WO 01/33411 PCT/ SG9100113 -1- r Fast nodified discrete cosi,ne transform
nmethod Field of the Invention 5 This invention is applicable in the field
of multi-channel audio coders which use a nodified discrete cosine

transf or myagomsasfiep i n the conpressi on of audi o -signal S'Pﬁ%@lﬁﬁwd of the
I nvention 10 Recent years have w tnessed an unprecedented advancenent in
audi o coding technology. This has  Jed to high conpression ratios while
keepi ng audi bl e degradation in the ‘conpressed signal to a mninmm These ¢
coders are intended for a variety of applications, including 5.1 channel
filmsoundtracks, HREY.molifEed dls&ele addinsutiandRihaetid@scription of a
conpression nethod wused in such coders can be found in the ATSC Standard,
"Digital Audio Conpression (AC-3) 15 Standard", Docunment A/ 52, 20
DecenberTﬁigggm&hgﬁhﬂﬁ}basic approach, at the encoder the tinme donain
signal is sectioned Into frames, each frame conprising of a nunber of

bl ocks. The tinme domain signal in each block is first converted to the
frequencymd %‘%g@odlﬁ g@xc?olé)ﬁ?ﬂﬁe géld bt hbiBlcBanalN\Ridfo 8446 Hhiéh A Bhbdified
coefficients us’ generated, are next converted to floating point

r epr esendieierrosing trpsierm 3¢ smnmmewnnrassm oS gudio gigeals:j cient is represented
as a mantissa and an exponent. The bul k of the conpressed bitstream
transmtted to the decoder conpri ses these exponents and mantissas. The
coders abBackgrquadiofchetlgvesiieny ate in real tine. Therefore it is inportant that
t he processing 25 at both the encoders and decoders be highly optim sed.
The ATSC standard outlines a nmethod for conversion of the inverse cosine
t r ansf B Meeest yeassthapy witressed 7 unpeecesiened alvansemers in adiooraing Echnglogh Fhiai n.

Fr equencyad k @RHigl dBaipkdaflo a3 WIS kQpRg Qﬁdxﬁl?@eg%ﬁ%@@&c E&ﬁﬁi&ke’atslgﬂﬂ

reqU|renents in an¥H;30 transform coder. Therefore, an ficient
i mpl ementad miEmen. Thise cqders ae intapied o ayaziey pﬁ@phewmmm Silehapnelpy E 26)

WO 011334ich sRfadirasicd MO Udser d@cs(im&@&ehﬁnDEs%ﬁbﬁcfnm Qsmpct:sswaqnmt em

significantly and make real time operation of encoder an easi % attalnable

possi bi | fpaf i1 Fychsaises e be upd indhrofi T3 SerierdCPEgiat 4rdior Gomprstien;
transf oy BRdnlierd " Oboctin@BEA B2, 20 December, 1995.

~ In the basic approach, at the encoder the time domain signal is sectioned into frames, each
frame comprising of a number of blocks. The time domain signal in each block is first
converted to the frequency domain using a bank of filters. The frequency domain coefficients,

20 thus genei';ted, are next converted to floating point representation. In floating point syntax,
each coefﬁci_ent is represented as a mantissa and an exponent. The bulk of the compressed

bitstream transmitted to the decoder comprises these exponents and mantissas.

The coders are expected to operate in real time. Therefore it is important that the processing

25 at both the encoders and deceders be highly optimised. The ATSC standard outlines a method
for conversion of the inverse cosine transform to Fast Fourier Transform to obtain remarkable
speed gain.

Frequency transformation presents one of the greatest computation requirements in any

30 transform coder. Therefore, an efficient implementation of this phase can decrease the
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5 perforned by the nodified discrete cosine transform (MDCT). If directly

i npl emented, the MDCT requires Q(NE) additions and nultiplications.

However it is possible to reduce the nunber of required operations
significantWQol33d4tine is able to express the MDCT equati opcisds9neeais or m t hat
is anenable to the use of the well known Fast 10 Fourier Transform (FFT)
met hod of J.W Cooley and J.W Tukey_ (1960). To conpute the MDXCT of a
sequence of N real data, conventional nethods use a system conprising of a
pre-processing block, an N-point FFT block and finally a post-processing

bl ock. 15cddhputabioitqifinRed of Me si6m 'si%ﬂiﬁ@énhg d ik Wl RBE opceslidh Of EdtBder
conputation required to eval uate the . Summary of the Invention 20 In
accor danc® Fsibhataiadle RosPilithn, there is provided a method of evaluating a
nodi fied discrete cosine transform (MDCT) of an input sequence of conplex
data using a Fast Fourier Transform (FFT), wherein the FFT is a N2 -

Poi nt FFTIR samemsnepdersyich as e AREICThG Fegiencyhdomadn Fansfoxmatiqn ofisignals ix[ n] =
COS(2, t 5*pdrfitiedlty die medified didchetdNeckine rahtbmt MDED). idifect i pﬁ%ﬂe%teﬂ, chd where
x[n] represents the input sequence and Nis the nun%er %ﬁ ata sanples in
the sequidRCd regyres ddirfens apgEppltiphgstipnsp6) WO 01/ 33411 PCT/ SG99/ 00113 -3
Preferably, a transform coefficient sequence of the MDCT is derived using
the N12 - Point FFT of a conplex function (z[n], where z[n) = (x(2n) +

j x[2n + |Hpyeypr it possiplestogedyes g pumbey ofyegiired qprrgiongsignifigantyolfl aekaad t he
conpl ex coripedtue MDCrhiguaib@ReS Plobth dis alerhbREHE Gl of 8 welt Khb@E4t Nl for

t he expression_*n
10 Fourier Transform (FFT) method of J.W. Cooley and J.W. Tukey (1960).

To compute the MDCT of a sequence of N real data, conventional methods use a system

comprising of a pre-processing block, an N-point FFT block and finally a post-processing
block.

15

It is an object of the invention to further reduce the computation required to evaluate the
MDCT.

Summary of the Invention

20 |
In accordance with the invention, there is provided a method of evaluating a modified discrete
cosine transform (MDCT) of an input sequence of complex data using a Fast Fourier
Transform (FFT), wherein the FFT is a N/2 - Point FFT.

25 Preferably, the MDCT is of the form:
#=N=1
X = .Eo x[n] * cos(2m * (2n + 1) * 2k + 1)/AN + 7 * (2k+1)/4) k=0..(NI2-1)
where x[n] represents the input sequence and N is the number of data samples in the

sequence.
30
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i'+1 [Zk-Z &=i[Zk+Z4 a where G is a transform coefficient sequence which
allows the MDCT to be evaluated, in that Gk = gk,+i9% = E (x[n]e 1) *
even 10 "0 which can be used to soI ve the MDCT when rewitten as Xk = cos
y(k) 112(eJ 1G&+ e-XA+'"' 'vG) - sin y(k) 112j ( eApdriacs

a-xi +l r2w& WM PecTingpolilys

T -sin y*(gk., si n(a(k+ 112)/ N) +gk, cos(n(k+ 1/2)/N) Eg. 16 Tz Bri ef
Description of the Drawi ngs 20 The-Prvention i s more fully described, by
way of non-limting exanple only, with reference to the draw ngs, in

whi ch: u ntation of di Q.. . CBaine Fi QUre 2
is a di agﬁ’éﬁ"ﬁﬁ?{"iyca é’ﬁf‘ﬁg’e @Fﬂe’gﬁe‘lﬂ’mg glﬁghgggrll;lé geﬁlgg @ngnﬁ ﬁe“gg@? I F?Jlgtt rat es
eval uat Omoﬂak&mpﬁﬂlﬁincﬁﬁqu&mcﬂ;eré nto a coefficient set. 25 Detail ed
Description of a Pre Errb di The an audi o coder conprises
a streamof digiti sé{ﬂ‘ S&FpHIad™ gsf'Ln'egéd‘réw atrll)(a)tl og signal. For a

mul t i - charperkra8y¢ @ @RAsIHRMEZIS irdahenaalad ohjngnt of the erbséenmeBsaareldegvddor each

30 channel . The é’ gb&t streamis sectioned into bl ocks, each bl ock
cont ai ni hdroP HBhLE tWéSSl%UBSTl TUTE SHEET (RULE 26) WD 01133411

PCT/ S@9/ 00113 -4 sa of Qac )‘FE%-I% ee F| g. 1). Thus within a
bl ock the N sanples of 'a- rifethe- Sefden
{x[Q,.r[1],r[2], CX[N-1 The tine domaln sarrpl es are next converted to

the  frequpReyGIEe TRibfisi cegﬁaem segadngs ivhich allows theMPET (ekecevaiuged, &y thats The
frequency domai n coefficients, thus enerated, forma coefficient set which

can be identified as (59=§u425£u-' &{)H@n),e,ﬂmce the signal is real only
the firgsg N12 frequency

which can be used to solve the MDCT when rewritten as

Xi = cosY(k) 12/ VDNG, 4 o RBIDNGE) — siny(k) 1/2j(e™DN Gy — PN G)
- -

Ty
= cos T*Sgpcos(n(k + 12)/N) — gsin(n(k + 1/2)IN)‘
T

15
—siny*(gx,sin(r(k + 1/2)/N) + gricos(n(k + 1/2)/N) Eq. 16

T2

Brief Descrintion of the Drawi

20 The invention is more fully described, by way of non-limiting example only, with reference
to the drawings, in which:
Figure 1 is a_ representation of a an audio input sequence;
Figure 2 is a diagrammatic representation of an encoder; and
Figure 3 illustrates evaluation of the input sequence, into a coefficient set.
25
Detailed Descriot f 2 Preferred Embodi

The input to an audio coder comprises a stream of digitised samples of a time domain analog
signal. For a multi-channel encoder the stream consists of interleaved samples for each

30 channel. The input stream is sectioned into blocks, each block containing N consecutive
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conponents are considered. Here X0 is the | owest frequency (DC) conponent
while X, ,,-, is the highest frequency conponent of the signal. 10 Audio
conpression essentially entails finding how much of the information in the
set (XO X'Wora13341KNn_, ) is necessary to reproduce the Orhﬁ‘rﬂéb @ Iog
signal at the decoder with mnimal audible distortion. e coetl I'Cient set
s normally converted into floating,point format, where each coefficient

15 is represented by an exponent and nmantissa . The exponent set is usually
transmitted in its original form However, the mantissa is truncated to a
fixed of \@inpRPbeeablibHifil Gke ﬁﬁclmudo&r?ﬁﬁ% blobf e WPLatieR br BUHAGY ety DI LS. TOT
coding a mantissa is usually obtained froma | ocati1 on al gorithm which
for advande®d3aheJVretetilst: i*BY-1) d Ehestima dlomain samples ashnexp eonvamed tagher oper t y
of the hurfpeauawu&amuﬁygsmwméﬁit&vuaﬂw;@@h 0by bits results in higher
conpression ratio because | esS space is req ired to transnmit the
coefficients. However this causes very high quantization error leading to
audi bl e s cfns (iRighdref dofiaidl W0eknCtbt, i bdrBc rih) LRAMCRRP L Sutlih ERCR MRNLT 552
forms the core of the nobst advanced encoders. n sone encoders such as
t he AC- 3, idemified ay((orbydodfarn. Singn siicosigral iipmeadfonlyi Gadirs V@ frpmeficyr ned by

t he (I\/DCT t S

x(n] *cos( )ZC%I?PA(%%&fx)g %Eﬁlre@/%l{f%k?ﬁ ?L’%?g &Lemdﬂ (%t? hé’épq’?a(év@e Xupsly

SUBSTI TUT rhedyighest frequesney mpmtelimssum PCT/ 399/ 00113 If directly

i npl enented in the formgiven above, the MDCT requires QN) additions and
mul tiplications. However it is possible to reduce the nunmber of required
oper at | BhéudiogFammressian (eysenally ratails; figting howy mucheofathe deformmyion lin yhd sy t he wel |
known FasixfRuxj, erxJr peabass indQ4 (1960)
The general D| sicr etilé;llgourl e%ﬁg%g?‘aggmﬂ% S ‘gﬁf/s\}%ﬁﬁ%‘ﬁ) ?&E%ﬁ%

requi res @NPaydipledista@ant i ons and rrultl plications. But by usi ng t he Fast
Fourier Transformmnmethod the DFT in Eq 2 can be conmputed with Q Mg=N)

oper ati ons_onl Eq. 2 Fk= (x[nl x zx~" ") k=0..N1 Eq.?2
The coefficient set is normally converted into floating point format where each coefficient

15 is represented by an exponent and mantissa .

The exponent set is usually transmitted in its original form. However, the mantissa is
truncated to a fixed or variable number of decimal places. The value of number of bits for
coding a mantissa is usually obtained from a bir allocation algorithm which for advanced
20 psychoacoﬁstic coders may be based on the masking property of the human auditory system.
A low number of bits results in higher compression ratio because less space is required to
transmit the ::oefficiems. However this causes very high quantization error leading to audible

distortion. A good distribution of available bits to each mantissa forms the core of the most

advanced encoders.

In some encoders such as the AC-3, the frequency domain transformation of signals is
performed by the (MDCT) modified discrete cosine transform (Eq. 1).

A=N-\

X,= L x[n]*cos(m~(2n+1)=(Rk+1)/4N-T=(2k+1)/4) k=0..(N/2-1) Eq.1

nz=0
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jr-0O 10 Here j is the synbol for imaginary nunber, Le j=1-1. Although it
may not be i mmedi ately apparent how Eq. 1 can be transforned to Eq. 2, a
careful analysis shows that this is indeed possible. To sinplify Eg. 1, let

us define twyodiegii ons ac(n, k) =2 n(2n +1)(2k+ | )|4N Eq r{g%”;oﬁléap ’
itten

T(k) :7t(2k+t)/4 Eq. 4 Then. using these functions,

as mN1 Xk = o x[n] * cos(2n * (2n+_1) * (2k+ 1)14N +n * (2k 1)/ 4) k=
... (N12-1) n:Al ORAy( k) = E xtA) * cos(a(n. k) + y(k)) Eg. 5 0 Ma
n=/wl =, . x[n] * (cos a(n, k)cos 7(k) - sin a(n, k)sin 7(k)) Eq 6

SUBSTI TUTE, SHE R 1/ 3341 Eqg. 6
the tri gongﬁ@f T’é&‘&? "im?))nu}? Hé’i"ii’l‘a’?n g5ee aﬂ‘%wgéﬁqné"sﬂ n |%ddﬁls?%sd r{aor

si mpl i fi camiudiplicadlens.t her nrore, since the function Y(k) is only dependent on

variable n, it can be brought outside the summation expression to give Xk

= cos y(k) Z x[n] * cas a(n, k) - sin y(k) x(n] * sin a(n, k) Eq. 7 AMO 5

T, T2 TheHowevet aﬁsmo,sslﬂlga tcesaducd the ninnbdr@f reqaised operatidng signifitandy éfcbnsspaleat eI y
Si.n

Lo E S A Yyl bR pRld g R 8505
Ther ef ore V. aancy@m)IEmtgammiﬁ&teTEouaadTﬁﬂsfam @Pmlxs gitven-teiclv (Eq Q E x[n] *
(e/a + eya t x%qu_lre:sL 3(‘11) comgpelc addx?xlons :ndEm&hil)ﬁgcglions. %u! EJ)} usEngg th8e Fast Fourier

Transform method the DFT in Eq. 2 can be computed with O(Vlog,N) operations only.
Eq.2

nsN-1
F,= Y (x(n]=e?™"y g=0..N~1 Eq.2

=0

10 Here is the symbol for imaginary oumber, i.e.j=v-1.

Although it may not be immediately apparent how Eq. 1 can be transformed to Eq. 2, 2
careful analysis shows that this is indeed possible. To simplify Eq. 1, let us define wwo
functions

a(n.k) =2T(2n +1)(2k +1)//4N Eq. 3

15 and

- Y(k)=R(2k+1)/4 Eg. 4

Then, using these functions, Eq. 1 can be rewritten as

a=N=~1
Xy = 'Eo x[n} * cos(21t *(2n+1)*(2k+ l)/4N+7t * (2k + l)/4) k=0.(N2-1)

el G(n.k) Xl)
20 = ,,;%?.l x[n] * cos(a(n.k) + Y(k)) Eq.5
= ::.‘.o x{n] * (cos a(n, k)cos ¥(k) — sin a(n, k)sin Y(k)) Eq. 6
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10 ,aa ,tea ,.=0 A A2 T2 ="' x[n] * (eia - e ja)/l2) =1/2j{ ~ x(n] * eia
- | x[n] * e 1la} Eq. 9 AMD A Al 15 W evaluate the termA, . FromEq. 8 and
Eq. 9 note that Al = E x[n]*eia n=N-11 x[n] * e/c2a(2m+l) (2k+1)14r- A-0O
= e nc~+tnWo0/3¥M1 (x[n] * e*"'"") e - n Eq. 10 20 If weprdeSGsswonsconpl ex
variable x'[n] = x[n] * eh"rH Eq. 11 then the Eq. 10 is sinply 25 A1 _
ejx(,t+ '"2YX* Et x [n] * eJ2xwN-6-€e Eq. 12 G The conplex term

&k=gk,, +jgk.j, where gk., and g~,, e R (set of real nunbers) in Eq. 12 is
essentially the sane as F. in Eq. 2. Therefore the FFT approach can be used
to eval LiatBy.63he r}Ondkitsc dopaling Sodonk) =tchea corpunasing isised PRPNERENS NIl 0g. N)
W can w, simlarl val.ua .S ; /33411
peT/ coohieae: Shie/ine RBITR s o Bobhdem aielel T Fogble ity 01

eyci (O cutsidexhe-dulbnddon exgression tegibg * e fix Eq. 13 nmoo r,j 5 Note that Gx
Is actually the conpl ex conjugate of G which was obtai ned earlier by Eq.
12. That is, if ﬁ;&sﬁkfﬁs&j}[ﬁ]ﬂ\aﬁ&@,g’ x,si,f,wg"ﬁ' kin}a sibla(Ag) def impd earlier
then Gs =gk,,+ gk,,. Thergfore G. 1n Fq. 12 duks not need to conputed
again and result from Eq. T T

The two terms, 71 and T, in Eq.7 can now be evaluated separately. From Euler's identity
e® =cos@+jsing, we know that cos an, k) = (/4R 4 g=jainkyf3 and
sin at(n, k) = (/%X — g=/rR)/2; | Therefore we can rewrite the terms T and T as

I = Hivl-l x[nl* (P + e 2= 1/2{":-%’:-| x(n] > o +"=§;'1 x{n] * e¥9} Eq. 8
" - =0 =0 !

- »)

10

Ay Az

Ta="3 xln)* (e —e )i = 125 & x(n]»e® — 3 x(n] * &7} 9
T = 4= e =) a0 ) Eq.

AL Az
15 We evaluate the term 4,. From Eq. 8 and Eq. 9 note that

n=N-] 3
Ay= XL x[n}*e®
=l
= 3 x{n] % ef2n2n1)2eeiVaN
n=0

= IMEH2UN o ":g‘(x[n] % gimalNY o gimakiA Eq. 10

20

If we define a complex variable

2'[n) = x[n] * /=N Eq. 11

then the Eq. 10 is simply

25
. nuN-1
Ay = MHDNLT S 2 ] « el2rabn Eq. 12

~

G
The complex term G,=g, ,+/g.;, Where g, and g, € R (set of real numbers) in Eq. 12 is
essentially the same as F, in Eq. 2. Therefore the FFT approach can be used to evaluate G,.

- 30 This brings down the computation from O/A* to O(Mog.V) . We can now. similarly, evaluate
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12 can be reused. That is only one FFT needs to be conputed for the
evaluation of T. Using Eq. 8 to 13 we obtain 10 Tt = 112(exk+112YN&K + e
(k+tay"Gk) Eq. 14 Next We analyse the termT.. T2 = x(n] * (e-* -
eyt)/ 2] 15 wdordsbAt - =1/2j (eJOP+t' "Gk - e la(k+enwWr

Fi naIIy after s?irrp |f|cat|ons of Eq. 7,14 and 15 we obtai ?%@E%k cos, y(k)
1/2(el' (t+tnYx&K + e- Itt(k+tayNGt) sin 7(k) 112j(eit((k+invN&X -e i
ttk+tnYS—GY) 7t Tt = cosy*(gk., s7(n(k+ 1/2)IN) - gx;sin(n(k+ 1/2)/N) T,
-siny*(gk,, si n(n(k+ 112) / N) +gx; cos(lt(k+ 1/2)/N) Eq. 16 T: SUBSTI TUTE
SHEET (RUL A? Dg 441 PCT/ S&9/ 00113 -8 The term

& =gx. , +j gkr e%@on& m %Mn O(Nl ogN) operation by using FT al gorithms.

The addltl naI ou act the final Xx is
only of ordgi %\ﬂ)‘?] gﬁxe} oFIé&AlBﬁp%? ¢&n nbvf%é%orrpu%d 3in O(Mg2N)

time. The operations required to o ™S illustrated in Fig. 3.
5 N-Point MDCT Using N 2-Point FFT Since the nost conputationally intensive

part is theyEhk G a%&gﬁ,lm%&ﬁizﬁex%m%até&@r\ﬂ%h&Q&?(aﬁzg&'bz{rﬁé}b?n] e?g el p'i 16

decr ease “conputatfon even further e val ues of
may be obt Fh#dsd it rBudtigarVitroe Pont g FER as defined earlier then | known t hat an

N-Poi nt FFE-af, a;5cquaier 6f ity eRbioet Abthedab chifpuBashiiy atiteditReh By,
12 can be reused. That is only one FFT needs to be computed for the evaluation of 7,. Using
Eq. 8 to 13 we obtain
10 Ty = 1/2(/™HDNG, . o=t 12N G2 Eq. 14
Next, we analyse the term T5.

T,="% * — ey
z=dx[nl*(e’°‘—e Y2j

= 1/2j(A -Az)

15 = 1/2j(/MEHRIN G, _ gminti+ VNG Eq. 15

Finally after simplifications of Eq. 7,14 and 15 we obtain

20

X = cosY(k) L2(HING, 4 g ImIDING?Y — siny(k) L/Zj(eMPHING, — e Gy
-l s

Th
=cos ‘r*ggg,cos(n(k+ 1/2)/N) ~ grisin(n(k + 1/2)@
Ty

—sin y*(g sin(r(k + 1/2)/N) + gricos(n(k + 1/2)/N) Eq. 16
T
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using a N 2-Point FFT only, provided the FFT is preceded by a
pre-processing and followed by a post-processing which formats the inputs
so that the final result is mathematically identical in both cases. In our
present caswQOo1/3311li nput to the FFT block is a sequence ofpd¥/smwpdiex dat a.
To evaluate 15 the FFT of N arbitrary conplex nunbers, an N-Point FFT is
definitely required. A MPoint F8s M< Nwll not do. In the present case
however, the input sequence is not conpletely an arbitrary conpl ex
sequence but is of the formx(n]le' , where x(n] is real. lami_ Gk Rx[n] *
e )G .7 The erm Gy=gietiguenay bn Forputed im@NlogN) ppsration by psine FT aigorighms. Bhe N1o - 1) .
Then, t algidiforg: Jaeaﬁfnoaumnefﬁ‘éq ?@to@fma%{ 4 Gl KPis i 6Forer O IhMchore OSSN/ 2- 1
, Therefore Ze-, h ] . Taking the conpl ex

conj ugat éhedeDEB'-m F‘OV.‘[b@FWszﬂ °SZNM““‘1 'ﬂ‘eNPefa‘[%’s “{‘JHT@/m@P‘a]ﬂ then so, note
t hat vaI@,@@gng*$ ﬁm{euflﬂp@tjons we obtain 25 L z[n] + z' (n]le/m= 2x[2n]e/
and z[nl - z'(nle''"laf ="2x[2n]e'" . W now have all the essential
derivations for us to obtain Gk fromzZk. N12 | 30 [zk+zk ]=[N~1 [z(n] e' ]+

L [z [ n] eN-Poiftl MDEP N/jLﬁﬁn{SFIﬁT (RULE 26) WO 01/33411 PCT/ S&9/ 00113
A , [(zEn] +z n]le )e -1 [ 2x(2n3eM elMPAI& /2LL 1 -lrr( 1)s ,

=""1" - [ Sfned the)ﬁ{u%m:omﬁ\ha]:ﬁﬁaﬂyl intensive part is the FFT, we shall focus on it in order to
) N~1 of .
decrease computation even further. The values of Gx = 3, [ (x[n]ﬁ )ﬁ ] required in Eq.
=0
16 may be obtained through an N/2-Point FFT.
10

It is well known that an N-Point FFT of a sequence of N real data can be easily obtained by
using a N/2-Point FFT only, provided the FFT is preceded by a pre-pmcessmg and followed
by a post-processing which formats the inputs so that the final result is mathemauca.lly
identical in both cases.

In our present case, the input to the FFT block is a sequence of N complex data. To evaluate
15 the FFT of N arbitrary complex numbers, an N-Point FFT is definitely required A M-Point

FFT, M < N will not do. In the present case however. the input sequence is not completely an
arbitrary complex sequence but is of the form x[n]e’ *  where x[n] is real.

Ge="%, [(stm1+ /% )7 |

:iLet us define z{n] = (x[2n] +jx(2n + 1))e ¥ ; 0<n < (N2 - 1). Then, taking a N/2-Boint FFT
20 of z{n],

Zt=N%-1[z[n]ei%], 0SksNR2-1
=0

N2=} R Y .
Therefore, Zy , , = Eo [z[n]e T ¢t m:l - Taking the complex conjugate of Zy_,, gives us

-x
55 Z'L_H [z' [n]el% e’%] Also, note that with some simpliﬁcaﬁons we obtain
z[n]+2" [n]e’m ~2x[2n]e' N and z{nl-z [n]e' ¥ —Zx[Zn]e’ - . We now have all the
essential derivations for us to obtain G from Z;.
\ . N2-1 amp N2AlE | P
{20z ] [0 ] S [remton]]
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nl _ Z4 M1]=1~."~r irz[n]Jei H ol[z-[n]ei~Mj] 101 LJ [ FE
[(z[n]-z-[n]e+1l le]J 3al7~Y [EN2 1 (2Jx[n~ 1]e'F a(7~,)el x ='"Ro 15 _
rvri-1 .~s..,~u nZ (x[271+ 1]e/ +~ )e' KNowit is straight forward to get
Gkfrom zt . w&])i"/3134f1" k4-4-4-1 '[Zt+Z] 2] 20 N12-1 +l vaz periN&ssnbiis
[(x(2n+l]ei +.no E [(x[2n]e} )e'+ 1 a )el Mj e.0O[ (x[n] *el ~) e] =&
25 Accordingly, use of an N2 - Pgjnt FFT allows Gk to be derived, which
inturn allows the 30 MDCT of the corrpl ex input signal to be eval uated

wi th reduced conputational requirements. SUBSTI TUTE SHEET (RULE 26) 111 WD
01/ 33411 PCT/ S&9/00113 -10 dains: 111111112111121211112121101 Ns 1. A
nmet hod of evaluating a nodified discrete cosine transform (MDCT) of an

i nput sequence of conplex data umg&g@ Fast Fourlﬁr T]]ansform (FFT),

wherein the FFT is a N2 5 -Point= [n]+z [nle'm |e/'mm
N2 e} 1Al
: 3 [(zw ]

10

LT (-]

R(2ke)

x [ (2]1[2?!-!-1]3" 7 )e’a""]

="'>'3"[( naal

Now it is straight forward to get Gifrom Z;.
P
';f[Zg +Z;§+I]+-—{zj Zg—Z%_H]
NIZ 1
[(x[mef ') ""'"] [(x[Zn + 1157
=0 =0

15

20

-

25

Accordingly, use of an N/2 - Point FFT allows Gk to be derived. which intwrn allows the

30 MDCT of the complex input signal to be evaluated, with reduced computational requirements.
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2. Anethod as clainmed in claim1, wherein the MDCT is of the form XWwW1
Xk = x(n] * cos(2a * (2n+ 1) * (2k+ 1)14N+zt * (2k+ 1)14) k = 0...(N 2-1)
roo 10 where x(n] represents the input sequence and N is the nunber of data
sanpl es i n M33dluence. 3. A nethod as clained in clai mper/seianasn a
transform coefficient sequence of the MDCT is derived using the V2 -

Poi nt FFT of a conplex function (z{gg, where 15.zfn]=(x[2n] +jxf2n+1])d ,
05n<-(N12-1) 4. A method as clained in claim3, wherein a transform Zk and

t he conpl ex conjugate of the transform ZNn, e- t "ﬂi”ﬂl”l Z(n) for
the expreCgimsn 20 Gk = i[Zk +Z' e-k-t | + 4 [Zk ', ’H"Eklsa
transform coefficient sequence whi ch al l ows the WMDCT t'o Me @vatuated, in

that XWA t'(x(nle N * &0" G = ga, +JSu whi ch can be used to sol ve
t he NMDCT dhen Ar meothod Dfafrvahstmg%mbdqﬁed digsety (dsjne Hafffeint QMDAYNeKantingut] "

V* ok,  coRpirf el e onfly ol Mo R Vb R a0 91 1

1/ 2) / N) $gtRos &FTc (k+ 1/2)/ N) T2 SUBSTI TUTE SHEET ( RULE 26)

2, A method as claimed in claim 1, wherein the MDCT is of the form:
==
X;= Z, *nl*cos@m=(2n+1)* (2k+ 1/AN+m* (2k+1y4) k=0..(NR2~-1)
10 where x[n] represents the input sequence and N is the number of data samples in the

sequence.

3. A method as claimed in claim 2, wherein a transform coefficient sequence of the
MDCT is derived using the N/2 - Point FFT of a complex function (z{z], where

15
zn) = (x(2n) +jxi2n + 1T, 0Sns(N2-1)
4, A method as claimed in claim 3, wherein a transform Zk and the complex conjugate
of the transform Zy,, ,, are derived from Z[n] for the expression
1)
=1 £ .

20 Ge=i{zer 7 o -z 7

where Gk is a transform coefficient sequence which allows the MDCT to be evaluated, in that

L ]
Gr=gr +igu= I (xln]e/™N)s ot

which can be used to solve the MDCT when rewrirten as

25

X, = cos (k) 1/2(e"""+‘“V"Gg +eTMIBINGL) — siny(k) L2j(FIHRING, . 4k \IN Gy

=cos '{*(gg,cos(u(k+ 1/2)/N) - grisin(n(k + 1/2)/N) m

Tl

—siny= g,_,sin(ﬂ:(k + 1/2)/N) + gricos(r(k + 1/2)/N)

T2
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