; _e3e{8{5<"6T 6& 1 Fast nodified discrete cosine transform nmethod Field of
the Invention This invention is applicable in the field of nufti-channel
audi o coders which use a nodified discrete cosine transformas a step in

t he conpression of audio signals. Background of the Invention 10 Recent
years have w tnessed an unprecedented advancenent in audi o codi ng
technology. This has led to high conpression ratios while keeping audi bl e
degradation in the conpressed signal tp_a mninmm These coders are
intended for a variety of applications, including 5.1 channel film
soundtracks, HDTV) | aser discs and nultinmedia. Description of a conpression
met hod used in such cogdersodianed it orutd &&ih?etr%%@t 6%‘9%0') "Digital

Audi o Conpression (AC-3) 1 ~ Standard ", Docunment Al52 Decenber; 1995
. I'n the basic approach, at the encoder the tinme donmain signal is sectioned
into frarreg., eg‘gtﬁ:&rarre conprising of a nunmber of blocks. The time donmain
signal in 5 irst converted to the frequency domain using a
bank of filters. The frequency domai n coefficients) 20 thus generated) are
next converted to floating point representation. I'n floating point syntax,
each coef fTkis gyvention is gpplaskiatie cheafield ofmuolii-smand naid Acod¥ BONEBH useTNGobifiel Of

t he corrpasdslecde[lgict strgramftransn‘itted to the d_ecoger conprises these.
exponent s and- mant s FASOFHE L IR Mg cemBISSUeR Q8 2¢H0 §is8Rlt e in real ti ne.
Therefore it is inportant that the processing ?5 at both the encoders and
decoders be highly optim sed. The ATSC standard outlines a nethod for
conver si orR38KeroRad phis/Ig¥entioBi ne transformto Fast Fourier Transformto
obtai n remarkabl e speed | ain. Frequency transformation presents one of the
greatest conputation requirenents in any 30 transform coder. Therefore, an
ef fici el Reopitomenthatd ohnesfedtahivapRbaeie advadesh@r sfaddtcoding i HRbIoa) | Bifks
requi rerre%égfg the systemsignificantly and nmake real time operation of
encoder a i {SBCPRPAHPRI358E Whils keepipg apdiblecivgradaiandarts eompresss signal AC- 3
) the freqyengvirdloRet: f ] f. Sk S erformed. by the

nodi fied di screte cosi ﬁéeE(t?drg§n€% %?érgd?%@*&%ﬁ%@?ﬁ? r r%c uélﬁf%%‘g&?a‘fnﬁb
MDCT r equifimssogpdisacks, JHATV s dises amdiinhiltipheidtatDestspeidnoyey @mpression rissd bl e

to reduce . of r ired eratiens significantly if one is able to
express t ﬁ%pwggg{fjaeﬁ %‘ﬂ%lg E?‘B“%dn %@r’%f %‘glzugfan?%rdan@ﬁéfm 4141 Comaresgen (1C-dhe
vel | knpsusrdrmatd | Ddeatheheh/s3! a0 Hebdhibee Ffohs. met hod of 1. V. Cooley and J. W

Tukey (1960). To conpute the MDCT of a sequence of N real data,
conventional mnethods use a system conprising of a pre-processing block, an

N-point F Lnal -processi.ng. black. | 1f.is_an object of
the i nvenfI gcgir;:é ?%Sl&f ﬁ%?%%b ?[e %S‘Zm? %Z&%g eu‘féﬁai“bglg%ldﬁis?céxan‘?‘{)mé‘i/gf“ﬂﬁst' &4%he
MDCT. Sumfeamye oémptising 0¢ anduntber 20 blatkaCTRY daiaCeoriih RidnhEid PACBNIbAN) filer €

is provided a mﬁt h?nd of evaluating a nodified discrete cosine transform

(yi DCT) of B Y e%&ﬁ%ﬁx@wm 188 RdRnkef ltns Tig feeqrensy dpmainiceeffiTieannst or m
(FFT), vtah@ gentRa@dFEE def @nMredto HOAdH: p’gﬁx-['represemation. In floating point syntax,

each coefficient 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 decoders 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




25 Preferably, the MDCT is of the form T-NI Xk = ~ x(n] * cos(2n * (2n+
1) * (2k+ 1) 14N+~t * (2k+ 1)/4) k = 0...(N3- |I) nx4 where x(n] represents
the i nput sequence and N is the nunber of data sanples in the sequence. 30
-3 Preferably, a transform coefficient sequence of the ~fDCT is derived
using the NN~ - Point FFT of a conplex function (,[n), where z[n) - (z(2n)
t jx(2n +1))ed:tH. 0 <_rc < (N2 - 1) Preferably, a transform Zk and

t he conpl ex conj ugate of the transfor7m ZN~2-k-1 are derived fromz[n) for
the expression Y G=:CZ, ~+Z~ ~ ~~+ "=~ ~Zt-ZN-"~ v where Gk is a transform
coefficient sequence which allows the MDCT to be evaluated, in that ~m 10
&x - SX.r -~18~t~ _ ~ (x[nJen"~N) * ~~H which can be used to sol ve the NMDCT
when r ewrSOMPBRLGR regRLremens §f Yielsysiqmaigailicapiingd makg realsima\egeyatongif ghogdry | J2;
i(e~t+mv" kS ~r~=c4sy*(g,~rcos(n(k+

132) J1 V) - g,(aé?rly ?F&’?Elf ﬁlﬁg%%:{_ 15 r' -sinY*(g~,,sin(n(k+ 1/2)!1V)+g~,
cos(~(k+ 112)J1V) Eq. 16 r= Brief Description of the Draw ngs 20 The
invention is nore full descrlb d by way of non-limtjn~ exanple only

with ref gPéHE’e 54 Sﬁ%a\ﬁ st m %ﬁ.f&wuerﬁvgéﬁr@aui jagst aﬂreﬁrneggﬁgaerm of a

an audl 9 gelBiheBME RRBificl Wifde Sodite @arl i AIPRY). Or HERLESAThA RO

encoder; ‘and Figure 3 illustrates eval uation e i nput’ sequence, |nto a
coef fi ci eADCJetequires %f‘haddacbn@esztmmpl@mmﬁ a Preferred Enbodi nent The
input to an audi o coder conprises a streamof digitised sanples of a tine
domai n anal og signal. For a nmufti-channel encoder the scream consists of

i nterl eavesivesaMplsgfosdive @ Ralce38e abmbétalf.reqlited 'oB&HﬁorﬁtsIO%ﬁiBaht%' Foat saped i nto
bl ocks) each bl ock containing N consecutive anpl es of each channel (see

Fig. 1) tcrmeamdrq%?céf $IUgER 2 frEhy| xegm@rabk te fheruselof therwallknowgfasice f
x[ o%lrrgr E?&L\%ﬂl LSFFT) marzho&LJHI IW ‘]C})olev I&PJ RV r@ul&?qﬁ&) sanpl es are PEXt
quency SIS |

conver to t usi ng an anal'y bank (see Fig.
2): The frequency dormai n coeffi cr ents, thus generat ed) forma coefficient
sec which_ can be ideni?IC jed as ~~ ). Since the signal is
teal onl y % FRENRYS G¢ MG rfraeéﬁ%ﬁw %fdw%éaaascewénw&maoéa USRI YSIRE | s

the | oweghd {p?x@ﬂu%@‘iypré e SHEPABEN anWpb it ¥ET block shd gﬁn@" agﬁ%ghd;:é%ﬂﬂency

conponent of thé signaf. 10 Audi o conpressi on essent| mdi ng
how nuch bidckt he |nformat|on inthe sec (~, X~ X, ... ,Xv,, ,) IS necessary
to reprDc.)duce the original anal og signal at the decoder with

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

u arv o venti

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:

m=N—-1
Xe= EO x{n]*cos2u* 2n+ 1) * (k+ VAN + = (2k+1)/4) k=0..(N2-1)

where x[n] represents the input sequence and N is the number of data samples in the

sequence.




m ni mal audi bl e distortion. The coefficient set is normally converted into
floating point format) where each coefficient 1 ~ is represented by an
exponent and mantissa . The exponent set is usually transmitted inits
original form However, the mantissa is truncated to a fixed or variable
nunber of decimal prates. The value of nunber of bits for coding a mantissa
is usually obtained froma bit allocation algorithmwhich for advanced 20
psychoacoustic coders may be based on the masking groperry of the human
auditory system A |ow nunber of bits Tresults in higher conpression ratio
because Less space is required to transmt the coefficients. However this
causes ver i uanti.zation.error | eadin di ble distortion. A food
di stri but |P(\)lrngo?°q ’\c}%fr PR EE Y Sg%ﬁc‘r@h’?‘i: 2@38# OF HETYSFeHSERE Be OY < FdHpst
advanced GHQDGEﬁSmngﬁxhﬂmﬁﬁﬂﬁdgpQQﬂﬁgS such as the AC-3, the frequency

domain transformation of signals is perjornmed by the (MDCT) nodified
di screte cosine tranéf’d)r-rhrKZEdrjd?n'*rl =R D X< (V/2Z-1)

O ot 1y, (o En S 2iign B A bl i ok Bl oha dareme teryed |

addi ti ons feoml znjlfod mblcxﬁﬁesm However it is possible to reduce the nunber
of. required operations S|gn|f|cantly if.one is able 5 to evaluate Eq: 1
using the well known Fast_E al 4_% né‘f?TI[ mafhod;lof J.W Cooley and J. W
Tukey (1960). The gener a‘i str eﬂ-é— our Ferl “Tr ansfddm (DFT) is |iven bel ow
(Eq. ?). It requires QN -) conplex additions and nultiplications. But by
usi ng t he wast Gkou irensicFmansfiiciem segtidnoel whivd aDbWs the MDCT20®8 RvAGa e P tHaed
with O(rlilog:~~ operations only. Eq.~ =u-t Fk= ~ (X~n~ ~e 2:ynklv)

k O..V-1 Eq.? n =0 10 t he=¥y J|gi nary nunber)

. e. j—f tdl. Al though it may r‘fldf@%l mdcgﬁﬁmbﬁapfbar ent how Eq. 1 can be
transformed'to E , a careful analysis shows that this is indeed
possi bl e. Wli'bcr"s?a(ff*g?eﬂ#s?quSOl‘ie the MDGT Wesn moricwo a unctions ~(n, k) _~ n(~ n +
1)(~k+1)I4N 15 and T(k)=r(2k+1)14 Then, usmgthesefunctlons Egq. 1
can be rewki ttoem*y(am/z&ﬂ#*ll@”lcz(kezﬂmwaj * s%"?(fc Avivvg -{t&klﬂzv -I4N+ c
£ (2k+ 1)/4) n=N-1 =mx—i s Zco rm (e meé,, e Rkmnlay

(Ea?ssaEé.n o LRSTEL cos Y %ﬁm gusm(n&k)l)m = Eq 3 Ea T k. "(N/Z 1)

15 T
=siny*(ge sin(r(k + 1/2)/N) + gricos(n(k + 1/2)/N) Eq. 16
T2
cripti wing

20 The invention is more fully described, by way of non-limiting exampie 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.

1)
w

Detailed Description of a Preferred Embodiment

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




-6 In Eq.6 the triffononetric equality, cos(atb)=cos a cos b-sinasinb is
used for sinplification. Furthernore) since the function rk) is only
dependent on variable n, it can be brought outside the sumati on expression
togive . Xt =cos ~k) ~t x[nj * cos tz(n) k) - sin Y(k) n~1t z[n] * sin
tx(n, k) EqQ. 7 ~0 ,~0 The two terns) T, and TZ , in Eq.7 can now be

eval uated separately. FromEuler's identity e g =cos 8 + | sin 8, we .know

that cos a(n) k) _ (e~~-n~~ + a ~~"~~)1? and sin tx(n, k) _ (e~~"~~ - a
~ ~"~)12) . Thereforewecan remwite4the terns T, and T~ as rt=N-t n=IV-1
n=N-t 10 Tt - r x[n] (eI‘+a~a)|~:1/2{rx[n]*era+~x[n' * a
tea} Eq. 8 n~ n~ n~ MmA~ rt-NNE n-N-1 n=N-t T= ~ x[n] * (ela - a ~a)l2] =

112j{ E z[ pAmplesofeeach «,h:mpﬁj (see Big' &) THgs wIthin-0 bived the ¥ samplés oPa cHfmn¥¥form

evaluate th erm 9notethat wAt = * eia
ns4 nr~Y_ ﬁ%e{qefm QiR éﬁ?ﬂ’ """ ' éﬁ?ﬂt ﬁ% frspdamain sypples PR CQIT’(:“fJ foen)
el ==x~n . freyuenty eornﬁﬂ usi@g lah aﬂﬁyﬂ?ﬁ!t&ebﬁlkqm igxoyariable x [n] =x[nj * ~wN

then the Eq. 10is sinmply Eg. I I At = ~tt+tavnr* ~t x~[nj * ~Z~-HE .
.. q The corrplex term &x=gk., +j gk, ;, where gk,, and g,.~ E R (set of real

nunbers) 5 t S, Ther efore
FFT appr oac HJ%C{' u%g e gée('g@éa%%usat Lgmhigméﬁtci‘h%:o@b? |Cﬂ§§(:‘88 CHyfHCh can
conput at i omeﬁmm a (XX .X0.. CKN,ﬂ D 0Gimcd the \WyraBls REW, o 1 R ﬁ!’récYN/vevx@h&é%E@
the second term A, |nE qu. 9. rrN—1A2= i~ * ela("t) =

j ~Hl ryNe SOMRORFHs ase Can%fl%q rkBef&KaIS%{ﬂ“reN frequeney @CEWéemtmxlec%mss
actual ly tm@hmgglfpe&ug&gjcgglgg&n% < Ygryéph was obtained earlier by Eq. 12.
re g f< and ‘g

That is, if GK=gk.r+l gk ,~ E ~ as defined earlier then
Gk =g; ~, r+j g,~t Therefore Gk in Eg. 12 does not need to conputed again
and res d._That is only ogne FET needs to be

conput egb f %V&P h‘?n&?%ﬁs {75t TSBWUBXIIY ‘FP‘aelstfir}‘?@%EaOWSm’t“B‘ 25 e INSPRANRN| iD the 1se
L ~(e~; ~HQudiGs,, + R, f.) tskaeb@YA rdprodutd ok Neathal a‘ﬂ@loé@@hylsa‘? &bl

minimal audible distortion.

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 allocarion 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 coefficients. 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. ).

n=EN =

X, = 3 x(n]*cos(IM=(2n+1) =<2k ~1)/4N =T =(2k+1)/4) k=0..(N/2-1) Eq.1

n=Q



,.~v-1 T Z =~ xtnl * (~a- a'a)~ ~o0o=1/2J(A -A2) 1 ~ =112 (e~t+lavNC&k
a '~tk+tnvNCit) Eq_ 15 Finally after sinplifications of Eq. 7, 14 and IS
we obtain 20 Xk = cos y(k) |12(e~" ~+t~zvNGk + a fitx+i avNGk) - sin'Y(k)
112 (e~" ~t+m/NGk _ai~tx+irzYb&) ~_ Tt T. = cos y* (g,~ cos(n(k + 112)I1~
- g~ sin(n(k + 1 12)I'lu) r, -siny*(g~.,sin(rc(k+ 1/2)!1V)+gk; cos(n(k+
112)11u) Eq. 16 r, -s The term Gk=gx.~+joe.r may be conputed in Q' N ogN)
operation by using FT algorithnms. The_additional operation outlined in Eq.
16 to extract the final Xk is only of2order Q(N). Therefore the MDCT can
now be conputed in QNlog. Mtinme. The operations required to obtain the
MOCT is illustraced in Fig. 3. 5 N-Point MDCT Using N Z-Point FFT Since the
nost conplit EEgcHidmplemantednsithe fosar givinsabaye. FETY! stfaies Pedusdgiiions and
order to gx%?tf eﬁ%o&orrput ation even further. The values of Gk = ~ L Cz[n)e'
~)e~~ ~r q | 6 may be obtai ned through an N12-Point FFT. 10 It
is well known that an N-P0| nt FFT of a sequence of N real data can be
easily obtai ned by using a N12-Point FFT only, provided the FFT is preceded
by a pre- PP ﬁgma%ie foTedeRmeae BYMRET 96 §3q4Ed QB3NN SR ERNEL H PaE & abife
i nputs so f o Ses.
I n our Er%’ts%%{“a%;%qe ! ‘%L%{é’ #’ﬁ%i{ﬁ({l&(’ﬁ? ﬁ%ﬁ%ﬂ% o?é’s?(’é{“ggés}g%ﬁgégﬂo o c%?ripl ex
data. To BValTike (1960)t e géﬁél'rabblst\fearffﬁurreaﬂyansﬁwrpi @FNuisigeres bew EGPAE).Nt

FFf is definitel re Point FF'. T). M< N w Ll not I n_the
present cgseq'ﬁ’ ?/%9@% %Oﬁ‘é’?ﬁxnb@vﬁ e roRl ”ipl‘c‘ﬁ@tns cBHpPELEI 'g‘ﬁ EfshFppasry
conpl ex Segunefden Method teDFT li}?Eé oF E@xf(tﬁéﬂcﬁﬁpd\téd w%@(ﬁ/l(’@m oﬁe?at[cﬁ@lonly

&X-~t ~~x[ n) *eJ~~~2=! ~ Let us define z[n] 2n] + X[ 2n ~])e ;0
< n<- (M2 -1). Then, taking a N12-Paint FFT 20 of z[n]) . Zk - Ny [z[n]d
~~) 0< k< N2-1 Therefore Z=~_, = NC [z[n]e ~~ a ~~ ~ . Taking the
conpl ex conjugate of Z ~ k_, gﬂ/es us,% krl - N~i [2' [n)e~ ~ e~ ~, . Al so,
note that with some sinplifit at-2Zfn] + z' [n]e~ ~ = Bkf2n]et
*N and z[n] - z" [n]el ZN = 2X]'Zn] er~ ~ . We now have all the essentl al
derivations for us to obtain Gk fromzk. N Z I 1,-tt Nf2 ! Z o,r 30
|~Zk+Z;QkH|3 2hZiWE for itk e _e -9 NNnt/r _,~zr,
Lo o O HeG s e e Jsocrz‘aa%m“y%”{%ﬁ 7a Frz T zr o 2 =z~ ZN ~ 1
~=- ] ~~rz[nlei N~ ~ ~ rz- [n]e| , ~ e|H~ /IO ~"~L"~L ~, ~zs.a
~~ ~~ ~~ - ~ E ~ +
N~I~ e~ [ n] é%r.[onOh it may hotcbe urxxrrxecitxattelb| rz‘ap&arer?tzhow \quaizcan be tri]nsforr%edztg)x qzrl e
careful analysis shows that this is indeed possible. To simplify Eq. 1, let us define two
functions
a(n,k)=2m(2n +1)(2k +1)/4N Eq.3
15 and )

- T(k)=n(2k+1)/4 Eg. 4

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

n=N-1
Xp= n}=:0 x{n} = cos(gn: *(2n+1)* 2k+ 1)/AN +m* 2k +1)/4)  k=0..(NR2=1)
Nt aln.k) k)
” = E.O x(n] * cos(a(n.k) + y(k)) Eg. 5
A=N=-1
= EO x[n] * (cos a(n, k)cos Y(k) — sin a(n, k)sin (k) Eq. 6




NlZt .nn vaz,..mn o CC['"'n-t- I]e~ N~e~ NNowit is straight forward to

get & fromZE . ; ~Zx+Z~~t ~+~ Z~ ~Zk-Z~_t 20 N12-t _eat zsrz.t~ Nrl-t
,az~.v z~z~..mr o Cx[2nle~ ~ ~e~ + ~ ~~x[2n+lje~ H ~e~ N ,~~Cx[n]* ~N
)~~~ =-CGk 25 Accordingly, use of an N2 - Point FFT allows Gk co be
derived. which inrurn allows the 30 NfDCT of the conplex input signal to be
eval uated, with reduced conputational requirenents. -10 Cdains: 1. A

met hod of evaluating a nodified discrete cosine transform (MDCT) of an

i nput sequence of conplex data using a Fast Fourier Transform (FFT),
wherein the FFT is a N2 ~ - Point FFT. 2. A nethod as clained in claim1,
wher ei n tleMXEE s t -

1) | AN~ II(ﬂZk+ |u4L§l Okr@gne r&eeﬁm%m% B(’L%S SHeP, %'Bﬁmf? eséjr%dsé‘)ﬁtsémé ﬁgauoﬁput
sequence kurtheNnpee:. tshee nwrbectiod Jdgt a cmémpd:;esdem drhearduentean e bhowght hod
as clainmed in claim2,. \/\herel n a transform coe~cient sequence of the NMDCT

i s derived s ﬁ’ﬁ SEREINPD EXPIESSIOHICEBEER of a conpl ex function (z[n], where 1 ~
z[n] - (X[2n] +HIx[2n + 1 ])ggg ) O ~rc <_ (N2 _}) A nmethod as clainmed in
claim3) wherein aXiraosiay rr}:Zk(randoida(ez E.)omlue?(k)com gg@telﬁ(ntlg)e tr%si orm
ZNn. x.,>are derived from Z[df° far_the expression /=rrr=~.u

tZ2~-~ ~ + ~ zi [Z ~ Z~-] where Gk fis a transformcoefflu ent sequence whi ch
allows the MDCT to be evaluated, in that ~ ~: & 8t.~ +JBti = E
(z[n]e'i' 'ThRI)tWﬂ tems, Gy anldi Th o &9, bearused bk -vambied s‘cbﬁadh@C'FrM\dﬁeEhlér@Vi/aénfnhen
as 25 Xk = Gbeosﬁ(ﬁq)smﬂ 2( ewe-*t ~pidG~ + ehack+ @osNKB)k) = (S-laﬁ-k)‘q(k)ﬂ(n.!) 2

1/ 2~( e~k +5intdER, k) =de/* Het e M) . Therkforewe 05y febBite tHe Qsris( % a.er') N) g"'
sin(~(k+ 11 2)fN) r, -S|ny(g~ sin(n(k+ 112)/N)+gk cos(rt(k I1V) r, »
I'Nz/ NyDz/ NT/ N& Nz/ Nf ] 1 / N,_T.

-af ~ytt) e’ [ V] ca] caﬂaﬁga]‘é’aw ég]§é'af] cy ]'C‘al]’é{a],;gaf} lehT €a]+ca§]) céfbaf “H] ca] &1} 8a] ca

V] caV] ca] ca] ca] ca] ca] c™a] ca] ca] c*a] ca] ca! —x ~ >

n—N—
T2=" L aln)= (e ~eoynj= 12 % x(n]*e’“ ) z{nl*e’/“} Eq.9

—

g

A Az

15 We evaluate the term A4,. From Eq. 8 and Eq. 9 note that

a=N-| .
A= Z x[n] = &/®

.N.
= x[n] - eJ(Z:t(..m-l W2k+1V4N
n=Q

- = g/MUk+1I2UN ;E‘O (x[n] * eﬁr.nJN) * ejlrmkM Eq 10

20

If we define a2 complex variable

z[n]= * /RN
[n] = x{n] » e Eq. 11

then the Eq. 10 is simply

235
, RN~
A = o/MEHII2UN ’ )
! *E,Ox{n]*ef N Eq. 12

—

G
The complex term G, =g, ,+/g,,, where g, and g, € R (set of real numbers) in Eq. 12is
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/N to O( Nlog.V) . We can now, similarly, evaluate




L' fj&8G upje ZU e [V]caV]ca]ca]caV]ca]calc
a] ca] caV] ca] caV] ca] ca] ca] ca] ca] cal] caV] ca] caV] ca] cal] ca] ca] ca] ca] ca] c™a] ca]
E;Ia}\/gnggABTv*m wgl gb] XRj e ZU] c”a] ca] ca] ca] ca] ca] c™a] ca] c*a] ca] c”a] ca] c™a] ca
] cha] ca] caV] ca] caV] ca V]c”*aV]ca V]chaV]ca
V] c*a] caV] ca] ca] ca] cal] caDUs8i Ly| , /
y+7zt oj e [ UV] ca] ca] ca] ca] ca] cal] ca] cg%qa] ca] ca] ca] caV]caV] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7HVRj y~f pw re
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Finally after simplifications of Eq. 7,14 and 15 we obtain

X =cos (k) 1/2(e/™MHVDNG, 4 oI IRWNGHY — siny(k) 1/2j(e/MEHVDING, — o RN Gy

77'1 T2
= cos Y*(grrcos(r(k+ 1/2)/N) ~ grisin(r(k + 1/2)/N)

T,

—sin Y*Eg eSIN(TC(k + 1/2)/N) + g ricos(m(k + 1/2)/N) Eq. 16
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& ()-Y nce the most computationally intensive part is the FFT, we shall focus on it in order to
N=1

decrease computation even further. The values of G, = 2, [(x[n]e’ ¥ ) N } required in Eqg.
n=0

16 may be obtained through an N/2-Point FFT.

It is well known that an N-Point FFT of a sequence of N real data can be easily obtained by

using a2 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 mathematcally
identical in both cases.

In our present case, the input to the FFT block is a sequence of N complex data. To evaluate
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 howcver the input sequence is not completely an

arbitrary complex sequence but is of the form x{n]e/¥ , where x[n] is real.

Ge="2 [ (st + 7 )]

~Let us define z[n] = (x[2n] +jx(2n + 1))¢'*, 0<n < (N/2-1). Then, taking a N/2-Point FFT
of z[n],

Nf"l
Zi= 3 [z[n]e'm], 0<k<NR2-1

rz 1

Therefore, Z§ 1= X [z(n]e e m] . Taking the complex conjugate of Z%_k_, gives us
_l . .

Z!_k ‘— [z'[n]e’Tn‘e’ﬁ]. Also, note that with some simplifications we obtain

2n]+2 {n}efi“n‘ =2%[2n)e* and z{n]~ 2" [nle’F = 2x{2nleF. We now have all the
essential derivations for us to obwin Gy from Z.
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Now it is straight forward to get Gy from Z,.
1 o
{2z, [+ 5z ~Zi,.]
20
_ le—l uzau N/?- Pt ad) ]
e A C e T
N-1 .
=% [(z[n]* e’v)e'"%‘]
- Gk
25

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

30 MDCT of the complex input signal to be evaluated, with reduced computational requirements.
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10 where x[r] 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 wransform coefficient sequence of the
MDCT is derived using the N/2 - Point FFT of a complex function (z{n], where

1> 2ln) = (x[2n] +jx2n + 1D, 0<n<(N2-1)

4. A method as claimed in claim 3, wherein a transform Zk and the complex conjugate
of the transform Zyn. are derived from Z([n] for the expression

 X(2h+1)

- & N .
) O PRI == PR
where Gk is a transform coefficient sequence which allows the MDCT 1o be evaluated, in that
o=} i
Gr=gur+jgr= 2 (x[n]e/™N)s 2t

which can be used to solve the MDCT when rewritten as
25
X =cos .r(k) llz(emkﬂaylvck + e-j-m(h-lR)lNG;) - sin 'Y(k) llzj(ej-:th/zvek - e-jt(k-o-lnyNG;)

v

T Tz
= cos Y*Sg £CcOS(r(k + 172)/N) — g ;sin(n(k + 1/2)/N)

Ty

—siny* @_,sin(n(k + 172)IN) + g ricos(n(k + 1/2)/IN)

T




