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Pedepat. B pabore paccMaTpuBaioTCss BO3MOXKHOCTH (hOpMANM3AlMU CHHTE3a IIapajUIebHO-IIOTOYHBIX CTPYKTYp HPOIECCOPOB
miudpoBoil 00paboTKM cUrHaNOB. Ilpemiaraercst aldropuT™M CTPYKTYPHOTO CHHTE3a HpOLeccopa, OOSCHEeUMBAIOIMH TOCTHKEHHE O00pPabOTKH
CHTHAJIA B PEAIbHOM BPEMEHH IIPU M3MEHEHHHU IIapaMeTPOB IIOTOKA BXOAHBIX JAHHBIX (YaCTOTHI JUCKPETU3ALHU, PA3MEPHOCTH) U IS PA3IUIHBIX
peanu3anyii BBIYHUCIUTENBLHOTO deMeHTa 0a30Boil omepauuu anroput™a BII®. Ocoboe BHUMaHHE yHIenseTcs aHalu3y peaju3alid B BUE
NapajuIeNbHO-MIOTOYHON CTPYKTYpbl anroputMa BII® mo pacienieHHoMy ocHoBaHuio 2-4. IIpeasnoskeHHOE onucaHue CTPYKTYpBI ITpolLieccopa
BII® xapakrepu3yercst JErKOCTBIO alnapaTHON peanu3alui Ha MUKpocxeMax nporpammupyemoit gsoruku (FPGA) u nmo3Bossier aBTOMaTu3upoBaTh
nporecc cuHTe3a npoueccopos bII® 11 npou3BoILHOTO MOTOKA BXOJHBIX JAHHBIX.

B mocnemHee Bpemsi MOSIBUJIOCH MHOTO HOBBIX HAIpaBJICHHUH pa3BUTHs IM(PPOBOH 00pabOTKH CUTHAIIOB,
TaKMX KaKk CHHTE3 W KOIMPOBaHHE pEYM, YIPaBICHHE TrojiocoM, Oe3rpyOounbie TenedoHbl U apyrme [1].
IlepeuncieHnble MyJIbTUMEINA TPWIOKEHUs, TpeOyloT obecredeHns 0OpaOOTKM MHOTOMEPHBIX CHTHAJOB B
peaslbHOM MacmTabe BpeMeHW. bomblmas 9acTh ajiropuTMOB ITMGPOBOH 00pabOTKM CHUTHAJIOB, TaK WM HWHade,
HCIIONIL3YET BBIYHCICHHE NUCKpeTHOTro mpeobpazoBanus Pypre (HAIID). Bonee Toro, kadecTBo 00pabOTKH CUTHAIA
CHJIBHO 3aBHCUT OT MPOIYCKHOH crmocoOHOCTH cucteMbl. [loaToMy 3¢d¢exTHBHas peanu3aiys BBIYUCICHUS
BekTopHOTo JIT1® mpuobperaeT OobIIOe 3HAYCHUE.

1. Aaroputm BII® no pacienieHHOMY OCHOBAHUIO

Cpenn MHOXxecTBa anroputMoB BbraucieHus JIII® Hanbonmee pacnpoctpanensl anroputMsl BII® 1o
TIOCTOSTHHBIM OCHOBAHUSIM, MOCKOJBKY OHHM OOECIeUMBAIOT PEKYPCHBHOCTB, PETYISIPHOCTh BBIYMCIICHUH, a TaK ke
BO3MOXKHOCTH T'MOKOTO M3MeHeHus (opmara npeobpa3oBanus. B mocnennee BpeMst ObIIM MPEATIOKEHBI ajJrOPUTMBI
Beruncinenus [P, odecneunBatomue 60IbIIyI0 3¢ (GEKTUBHOCTS BEIYUCICHUH 110 CPaBHEHHUIO ¢ anroputMamu bI1D
1Mo mocTossHHOMY ocHoBauMiO [2],[3]. Tak anroput™m BII® mo pacmeruieHHOMY ocHOBaHHIO 2-4 [4] 6a3upyercs Ha
CIIETYIOIIEM PA3JIOKEHUH OCHOBHOM (hopmyibl Beraucienus JI1D:

N/2-1
— 2nk
X2k - 2(xi1+xil+N/2)W ’
n=0
N-1 N /4-1
_ nk _ . n 4nk
X, = anW = Xyn = [(x, = Xn2) T (X ey s = Xy, DWW )
n=0 n=0
N/4-1

X4k+3 = 2 [(-xn - 'xVH-N/Z) - j('xn+N/4 - ‘xn+3N/4)]W 3”W 4nk

n=0

[MomoOHast cxema OpraHM3aliM BBIYUCICHHI TIO3BOJIAET 3HAYMUTENHFHO YMEHBIINTH BBIYACIUATECIHHYIO
CIIOXHOCTH anropuT™Ma [3]. YMeHbIIEHHE CI0KHOCTH COMPOBOXKIAETCS COXPAHEHWEM MHOTHX YepT anroputMa bBIID
1no ocHoBanuio 2. B uwactHocTH, Ha Bcex aramax anroputrma BII®D mo paciienjieHHOMY OCHOBAaHHIO HCHOJB3YeTCS
0a3oBas orepanus, aHaTorn4YHas 6a30Boil oneparuu anroputma BII® mo ocHoBanuio 4. Kpome Toro, coxpansercs
BO3MOXHOCTB pacuera JII® mocnemosarensHocTell uHE 2", TeM HU MeHee, yIpaBleHHe Mepenadeil JaHHbIX IpH
peanuzaiyu 3TOro alropuTMa 3aTpyJHEHO BCIEACTBHE HEPETYISIPHOCTU €T0 ATAloB, YTO CBS3aHO C UCHOJIb30BaHUEM
6a3oBoii oneparyu L-dopmsbl.

B pabote [5] ObLIO MPOAEMOHCTPUPOBAHO, YTO MPOCTask MEPECTAHOBKA BHIXOJIOB IO BBHIIOJHEHUH 0a30BOM
oneparuu anroput™ma BII® 1o pacmeruieHHOMy ocHOBaHHUIO 2-4 (cM. PucyHOk 1) MOXeT 3HAYUTENHHO YIyYIIUThH
perysipHOCTH Tpada 3Toro anroputMa. [lepecTaHOBKa BRIXOIOB IPUBOJUT K 00Pa30BaHMIO TaK HAa3bIBAEMOW 0a30BOM
oneparunn C-popmpl. C TOYKH 3pEHHUs amnmapaTHOW peaiu3allid, HCIIONb30BaHHEe MOIU(DUIIMPOBAHHOW 0a30BOM
OTIepanyy MO3BOJSIET CO3ATh YHUBEPCATBHBIA BRIYACIUTEIBHBIN JIEMEHT, KOTOPBIH MOYKET IPUMEHSATHCS Ha JTIOOBIX
sranax anroputma BII® 1o paciiernjieHHOMY OCHOBaHHIO.

@2001, anekTpoHHas Bepcus nogrorossieHa 3A0 ABTIKC CaHkr-lNMerep6ypr, http://www.autex.spb.ru
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Pucynox 1. ba3ossle onepaunu anroputMoB BII® no ocHoBaHuto 4 (cieBa) U 0 paclEINICHHOMY
OCHOBAHUIO 2-4 C epecTaHOBKOM BBIXOJOB (CIIpaBa)

2. I[TapansiebHO-NOTOYHAS cTPYKTYpa anropurma BII® no pacuenjieHHOMY 0CHOBaAHMIO

O0o0O0mIeHHAs CTPYKTYpa OIHOMOTOYHOTO mporeccopa anroputma BII® mo paciieruieHHOMY OCHOBaHHIO
npencraieHa Ha Pucynke 2 [5]. Brrumcnurensapie amementsl (Computing Element - CE) coemumHsioTcs ¢
HCIIOJIb30BaHNEM 3JIEMEHTOB MexnporieccopHor cszu (Interconnection Element - IE). [Tocnexnne obGecrieunBaroT
HEOOXOMMUMBIH TOPSOOK TIOCTYIUIGHHS [JAHHBIX Ha BBIYHCIWTENBHBIC D3JEMEHTHL. BHYTpeHHSS CTpyKTypa
BBIUMCIIUTEIHHOTO 3JIEMEHTa TOApa3yMeBaeT NapaiUiebHOE BEIOJHEHHE OINEPalldii YMHOXXCHHS TEKYIIETro 3Tara
aITOPUTMAa U OTIEPAIVid CIIOKCHUS-BEIYUTAHMSI MTOCIEAYIONIETO dTana BEIYHCICHHM, 9TO OTpaxkeHO Ha Pucynke 2. Ha
MTOCJICJTHEM JTalle alropyuTMa BBITIOIHSIOTCS TOJNBKO 0a3oBbie omnepanuu ainroputMa BII® mo ocHoBanwio 2. B cumy
OIMMCAHHBIX OCOOCHHOCTEH OJHOMOTOYHOW CTPYKTYPBHI, BXOJAHOW W BBIXOJHOW 3Tal BBIYUCICHHN OTIMYAIOTCS OT
MIPOMEKYTOUHBIX, YTO OTPAXKACTCS B PA3IHYMIX BHYTPCHHEH CTPYKTYpHl COOTBETCTBYIOIIMX BBIYUCITUTEIBHBIX
aeMeHTOB. TeM HU MeHee, MOoA00HBIN OTHOIOTOYHEIH Tporeccop anroputMa BIID mo pacuiemieHHOMY OCHOBaHUIO
2-4 MOXET CTaTh OCHOBOW ISl TOCTPOCHHUS TMEPEKOH(PUTYPHPYEMOTO BEKTOPHOTO IMpoIeccopa Uil 0O0pabOTKH
MHOTOMEPHBIX JTaHHBIX.

CE1 IE(odd) CE2 IE(even)

INPUT T~ """ outpur

STAGE 1 STAGE 2 STAGE 3 STAGE (log ,N)-1

Pucynoxk 2. CTpykTypa 0JHOIOTOYHOTO IpoLeccopa, peanusyromero anroput™ bII® no pacimenneHHoMy
OCHOBaHHIO 2-4 nys mpeoOpa3zoBaHusl THHEI N

[IpennonoxuM, YTO KOJMYSCTBO KOHBECHEPOB B MApaUICIBHO-TIOTOYHON CTPYKType, peaau3yroIeH
anroput™ BII® mo pacmierieHHOMY OCHOBAHHMIO PaBHO M1, U m SIBIISICTCS CTeNeHbio uncia 2. B aTtoMm ciydae, 10
OTIpeICIIEHHOT0 3Talla, ajrOpUTM O0ecIieYMBaeT He3aBUCUMYI0 00pabOTKy 7 TIOTOKOB AaHHBIX. HauwHas ¢ atamna log,
N/m-1 7 3aKaHYMBAs TANOM, MIPEAIIECTBYIOIINM BEIXOTHOMY, HEOOXOAUMO OCYIIECTBISATE MPEIBAPUTEIBHBIN 0OMEH
JAHHBIMA MEXIYy NOTOKaMHu. J[pyrmMu cioBamu, log,m 3TamoB B MapaliedbHO-TIOTOYHOH CTpyKType (OT 3Tama ¢
HomepoM (log,N/m)-1 u no stama ¢ HOMepoM (log, N)-2) HauWHAIOT CBOIO pPabOTy C BBIMOJHEHHS MPOIEAYPHI
MEXIOTOYHON KOMMYTAIlMH, KOTopas ompeaenseTcss rpadoM MomaudumupoBaHHoro anroputmMa bIID 1o
PACIIEINICHHOMY OCHOBaHMIO 2-4 W 00ecneuuBacT NPABWIBHBIA IMOPSJOK MOCTYIUICHHUS PE3YyJIbTaTOB PadOThI
MPEIBIAYIINX ITAMOB HA 3JICMEHTHI MEKIIPOLIECCOPHOH CBSI3H.

PaccmaTpuBass Hambonee mpOCTOM cilydall ABYX KOHBeilepoB (m=2), CTAaHOBHTCS OYEBHAHO, 4TO
JIOTIOJTHUTEIIbHASI MEKITOTOYHAsT KOMMYTAIs HeoOXoauMa repe]] dTamom Homep log, N/2-1. Jlpyrumu ciioBamu, - Ha
9Tane, NpeIIeCTBYIONEM BbIXOAHOMY. IlycTh i=0 - 3T0O HOMep IEepBOro KOHBeiepa, a j=/ - 3T0O HOMEp BTOPOrO
KoHBeiiepa. [Iporenypa MeKIOTOYHOH KOMMYTAITMA MOXKET OBITH OIpeesieHa Kak mpeodpazoBanne BekTtopa O=[0;,,
O;1, 0i2 0;3 0,4 O;s, O, 0,4, O, O;3 0,4 O;s], NPEACTABIAIOLIEr0 3HAUYEHH HA BBIXOJE NPEABLAYILErO dTana
anropuTMa B BEKTOP 3HAYCHWM, MOCTYNAIOMUX HA BXOA mocnexyromero stana I=[1;g, I;;, Iz 1;3 Lis Iis, Lo 1), 1o,
Ii3, 14 Ijs]. CooTBeTcTByIOmas KOMMyTauus omnpenensercs rpadgom mMoaupuuupoBaHHOro anroputMa bIID mo
pacIerieHHOMY OCHOBaHUIO 2-4 u n3o0pakeHa Ha Pucynke 3.

[Ipu pa3zbmeHuN BBYHUCICHUI Ha HECKOJBKO MapajIeNbHBIX ITOTOKOB MOXHO YCTaHOBUTH, YTO Tpad
MoupUIIPOBaHHOTO anroputMa bBI1® mo pacuiemiecHHOMY OCHOBaHHIO 00J1aIacT CICAYIOIUMH O0COOCHHOCTSIMH:

1) Ha nroboM 3Tame BBIMONHCHHS aNrOPUTMAa IEpeNadd JTaHHBIX MPOUCXOJAT HUCKIIOYUTEIEHO MEKIY
mapaMu MOTOKOB.

2) CxeMa mepenavu JNaHHBIX BHYTPH JO00# maphl MOTOKOB BCETJa MOCTOSIHHA M HE U3MEHSIETCS OT dTama K
ATaIy ajiropuTMa.

Ot ocobenHoctn rpada moauduMpoBaHHOro anroputMma BII® mo pacmienieHHOMY OcHOBaHMIO 2-4
CBOIAT TpoOiieMy (hopMann3aIiiy mporecca CHHTE3a COOTBETCTBYIOMIEH MapauIeNbHO-TIOTOYHOM CTPYKTYPHI K 3a/1a4e

-2-



3-a MexxayHapoaHasa KoHdepeHunsa DSPA-2000

OTIpeNleNIeHHsT Tap TOTOKOB, MEXIy KOTOPHIMH OydeT NpPOMCXOAWTH Iepefada MaHHBIX Ha KaKAOM H3 JTalloB
anroputMa. [IycTh s - 3TO HOMEp 3Tama, Ha KOTOPOM MPOM3BOIUTCS ONpPEIeIeHHE ITap TIOTOKOB IS Iiepeiad TaHHbIX,
a i W j - HOMepa THX MOTOKOB. Torga o0oOIIeHHAS MPOIEAyPa MEXIIOTOYHOW KOMMYTAallMK Ha KaKAOM M3 ITAIlOB
anroputMa BII® mo pacrierieHHOMY OCHOBaHHIO OTIPEEINISACTCS CIIeTYyIomEeH (hopMyIToit:

j=i+N2 rae i=[0, 1, 2, ... (N/2°-1)] w log:N/m-1< s < (log,N)-1 )

Bripaxenue 2 ompenenseT BO3MOXHOCTb CO3JaHMS MapajliedbHO-MOTOYHBIX CTPYKTYP C IPOU3BOJIBHBIM
KOJIMYECTBOM KOHBEHEpOB NpH peanusanuu anroputma bII® no pacuienneHHOMY OCHOBaHUIO 2-4.

AmnmapaTHasi peaju3anys IpoLeypbl MEKIOTOYHOH KOMMYTAIlMH BO3MOKHA C HCIIOJIb30BaHHEM Oy(epHOit
namsTd. Jns MepecTaHOBKM JaHHBIX BHYTPU OTPAHHUYEHHOTO KOJUYECTBA MOTOKOB JOCTATOYHO MPOCTBIX CXEM,
TIOCTPOEHHBIX Ha perucTpax. Ho BeICOKHE cTeneHH mapaien3Ma BBIYUCICHUH MOTYT OTpeOOBaTh MCIIOIb30BAHUS
JIBYXIIOPTOBOM MaMSITH.

CE IE CE
- E-f——rt e e I
0. Tl /
PIPELINE i = & ] s v
_'T\'"@.___. [0} X -"\__@__“._--- _
=, ) S
—F L1 i I -
PIPELINE j ) _J ‘ di V8 __"_::::: outeut [~
:@_____4.5/ - E | — B
L L .1 |
STAGE (log,N/m)-1 STAGE (log,N)-1

Pucynok 3. Peanmmzanus poriexypbl MEKITOTOYHONH KOMMYTAITUH [T TPOXU3BOJIBHOM Maphl TOTOKOB
MapajuIeIbHO-TIOTOYHOM CTPYKTYPHI C /71 BEIYUCIUTEIHHBIMA 3JICMEHTAMH Ha 3Tare IpH BEIYUCICHIH
mpeoOpa3oBaHus JITUHBI N.

3. Aaroputm cTpykrypHoro cunre3a IIIIBII®

B [6],[7] Obut mpemnokeH MOAXON K YHHUBEPCAJIHHOMY OIMCAHUIO MapauleNbHO-noToyHoro bIId-
nporneccopa. IlonyueHHble pe3yabTaTsl HO3BOMISIOT UCIIONB30BaTh 3Ty METOAUKY Al peanusanuu BIID-nponeccopon
0 pacLIeNJICHHOMY OCHOBaHHUIO 2-4 B BUJI€ apaJlIedbHO-IOTOUHBIX CTPYKTYP.

OCHOBHBIM  CBOMCTBOM IMPOLIECCOPOB  PEAITBHOTO BpPEMEHH SIBISIETCS HEOOXOIMMOCTH  00pabOTKH
HENPEPBIBHOTO IOTOKA JAHHBIX. DBBITONHEHNE YKAa3aHHOTO YCJIOBHS JOCTUTAETCS, €CIH YIAETCS DPELIMTh [JBE
OCHOBHBIE ITPOOJIEMBI CTPYKTYPHOTO CHHTE3a!

1) Onpenenenue HEOOXOAMMOTO KOJIMYECTBA BBHIUYUCIMTEIBHBIX IEMEHTOB Ha Ka)KAOM JTale allrOpUTMa,
KOTOPO€ MOXKET 00ECHEeUHTh BbIUUCICHHE BeKTOpHOTOo JIID BXOJHOTO MOTOKA NAHHBIX B PEalbHOM BPEMEHH HpU
MHUHUMaJIBHOU CTPYKTYPHOM CIIOKHOCTH ITpoLieccopa.

2) Ompenenenne ctpykTypsl bIId-mporeccopa i JaHHOTO KOJMYECTBA BBIYMCIMTEIBHBIX 3JIEMEHTOB Ha
KaXI0OM dTare ajJropuTMa.

Onpenenum nepemennyto Tz xak max [2T, T,], tne T, - BpeMsl BBINOJHEHUS ONEPALUN CIOMKECHHS-
BbIUMTAaHUS, a 71, — BpeMs 3aTpauMBacMO€ Ha BBIIOJHEHUE YMHOXKEHHS Ha IOBOPAYUBAIOLIUM MHOMXHTEINb.
OO0o0meHHast napauiebHO-TIOTOYHas cTpykTypa (cM. PucyHok 3), ompeneneHHas B COOTBETCTBHH ¢ (hopmyiion (2)
MO3BOJISIET BBINOJIHUTH pacyeT MHHUMAIbHOIO KOJIMYECTBA BBIUUCIUTEIbHBIX D3JEMEHTOB HA KAaXAOM JTame
IrOpUTMa, KOTOPOE 00ECTIEUNT NOCTHKEHHE 0OpPaOOTKH 3aJaHHOTO IIOTOKA JIAaHHBIX B peallbHOM MaciiTade BpeMeHH:

Lr=0,if DT <24t
m . =

3
min |27 = ]log(DTB/2At [,ifDTB > 2At, )

rae Ju| Gmuxaitmee nemoe, Gonbuiee wim pasuoe a; T 'p ~BPEMsl BBITOTHEHHS 6azoBoii onepanuu anropurma bIId;

At - mepuwos IMCKpEeTH3aIH; M — KOTMYECTBO BHIYHCITHTENBHBIX IEMEHTOB Ha JTale aaroputMa; D — KOTH4ecTBO
KOMITOHEHT BEKTOPHOTO mpoiiecca; N — pa3Mep KOMIIOHEHTHI.

IMpu W3BECTHOM KOJIMUECTBE KOHBEUEPOB, CTPYKTypa MapajuIebHO-MIOTOYHOTO IPOIECCOpa JIETKO
OTIpEeIENSIETCS Ha OCHOBAHUM COOTHOIICHHH, MPEICTABICHHBIX B MPEBIAYIINX pa3jienax.
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BriBoabI

I'mbKkocTh MOTydaeMbIX ammapaTHBIX PEIICHUH MOXKET OBITh YJIydIeHa 3a CUeT BHIOOpa COOTBETCTBYIOIIETO
armapatHoro ©Oasmca. Ilpemmaraemoe wucmonmHeHne anroputMa bII® 1o  paciieruieHHOMY — OCHOBaHHIO
XapakTepu3yeTcsi HeOOMBIINM KOJTMYECTBOM JIOTHYECKHUX OIEeparnii, HO TpeOyeT NCTIONB30BaHMS HIEMEHTOB MaMSTH.
IToaToMy, BBEIOOp B KadecTBe ammapaTHOro 0a3uca MHUKpOCXeM mporpammupyemoii yioruku FPGA mpencrasisercs
JOCTAaTOYHO OMNPAaBIAHHBIM. YHHBEPCAIBHBIA aJrOPUTM CHHTE3a W MOJIYYCHHOE OOIiee OmNMCaHNe MapauiebHO-
MMOTOYHOU CTPYKTYPHI MO3BOJISIOT CO3JABaTh MEPEKOHPUTYPHPYEMBIC MPOIECCOPBI, KOTOPBIC MOTYT BCTPAWBAThCS B
IIMPOKUH HA0Op YCTPOMCTB, TPEOYIOUIMX BBIYHCICHUS MHOTOMEPHOTO IHCKPETHOTO mpeolOpa3oBanus Dypbe B
pearsHOM MacITabe BpeMEHHU.

Jlureparypa

1. Mark Cummings, Shinichiro Haruyama. “FPGA in the Software Radio” // IEEE Communications Magazine,
February, 1999 - pp.108-112..

2. Raider,C.M. and Brenner,N.M. “A New Principle for Fast Fourier Transformation” // IEEE Trans., 1976, ASSP-
24, - pp.264-265.

3. Preuss,R.D. “Very Fast Computation of the Radix-2 Discrete Fourier Transform” // IEEE Trans., 1982, ASSP-30,
- pp-595-607.

4. Duhamel,P., Hollmann,H. ”Split Radix FFT Algorithm” // Electronics Letters, Vol.20 No.1, 5th January, 1984 -
pp-14-16

5. Jesus Garcia, Juan A.Michell, Angel M.Buron. “VLSI Configurable Delay Commutator for a Pipeline Split Radix
FFT Architecture” // IEEE Transactions on Signal Processing, Vol.47, No.11, November, 1999 - pp.3098-3107.

6. Petrovsky,A.A., Kachinsky,M.V. “Design Method of Real-Time Parallel-Pipeline Processors Computing the
Vector DFT” // International conference on Parallel Computing in Electrical Engineering, September 2-5, 1998,
Bialystok, Poland - pp.242-247.

7. Petrovsky,A., Kachinsky,M. “Automated parallel-pipeline structure of FFT hardware design for real-time
multidimensional signal processing” // Proc. of the 9" European Signal processing conference, EUSIPCO’98,
vol.II, Sep.8-11 1998, Greece - pp.491-494.

<*




3-a MexxayHapoaHasa KoHdepeHunsa DSPA-2000

PARALLEL-PIPELINE STRUCTURES IMPLEMENTING SPLIT RADIX 2-4 FFT ALGORITHM
Petrovsky A., Shkredov S.
Belarusian State University of Informatics and Radioelectronics,
6, P.Brovky St., Minsk, 220027, Republic of Belarus
Computer Engineering Department, e-mail: palex @it.org.by

Annotation. The article is devoted to creating a complete methodology for automatic synthesis of real-time FFT-processors at structural
level under the given restrictions: speed of input data receipt, structure of the computing element, and the time of the butterfly operation execution.
Special attention is paid to creating parallel-pipeline structures for modified split radix 2-4 FFT algorithm. The structures employed in the design
show good possibilities for scaling the degree of parallelization, thus changing the overall throughput of the system. They are particularly suited for
implementing in programmable logic basis (FPGA).

There have been a lot of interesting developments in the field of digital signal processing lately [1]. Such
multimedia applications as speech encoding, voice recognition systems, hands-free telephones and other tend to
employ real-time data processing approach [1]. Main part of various signal processing algorithms employ DFT
calculation. Moreover, the quality of the signal processing greatly depends on the throughput of the system, which
makes calculation of DFT of vector signal a critical point in many real-time solutions.

1. Split radix FFT algorithm
There are algorithms of calculating DFT providing better efficiency in comparison with fixed radix FFTs
[21,[3]. Thus, algorithm suggested by Duhamel and Hallmann [4] uses the following decomposition of the basic

formula:
N/2-1 -
— n
Xy = z(‘xn X)W ’
n=0
N-1 = N/4-1 o
= _ . nypy 4n
X, =zonn Xy = [(x, = Xpns2) + J Xy gy = Xy )W W2 (1)
n=0 n=0
N /4-]

Xips = Z

n

]
. 3nyys dnk
(X, = Xn2) = J(Xpin s = Xpuaw D IW W

This scheme of calculations provides substantial reduction of computational complexity [3].

2. Split-radix 2-4 parallel-pipeline FFT structure

General SR FFT pipeline structure based on the modified butterfly operation consists of Computing Elements
(CEs) cascaded with Interconnection Elements (IEs), which are routing the data between the CEs [5]. The structure of
Computing Element presumes that the butterfly multiplications are done in parallel with the add-subtract operations of
the following stage of computation. This split radix FFT pipeline offers decent possibilities for multi-dimensional data
flow processing.

Let us suppose that number of SR FFT pipelines m is a power of 2. In this case, until certain point, the
modified SR FFT algorithm processes m data flows independently. Starting from stage log,N/m-1 and up to the stage
log,N-2 (the stage preceding the last one), outputs of every previous stage should be permutated. In other words,
log,m stages (from stage (log,N/m)-1 till the stage with number (log,N)-2) start their work from making a certain
switching procedure implementing all permutations, required by the graph of split radix FFT algorithm. The switching
procedure is always made between pairs of pipelines and its pattern is always the same. The corresponding mapping is
demonstrated on Figure 1. Any pair of the pipelines for making the switching procedure at any stage of the split radix
FFT algorithm can is determined by the following formula:

j=i+N2 where i=/[0, 1, 2, ... (N/2**"-1)] u log:N/m-1< s < (log:N)-1 G

where s - number of a stage and i, j are numbers of pipelines. Equation 2 enables creating parallel-pipeline
structures implementing split-radix FFT algorithm.
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Figure 1. Split radix FFT pipeline for transform of size N with m Computing Elements at a stage

3. Structural synthesis of parallel-pipeline structure for split-radix FFT

Development of the FFT-processor on the basis of parallel-pipeline structure requires defining the optimum
number of computing elements at a stage. The problem is normally reduced to finding the minimal number of CEs at a
stage, that at the given time of butterfly operation execution can provide calculation of vector DFT in real time.

Condition for calculation the vector DFT in real time for any FFT structure will be (DN/k)T, < NAt, where T, is

a time of butterfly operation execution of algorithm FFT; Af is a sampling period; k is number of data samples
processed by each pipeline; D is number of components of the vector process; N is size of a component. Then the
minimum number of CEs at a stage m,_, is defined as follows:

1,r =0,if DT, < 2At,

B
m_. =

3
min 2r,r=]log(DTB/2At[,ifDTB22At, ©

where ]a[ is nearest integer, greater than a or equal to it.

Having found the number of pipelines for the corresponding parallel-pipeline structure, the second problem
of structural synthesis is easily solved according to the methodology suggested in previous sections.

Conclusion

Considering the unified design algorithm and the general description of hardware structures received,
mapping into FPGA basis brings ability of integrating the corresponding processor structures into a wide range of
devices requiring real-time calculation of multidimensional DFT.
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