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1 159159 A PROCESSOR AND METHOD FOR PERFORM NG A FAST
FOUR| ER  TRANSFORM AND/ OR AN | NVERSE FAST F

TRANSFORM OF A COVPLEX | NPUT SI GNAL 5 Fi el dMﬂ' A
I nvention The present invention relates gen

met hod and processor for perform ng a Fast Foufipese
Transform (FFT) and/or an Inverse Fast Fourier

T RO EESSR a0 ETED Fon PRteaRMIlG APAsTFOURER
hi{HARBEORM ANDIORPARINVERSE FAST FOWRIBRS»‘RNMSFORM OF A
i npl ementation of arérocessor for or t hogonal

frequency-di vi si on nGPMRILEXING (W ommruni cati on

appl i cations. Background of the Invention In an
orthogonal frequency-division multiplexing (OFDV

eSO the! Inventibh system the hi gh rate signal is
transfornmed i nto a nunber of or gona nts
fldve |pyesent m\@rﬁlﬁﬂc&@ﬁﬁg gengral Y § uéu@?tﬁogp Vgaoqﬁﬁsor for

u3| a Fas
g\llngnaaﬁfgfsg%ﬁd(r%iﬁrraggﬁrm g?:ﬁ'ﬁ)jﬁbﬁ)'c?r{:ggt I'F\gghsrel (I:rast Fourier
Hrggﬁfgﬁrwmlaﬂﬂ) blfme%mplléashpﬁbﬂgnak afidainspartioular 4o a system and
|
{metodefie? TOWEING 1 CHIGRTSPRS R RW-EPIREY ° AR, v eygr VLS!
Rt ath G BR e PR sso R e gl ety aivizion, Tultiplexing
USRDIN colvenunieatiori apglicationsmp 128- poi nt

frequency-domai n conpl ex values to a tine-domai n OFDM
synbol. This 25 is described in the publication by the

bR yerticn (P i e o) PL‘”G‘“ sow
Wew. ari nedhoganah frequiencye-division « MRASRIeROM(BRRIY spommunication
L§J§%Prt§§°ﬁa§g} raggdlglggil j%z“éésfgﬁned NEPt £ "RENbEP S orthogonal

a conventi onal system a

128mpBREYs fEFBWér &S bﬂjd&dmgOThwﬂi‘s&muaﬁytmhleved by using a Fast
t1me- dorraln r@y back inta
0

fFeqmmh'E;artﬁ&m ] }ﬁyleés& Fast,Egurier %’rans%orm (FFTAFFT) pair. The
Fast Fourier Transform and Inverse Fast Fourier Transform are frequently

applied in communications systems due to their efficiency in OFDM

applications.

In the OFDM based ultra wide-band (UWB) system proposed by the MultiBand
OFDM Alliance (MBOA), a 128-point IFFT is used in the transmitter to map 128-
point frequency-domain complex values to a time-domain OFDM symbol. This
is described in the publication by the MultiBand OFDM Alliance (MBOA) Special
Interest Group (SIG) / WiMedia Alliance, Inc. (WiMedia) in www.wimedia.com
entitted “MultiBand OFDM Physical Layer Proposal for IEEE 802.15.3a,”
September 2004. In the receiver side of such a conventional system, a 128-
point FFT is performed to convert each time-domain OFDM symbol back into

128 frequency-domain complex values.
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2 For many applications, the FFT/IFFT processor can
adopt a parallel architecture to satisfy the

requi renent of high-throughputs and low latencies. In
a conventional OFDM UWB system for exanple, the
128-point FFT/I FFT shoul d besconmputed within the
peri od of one OFDM synbol - 312.5ns. Wth the 5

E;) Ocess! ieé‘p |.§|?§$€% 3{‘3 %@' } rg\%'g%g?drgz razmgéedgg)ft ‘r:agpéls\‘iﬁggll architecture
e SRR efrRd reblifemenbost Hidh-ghrealhputs! emd llawt hatencies. In a

case, "as nmany parallel processing elene

coneantiongl OF RMHUWE: systent, det exaaple, t'ﬁ%ﬂ%g‘"gﬁb%%ﬁﬁ should

However. this. wll| g Vgl ik d '
bEEPTR {%;J Vuml%ﬁhﬁs{)%’géd go£n6e\‘fr% etl")‘ﬁl yﬁg/f:[:égpt abl_evma?dsns' With the
?F@ééé%ir@%l%@'di%ﬂ%—lﬁr\ﬁﬁkhde.selbitte&d fwithdprraeticall interest, the 128-
onput at’l onal el enent of the " Qut t

FET |
PoRIOCSANG aouIRrb eamplefgs] Wi ahait APk fﬁwes- In this case,
ransf or . ' .
5 tigey PR rBEFR(E SEnERS aChBctdRrphg Hohicveestast spood
[ﬁ;ig)‘;] g]?{)ér?n]plélyé@.: ?dmxf.er, thti:s wilbgrsiatly énerease the bardwareneomplexity
insf resulting int hesis f , L
urish 15 10} ganep NS ALARgDIBGHE Taa bp cvopBi Drokfies s
pi pel i ne techni ques have been proposed over the | ast

three decades for achieving real-tinme FFT/|FFT
X aaREshastal dmpatationalidement aRNOEFTRE® sbutterfly element” which,

Mul ti - h I i X .
Siﬂnigﬁlf @?rgta[qst F@?&@%Z&%&o%@@;@@% dvg{u&gr into two other
Wﬁ@?ﬁgs\}éﬂf&q RE TUHRHRS eleffier V€ Lisea Yo Pedforanmaitipie calculations

' . echni ques are described in the publicatjon .
biyi the differmnt stageBookthiestsansferm reswlting e dhey ﬁynﬁ\esm *rom the time

pi pel j ne FFT pro f : . .
P aEmatno: bR auBney JomaiTRe gRYersE) "o M s anar o O

Syst ., I El Sﬁtro_n. , bsﬁptd 1998, pp. 257 - 262. In

eneral , e [ ' i
ggafm ippiloerSeahaauRs GaraboR DIPRBeMHINRT e [5t LTgE decades for
ile real-t].0e, ' i .

CBbSubB TR ARFEREF S HogBeqfr A filde tharREMDC (Radi
r RRiti-bifFE Defiyd Eommautton e RISDF (Redhs2 tSinglerpath Delay Feedback),

CERESOE, aod ot R s Wbl dehr "o AR fpparson o
e eRiRs24®, dbLoribBd AthbpuBIREIGh BeS. Heaand M. Torkelson
entitlied “Designing pipeline FFT processor for OFDM (de)modulation,” which
was published in Proc. IEEE URSI Int Symp. Signals, Syst., Electron., Sept.
1998, pp. 257 - 262. In general, the aim behind these techniques is to reduce
the implementation complexity as much as possible while real-time, non-stop
processing of the input data sequence is maintained. In this context, real-time
pipeline processing means that the processing clock rate is equal to the
sampling rate. However, in the OFDM UWB system, the sampling rate is
prescribed as 528 MHz, which is much higher than the processing clock rate of
132MHz. This problem may be solved by introducing the parallel and pipeline
processing together such that the integrated processing has the advantages of
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30 132MHz. This problem may be sol ved by introducing
the parallel and pipeline processing together such
that the integrated processi ng has the advantages of 3
both architectures. In this way, a good conproni se
between processing speed andgi npl ementation

conpl exity can be achi eved. A basic parallel-pipeline

FFT ich i i pelj ) ;

bethRsecez UGS WAV H OO0t ugsé BSEST Proggsging speed
_ . o P o and

B P e B e o LS

i npl enentation,” published as | EEE Trans. Conput.,

. C 33 .5, .pp. 4- 198 To.aeat
FotastonaaIeEpiRolRs R pRRa A& pRRITBE e R2SOF
SERERBis Yessfbéd re@resputdieation bl IE2IH.ANpld amd:A. M. Despain entitied
architecture is described in the gubl i cat i y.H ntation.”
'Pipeline and, peraliel-pireling FEJmPTec ﬁﬁﬁ\ﬁﬁ%ﬁ sgaplfjh? ’
b H n b H .
FEBHERRL g EEE Y ong st S 55T 45T My 1004
publication, a four-parallel architecture is adopted

i npl h di x-2 FFT, al i t.hm,j
o e o s S cASRP LI 56 GERE U Wetem
1 ff t ' 2 ication by H.-
ghweegétgg%rﬁé%@ C;ﬂ{)@lﬁ\éd”ﬁt%@??&u?e #destried i theéhsutstication by

ve an Icrent VLSI inplenentat,] obn
of. Lig bFFAN FEMtitien ddestidMb/a hBPG-OMAMY-kasade HWEs baseband

S R B B S TR0 et Bhgaes, o
f@vﬁo 1§ ik Puplicator, | LF-PERAfel Bfchiteeturé s adgptedtts imptement the

atencies, as well as being econom cal and havi nge d
| iR WRT alositnmt inoBtagei 1 sndag redi-& kird algeEthia;is dmplemente

hi gh speed.and area eff.i f the
Ilﬂﬁ)@%f‘p‘éﬁﬁﬂe%%%w}?& 'Pgtgaé ?raitwgfsyg\éc " of the

present invention there is provided a processor for

perform ng a Fast Fourier Transfor FET) and/.or

| Theresie a-need foneffegtiveTansheffigiont ML&%*)"PE%“%PW@ %Pz@w IFFT/FFT
i nput _si gnal | OROfRND dyShein g targeted to
cBYRYEREN N %%@ﬁﬁlﬂgé@g%gﬁé%@p%% ng: FWiLBIgtB st age forg
PBfRidY vERE highdatasiage TonmunicatiomritiestAJér Whemogesspstneeds to

7 oatighwaprequitaraenical RaRANQUIIGHIRY SN FIRBRES. P L3 being
COmpl EXicalBHE KA oW §owidr ditstiniiohhRhidtdtathet same time being

high speed and area efficient.

Summary of the Invention
According to a first aspect of the present invention there is provided a processor
for performing a Fast Fourier Transform (FFT) and/or an Inverse Fast Fourier
Transform (IFFT) of a complex input signal having a real component and an
imaginary component, the processor comprising:

a first stage for passing the input signal to a second stage when a Fast
Fourier Transform procedure is to be performed and for swapping the real and
imaginary components of the complex input signal before passing the signal to
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4 a second stage if an Inverse Fast Fourier Transform
procedure is to be performed; the first stage having
an input and an output; the second stage conprising a
first radix-4 butterfly elenment and a second radix-4
butterfly elenment; the output4of the first stage being
connectable 5 to an input of the second stage; a

A e e
@gﬁ&%é@%a@ﬁ& Q846 9a0ipG 4 iIPpEsShdanautpulp! ex
njugate symetrtcal input signal; a fourt t age
gorf%thﬂ repcang| stagei comprisipgoaetisst rf@dw?t%utpﬁﬁ)br%ﬁ’}?@t and a
gﬁcQ%g%cﬁg%;g@gqFﬁg %Eeﬁfgﬁt?gﬁ%bgfrpﬁ?}(gféﬂegﬁt‘sé glt’égéoﬁﬁﬂb cdnflectable
E%gﬁﬁﬁﬁhmm@lsbéoﬁ@wgﬁi ng a radi x-2 pipelined Fast
P

rier Transform (F

o oo (T egeessare oL URGThAGE o soon
RRetl S, 35 rbohBroRRRcag gss Beihg picestng 2 complox
gfggyl@%éé ?ﬂmﬁtgﬁggﬂ?ﬁ?%aogt gut; a sixth stage for

fiftha foute S0 COMRANSING, A aluPai f@'}%:%gﬁ%gg‘éﬁi&g to provide a
g%hfﬁ%ﬁgiagsl [:ﬁfnp?i p{a Neal BSmpbReht and dnrroagiaary component,

e 'sigrmal recelved fromthe output

_ f

L&F 61 fﬁ-nb]fe ?ﬁ*salig_eprbﬁéssimg pais comprisiagsa gatﬁx—ZtrejpghmedoFast Fourier
utput o e sixth stage if an Inverse Fast 20
FoanstrmmFAIIf5eeRSSObcedure is performed; wherein: a

first j i i . .
ut put® T StAds ot it SR Re A G o e o0

t?oﬂbeﬁdﬁheobmgmpmam owde; the fifth stager hadpg iwnpﬂtu E:ouplable

of one or e pof th I i f.. [ i :

Aoy Abe Burthiads Bhd an Bt O O he o e ali ty of

procesg Izsg&h Whades f&epé‘&iﬂ?m alynal réueiuagh frofre thehioatput of the fifth
0

st age to an out put t he second butt
chiyorit a st Fourist Tansfews Hocachite 18 REHOTTES @y for swapping the

Pl O R S
to tghe effour'?h ss"t\gz;rg‘e@tsﬁrﬂmﬁaetpg ??Eﬂhﬂ gfx gzg;egesf. ajmgnverse rest
Fourier Transform procedure is performed; wherein:

a first input to the third stage being couplable to an output of the first
butterfly element; a first output to the third stage being couplable to a first input
of one or more of the plurality of processing units; anda second input to one or
more of the plurality of processing units being couplable through the third stage
to an output of the second butterfly element;

the first and second radix-4 butterfly elements being arranged to perform
a butterfly operation on the complex input signal to generate and deliver one or
more components of a processed signal to the fourth stage through the third
stage;

the fourth stage being arranged to process the processed signal received
from the third stage according to a Fast Fourier Transform (FFT) processing

procedure to produce an output signal.
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30 the fourth stage being arranged to process the

processed signal received fromthe third stage

according to a Fast Fourier Transform (FFT) processing

procedure to produce an output signal. 5 Preferably,

the fourth stage conprises a fdrst processing unit,

and a second processing unit. 5 1In a further

preferred enbodi nent, the fourth stage further

conprises a third processing unit, and a fourth g
Qeessi N | R f isekV fRst processingt bimit, and a secon

E‘?r&%é‘#’hghéjuﬁﬁ"sth o#t%‘ﬁe&ﬁ)%hrsteﬁ st agepg{ e i dgtnti cal .

Iptoesdigd enited enbodi ment, one or nore of the

processing units conprise a 10 plurality of cascaded

radi x-2 butterfly elements. Preferably, one or nore of ]

{Res Rithal phefefbd S@tfibadintbrit adiexfolrinbtage fuyther cxcmprises a third

have one of nore shift register nenories, and two or

nroeessing biaitpand alfousth grocasainaunit.putterfly el enents

may be separated by a nultiplier stage. In a 15

preferred enbodi nent, two or nore of the plurality of ]

I BrirraBIyR Wb O ihorecdfane processing wrsanfahedolyh stage are identical.

i magl nary unit stage. In a further _preferre

d. . .
elmba dhrefarred wmhasiimeat. ogiOr INeFeaPT RS PrResRRINg, units comprise a
|.ygat ' ' , ird f th
P DtAIEE bf oy a2 BBy clomentsy T2 ST S0P Ol 4P

stage, the first nultiplier stage being arranged to

receive a first output signal fromth '

bBraferatily; @eREROre:Ol ﬁw@s@lﬂ@?whgaé?%%é k2 bytterfly elements
SYV103 QTS I - § €564 \tRo GmMmovwé ifitthe plurality of
SV R R iapdnenoos cass e p

st multiplier stage and to add the
OridIR butterly Blementdsmaye bei separated i By iamyltinlier stage. In a

second output . signal fromthe_,fi terfly
: oratomag prhpedmettrsocmsia et g BsAy i zank £ paREy elements
pr, I ' U IURilt stagit  for receiving the
ffa?é?ééﬁr%;%déegagﬂgﬁg%grgggndéﬁl tiplier stage, the

second nmultiplier stage being arranged to receive a

first output signal fr S ts . Nty
in <8 EXbhe ol LS SARIY, e URpld Xigla R comple
b%joﬂﬂj i 2BGAFhdtAcall fgrale the thitpustagegrad| tiie opragessor further

seco mul tiplier stage and to add the out put
comprises:

a first multiplier stage, the first multiplier stage being arranged to receive

a first output signal from the first butterfly element;

a first summing stage, the first summing stage being arranged to receive
an output signal from the first multiplier stage and to add the output signal from
the first multiplier stage to a second output signal from the first butterfly element
to form a first summed signal; wherein the first processing unit has a first input
for receiving the first summed signal;

a second multiplier stage, the second multiplier stage being arranged to
receive a first output signal from the second butterfly element;

a second summing stage, the second summing stage being arranged to
receive an output signal from the second multiplier stage and to add the output

signal from the second muitipiier stage to a second output signal from the
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signal fromthe second nultiplier stage to a second
output signal fromthe 6 second butterfly elenent to
forma second summed signal; wherein the first
processing unit has a second input for receiving the
second summed signal. Preferalgly, the third stage of
t?e processor further conprises: 5 a thlrd mul tiplier
sta

Segond, pule Ef %p{ﬂ P‘é’hﬁﬁaﬁé nd S @%5%@%{1 the first

?'r@d@%%tn g @hit Héé d sedont n@tﬁtfégl%cet\ding tHa sabamlmumgmed sngna|
tage being arranged to receive an output signal from

the third multiplier stage and to add the out put

?J%ﬂ?b% @‘?tf‘nﬁ S&%éﬁ :érts??é}lsg{rbutlti éelr“?‘cf % ée“?rgﬁi ht 0
forma 'tHﬂrd dngmrmad ssagmath,e Whied enultiplier stagmdbemg arranged to
processing  unit r ecej V|ng t he

f

]Erm:elue @Jmfé&%w@r%ﬂlna@f% WSEBP&%'E’{%‘? SP t he

ourt b

21 G 95 e Sage g srrc o

aret:@uetd(rjn sutputrzggmlafg@m mlaethfrdumuhlphehﬁtag@ andde agd the output
arranged t

fsignal nfrem) &]epﬁ Qélgergﬁgggg 0.4 df%{"ﬁ {p&? '§| gflrr]%rln the first
fﬂLﬁf@r{lJ‘EIefn‘PéHtttB fB?ﬁ"u i thirbl %runﬁhéﬁ %lgr@il aNfﬁ@r@lirt fhdJslécmﬁd processing

romthe second butterfly elenent to forma
fum hés a dinstepiati fgneeqemm@tra thindrsureraedridignali ocessi ng

2 Blnimlgﬁan) i secolggh f#gp;gﬁ? f8§ﬁlivrhﬂgipt]@|e ts{agté’ b@mg arranged to

Aekaneethin cﬁﬁb@@élghé‘ﬁrérﬁahe seopeh botterdiydlérment;
i magi nary conponen

fromth d
of thea ffour qmmmgsista@e Jhgtfgéi?tgeﬁstﬁgw@l n%ﬁ%%ﬁ%"anged to

and t he |

cieeale s SRR ighd TRERGE bR Talidt REBE AR 17 hedahe output

][ ?gbﬁlﬁnl thedgo0ah ynulggra;os*tage f0 faoﬁourthgautpet slgnglﬁrgm the second
rocessor

s, e b s O s

pﬁ{pg%ghg 5 sgeb‘l’idl_ﬁ{guf &%E?Vm‘g(tﬁﬁbuﬁlﬁ‘%ﬁfmw signal.

ourrer orm of a conpl ex
I nput S|gnal haV|ng a real conponent and an imaginary

conponent, nmet hod co r|S|n

CBTBERE N Fef g Pinceel & st At gBE sbtepept and the
imaginary component from the processed signal output of the first processing
unit and the real component and the imaginary component from the processed
signal output of the second processing unit, the selected real and imaginary

components forming the outputs from the processor.

According to a second aspect of the present invention there is provided a
method for performing a Fast Fourier Transform (FFT) and/or an Inverse Fast
Fourier Transform (IFFT) of a complex input signal having a real component
and an imaginary component, the method comprising:

applying the complex input signal to a first stage and when a Fast
Fourier Transform procedure is to be applied passing the input signal to a
second stage, and when an Inverse Fast Fourier Transform procedure is to be
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Fourier Transform procedure is to be applied passing
the input signal to a second stage, and when an

I nverse Fast Fourier Transform procedure is to be 7
appl i ed swapping the real and inaginary conponents of
the conpl ex input signal befgre passing the signal to
a second stage; applying in a second stage a first

orti f th ' i ' ,
385y ity e S i o olhRehi b Jhhflor inou
?Ig%%?béfo?@%@@é‘in@%é isRfhaPto hlsecen@sigeput put  fromthe

I'rst stage to a second radi x-4 hutterf

. a ] 1y el ,
per f or ni ng a@PIYing i & Ispcapk stadeod first ROOR of tienaiona} ytput from

nd.secpnd . radi x- ement th

ﬁé%B’éEPf%Q@ tﬁoq??%cﬁ)ﬁé %ﬁfeﬁ@égfgﬁ'&eﬁ{é‘ to Zeggratg in each

of the but Ta@?f;}ir)’gﬁiﬁf@sﬁcﬁmd lage essepdndyiqrtion of greasignal output
10 appl yi ng the processed output sj gr]al fromthe first

o the fingt stagertera seeondl Fadist biUHﬁ[ﬂYQ%m&“f?hi rd stage,

the third st | ng ggﬂ |t

first operi%e?ﬁgmﬁﬁdg %ﬁ%é'gvs ccgéﬁ)f)rg\r{r\erat Pngpmﬁgfbﬁ“ed second
sagirnd blt.lt@@ﬂvailemgntmclihe thee respektive podinssifithe signahio generate in
conjugate symyetrical input signal: .15 applying the
ﬁa@%égsm bgtiedlyelements a ProsassRE LM RORI t or 1y

el ement to Nghe t Rttt aSMm | i t
an out put sﬁ%@gﬁgf ?‘om@ﬁ%e%s%idr Ig,@, sr%lggg%ggi ved ?I?@;mﬁﬂtsﬂgbu terfly
fdlemient toud finst ihpotniot & éhifd stagebtitea thirtll stage deing akranged to switch

first input to one or no f I [ i .

Mgggi ga‘lr%ppgreﬁwga f@ﬁd Sr—? é%&%@n@%’ﬁt'ﬁ@ﬁg"g?v the second
_ o ok o

SRR Dokl pRbosanyd worles coiuele symmetoal inpu

agigmhalj ng an out put signal fromthe third stage derived

fromthe first . output fr c

el enent to %P@%'Egn%‘%i Hfﬂﬁeg?%& g@é&gtr gﬁgragll’rtg?ﬁ{tﬁéysecond butterfly
PaIAent t/ a Qb cBh@Hisitd tha thirdsstage;ocessing in the

fourth stage the processed outfout Si gnal s, 25 recejyved

fromthe fiapplyingcrseutortisignat spmithe dhisdhstage dridgddrory the first
SuBul5h wE USSR RR B G SRS Sy mor of a puraity
of processing units in a fourth stage, one or more of said processing units
comprising a radix-2 pipelined Fast Fourier Transform (FFT) processor; and
applying an output signal from the third stage derived from the first
output from the second butterfly element to a second input to one or more of the
plurality of processing units;
processing in the fourth stage the processed output signals
received from the first and second butterfly elements according to a Fast
Fourier Transform (FFT) processing procedure to produce a processed output
signal;
applying the processed output signal to a fifth stage arranged for
switching with the third stage between the first operating mode and the second
operating mode;
applying the signal output from the fifth stage to a sixth stage,
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appl yi ng the processed output signal to a fifth stage
arranged for switching with the third stage between

the first operating node and the second 30 operating
nmode; applying the signal output fromthe fifth stage
to a sixth stage, 8 passing tlge signal output fromthe
fifth stage to an output of the sixth stage if a Fast

Fouri er Transf.or rocedu [ rfor '
the roal  angoPRAGTRag  HBhEIBLE M Bl BB of e
S dtade A8 Fast Folitibr Tramgern giroceduresisi pegfarinedsana awapping
to an output of the sixth sta&e if an | nverse Fast

ut o 5. .
theirealrand imagioeny compenest REAG GOPHRIRN Eignah outRYfrom the fifth

Slaficreold Bafoid e sldieL AR Bl RR e B} PG Bt lnverse Fast
FRUREH FRISAGIPH 18 parfortecid protiusé anautputcsigndli r st

processing unit and a second processing unit. 10
Preferably, the step of applying the output signals

f ' hif & e
EsABpE e Ster” B RGOS SHnelsCIEm e réthnd second
UtteEfiys Blegnents tconaprises applying iveooetpsit signals to a1 frstrpracessing
preferred enbodi nent, the step of applying the

52 §CERPHRIOGESTNA Y0  one or nore of a
plurality of processing units conprises applying the
signals to two or nore identical processing units.
Mreferably| the tstep sif eappifinadhe youtgut Rignplsofrent &g dinstpand second

signals to on r. . ore of . 20 | It ; i

udlectss aigmenfy Sntith, BpRocisas ARl Sufuy siopgis, o a third

%ro@éﬁn%ﬁn&,h&ﬂ)é%@ﬁﬁ RebegBinigsursionpri sing a plurality
cascaded radi x-2 butterfly elenents, and further

c?n'prihsi nlg ap}ol ying a signal output fromone or nore

t rality of e %= ;
Skl ity B8 ST 501 Kpdne Yriset ouyt signals o
Rsrid 6F Atdrd of tehgluraity of pretidssitiy wmitpeomprsesiapplying thg signals to
the signal output fromone or nore of the plurality
dfvoreronereidenticalrprogessiegAlts: by a predet er mi ned

factor before applying it to a further one of said

radi x-2 butterfly elenments, and the

Preferably, the step of applying the processed output signals to one or more of

a plurality of processing units comprises applying the signals to one or more of
the processing units comprising a plurality of cascaded radix-2 butterfly
elements, and further comprising applying a signal output from one or more of
the plurality of cascaded radix-2 butterfly elements to one or more shift register

memories.

Preferably, the method further comprises multiplying the signal output from one
or more of the plurality of radix-2 butterfly elements by a predetermined factor
before applying it to a further one of said radix-2 butterfly elements, and the
signal output from one or more of the plurality of radix-2 butterfly elements may
be multiplied by an imaginary unit before applying it to a further one of said

radix-2 butterfly elements.
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signal output fromone or nore of the plurality of
radix-2 butterfly elements may 30 be nultiplied by an
i magi nary unit before applying it to a further one of
said radix-2 butterfly elenents. 9 In a preferred
enbodi ment, the input signal igs a conplex conjugate
symmetrical signal, and the step of applying to the

hird stage further .conpti : lyj f t ;
oS A DS AR b P AP bRy o b imerrca
B’I#ntai, Rindathe @9 6f applgil tvithg thied staberfatthercompgses:age
am output signal fromthe first mJIti_pILer t age; ,
addi ngpplyingat fitst autputpionabiionhdhe ifirsk H{IPEfﬁlpP%é’?e”t to a first
St .t second output signal fromthe first
H‘LHelﬁéﬁ| f'ement to forma first sumed signal ;
appl yigp@lyiretd bt summird stagean outpat signat fromptine fisst multiplier
the first processing 10 unit; applying a first output
stageil fromthe second butterfly elenent to a second

mul ti %Lgi{gﬁ{%ﬁ\te@]ﬂbyfgi%h?' f?Smttﬂeafir§leﬁ|9'?ftﬁ>iligilﬁ‘§!§ig@QoSé §6@on5d output

an out I gn e second nu ier stage; 1

ésfbﬁan gohhﬂmmspbgttefrﬂgrmménbm fotre asfirsbadmmed sighakr

stage to a second ., out put, sjgnal fromthe s d. :

but t eraPPyyieg dReiist sumed SEEing BiRtidHC el B first prgoessing
ying the second summed signal to a second input of

the'first processing unit. 20 Preferably, the step of

app! yiapplying tandirsthiontpus t sigealf frorhdie sesphd stterfly element to a

applying to.a third nmultiplier stage a third out put
s’ﬁeg'ﬁéfi rg‘l"%imlefrf%ag‘?'rst butterfly el enent; applying to

s A g SR g el rom the
trinultiglienstage) i er stage to a third out put

adding the output signal from the second multiplier stage to a second
output signal from the second butterfly element to form a second summed
signal; and

applying the second summed signal to a second input of the first

processing unit.

Preferably, the step of applying to the third stage further comprises:

applying to a third multiplier stage a third output signal from the first
butterfly element;

applying to a third summing stage an output signal from the third
multiplier stage;

adding the output signal from the third multiplier stage to a third output
signal from the first butterfly element to form a third summed signal,

applying to a first input of the second processing unit the third summed
signal;

applying to a fourth multiplier stage a third output signal from the second

butterfly element;
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signal fromthe first butterfly element to forma
third summed signal; applying to a first input of the
second processing unit the third summed signal; 30
applying to a fourth nultiplier stage a third output
signal fromthe second butteyfly elenment; 10 applying
to a fourth sunning stage an out put signal fromthe

oo Gaebins 1 Favih it s 36, S 6 fo e fourn
%&ﬂ?lne sftQ the second butterfly elenment to form a

d signal; and 5 applying to a secon u
of t h@dslmg)t’m wtpute&gnabfrgm. thetfoarth mu*lwherﬁﬁ:gﬁsg) a?gurlth output

PG ok A SL0d b ST R s an

real Wﬂb anseddidl inpugi ofathe ceopademTbcéssing tumit tiee fourth

proces stgnal output fromthe first processing unit
asuinmed sigr@l. conponent  and the i magi nary conponent
fromthe processed signal output fromthe second
processing unit, the selected real and imaginary

glflgfﬁggﬁlggﬁ gﬁ%fggf}egr?bbg?ietngstmaieihodﬁuutm@'t otbmp?ses selecting in
S € S, I nventl on
pﬂ\@élﬂ‘lﬂlﬁ stage othgataal mmeane@dgsag tﬁPg}Wf;‘B BQWaFPEIP%i‘ﬁgwmm the
I f
88??%???@’%2 ol Bfilt i ffégtte P§snngrhmtaaﬁd ehé readcomponent

e 1 npu FT/ FFT are

Cé‘ﬁ@ EWlm@ﬁamrﬁpmenmtom thed promessed; sigmahbutpud frephthe second
of power savi with additio

n n
sprasessingnynib| t%ﬁeﬁﬂﬁﬁtegnmaé 3 'rB?%'EQ% 8Pmpﬁﬁ‘e§9§ I:g%“g output
p%pbé%gl arly advant ageous as | ow power consunption is
|y desirable in a high speed wreless OFDM
conmuni cati on syst em Bri ef Description of the

Erp?\%g%p%)%g&srrg qu}?t 't§§f fﬂglr éregﬁ P}%ﬂﬁﬁﬁ tH&8ly provide a
ﬁﬁ\{%@f‘%%@d e84 H%ﬁly ﬁaﬁéﬂ]élcéhd Fipatined arehiiesture. Furthermore, in
t'1'c dragram sfow ng t basi c paral |

pappiefmeld eInbOdlmmttu Mélehomel\urmyt rate of qﬁlg\eotFGFS'I;{%FTV\,Ia{q1 complex
mcor;ju%a%eo sl\)ll/mme{]rlcal, a- considerable amount of power saving may be
achieved with addition of a simple control mechanism to the processor. This is
particularly advantageous as low power consumption is extremely desirable in a

high speed wireless OFDM communication system.

Brief Description of the Drawings

The present invention will now be described by way of example and with

reference to the accompanying drawings in which:

Figure 1a  is a schematic diagram showing the basic parallel and pipelined
architecture for N-point FFT processor with ny = 0 to N/4 and k¢ =
0 to N/4 according to a first preferred embodiment of the invention;

Figure 1b  is a schematic diagram showing the reallimaginary swap circuit
(RIS) used in the architecture of Figure 1a;
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O to N4 according to a first preferred enbodi nent of
the invention; Figure 1 b is a schematic di agram

showi ng the real/imaginary swap circuit 30 (RI'S) used
in the architecture of Figure la; 11 Figure 1c is a
schemati c di agram showi ng theqgeparation of the real
(Re) and imaginary (Im conponents of the conpl ex

i | + b . . o :
iR b e 4030 oy ¥ ety drnbiea (o)
di agr am shudngnddisary(ithpeenpahents orﬁﬂrg%cemptmd $igr(;alda+jb) which
di x-2 FFT essor unjt Vi n S [ Jd )
o chi t ect urasis Refhe U iaaab e erFREE TR S rolfi 12
. Fl L faard ' pfé [ f a 32-point
BIRERE e I btk fagred shaRingBpimonition of a 32-poin
deconposi t iradixep EFAt processorainitdaing RS pmei/ln@d architecture

processor of Figure 1 a; .and 10 FEi j . .
schemat i c JP&Q?%%’?%BWCRBSWQ@ dp$$$§fo%g§86€?€gllgyﬂ%aa,
%ﬁgﬂ@&% HRhE 3W tdresehantaticalidyrananshduling rddix-#/butterfly
actording to a urther preferred enbodi ment of the

i nventi on. dEtcanpesiticeoperationdm adgiecopdiséage tp the processor of

Enbodi nent sF.15 A _refoerred enbodi nent of the present
i nvention i S9¥HOM: #C Figure 1 a. Figure la shows a

PERERSEO! lisarsehathatc diagearhishewiny tHecparatielearisbplipetined

of “the invention. The processor 1 ¢ rrp_rb?e&/l X dina to a
stages 2, darchitegturawithah 930 Mh@ndiki 2P 1 %@C‘Z‘c’r Ing 1o
conpri ses rali f itd \ HveMagh.(RI'S)

units 3, onémlp%r?réf&yrggienrgsgéalm?ggtagg%{Ioveach of the

N- poi nt i nput val ues of the processor 1. The 20

outputs of each RIS unit 3 gre c nnec%ed to
cBe @%PQFEQPF'HBLRE# E%efrﬁgaé'QPSﬁH“eQ Sge 4. The _
2 ?\gﬁn%ﬁ%@écﬁgﬁb?g%% d():fshtﬁts% Fﬁr&@eﬁﬁﬁ{/éntfbrbiétér@Wd bh Figure 1a. Figure

It and convert the N-point
ot pstiows| algrooéssanel facaording atge a2 firstt Rrefested qgnlacg@gm_ent of the

Each of the four i t _- tarfd v of

vivestennnig BiPeesobt eoa TPl Soory & f 0B 1 Al 12, The

Ofirdtstabomhikesea panaity dtaehi/infaiury foouap (RIS nymits 3, one unit
e

to the cond butterfly elenment 16 is connected in
s 8chaing eonoected {oseasig ecNPaUtt NPt YIRAT ©f the @iggessor 1. The

Rl B ST 3 596 SR B0 ceahin oo tho secoc
t Rkdgb 8! aDfe Gecond stage 4 comprises two radix-4 butterfly elements 14, 16
which split and convert the N-point output values of the first stage 2 into four
groups. Each of the four inputs to the first butterfly element 14 is connected to
the first N/8-points in each group of N/4-points in sequence. Each of the four
inputs to the second butterfly element 16 is connected in sequence to the
second group of N/8 points in each group of N/4 points. Each group of the data

is then supplied sequentially to a respective input to the third stage 6.

The third stage 6 comprises eight inputs in four pairs of two inputs, one of each
of the two inputs being outputs from the first butterfly element and the second of
the two inputs being outputs from the second butterfly element. The third stage
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The third stage 6 conprises eight inputs in four pairs

of two inputs, one of each 30 of the two inputs being

outputs fromthe first butterfly el enent and the

second of the two inputs being outputs fromthe second

butterfly element. The third ggage 12 6 conprises

ei ght changeover sw tches 18a-18h, four summ ng stages
a-20d and 2 2Afhmi t d

émserwfersoméﬁ#nd%v%%té'ﬁ??‘1éﬁi?%.hg@o'nnec?’e loupp 20220

BihaSbul MRMiplibPstdyes Rat2ed.d stage 6 and therein to a
fal rst contact of a first changeover switch 18a and

also to a first input of a first summ ng stage 20a.

ﬁh&ﬁ @%% @gﬁqlﬁffrérﬂechfa' J§f buﬁ%‘l‘giy’i 15 E8Ifectéd tb&he first input to the

0 a second cont on the first changeover
3hird etagkse anbhiheréindo afirst contact of adirahgangaoveniswih 18a and

18 ted t first t put h
50,00 Thdret et s Bt ARG Btbbga0B B PRl Y ctne first
Cs?f?ﬁ]‘?ﬁ*@‘fgtaﬁ% I |sS B6NELte@RYta 8écorideohtaict dn%egﬁrsﬁchangeover

to a first contact of a second changeover first
switohhi 86L8Hiharwipar obthedfirst chargeqvepswiteh 18adis ected to a firs

sunmi n he out put of the second sunmm ng
s‘ilﬁa‘ét‘%dﬁe?@r%ﬁ ct'ed to a second contact on the
second 15 changeover switch 18b. The w per of the

2'8;:5;3?3t g}?nn gggrgﬁhéygg&g@%gt?er[ﬂ;é gclg%teg%dtp&tﬁpss%%gﬂg input of
t he %Hgss%tﬂ%lg:{ 5{15 'tMe%‘}n 3 afts PeBEheet of at S&carld bﬁangéb%ar switch

age andt erein to a first contact
018@ahbldlsb fhafigstnput oiva setorikBsurnming stagesa0k.o The output of the

first input to a third sunmm e 20c t

oseqand summing Siags <9 s‘?a“d@“?gﬁecf Eog@oﬁ%c@&d g&?tgt‘,{ BH'the second
0 ' webnd LahgBovdéicswitch 18b is

THioer SRR ot J‘%ﬂ%’éﬁﬁgﬁ% Leh 180°Te

c comearted td a secohd mtpwmmtrwﬂ sta@e Bhi rd stage 6. 25

The second output fromthe second butterfly 16 is
connected to the fourth input of the third stage 6

a'TFlets"??:bﬁU NodtBuBfrbi fiie fishibacterfiyf 14 is connectedatngteevtdatrd input to
and also to a first in

S thenihin stoag® a0d.thaein by aiuet GINtARED! 4 durd RRERARRvEg Switch 180

stage 20% = ¢, he BEtput of the third

ARSI S BERARLE bR oo, Ty o of

c BaRMEiAY Stagei20eHs Iidtnested to a second contact on the third changeover
switch 18c. The wiper of the third changeover switch 18c is connected to a third

output of the third stage 6.

The second output from the second butterfly 16 is connected to the fourth input
of the third stage 6 and therein to a first contact of a fourth changeover switch
18d and also to a first input to a fourth summing stage 20d. The output of the
fourth summing stage 20d is connected to a second contact on the fourth
changeover switch 18d. The wiper of the fourth changeover switch 18d is

connected to a fourth output of the third stage 6.
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30 connected to a fourth output of the third stage 6.
13 The third output fromthe first butterfly 14 is
connected to the fifth input to the third stage 6 and
therein to a first contact of a fifth changeover
switch 18e and also to the ifput of a first

mul tiplier stage 22a. The output of the first

l t ld{:(?titgpts ﬁﬁﬁm@zﬁrss{t Z)éj@t@%ﬁ%%cbgn%ct%gfﬁ eifﬁﬁﬁhput to the
gralfd E%édg?@teﬁfgw?ﬁragntb ehfirs8eohtact oh adifthechangewver swifch 18e and
fsa 1 eeingboba frs muliPige Siage 244 derputbatof e Ardf muttiplier
%gégfec Q?ﬁ‘?g%gﬂpmectEEQOté“béé’orﬂiJ nt?Mﬁ td Er@éﬁlféﬁ%uﬁﬁﬁwpdsta e 20a. The

connected to he sixth i nput 0
twWipet of Uhé fiftragjmrjeaner switcke 1l Beimcannedted te oififthcoutppt of the third

si xt hd’SC m?SGOV%rgrg(‘é"'qttaﬁteogt&e q‘% bﬁﬁ%‘%ﬁ%e&% k&epgtggon d%ft open

r(ﬁlstcbﬂhé&gdz.t age 22b is connected to a second input to
t'he secon umr ng stage 20b. The w per of the sixth

changeover switch 18f is connected to a sixth output

Qﬁ%ﬂg(g{, f y\;ﬁ %1981seé1|§oeﬁgﬁgrf Oﬂ%%g%or?r‘ éts%g %ﬁgl’éé '§|x)th input of
T8 thRy rs‘tét%é) Btand tHereim fohe f.fstrwntanttafea sixyn tHangeover switch 18f

connected to the seventh input t d
sant! alsorteithe inpui orf|ars3qcoesﬁn§@p ierotade 22bn e suRiEeline second

ntmu{t%ﬁe{ é?a%set ggbqg tcé’t!et 'éo%ccér% %61]1'&)dthe , gecond summing

e ou the th
ngthge P0berTisd M}mﬂb’mhe Sixtio nhangem/elr @\AatCBe‘t&inﬁ conpegted o a sixth

Eg@tﬁéglg{,&\estgmt%ggqéa%}%ezoc g%qqgat Qfgﬁg s gffgﬁpﬁg&%l'tg%ltch 18f
Ofgﬁgﬁtoﬁgﬁéﬁgeoﬁnéétgdft age 6. A second contact of the

ent angeover switch 18g is left open
(di sconnect ed) 25 The fourth output fromthe second

¢ hhe doutd gt Iram dharin Py e Fo £h8ataH 0 4p8 5bBth input to
e{ fﬁ‘rdcél‘%QG%)‘éﬁH thdtdi fo alfifdt 2botagt o6 at sevemth lchpugedmar switch
ourth nmial ti plier stage 22d. The outgut of _th

f Oagtamdrmllso toltheinput o tird Multislpiaiages2co TNE Suthy of the third
| % iehggg fid I&OHH%?QR aigﬁ&ﬁ gut & thammiry s@rfnmlng stage

cover Sw nnected to an
eQth hThét wigerobf the Sehnenth maggemerAswédmﬁnt:cbfth%lneCted to a

of the eighth ch
gseventh o%tput of aﬂqge% stage tbc h %\Shse'c%n or‘?t%tc?doft the seventh

changeover switch 18g is left open (disconnected).

The fourth output from the second butterfly 16 is connected to the eighth input
of the third stage 6 and therein to a first contact of an eighth changeover switch
18h and also to the input to a fourth multiplier stage 22d. The output of the
fourth multiplier stage 22d is connected to a second input to the fourth summing
stage 20d. The wiper of the eighth changeover switch 18h is connected to an
eighth output of the third stage 6. A second contact of the eighth changeover

switch 18h is connected to ground.
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14 The fourth stage 8 conprises four N 4-point

paral l el processing units 30a, 30b, 30c, 30d. Each
processing unit 30a, 30b, 30c, 30d in the fourth stage
8 has two inputs and one output. 5 One input to the
first processing unit 30a is ggnnected to the first
output of the third stage 6. The second input to the

f [ ki t

JHie fouRth 558 & oS é%rgémggsmﬁfﬁér%ﬂel Brocb88ing LRCB0a, 30b,
IthJEOd ?rl]adcg precessing aneeassag 30, t3030t) the fawtmetaged has two
to e ird output of the third stage 6, the second
||'hw§atnéiqf]ﬁs°'éf@é'gnd processing unit 30b is connected

to the fourth 10 output of the third stage 6, the

first input to the third processing unit 30c is

One mmﬂdottbe finst riotessing wupift3Qsf ist sannestedite theylirs output of the

ggmg C& to %u%quqr;g{ pr't?dph}% fé& gﬁ&%@%f}& 4 st EOQQ% cbfinected to

tthe ddcohll outpaubf e ikl Stagetd Similady the first in;ﬁﬂ)clmthe second
connected to the seventh output of the

FTICESRING atiind0k nmonn@ciﬁdetormwrdp%f@éligfﬁgedhl8 Sgge ©. the
Sqeé:&gg %Eggﬁ l‘g@ %gcéésrfbﬁ 8‘?%(%%%“@8%[? . %t?f|% d%n%%tf’dj to the fourth

Pﬁ?@ﬂfﬂh‘b thind estdge $, ahpi fivet inpad topthectiirdoprogiessing unit 30c is
per rms N 4- poi nt r adi

(erntiestad tmthehﬂfth é}jlﬁ@lﬁc% t%ientlhlr@ sfage B=the sgcpng daput to the third
a]?l%%ﬁﬁgﬂoum Q!o‘?\ﬁegfé%“to'\t'ﬁé%&th %thﬂ'dt%ffthé $ﬁ|rd3§ta§jet6 the first

St age connected to a first I np
tiapub® mefbbnhsirag%slmg ani 30dda copnectedteithe sevepth Q#tPUt of the

N rsfaaeh%nge i eth f’ %M%ctx?q%f fl'li?ﬁg't Epgéng Fou&ﬁw Pg&ée%%ﬁlglq‘lnlt 30d is
W@@tdm@euéhﬂﬁéutpﬁﬁbﬁﬁbltﬁﬁd stza@es.42a which is

arranged to select the real (Re) conponent of the 25
signal received fromthe first processing unit 30a.

e output of fi j T
TSGR SuBingile HrlSlos G S p0p 3o BRoh8 S3pBSpieg ppsinec
i Brddagséi fnicts pegferh8 M/adpdihe radipdr Difgdecimation-in-frequency) in-

connected to a first oqutput of the fift tage 10.

ThiaceiRFsk and takes @Q%@%@P%%‘i‘%@@"‘f@ Nz

connected to the input of a second sel ecti on st age

44a which is arranged to select the imaginary (1m

cThpdirenbutplt fioen $h|€g faurth stagev@ ds tooneatad teia st input to the fifth

pg?acgzsf (I) re]\%d tﬂen to a fws% contact of a first changeover switch 40a in the fifth
stage 10. The first input to the fifth stage 10 is also connected to a first
selection stage 42a which is arranged to select the real (Re) component of the
signal received from the first processing unit 30a. The output of first selection
stage 42a is connected to a second contact of the first changeover switch 40a
in the fifth stage 10 and the wiper thereof is connected to a first output of the
fifth stage 10. The first input to the fifth stage 10 is also connected to the input
of a second selection stage 44a which is arranged to select the imaginary (Im)

component of the signal received from the first processing unit 30a.
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The second output fromthe fourth stage 8 is connected
to a second input to the fifth stage 10 and then to a
first contact of a second changeover switch 40b in

the fifth stage 10. The second input to the fifth
stage 10 is also connected toqg third selection stage
42b which is arranged to select the real (Re)

f 5 fhe signal - _
ﬁ’r&pgé]cgﬁtqg&gﬁm g Pedhirth gf%q‘ﬁ ¥ ﬁc%ﬁé@é&&‘ fo ?:sc%t%pglg input to the

Fif08a881d Snd IERES eciirspcentaerond seeohdahangeoter switch 40D in
secong changeover switch 40b in t th.sta

fif 10
ahd fifthestagedi0. t Tlee second imﬁ@&h%ﬁ%@t@% 20 &% 6%%0%’1%‘“3" toa
.the fifth, st . i ; f
i e a5 TP 8 b e ddmoonent
sikesighaiNresbivgd Hdi thiei séconel pracangied urt 30bselhe utput of third

l{ﬁ%@i‘%ﬁtaég%ﬁ@%ﬁé%ﬁt@ SO AR (g e S ebhe ?Bﬁ{‘gew‘:
:ﬂ/gitérf#%% Tﬁé‘gﬂh %6é§en 39mﬂ%dwmr #héreof i tovmsctéd to a secon

stage toa first contact of a, .
t itpdt Sangeiittestags 16h Zbe secandeinput e the Bithy gage) 10 is also

The second contact, of the thir h € b Gh
it oo 85 i AR Az f et
S ima5R8n 8BHehD of ehe sigridhaeceivedifremythe secon
(%ér})ggtcﬁf%gﬁ%gﬁgg* $€'tn??:ebsi gna?a rgcei ved fromthe first
pprowessingaunind@b. 30a. The wiper of the third

changeover switch 40c in the fifth stage 10 is
connected to a third output of the fifth stage 10.

20
Theef thld Uﬂjﬁﬂﬂt%ﬁ\ the cmtx]mh s}af%wﬁ ti$1 connectes tq‘)asa tl:?']rdriggubtg) the fifth
to a fourth input to the fi t 10 and t _

f istage t@mndchenitoa first coRtach aﬁaéﬁ&v@%ﬁgmﬂ?%fm?‘%“ﬁ%@ the fifth

fifth stage 1 fqwitdh40c is connected
cirtag er e e Ag St (TG hahgbareriamidnmoe

t g the BLtdut 3 Ities iseoond salpetion istage dAaiwhieh inAganges toselect the
sel ect the imagin

2| ect ary (I conponent . of 1.0 i it
¢ swenineay (ehsemEoBsRbLS h%?'gﬁa'sgqcﬁa’%ﬁnﬂ;ﬁ%@te?'"%t] processing (‘:“'
WP Qe R G@RNEEoTH swhcH DG I thee fifthf stage 10 is
o303, T Windrot e ShFA L _fgurth out put of the fifth
stageeted tBacthinuoytput of thenfifthestage 1R st age 10 is
connected to a respective input to the 30 sixth stage
12. Each input to the sixth stage 12 is connected to

t hf’né R Bﬁ}#ﬁlt FRth thadeimasiagena s soagected tanal fowrdh input to the
out puts ot} t hese swap stages, are rfonneched to ttl;%v't h 40d in the
oufifiustagef10; ard then 19 & figgjcontact of a ourth changeover switc

fifth stage 10. The second contact of the fourth changeover switch 40d is
connected to the output of the fourth selection stage 44b which is arranged to
select the imaginary (Im) component of the signal received from the second
processing unit 30b. The wiper of the fourth changeover switch 40d in the fifth
stage 10 is connected to a fourth output of the fifth stage 10.

Each output from the fifth stage 10 is connected to a respective input to the
sixth stage 12. Each input to the sixth stage 12 is connected to the input of a
real/imaginary swap stage 46 and the outputs of these swap stages are

connected to the outputs of the sixth stage 12.
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16 The real/imaginary swap units 2, 46 used in Figure
1 a conprise a swap unit 48 and a changeover sw tch
50 as shown in Figure 1 b. The input to the swap unit
46 consists of a conplex signal (a+jb) and this signa
Is taken to a first contact 5¢q@f the changeover sw tch
50 and to the input of the swap unit 48. The out put
signal of the swap unit 48 nay be denoted as b+ja and
is connected to the second contact of the changeover

walc(et r‘éBI/ﬁQa%ﬂ'Q@ SWwasunié 2 e usimlngd‘ﬁgene 13 woMgHisBCa Bwap unit 48
taken to t

L e ot T s
%% # Jid étgtbrf ?l@("gﬂéalb(aalt@ ark & %@hbl/useia«ehrtora first contact

es rat chanl swi tches. Figure
dfake ohaage@vemmdmseeam tof theeineut pf)thesswg@sumh48heThe output

fnal S BRcewan it 25 TMEF ph Aahfteq by b4 InhR G to the

Retbhdecd ctol‘51t PrHé cﬁbﬁ@é‘éﬁer é\bmh‘ 505t Toet wigersofgtie changeover
correspondl n he real nponent of th S| naI

and
tdvetdneﬁﬂ)tsdabem mthesogimt Of:tblerlé@b%ﬂﬂjm?g’ & ﬁﬂ%te as x+Jy.
i magi nary conponent of the signal. The processor 1 of
Figure 1 a may be operated in several nodes. Wth the

athe @hangéovdiewitbhegetest slswi0a-40d, a6d-508in Bigureiasnd 1b are
in the various stages belng et toaflrstpsmlon
tprefarablycaie@ronic switshas rathSHPANYEREMIC YIRS

switches 50 in the real/imaginary swap units 2, 46

being set to a second position, and with the svmtch
18iguf3hc ashdwsOanetofl thentwa setshofr selaetiprt stagesdn é@@élﬂb stage 10 of

B 8 38 b B o Bb R 3R Ry o, o

' f f Ml first WLtHGERERNSY EoRies| oadlng to the real
ﬁrdv[qet Iﬂﬁ% <SmﬂﬁlpSlg’sJ?I‘V\all%)ches r18a 1gh aﬁd 40a- 405 in

tbmmdoaemt of theh signay cands e SeagNBOWBEL FiGnat RETESRERING 1o the
osition and the tt h‘r%% @Bglfourth processing units 30c

aﬁﬂa%ﬁﬂn‘ﬁifn%eq “ The first positionis with

the wiper of the switches 18a-18h and 40a-40d being

[ Thainracesser 13 Figwe ta DRI CBRGEA DS o ariaoleso i the all of

I Afngheh St og ) agt T R RGREIod s Gaase e b se

t Y@QSlerpwm&helpr@cESsﬁr duaots as andvisT sisternniVith the switches 50

Slljr% Ech‘rjleblfealllmagmary swap units 2, 46 being set to a second position, and with
the switches 18a-18h and 40a-40d in the third and fifth stages 6, 10 being set to
the first position, the processor 1 will operate as an IFFT system. |f the input
signal is in the form of a complex conjugate symmetrical signal, then the
switches 18a-18h and 40a-40d in the third and fifth stages 6,10 may be set to
the second position and the third and fourth processing units 30c and 30d may
be turned off. The first position is with the wiper of the switches 18a-18h and
40a-40d being connected to the first contact and the second position is with the

wipers being connected to the second contact of the switch.
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pi pel i ned processor using the R2SDF techni que which is
described in the publication by EE H Wld and A M
Despain entitled "Pipeline and parallel 5 pipeline FFT
processors for VLSI inplenentation,” published as | EEE
Trans. Conput., vol. C 33, ngy5, pp. 414-426, My
1984. The processor consists of a nunber of radix-2

OHi4 it hcbesOPA6 h ecaASaNCor ERRIE! {4y be ono of

Famb&Oof types bhprdcessonpndsFighre shewvs @meraingle b a suitable

oSt beospoen Uaing dna. RRRDFy Jeqads WG is; dpsciibed in the
%LHI@%%%H bgogmi’-f‘tV\ﬁﬁd IghdEAC gbgﬁﬁ%ﬁ é‘lg]ltléa' tp ?Qﬁ'ne gnd parallel-

i's connected vi ler s
tpipelire FRguprasiessorseton Sk sopler@ntatiane’ puph&irleehaatlEEE Trans.

Samphl i BlsaspBhodlarieg. Bn{REB0 TBElprShensbr sopsiss of

| fUrG9EN of tradixv2 abl.ﬁterml“dﬂlﬂ@' t&inesdtéd 6n 68adcadehe THY Hirst butterfly
of a third radjx-2 butterflggel ement 70, and the 15

Rlement 62 in pack reeessing wnib3ga: $e.130¢, 80drhas tweoinpgts which are
(%Hﬁ%&{er%gtgvéﬁgaw lfrto'n{f le'agﬁ of ?ﬁ@?ﬁt}gﬁy_ﬁ? erhBfits! ‘PZF ufq ﬁ’\ftna second

fourt el"enmen e ou

fsiage A. ra autpubof trwﬂr’sybeﬂteiﬂ?lelerﬁénﬂ 62 mmmpmd:e‘ssmg unit 30a,
anlrralna(l)@y uni t st age hoaflfhradl

nannerted sBtR mPIe" Siegs i @ ihe dnput of a second
f 2 f ,
R Sl Soh S, b Al s oy
i element @Gaire eschr prpeessingaunit 304, t305b s@&l,eiiﬁd)ﬁs Riogoeeted via a

%%H't'pﬁ?rsagsn{?é RS the St t SRR etz bitEy Elémenl 70, and the

SRpEMBNtRE ithd r%ale.’E‘eodtfﬁﬁlwe‘fer’ﬁéﬁtt gof llsyc&ﬂﬁa"o@éd% a multiplier
per ormed by each of the radix-4 butterflies of the

sHage d 2stodhe inputsofsmfaurth radix- amtﬁ@rfbaeamerﬂbm Fiherautput of the

Ruli BT RBeIEr Senttl A BrESHisted U6 h ity unit ) stage

letd akﬂftreﬁadfpzetmfemwemmntmh Efa@ﬁlof tﬁekwcbadf third, fourth and
enment is conflgure receive four in

cféfﬂbtﬁq“éﬁtw e&%\deleénejgﬁ B6a70, Zhndcrd bas AeHigegietan rpemory 79
ntéﬁ&’ﬁg@gt@@ (?étH' ts according to radix-4
(0]

y operatl r perform ng FFT cal cul ati ons.
The radi x- 4 butterfly operation may be derlved as

,pr}\e ﬁyete‘%p& E,gé.uraél h@éfogg p@@lm%ﬁ Processor untts 30a, 30b, 30c, 30d

are identical both in architecture and implementation.

The radix-4 butterfly operation performed by each of the radix-4 butterflies of
the second stage 4 is shown in Figures 3a and 3b. Figure 3a is a generalized
representation and Figure 3b shows the internal connections which each input
contributes to each output. Each radix-4 butterfly element is configured to
receive four inputs concurrently and to generate and deliver concurrently four
calculation results according to radix-4 butterfly operations for performing FFT
calculations. The radix-4 butterfly operation may be derived as follows:
Mathematically, the N-point discrete FFT/IFFT pair is defined as
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X(k)=J:x(n) WK" k=0,1....,N1 n=01 N1 x(n) =-1 X
(k) WNkn n =0,1......, N1 N k=0 (1) (2) where WN =
e-j2n "N . In this definition, both x(n) and X(k) are
assunmed to be 5 conplex. From Equation (2), it may be
derived that: (-J).x*(n)= 1 Ehg[(-J)X*(k)]WN

n=0,1, ..., N1 (3) N k=0 where (.)* denotes conjugate.
Equatipps (1) and (3) suggest the possibility of

UB(M)g dhenpanE archi keed,lr.gM-ol perform | FFT gyl FFT.
Wth nee consideration of 10 the scaling factor 1/N,

whi ch npy be absorbed into the input or output in

TR .
PEH tiks; Rew FET may, bejachijeved by performng FFT
Wl(tﬁ r]‘é%Xgng i"magi nar’§/ swapped i nput and r?:%l)ln and
i magi nary swapped output. This duality property of
FFT and | FFT may be used in the actual inplenentation

ETB Hor Share {haTe SeNfihhAYE e Sk 4249 df oeslied to be
Hols T EAUEMn B0, RFhaY B Berk R BT SLCS T

generglity; Ahe fol)ow ng discussion focuses on the

dr-ghixt 60 Sdév o kB \f or FEDlpr.o¥edsi ng. (Bh order

to achi eve''&=parall el pipelined architecture, in

Equation (1), let n =n1l + Nn2, 0:5 nl < Nand 0:5

n2 < 4 20 N (4) k=4kl+k2 0<-kl < 4 and0O<-k2 <4 then:
NWHered (Y diehotds23enjbgaten Edualio(#) and (8) suggest the possibility of

using the same architecture to perform IFFT and FFT. With no consideration of
the scaling factor 1/N, which may be absorbed into the input or output in
practice, the IFFT may be achieved by performing FFT with real and imaginary
swapped input and real and imaginary swapped output. This duality property of
FFT and IFFT may be used in the actual implementation of OFDM systems
where the IFFT processor and the FFT processor share the same hardware due

to the simplex communication nature of those systems.

For convenience of explanation and without loss of generality, the following
discussion focuses on the architecture development for FFT processing.
In order to achieve a parallel pipelined architecture, in Equation (1), let

n=n1+En2, 0Sn1<ﬂand0$n2<4
4 b )
k =4k +ky 0Sk1<ZandOSk2<4

then:
L

4
Xy +kp)= S y(ny,ky)- WL
n1=0 (5)
N,y
-5 {[x(m) +x(m +—2—7) N L xmy +%) W+ x(oy +%)' WJ%/kzNM]' " } Wb
m=0



10

15

20

25

30

(5 N1 {[xnl+xnl + 4) WN N a +x(nl + 2) Wk N12
+x(nl + 4) WN ZN'4] WN n11 WW4' nt 19 An N-point FFT
has been deconposed into four independent N 4-point
FFTs. The inputs of k2th (k2= 0,1, 2,3) N 4-point FFT
are y(n,,k2), for n, =0 to N 491, which are the
results in the radix-4 butterfly operation as shown in

A
LN FaR BT Mo aeityBlsdd g J6aP HABPEL N Paise FFTs
ST ipmuesnof kffogks =0, nn2x:e)dNr4aﬁomt FPRraak! gin, &0 for n, =0 to N/4-1,

pi pel i ned archi tecture as shown in Figure |a.
PWiigh kare|th9 rbatsltSJHethegraxtQXrM hutterfly opemationeas shiowm isf Figures 3a

th 30a,...30b,, 3 Q

0 S aReagao B0 FES: Spdredsiich.o e VLS dieisBafiten, of FFT
pﬁobé‘@éor nwhee O?@Mhﬁwmmybtéiﬁtéhrpédbbleapm@ﬁw ix,1parallel and
are conpl ex conjugate symretrical, a_considerable

ipelinedoarchieetiure.:as Aowayn IrigureHias v Elexikility f@@omerbalven to the
St Efhrofiaihe pERhES proREB: S0 30er 08, .

conpl ex conjugate symetrical, in the 15 OFDM UVB

23 b ehan s eSS e T ibarappimen s thet, when
BﬁFt !F@an Y "E‘)R{C{ﬁﬁcgf&%@??g 1 e Mg‘&abbﬁjﬂj BYe td@ﬁnmetnca!

nce OA) Speci Inter
(cﬁr@jddrahﬁbi\@r@oant&bf pawee saving. mey\v'dﬂeah:mgzvedw W|th addltlon of a very

ne ent i Band OFDM Physi cal
L%{V@IW ﬁ%‘ﬁg %T'S'Féﬁ%q%ﬂg."@@ PRCESQUnt enber 20 2004,
Frequency- dorral n spreading entails transmtting the

same i nformation $conp| ex nunber) on two separate
sWihearthe dnputwlataiof thenprasessorGreIaEpIB) IcONjugste symmetrical, in the

s@?ﬂﬁé E@@ y%i& (}Qd erfeomrql@r{cg ?@3?5 ncg-domaln

%pr&ﬁdiﬁ@pw}thlrﬁ anr QIFHBMedymbbB map e edssloyad ashelebErEB'ed in the
processor are set to be co | ex conj(u E)Fee1 s

bmubiicatinn by i MHBaRe dat Hbh Allignsen Ve )g%P%C'a gt Group

p d SS

QSI{EQm/ Oy\ﬂ@éﬁeAﬁfaﬂﬁs I@% C@V e;til ef;:/mt mgﬁ gﬁb‘??.gom entitled
s'‘dgtiBand OFDM Physical Layer Proposal for IEEE 802.15.3a,” September
2004. Frequency-domain spreading entails transmitting the same information
(complex number) on two separate subcarriers within the same OFDM symbol.
More specifically, when the PHY header within each packet or the packet
payload with lower data rate (53.3 Mbps or 80 Mbps) is processed, the input
data of the IFFT processor are set to be complex conjugate symmetrical.

In the preferred embodiment shown in Figure 4, two of the pipelined processor
units 30c, 30d of the system of Figure 1a may be completely turned off to save
power consumption. Figure 4 shows a preferred embodiment of the invention in
which two of the pipelined processor units have been turned off when the input
data of the processor 1 are complex conjugate symmetrical. In the OFDM UWB
system, N= 128, n1=0 to N/4, and ks = 0 to N/4. In this embodiment, the two
inputs which, in the embodiment of Figure 1a were applied to the processor unit
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power consunption. Figure 4 shows a preferred
enbodi nent of the invention in which two of the

pi pel i ned processor units have been turned off when
the input 30 data of the processor 1 are conpl ex
conjugate symmetrical. In theoFDM UWB system N=
128, n1l=0 to N4, and k, = 0 to N4. In this

di ment. th i npyt i i i :
SRR s, b 0ol GBI bl i o206 a0 by e
Vidihr £ hew{ib?{éelaeiﬁ(rja nar?ﬁ@hiof({n 80 ane avgsthem added gurthe:linput of the
are nmu | | € e Sl gn reverse ma nar ni .

(broyesing ot 08 Whieh hasceal hesn Menad gl STLATY, the two inputs
SHAERSH 0 4Hbr S0, R e e i 1 pikosat uni so
Rivisioh éhadsabe@T turapg|dfein the systemraf ddgisrer 4 uater madtiplisd by the sign

eusTRer, FrAdiaaLYNE i) Stags B2 et B8 MR GeRpSHE, g meut of the
( -ééeééiﬁggnﬁéopr\gwgﬁmsg@ib@@ﬁqdrﬁe@ éfhe input of the

rocess has not been turned off. The
conpl ex conjugate symmetry of the input data of the
ocessor may be 10 defined gs. .x(k)zx'( - k<
55 S0 Bboke P o S8 Bl ploor may bo
hedffhedde to the duality property of FFT and I FFT, the
FFT processor 15 has been used for expl anation,

al beit the final \solution i presepsed for | FFT
processi nd:(%)n_fch(eﬁ(}—'ngUng'wsiem. )If the input data
are conpl ex conjugate symmetrical, the output data of
the FFT, . wi || alfNbe r val ues. Thus, Equation (1)
n‘é{sei?ex%di F‘P‘éd"@'g‘)l\ﬁ’g%a'x (k) = Re[X (k)] _ Z x(n)
WNn k = 0,1,..., N°-1 (7) n=0 where Re [] denotes the
real part of a conplex value. Follow ng Equation (7),

anot her FFT operation ' be defin Z
[ {Riotp tpat Bore.2iHa 1o e EiPerty G T ard (RET: the ST processor
has been used for explanation, albeit the final solution is presented for IFFT

processing in the OFDM UWB system).
If the input data are complex conjugate symmetrical, the output data of the FFT
will all be real values. Thus, Equation (1) may be modified as
N-1
X(k) =Re[X (k)]= D x(n)- W’ k=0L.,N-1 (7)
n=0

where Re[] denotes the real part of a complex value. Following Equation (7),

another FFT operation may be defined as

Z(k)= NZ_][x(n).a pje Wl k=0l,..,N-1 (8)

From Equation (8),
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1 Z(2k) _ x(n) WNkn +
j. EX(n) WN k+1)n n=0 n X(2k) + ] X(2k+1) =
Re[ X(2k)] + ] Re[X(2k + 1)] k =0,2,..., 2 -1. (9)
Equation (9) inplies that N real values of X(k), for k
=0to NI, my be obtained by conputing N2 conpl ex
val ues of Z(2k), for k = 0to N2-1, i.e., X(2k) =
Re[ X(2k)]=yRe[ Z(2k)J 5 4 =0,1,..., N -1, X(2k + 1)

= Re[ & i 2kmi Z( ( +Where I m[]denotes
t he iirf'g@ikng)%%ﬂgaﬁvf\’ 'g%;a%)éqfnlzﬂ%&gkval ue. 10 15 To obtain
Z(2k), for Kk =0, to I\V—-l, usi ng the proposed FFT
processor, Equations (5) and (9) may be conbined to

gi ve: N14 X(2KI¢4kX(2k+4) (n110)+ j y(nl,1)] WNKi ni /4(9)
nl =0 k1 =0,1,...,4 -1 (11) N4-1 Z(4k1 + 2) = E
(y(n1,2) +j y(nl,3)] WKk4 nl=0 Wth,Equations (10)

andh(ll) = REX (2P pReeX (B t eck wiog,..[ A —Pe sinplified
SucC

25 From Equation (8), 21 N1 N
=0 =
]

Equation (9) implies that N real values of X(k), for £ = 0 to N-l, may be
obtained by computing N/2 complex values of Z(2k), for £ =0 to N/2-1, i.e.,

X(2k) =Re| X (2k)]=Re[Z(2k)]
X(2k +1)=Re[ X (2k +1)|=Im[Z(2k)] (10)

where Im []denotes the imaginary part of a complex value.

To obtainZ(2k), for k=0, to N/2-1, using the proposed FFT processor,

Equations (5) and (9) may be combined to give:

N/4-1 k
Z(4kq) = 42‘ [(n1.0) + j - y(ny D) Wi

ny=0
) ‘ k=04 N_ 1 (11)
N/4- . ‘n 4

Z(4ky +2)= 3 [y(ng.2)+ j y(ne3)] Wyl

m =0

With Equations (10) and (11), the processor architecture may be simplified such
that the redundant operations may easily be shut down once the input data

become complex conjugate symmetrical.

Thus, as shown in Figure 4, a large power saving may be achieved, with very
minor modification to the basic system and processing of the embodiment
shown in Figure 1a.

It should be noted that, when comparing Equation (11) and Figure 4, “j" has

i” in Equation (11). The difference comes from

been used in Figure 4 instead of
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that the redundant operations may easily be shut down
once the input data becone conpl ex conjugate
symetrical. Thus, as shown in Figure 4, a | arge power
saving may be achieved, with very mnor nodification
to the basic system and processi ng of the enbodi nent
shown in Figure 1 a. 20 It should be noted that, when

ERE M S 5P rbbhaB8 Ao f et HBlagrRBRR coniugate
dynfiretivae insutemh tHeo ORDMt OWB agiistérhavherdlag {heFabove-mentioned
processi ng needs to deal with the cogglex conj ugat e

sdgfivetiens are paped onf-RheragesRing\Rs eRhaSIZAMAPEY.. t he
above-nentioned derivations are based on FFT

processi ng as enphasi zed above. 5 Vari ous

nvaliidusc atadificatiposttbethenbmbodisnerits off thieeprasestinvention described
i nvention describ above may, be made. For exanpl e

I B e’ ahar R HRE bRE oBRiponght A nehod steps can
b 8 déd bP Jubstitutdorep tHfaeVabovEl Urhus? bitheygh tdivention has been
invention has been described above using particular .
edenstbed nakoventiaingvpantisuias rembedimentssi mapy v@riationstare possible

S f cl.ai s, wi_l.l  be cl 0,1 h kil ,
A8, o, RibsCof % il ey o e Lol s Bpl gBder, withour
| defearting frontheCbctpesof the idveptiopnessor for performng a
Fast Fourier Transform (FFT) and/or an |Inverse Fast
Fourier Transform (I FFT) of a conpl ex input signal

having a real 5 conponent and an inmagi nary conponent,
the processor conprising: a first stage for passing

the input signal to a second stage when a Fast

Fourier Transform procedure is to be perfornmed and for
swappi ng the real and imaginary conponents of the
conpl ex input signal before passing the signal to a
second stage if an Inverse Fast Fourier Transform
procedure is to be 10 perfornmed; the first stage

havi ng an i nput and an output; the second stage
conprising a first radix-4 butterfly elenent and a
second radi x-4 butterfly elenent; the output of the
first stage being connectable to an input of the

second st age;
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a third stage for switching between a first operating
node and a second 15 operating node, the second
operating. node being for processing a conpl ex
conjugate symretrical input signal; a fourth stage
conprising a plurality of proegssing units to provide
a processed signal conprising a real conponent and an
| GB§heary conponent, one or nore of said processing
units conprising a radix-2 pipelined Fast Fourier 20
Transform (FFT) processor; a fifth stage for smﬁtchigg
jth the third stage, between the first operatin node
ahd 't HEPIRASSAAr B EREorminG s dest Fawien TranstrayE landor an

aAvérdBHast %Bhépﬂ'%nstftﬂ'n?pFW‘) ?g% c%én@?ﬁ&ﬁq%ﬁéfg&aghgﬁﬁg a real

and an output; a sixt age _
reocrpanaint andran invaginany.donabortdnt, thefproces¥or sbayrisirig: a

e At ool LR L b SRR oo

Fimier Tr@sFoMa Procaiurk hetbé petorthed BRdTHF E\Wapﬁihggtﬁe real and
before passing the signal to an output of the siXt

dnaginary camponesissef thaoomptexinpsit sionahbeforenppssiogdbe signal to

. . o ) . hird
S BDEEE 1 A FBRE Fto By JoBN PR ROedul Stp be
tpetrfoemilly thel firsestageahdvirigsan Mpupahdtah dlut;hi rd stage
bei ng ,coupl able to a first input of one or nore of

the pithe seFeRd stagercararrising a fifst radixh buttedlycelameant pod a

; . ' f i '

SBOBAE Al oy Blorhaf; Me'bdtoll bt e SCEE08 Hed Borectable
d¢6 anriepyleafdhe seoondstdge; el enent; the fi rzt and s;econd

di x- 4, but f el.ement s bein rranged, to perform
7 but BP0 Foh SRRGHE Betedia sk SPARINoIBHa ENdc second

. e )

R RiTo0, ] saBndReraling ol LeiRG RHITERENIA0 plbomplex
soaiygate Bgmmeairical isputgdgmali ng arranged to process the

i ived f the third st .
Becor a gD s 4 oaPRREE A plutalof Brireerre T de averidg 2
[procasded sigrinl ROAPHRNEE réallddimbpsrict ahd a]fpin?a%iﬁary component,
processor according to claim1, wherein the Tourth _
ONgSE regr@p(pf, sald pgocessing units comprising a radix-2 pipelined Fast Fourier

Transform (FFT) processor,;

a fifth stage for switching with the third stage between the first operating
mode and the second operating mode; the fifth stage having an input couplable
to an output of the fourth stage and an output;

a sixth stage for passing the signal received from the output of the fifth
stage if a Fast Fourier Transform procedure is performed and for swapping the
real and imaginary components of the signal received from the output of the fifth
stage before passing the signal to an output of the sixth stage if an Inverse Fast
Fourier Transform procedure is performed; wherein:

a first input to the third stage being couplable to an output of the first
butterfly element; a first output to the third stage being couplable to a first input

of one or more of the plurality of processing units; and a second input to one or
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first processing unit, and a second processing unit.
3. A processor according to claim2, wherein the
fourth stage further 15 conprises a third processing
unit, and a fourth processing unit. 4. A processor
according to claim1, whereind4go or nore of the
processing units of the fourth stage are identical.

5 . Lo .
Hhore of e AGAPbf GXoE8LS AN HElrl ERpiaBIBTHE (i stage
ctasaradetput efithe- Sedouidt uttdrily eleementf s. 6. A processor
according. to claimb5s lerein one or more of the

o1 ur a1 18y . SeEntbeAdd Bults b eiemants el ARGk ipeperform
0 ] ¢ ‘

o B REreralin b B8 oSl AR BRal € ycherfteiRF BaRRT one or
pareacompooeéntsrefd rraRebsed sighial/toetherfourth stage thepagiathedthird
bt a multiplier stage. 8. A processor according to

c%lgpﬁ*l 7, wherein two or nore of the plurality of 30

radi x-thelfolittRIstage BéiRaRIHahgRUG0IROSES the frocéssed si?nal received
I magi nar%/ unit stage. 25 9. _A processor accordin 0

ciramihe thirg stageraqareding o @ ag Fauries Teanssaimm é&FTfprocessing
g%ggg;ﬁeﬁoﬁyméé 'aﬁac;utﬁlhtlgé?u@thﬂ and wherein the third

e processor er conprises: a first
multiplier stage, the first nultiplier stage being
aérang d to receive . 5 a first output si?nal fromthe
f

rst DIPrPERTIoy agrerding to glaim dswhelginithe faurtystageremprises a
N EproesEhBl, 388 oo e LA © F e and to

add the output signal from the first nultiplier stage
to a sgcond output signal fromthe first _bupterfly
Femrerk PToPeRdr ACHORITED LalmeavBrminite it saopiuther
f Edrmprigess dsifd Pgadé%bhghﬁﬁt, anbid Burth8tessify UAF.

recelving the tirst sunmed signal; a second nultiplier
stage, the second multiplier stage being arranged to

B AL L .

suimits ofthetfegeh kedgedarridentedl. to receive an out put
signal fromthe second nultiplier stage and to add the

output 15 signal fromthe second nultiplier stage to

a5 SeCORG B RIS a2b8f g I @ik 1€ wherein one or more of the processing

units comprise a plurality of cascaded radix-2 butterfly elements.

6. A processor according to claim 5, wherein one or more of the plurality of
cascaded radix-2 butterfly elements have one or more shift register memories.

7. A processor according to claim 6, wherein two or more of the plurality of
radix-2 butterfly elements are separated by a multiplier stage.

8. A processor according to claim 7, wherein two or more of the plurality of
radix-2 butterfly elements are separated by an imaginary unit stage.
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second butterfly elenment to forma second sumed
signal; wherein the first processing unit has a
second i nput for receiving the second summed signal .
10. A processor according to claim9, the third stage
of the processor further 20 egnprising: a third
multiplier stage, the third nultiplier stage being

iva. e . Si [ h
T e Bl A B FoeL P compe
tdunjupatesymmetsicagsighal] agd avhereipete tioird 5@ ofthéProcessor

tP,Ut signal fromthe third multiplier stage and to
gﬁﬁ ?5%0'88{'5%& 25 signal fromthe third nultiplier

st age 4 first niuMiplidr st Yhe fifrsd Wlti@fegu@négégbéihgﬁéganged to receive

butterfly elenent to forma thir _
vihbinsk putput signet fram thediretbuttarfly efémemtas a first i nput

it 11 i st SUhBS shate, g TS g ataod belRgamanang to receive

& eupatisignal frewethydirst mbitigﬁeloétéﬁé'bnaitg i the YtbiitSsignal from
second butterfly elenent; 30 a fourth sunmm ng stage,

tthe firslunulpkensinae te a sgsond outpuisignal iem the first butterfiyrelement

440 0 Y. M By B8t
doampeeivingitHeofinst Bummtgrsigaalgnal from the second 26
butterfI%/ el enent to forma fourth sumed signal;

wher eithSeRNRLEIRfer stageeths w%\ﬁimulﬁaﬁerastaagmaig apanged to

far I _ : '

reLelle et SatoLSionaliom B BEREnG bflelny demelt ¢,

stage a se@ndmgnmim@sta@efmamecmuesumingzgag_erwn?g arrdnged to
he .i i t,. fromthe cessed signha

SR 3 S ovt SOFRIETN ho secaad llieler siage and Kosd the output

RGO fRM thNsSeddiy mhméﬁ%yeqawgg éfdtﬁu”i‘ dig%al from the

processed signal output fromthe sec processing
$ecend bHttedly element tetarmea gecond)summedsigpaln aviesein the first

R0 D B P BESFRTIR s i sina.

and/or an Inverse Fast Fourier Transform (I FFT) of a
%g)anpl ex input signal having a real conponent and an
[

gi MaPiPoesaRorraardingie caiddhe dhipt siagef tae procesgor further
tggm&%(m:ieér i nput signal to a first stage and when a

a third multiplier stage, the third multiplier stage being arranged to
receive a third output signal from the first butterfly element;

a third summing stage, the third summing stage being arranged to
receive an output signal from the third multiplier stage and to add the output
signal from the third multiplier stage to a fourth output signal from the first
butterfly element to form a third summed signal; wherein the second processing
unit has a first input for receiving the third summed signal;

a fourth multiplier stage, the fourth multiplier stage being arranged to
receive a third output signal from the second butterfly element;

a fourth summing stage, the fourth summing stage being arranged to
receive an output signal from the fourth multiplier stage and to add the output

signal from the fourth multiplier stage to a fourth output signal from the second
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15 Transform procedure is to be applied passing the
i nput signal to a second stage, and when an | nverse
Fast Fourier Transform procedure is to be applied
swappi ng the real and inaginary conponents of the
conpl ex input signal before pgssing the signal to a
second stage; applying in a second stage a first

o ak@‘aejl%fnéﬂg%ﬁrg??:fo% QHltnrﬁéoogBhPIe wr?e(?elwtb% ese?éﬁlg

el enent

fracpssingunib hds ;aos&oormd input foe redeiving trwqum éummedtshgnal
first stage to a second radix-4 butterfly el enment;
performng a butterfly operation in each of the first

and seCpritesast Accbrd pttb%l5|hﬁ’1(§*|\ﬁ'i@‘rﬁfr§th‘érhffﬂ“§’tape is arranged to

respectl ve pOftI ons 0O Sl gna to gener ate
select the real isompaneny asd éhmnnaglaammpemhtdmrpmlne processed

Ry e Faf pRREERG U4 e e SPimmanai] paf the
$tagimary bempbnent fbmahelpRbedssedr sigris butsutFrarh ¢he second
between a first operating npde and a second o&gratl ng

rPé%ess!’}SbU%'Bc,tBﬁ §elﬁ9é$%f¢a{ @nﬂd@'@glr@é}l ﬁgn’mnept @mg@e
E@‘g}&%&& oSYMet rical input signal;
ng t

rocessed out put signal fromthe second
butterfly element to a second input to the third

0GB s P B e o
lI’rWér&fa Fa¥t Pbﬁﬁ@r”’f‘ raln@fctni (IFPT ok HBn‘Fp%(:)ur ?Hf’gllg fﬁa\gﬁ%% real

plurality of processing un| s in
sompsnenband andn‘mgmwys:pn‘g)qmnt ¢he ouethod mng;prtsmgadi X- 2

i pel er Transf qrm (FF r 0Cessor ; d .
B! b PP e catble I Cian it 3B ey gt o Fast Fourier
(eansform forecedure i$ ta 6& applied! basdihgthd fpus Q@H&@'to a second
butterfly elenment to a second i nput to one or nore

Fﬁge gndrwhen an dnverse Fast Fayrieml reesfasropresetuee iSrtOtheeapplled

PabPhehEEe] o R AGmaRGEuTbe itee B MREamb B sy before

msangabe sfgmal tcea skaond stefepr m (FFT) pr OceSSl ng
procedurFyfto produce a processed output sig

app! yPREMNGEINA seeend staggiaslist ppgien) ofitae élgnaﬂ phtp;ut figen the

T‘Q_?ad the third stage between
?E&g%f SEJ%E)%?%H t?}lgtmrrrﬂ gmﬂ tf he second

applying in the second stage a second portion of the signal output from
the first stage to a second radix-4 butterfly element;

performing a butterfly operation in each of the first and second radix-4
butterfly elements on the respective portions of the signal to generate in each of
the butterfly elements a processed output signal;

applying the processed output signal from the first butterfly element to a
first input to a third stage, the third stage being arranged to switch between a
first operating mode and a second operating mode, the second operating mode
being for processing a complex conjugate symmetrical input signal;

applying the processed output signal from the second butterfly element
to a second input to the third stage;
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operating node; applying the signal output fromthe
fifth stage to a sixth stage, 15 passing the signa
output fromthe fifth stage to an output of the sixth
stage if a Fast Fourier Transform procedure is
performed and swapping the real and inaginary
conponent of the conplex signal output fromthe fifth

. . . : . _ ¢ _
o 29% s BB ot i Bl WM Bl Wt vt
geanh therBicst bottpritycelement toa fipsttinpltdoaine @mdfe ofa pRirlitd of
FRSHNADh R LA gl fr i 5B U
mm;ﬁfgmqaebemb&eﬁﬁ&@nawom 'B’HaHEfg‘rP\egF‘Tg&)‘PHéessor; and

0 a a second

signals 1o first processing unit an
pr oce&iphdng antoutpdt signal Arare thethirdcstage idegved fronathe first output

om0 B84 DS Biorf B st RefthEbhe of miFRar the
Qhunalityssfproo@ssihg anitg;he out put signals to a third
processing unit, and a fourth processing unit. 15. A

met hoPraeRssing iythedourthistageptheirecessed elpyt eignals received

i ' | st .
SR ik B Rl SRR/ a2 BRG3g  ASler
dpahsfony (FRE) prapesising protedure torproducelaprocedsed output signal;
processi upits. 28 16. A net ho? ac?,?trdl ng to claim
12, weBPBiIRG fe.Piacessed oufnu singl tone TR staga aEanaed i

SvateRlny With eetHird ﬁﬁ?@.b@fwé%rpfﬂéffﬁjsi f)ésfert%f(t)ingrr%@é 2hd Qrée second

units “conprises applying the signa ne or nor
eperatingomodessi ng units conprising a plurality of

ded,radix-2 butterf I ts. 5 17. A hod
ccor APRYTOMS Genphodbut foRuReaBisieds s sbel stas.a
si gnalpas8ingRte sidgriNoRfsut FonT At stdd@ tBldH slitoLy offhe sixth
cascaded radi x-2 butterfly elements “to one or nore

. $tage if adtast Fauries rpansierm procegiuraisperfermertand siMagping the real

S oy AR S 5 B o
theforerpdssing theesigsalty anroutputeefithe isikthi Btdgeit AN Gverse Fast

glppl,yi q,gait to,a fyrther one of said radix-2 butterfly
OuVfieR{ Eansform is performed to produce an output signal.

13. A method according to claim 12, wherein the step of applying the output
signals from the first and second butterfly elements comprises applying the
output signals to a first processing unit and a second processing unit.

14. A method according to claim 13, wherein the step of applying the output
signals from the first and second butterfly elements further comprises applying
the output signals to a third processing unit, and a fourth processing unit.

15. A method according to claim 12, wherein the step of applying the
processed output signals to one or more of a plurality of processing units
comprises applying the signals to two or more identical processing units.
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15 19. A nethod according to claim 12, wherein the

i nput signal is a conplex conjugate symmetrica
signal, the step of applying the signal to the third
stage further conprising: applying a first output
signal fromthe first butterfbyg elenment to a first

mul tiplier stage; 20 applying to a first summ ng stage

tdi I
28 e AR ortir el 12 WP 8 S6h o 2PREo the
precessed mxtmdcmgmhlsm ?ue orsmc%g'ezdf afploram%ef iblrdcélbsmg units
terfl orma first su si gna
8B i pRly G T SIG0RRER e raTore PN BiRrSeetg: ity
cbmpris apru?amwfreasé'&jewddnx-ermhﬁe'rﬁwelerﬁerft§t out put
signal fromthe second butterfly elerent to a second

mul tiplier stage; applying to a second sunmm ng stage

It| Iler stage; 30
B PR RB T e 5 o TH ARG 2 S
sutyas filotn anes et encte ofthe pluralitgvtlcabésdad Faﬁin‘éﬁctﬁﬂtérﬂy elements
butterfly elenent to forma second sumed signal;

508 OF PMorg shift ragistsnmerueiies si gnal to a second |nput
of the first processing unit. 20. A nmethod according
to claim19, the step of applying the signal to the 5

tiBi r dAsmag“md‘ anddndmgctow!jmlrmmfurth@rpd:qmpgsmg naultipk m@ tthe signal
I t ut  Si r irs
Birt on oap char ol fhe plutgl efeaeﬁ&aeumeﬁmeﬁenen &g an
{
AagiHER} fIF DEoRe aPDAMd 1% b Tuthor e bf SA ThaRi Biterty
stementso a fourth output signal fromthe fi rst

butterfly element to forma third sumed signal
applying to a first input of the second processing

49] t  AhpetHtid sccordmgdo claim 12, wherein the input signal is a complex
conjugate symmetrical signal, the step of applying the signal to the third stage
further comprising:

applying a first output signal from the first butterfly element to a first
multiplier stage;

applying to a first summing stage an output signal from the first multiplier
stage;

adding the output signal from the first multiplier stage to a second output
signal from the first butterfly element to form a first summed signal;
applying the first summed signal to a first input of the first processing
unit; '

applying a first output signal from the second butterfly element to a
second multiplier stage;

applying to a second summing stage an output signal from the second
multiplier stage;

adding the output signal from the second multiplier stage to a second
output signal from the second butterfly element to form a second summed
signal; and
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signal; applying to a fourth multiplier stage a third
out put signal fromthe second 15 butterfly elenment;
applying to a fourth summ ng stage an out put signa
fromthe fourth nultiplier stage; addi ng the output
signal fromthe fourth nultipkpger stage to a fourth
output signal fromthe second butterfly elenent to

f [ i 0, YA .
seconqPihg thee SERGHY SRR S to SR nGh Stn s
fuecessing ynitl . 21. A net hod according to clai m 20,

wherein the method further conprises selecting in the
fifth stage the real conponent and the imagi nary

QOIPOPeRfetRéd &ewmt@wamg%ﬁw& g\; ﬁg@kmthfggsgg%gs the

first processing unit and the rea
ithigd) Biagey futhesseemrisingm t he processed si gnal out put

| rmgl SRPYTEE R8RS sleie n iFoByh oBa! S e et
butterfly element;

applying to a third summing stage an output signal from the third
multiplier stage;

adding the output signal from the third multiplier stage to a fourth output
signal from the first butterfly element to form a third summed signal;

applying to a first input of the second processing unit the third summed
signal;

applying to a fourth multiplier stage a third output signal from the second
butterfly element;

applying to a fourth summing stage an output signal from the fourth
multiplier stage;

adding the output signal from the fourth multiplier stage to a fourth output
signal from the second butterfly element to form a fourth summed signal; and

applying to a second input of the second processing unit the fourth
summed signal.

21. A method according to claim 20, wherein the method further comprises
selecting in the fifth stage the real component and the imaginary component
from the processed signal output from the first processing unit and the real
component and the imaginary component from the processed signal output
from the second processing unit, the selected real and imaginary components
forming output signals.



