oyt HabaraTo MeHIe, Hi’XK TOPSAOK (iabTpa .
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Puc. 3. Y nockonanenuii I'CILJ] dpinbTpa

ExcnepumenTtanbni pesyabtatu. s oninku epexruBHocti HIX-dinpTpis 3
3aMpOTNOHOBAHOI0 CTPYKTYPOIO, OyJi0 BUIIPOOYBAaHO TpH peaiizaiii (GiIbTpiB HIKHIX
4acTOT TOpsAKy n = 35, koe(dimieHTH, BXIiJHI Ta BHXITHI JIaHI SKHX MalOTh
pospsinHicte 16. Ilpu mpomy CMK Oynu moOynoBaHi 3 BUKOPHCTAHHSM TIPEJICTaB-
JIeHHST Koe(IIieHTIB y KaHOHIYHIN IBIMKOBIN crcTeMi YHCIeHHs [4], mpuuoMy JepeBo
cymatopie. CMK Mae He Oinbmie m'iTH BXIJHHUX CKJIaJ0BUX. 3a IIMMH YMOBaMH,
nepiui Ta TpeTid 61moku GiIbTpiB (IUB. puc. 2, 3) MalTh K MIHIMI30BaHi anapaTHi
BUTPATH, TaK 1 BUCOKY MPOITYCKHY 3JaTHICTb.

I'CII, npencraBneni Ha puc. 1-3 Oynu ommcani moBoro VHDL. TlotiM mpoektu
¢binbTpiB Oynu cunrezoBani mus [IJIIC Xilinx Spartan-6. PesynbraTél cuHTe3y A7s Jie-
AKUX (UIBTPIB HU3BKUX 4YACTOT rokaszaHi B Tabmuii 1. 1100 BU3HAuUMTH 1HTETpajIbHY
XapaKTEepPUCTUKY amapaTHUX BUTpaT (J, BBaXKaiocs, 110 Ui peaiizaiii 18-po3psaHoro
OJIOKY MHOKEHHSI, 1110 BXOJIUTh Y ckian 6moky DSP48, motpidno 200 JIT.

Taomuns 1
[Tpapamerpu CIX-dinbTpi
Crtpykrypa dinmbrpa ArnapaTHi BUTpaTH Maxkcumanbaa | fo/Q
JIT | TpurepiB | DSP48 Q | wacrotafc, MI'ng

CucroJiyHa, 0 0 33 33 390 11.8
puc.1

MonepHi3zoBaHa, 772 1538 17 20,9 146 7.0
puc.2

VYnockoHaneHa, 914 1639 17 21,6 267 12.4
puc.3

Amnani3 Tabnuill mokasye, mo cTpykrypa ¢ibTpa Ha 6a3i juire 010kiB DSP48
3a0e3neuye MaKCUMalbHy TaKTOBY YacTOTY JHMCKPETHU3AIll f- 32 paxXyHOK 301IbIIIEHUX
CKBIBJICHTHHUX anapaTtHuxX BuUTpar (). MojepHi3oBaHa CTPYKTypa Mae MEHIIY BeEIH-
YUHY fc, ane 3a0e3nedye MiHIMAIbHUN 0OCAT amapaTHOTO 3a0e3nedyeHHs. | yaockoHa-
J€HA CTPYKTypa Ma€ MEHIII amapaTHi BUTpPATH HIK CHUCTONIYHA, a il BITHOIICHHS
IPOIYCKHOT 3/1aTHOCTI JI0 anapaTypHUX BUTPAT f/Q NOCIATa€ MAKCUMYyMY.

BucHoBkH. 3ampornoHOBaHO MOJEPHI3aIlil0 Ta yIOCKOHAJICHHS CHCTOJIIYHOI
CTPYKTypHu I(ppoBoro (HibTpa 31 CKIHYCHHOIO IMITYJIBCHOK XapaKTEPUCTHKOIO, SKa
peanizoBana y IIJIIC. MoaepHi3zaltist mojsirae B TOMy, 10 B CTPYKTYPi BUKOPUCTOBY-
IOTBCSL SIK YHIBEpCalbHI amapaTHi OJIOKM MHOXKEHHS, TaK 1 OJIOKM MOH)KCHHSI Ha
koe(imieHT, sKi peasi3oBaHi Ha OCHOBI cymaTtopiB. HoBa ctpykrypa ¢inbpiB
3a0e3mnedye K ONTUMAbHE BiJJHOIICHHS MTPOIMYCKHOI 3/IATHOCTI JI0 allapaTHUX BUTpAT,
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Tak 1 30UTBIICHHA MaKCUMAJIBHOTO TMOPAIKY peanizoBaHux GinbTpiB. OpeprkaHi
¢inpTpu omucani moBoto VHDL i maroTe nmpuOIu3HO yABIYI MEHIIE YUCIO OJOKIB
MHOKEHHSI, HIK (QiIbTpH, K1 3reHepoBaHi nporpammoro Xilinx Coregen.
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FINITE IMPULSE RESPONSE FILTERS WITH A MINIMIZED HARDWARE

Relevance of research topic. Field programmable gate arrays (FPGAs) are
widely used for the high-speed digital signal processing, in particular for the signal
processing by the finite impulse response(FIR) filters. In order to increase the
efficiency of the use of the FPGA configurable resources and reduce their energy
consumption, it is necessary to introduce more perfect structures of the FIR filters.

Problem consists in, one hand, large configurable resources of modern FPGAs,
other hand, ineffective resource utilization in the filters which are configured in
FPGAs using the usual methods.

Analysis of recent research and publications. Implementation of the FIR
filters in FPGA is usually based on the use of the multiplication blocks. At the same
time, the rest of the programmable resources is used irrationally.

Selection of unexplored parts of the general problem. This article is devoted
to the study and implementation of the IIR filters in FPGAs. Such filters use both
hardware multiplication blocks, and application specific multiplication blocks based
on the configurable FPGA resources.

Setting objectives. The goal is to improve the FIR filter structure and its
multiplication blocks in order to increase the effectiveness of the FPGA resource
utilization.

Presentation of the main material. The modernization and improvement of
the systolic structure of the digital FIR filter, which is implemented in the FPGA, is
proposed. The modernization consists in the fact that universal hardware
multiplication blocks, and constant coefficient multipliers are coexist in the structure.
And the last multipliers are implemented on the basis of adders. The new filter
structure provides both the optimal ratio of bandwidth to hardware costs and an
increase in the maximum order of implemented filters. The resulting filters are
described in VHDL and have approximately double the number of multiplication
blocks than the filters generated by the Xilinx Coregen tool.

Conclusions. The proposed structure of the FIR filter provides the optimal ratio
of bandwidth to hardware costs, as well as increasing the maximum order of the filters
implemented in FPGA. The resulting filters are described in VHDL and have
approximately double the number of multiplication blocks than the filters generated by
the Xilinx Coregen program.

Key words: FPGA, FIR filter, pipeline.



