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di screte cosine transform (DCT-1V), with the

addi ti onal property that bl ocks are overl apped so that
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he next bl ock. This overl apping helps to avoid
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appl i cations. [0005] MDCT transf orm has al so found
applications in speech conpression. ITUT G 722.1 and
Eamonnjdvocoders apply MDCT on input speech signal,
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information quantity while keeping as much as the original sound quality as possible.
In an encoding process, an audio signal in a time domain is transformed into a
frequency domain, and a corresponding decoding process reverses such operation.
[0004] As part of such an encoding process, a signal may be processed by a modified
discrete cosine transform (MDCT). The modified discrete cosine transform (MDCT) is
a Fourier-related transform based on the type-IV discrete cosine transform (DCT-1V),
with the additional property that blocks are overlapped so that the ending of one block
coincides with the beginning of the next block. This overlapping helps to avoid aliasing
artifacts, and in addition to the energy-compaction qualities of the DCT, makes the
MDCT especially attractive for signal compression applications.

[0005] MDCT transform has also found applications in speech compression. ITU-T
G.722.1 and G.722.1C vocoders apply MDCT on input speech signal, while more recent
ITU-T G.729.1 and G.718 algorithms use it to process residual signal, remaining after

the use of Code Excited Linear Prediction (CELP) encoder. The above mentioned



the use of Code Excited Linear Prediction (CELP)
encoder. The above nentionedvocoders operate with
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or 20-mllisecond franes. Hence, their MDCT fiterbanks
are either 160 or 320-point tmansforns. [0006]
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values. The input values may be transformed into spectral coefficients using a Modified
Discrete Cosine Transform (MDCT) that is recursively split into at least one of a
Discrete Cosine Transform type IV (DCT-1V), a Discrete Cosine Transform type 11
(DCT-1I), or both the DCT-IV and DCT-II, where each such transform is of smaller
dimension than the MDCT, wherein at least some multiplication operations of the
MDCT are merged with a prior windowing operation applied to the input values. The

DCT-II may be a 5-point transform that can implement MDCTs of different sizes. The
MDCT may implement at least two of 320, 160, 80, 40-point transforms using the same
DCT-II. For fixed-point implementations, dynamic range estimation and

renormalization on the outputs from the windowing function may also be performed.



DCT-11 may be a 5-point transformthat can inplenment
MDCTs of different sizes. The MDCT nmay i npl enent at
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the same DCT-11. For fixed-point inplenentations,
dynam c range estimation and renornalization on the
outputs fromthe wi ndow ng function may al so be
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windowing factors. The pice-wise symmetric windowing factors may be split to obtain
the subset of the piece-wise symmetric windowing factors and reduce the overall
number of unique factors. The subset of the piece-wise symmetric windowing factors
may be stored from which a complete set of the piece-wise symmetric windowing
factors can be reconstructed. The stored subset of the piece-wise symmetric windowing
factors includes at least half of the unique factors for each piece-wise symmetric set of
windowing factors. Subsequently, input values representing an audio signal may be

received. The complete set of reconstructed piece-wise symmetric windowing factors

may be applied to the input values to provide windowed output values.
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wi ndowi ng factors may be stored from which a conplete
set of the piece-wi se symetrigc wi ndowi ng factors can
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Eﬂrﬂellg]Sf 19Ier 3rriEll ust?ascesl I%pv!f ?hrgel\r/]ItDeCdT ttl)rgr?s%odm? rrrllagl I%i implemented based on the
N/2-point DCT-IV core function.

[0017] FIG. 4 illustrates how an IMDCT transform may be implemented based on the
N/2-point IDCT-IV core function.

[0018] FIG. 5 is a diagram illustrating a 5-point DCT-II transform that may be
implemented as part of an encoder MDCT transform.

[0019] FIG. 6 is a diagram illustrating a 5-point IDCT-II transform that may be
implemented as part of a decoder IMDCT transform.

[0020] FIG. 7 is a block diagram illustrating an example of how a DCT-IV transform
of length N=10 points can be implemented using two DCT-II transforms.

[0021] FIG. 8 is a block diagram illustrating an example of how an IDCT-IV

transform of length N=10 points can be implemented using two IDCT-II transforms.



N 2-point DCT-1V core function. [0017] FIG 4

illustrates how an | MDCT transform may be i npl enent ed
whawemdwn t he N 2-point IDCT-1V core function.P¢D0IBPS/077129

FIG 5is a diagramillustrating a 5-point DCT-I1

transformthat may be inplenmented as part of an

encoder NMDCT transform [0019] FIG 6 is a diagram
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?gggsl] FIG 8 is a block diagramillustrating an
exanpl e of how an IDCT-1V transformof |length N=IO
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device for conputing transf ormval ues. [0024] FIG
valhesst rat es an exanple of a method for encoding a
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0026] FIG 13 illustrates an exanple of a nmethod for

ohi RO .al&isgadilodksfiagraan iliuymating e adesicsrior pagfednisg windowing
glig)errgtlonQCT Il transform [0027] FIG 14 is a bl ock
agramillustrating a device for perform ng w ndow ng

feespt Frs 15 [i0028}esFaGexdbpliel buat mathed fan Rxfarping @fwiadowing
met hod for perform ng a wi ndow ng operation. DETAILED
PRSSEHATPT| ON [ 0029] Vari ous embodi nents are now
described with reference to the drawi ngs, wherein |ike
reference nunerals are used to refer to like elenents
t hroughout. In the DHETAMMED DESCRIPIIQN, for pur poses
Ro281 PUARELS QMboliial iR 2B Cudiiodf Wl SeBehicd S the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details arc set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.
Overview
[0030] One feature provides for implementing an N-point MDCT transform by
mapping it into smaller sized N/2-point DCT-IV and DCT-II transforms with isolated
pre-multiplications which can be moved to the subsequent windowing stage. That is,
the windowing operations may be merged with first/last stage multiplications in the core
MDCT/IMDCT functions, respectively, thus reducing the total number of multiplications.
Additionally, the MDCT may be systematically decimated by factor of 2 by utilizing a
uniformly scaled 5-point DCT-II core function (using at most 5 non-trivial
multiplications) as opposed to the DCT-IV or FFT cores used in many existing MDCT

designs in audio codecs.
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signal s then quantized by a Quantizer
tetofed by an Entropy Encoder 110 to produce a
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n,
bigream 20% c ok dgtronm d2qceAcr1Ad, dyspdentioT bitvtedains P94 which is then
Eédutaﬁﬁ%a% &'%quantlzer 208 to produce a frequency-domain signal. An IMDCT

Synthesis Filterbank 210 (i.e., inverse modified discrete cosine transform based on the
type-1V discrete cosine transform) operates to convert the frequency-domain signal 104
back to a time-domain audio signal 212. The IMDCT Synthesis Filterbank 210 may
reverse the operations of the MDCT Analysis Filterbank 106. According to one
example, the IMDCT Synthesis Filterbank 210 may be implemented by a scaling
function 214, an inverse transform 216 (e.g., frequency domain to time-domain), and a
windowing plus overlap and add function 218. The IMDCT Synthesis Filterbank 210,
including the scaling function 214, inverse transform 216, and/or windowing function

218, may be implemented in hardware (e.g., as a processor, circuit, programmable logic



i ncluding the wi ndow ng function 114, transform 116,
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M(i, j) = cos %(2j+1+?)(2i+1) where i=0,,.,N/2—1;j=0,1,..,N —1.(Equatio
n 3)
Consequently, X = Mx and %= M"X, where x represents a matrix of input samples

[x(O),...,x(N —l)]T, X represents a matrix of resulting MDCT coefficients

X(0),..,X(—-1)| , and Xxrepresents a matrix of reconstructed outputs
2

[2(0),...x(N -D]" .

[0037] In order to implement the MDCT transform, it may be mapped into an N/2-
point DCT-IV core function. For example, the transform 116 of FIG. 1 may be
implemented as one or more N/2-point DCT-IV transforms.

[0038] A DCT-IV transform can be defined as:



B=o \2N 2 J where (x(n), for n=0, 1,. ..N1,

represents the input sequence of sanples, Ndenotes the
wo eaw3d4engt h, X(k) is the resulting MDCT coef PCTUS20DE(77129

and x(n) represents the reconstructed outputs. [0036]

Using matrix notation, the MDET transform can be

represented by a rratrix M MiJd )=col- (2]

+l +-)(2i +)\where = 0 N 2.-1;. 1 =

0,1 ¢ = L. Aldo 3)1+ RS UenkI:Y)l JV=MK andEquation 4

X=MTX X\t/mer]%m je(rjep éé,\é(nt sgg mavyi x of i nput san'(pﬁqes )

[x(0), y X(N- 1)]r , Xrepresents a matrix of

resulting MDCT coefficients X(0), X(~-\) and

Me%%fgﬁ@%%@ TIRS frhe &%%%hhy&ased outputs 2 [0037]

I'n order to |n'p ement t e MOCT transform it may be

mapped int IV core nctlo For
engrpl)ﬁén)w 0[{ b E G0 e (Equation 5)
i npl emrent €d asoeor m)re 2- poi nt DCTIV

10039p f PhE®DE P O3B fortn Balbd Mappeants kANID C iR ORIV R@dsform as

as: Qv k=0, 1, , N\'l. (Equation 4) Meanwhile, an

I DCT-1V transform cMrfbé’Sdiéhned(&maudﬁlél pc(") = C
cod - (2n+ )(2k+ ) ], n=0,1, ation 5)

#N tho B8)C TrirenstmaTcan bamsmnethte amNb%pmpBé@TﬂU tmsm as

poi nt DCT-1V transf PSC1 _ (Equation 6)
and the | MDCT trans?‘@ﬁﬁw&g{})be réﬂb@%f’nté an N 2- poi nt
I -V transformas M =Cl 12SPT (Equation 7) where O

MF'X P = ~ NIA (Equation 8)
O [N/4
0 -J
P= J ONM (Equation 8)
N/4
[N/4 0

where 7, ,, is an N/4 x N/4 identity matrix and ./, ,1s an N/4 x N/4 order reversal

matrix, and matrix S is defined as

-1 0
S= { A } , (Equation 9)
0 Ty

and C,, is an N/2 x N/2 DCT-IV matrix that can be defined as
¥ G, ])= cos{%@ J+D)Q2i+ 1)], i,j=0l.,N/2—1 (Equation 10)

[0040] By using the symmetry and involutory properties of the DCT-1V matrix, it can
be mapped into a DCT-II transform. The DCT-II transform may be defined as:

2n+Dkx

Alk
7 = X(k) = ()Z rmeoy L

], k=01..,N-1. (Equation 11)

Likewise, an IDCT-II transform may be defined as:

N-1
x(n)= Zﬂ(k) C/ co (%} n=0,,.,N—1. (Equation 12)

k=0

where (k)= 1/+2, ifk = 0, otherwise 1.



NIA O INFA where | N4 is an N4 x N4 identity matrix

and JN'4 is an V4 x N4 order reversal matrix, and
wWOoredopi39481 i s defined as - | S = N A (Equati on BYT/NS208/077129

and CNL is an N2 x V2 DCT-1V matri x that can be

defined as p C/ 2 (/,7) =cos) - (27 +1)(2/ +1 ) L

i,j =01,...,N/ 2 - 1 (Equation 10) [0040] By using

02 080 BB ADE GRH s B BRaR e on e

NCpbiht DCANBf %ImﬂimﬁobeTH’@MD@U tﬁﬁsfoﬁf:ﬂtﬁ@tbeqmplelﬂen&d@s part of
V Likewi se, an IDCT-11 transform may be defined as:
Aregngoder thagytransfopms siticofpmany i@ rsmples ipto=fipquency-fpmgin output

e
Fpld 8 o et R X030 NICE Aol can be
fé@ifesbﬁte«t duyecdsumcfabmrs 30théolM¥EH by anBCarI maysfoen 302 to produce
spar an encodrtht transf or . .
P‘rltﬁ’éts E@Era ﬁﬁwess‘aﬁﬁwe@e.wae g@éfaaﬂmcﬁ% oDge pRfp a prior
gﬁrﬁﬁ stgéér/fuﬁﬂtldmﬂﬁln%ﬁ%ﬂ%lfé? X( 3N/ 4) to X(N4) 304,

transform can be represented by cosine factors
BIDGZ]‘ oSinoleely, HYG a4 Didmstiatest rosn si IMPGD 2ransfopnodayc be implemented

560 e N RBPR oG TG PPy BRI s RYDCT RS may be

ﬁﬁ}ﬁgﬁéﬁté@ 6§ bR o tdREdH e tha AGAHBFms ﬁ@@éﬁ&y-@bﬁhﬂtﬁh{)m samples into
FIG 4 illustrates how an | MDCT transform ma

fimptdemain edpbasetblen Fonan WPt pesfugned KE-tp \X@éﬁ%é) 404, an IMDCT
Irg&?(g%? 8in ‘t-)gé%e %FW% NE %bWMXn$gﬂ %‘i %'[E)ye%dby Sosine factors

ransf orms 1requency

4(I)(Dtd)tpr6dumloaq)wtsﬂ4(18 tAMsdﬁﬁ@lbﬂlm&Mosﬁﬁmteﬁ 406@an B absorbed
i nput sequence, X(O to 404,

N 2-1)
tnﬁcaﬁsspbﬁﬁt%lﬁnwwéowwr %@?ﬁl@ﬁl%lngwnl é}%mdv t NRfsthar the IMDCT
ﬂlggplﬁglahg%gnpﬁc@% LGthRAUATHG. 4 serve to reverse the operations of the

MDCT mapping (FIG. 3) assuming the same windowing function is used at both the
encoder and decoder.

[0043] The use of cosine factors 306 and 406 in both of these mappings (FIGs. 3 and
4) provide for numerical stability at zero or near zero values, which is something not
achievable with other types of factors (e.g., inverse cosine factors).

[0044] Note that the inputs to the MDCT and IMDCT transforms may be processed as
frames or blocks having a plurality of data points. Consequently, in order for a vocoder
(e.g., G.VBR codec) to support data blocks having frame lengths smaller than 320,
transforms of decimated sizes are needed. For blocks having a frame length of 160, 80,
40, etc., it is observed that these sizes are all multiples of 5. Therefore, the last non-
reduceable (by decimation techniques) block size could use a transform of size 5. It is
observed that, in terms of decimation techniques, it is much more efficient to design a 5-
point DCT-II transform than either DCT-IV or FFF transforms.

[0045] The DCT-IV transform may be mapped to the DCT-II transform as

Cy ,=D(Cy, )'L" (Equation 13)

where D is a diagonal matrix with elements

DG, j) = 2cos[%(2z‘ + 1)], i=0,,.,N/2—1, (Equation 14)



406 to produce outputs 408. As discusses bel ow, the
cosine factors 406 can be absorbed into a subsequent
wWowRedost4ny st age/ function within a decoder. NoPEI/UBNS/077129
the I MDCT mappi ng and cosine factors illustrated in
FIG 4 serve to reverse the operations of the NMDCT
mappi ng (FIG 3) assum ng the sanme w ndowi ng function
is used at both the encoder and decoder. [0043] The
use of cosine factors 306 and 406 in both of these
mappi ngs (FI Gs. [3p3nd @) @rqyide bbr nuneri ca
stability at zerno o e zero ues, which is
somet hi ng not achi (%£ Qie Qi t oth types of factors
(e.g., inverse gogbne-flact or®):- [0044] Note that the
inputs to thel MDCT and | MCT, trangf or r fEqyapnge)
processed as franes or blocks having a plurality of
data points. Consequently; in ordef for a vocoder
(e.g., G VBR codeg)sto suppojt..daja bl ocks having
frame | engths snaller than 320, transforns of
deci mat ed si zes are needed. For bl ocks having a frane
| engt h of 160, 80, 40, etc., it is observed that these
&utéguamEyhéhnhMQkDﬁRéXTDHJEMnXhEﬁn@bME t he | ast
nonr educeabl e (by deci mati on techni ques) bl ock size

o e AR 28 g 7 £E e B e

efficient to design a 5- "point DCT-11 transforn1than
FIO4BEr FIKCTS Is\a @laghntiltusamsdos Iﬁctor{u&ﬁéﬁ]of B p&ed DICYT-1T transform
transform may be mapped to the DCT- transformas Cl

that-mpy bg 1mnlzsnpntr~d(asaatépf %eqcy;)ieww fansgorzn. dNaf@dhamfactor a in

gﬁst 'Etjaﬁ(sf% 1&%' @181? ti ellzlo ﬁﬁ(& 23) é@ﬂglL%tlégébyfgl é ] st!a ¢ 81n8W shift
Gpéiationl TlnsQS -poiht Hiansf((rﬁ]mtbeomplé.il)ente(ﬂelﬂleﬂ.usmg.p]hnﬁ)r rotation and 5

1 a d N2 may be an fo -1 matrix
Jalél t} ]é@tl% y using 4 multiplications ctorlzlng anar rotation or using

lifting steps. For a 5-point sequence of inputs x 502, the outputs C” 504 for the 5-point
DCT-II transform can be generated using 4 non-trivial multiplications and 13 additions

or 5 multiplications and 13 additions. The DCT-II transform outputs C” are generated

1 kY1 T /5
a 2 o) cos[loj ¥ cos{loj 2

S =x(0)+x(4);  f, =x(4)—x(0)
fi=x(3)—x(1);  fy =x(3)+x(1)
fs=h+le fe=fi— /i
g =x(2)-afs; g, =x(2)+ f;
gs =Bl + sy g4 =Bfs — 1>
C"(0)=g,; C"(MD=g,; C"(2)=d-g,

C]](3):g33 C]](4):g1_5f6

as:

[0047] FIG. 6 is a diagram illustrating a 5-point IDCT-II transform that may be
implemented as part of a decoder IMDCT transform. That is, this IDCT-II transform



(Equation 16) [0046] FIG 5 is a diagramillustrating

a factorization of a 5-point DCT-11 transformthat may
wheoovmpldenent ed as part of an encoder NDCT tr aPGE/UR2008/077129

Note that factor a in this transformis a dyadic

rational, and so nmultiplicatiqgn by it is just a binary

shift operation. This 5-point transformcan be

I mpl.enent.ed el ther usi . rotati] 5

BT RO, OG5 DB b B (3G, A8e”gytecoder vupCT

fragdfei. Zitngn Pedmplenicdtal dither QSin langr kdtitidnnghdss efstiplications or
For a 5-point sequence of inputs x 502, the outputs
1 psing 4 mglfipliendions By ifsptormxame planarratdips Omusiag libdng steps. Fora 5-
ina A Crivi o L 1
BEAPIbER e Bt TR e RO A8, s AP ranstorm
EXiThbd beddratnd fusihm ondmptivdal Ghiltiptieat@pananatigdaddstions orxy Ogn-trivial
%ﬁi@@li}:atéoqzs alqdilgzg%dd:it)i((gn%éas{illgstéate)_ﬁi(. 3%‘@% II)Q(Q/T)-IQ[> tlégmg_‘rfoépxq(u?gpts X are
= hf ~rf 2Cn (0 =g2,; C7/ () =g4; C11
eﬁ‘:te?%m gl C11) =g3:Cn(4 =gl -f 6

[0047] FIG 6 js a diag il lustratipg a 5-poj/st
| DCT-11 tra@isfgim lﬁ’I‘FaQOin‘?a_ sbe %ﬁplcet{:qg%‘ed é?p-aft of a
decoder | MDCT transfor at is, thi's/I DCT-11
transfornmmy be used 4.0 | ement the N\
transform (FI G% gf 64) +aég€480de?2 T@B&l&?ﬁir@} orm It
can be inpl enented_either, using pl anak, rotation and 5
mul tiplications r‘g(;/ E@ﬁn‘&% %ﬂl_tlep?p)cagflbns by

factori zing p}f an Hgﬁt%gcm ?-or bus_i_n b@tﬁik@ﬁ t eps.
ce of : St

For a 5- point® sequ ’nput's out put s
Jc 604 for the 5-poinf | -1l transform can be
gener at ed usi ng 4195n6n§% rJriD%%—%il m[J)|6tT§)b|2i car%ailons and 13

addi 11 ons as 11TOLTPacL THE T RCTAY Chansiorm

capus ® 02 9L S ST 0, (9 22

b3 = bCn (1) + gCp (3); b4 = - bCn (3) + gCll (1)

[0048] FIG. 7 is a block diagram illustrating an example of how a DCT-IV transform
of length N=10 points can be implemented using two DCT-II transforms (N = 5 points).
For a sequence of ten input points x(0),..., x(9) 702, the 10-point DCT-IV transform can
be implemented by two 5-point DCT-II transforms 704 and 706 and factors 708 to
produce output coefficients C*(0),..., C"(9) 710. In this manner, a core 5-point DCT-II
transform may be used to implemented transforms capable processing frame lengths of
160, 80, 40, ctc.

[0049] FIG. 8 is a block diagram illustrating an example of how an IDCT-IV
transform of length N=10 points can be implemented using two IDCT-II transforms (N
= 5 points). For a sequence of ten input points C"(0),..., C"(9) 802, the 10-point IDCT-
IV transform can be implemented by two 5-point DCT-II transforms 804 and 806 and
factors 808 to produce output coefficients x (0),..., x(9) 810. In this manner, a core 5-

point IDCT-II transform may be used to implemented transforms capable processing

frame lengths of 160, 80, 40, etc.



5=b2+dal ; b6 =Db2 - dai x(0) = b6 - b4 ; Jcd)
= b3 +b5; jc(2) =b x(3) = b5 - b3; x(4) = b4 + b6
WO O®I8394F1 G 7 is a block diagramill ustrati ngPErUS2008/077129
exanpl e of how a DCT-1V transform of |ength N=IO
poi nts can be inplemented using two DCT-11 transforns
(N =5 points). For a sequence often input points

0)oo nmenes %L 9). 702, the 10-.0Qqi nt -1V transform can
$iePhans monitsgtiod ¥esekDigg Mgt 1 EOTLO0T
g0 08hamMbDEaetansfornd doftd Bed diesicOatidalidicarfing gigéfithsns (such
Cp(O& ..... Cp(9) 710. In _this manner, a core 5-point . )
BCT- §1VBR 299ddeor iy eppentiipdbgatssale cegbined ng it ryigdowing

F@gﬁ\%}g@?rocessi ng frame | engths of 160, 80, 40, etc.

G 8 is a block diagramillustrating an
exanpl e of how an IDCT-1V transformof |ength N=IO

poi nt s can be i engt eg\{lui)iigg tliNo I DCT-11 transfornms

(N.= 5%pai nt Ror BeqUe of'en i nput, point :
C%I%ka)_, E:fl(g)h ? W%Z, t he 4D- poi nt” | 'vetr nsf‘éﬁﬂ’ilatlon”)
can be I nplenented by two 5-point DCT-11 transforns

804 and 806 and factors 808 to produce out put
J (9) 810. .In_this mann

coeffjcients Jc (0),. .., i er,
a%er&a‘l@s genqist mpuf %@rﬁampl?sp Kt Y e uskien. fd £ (k) denotes
RGN M@@Ttsg@c@x%h%d@ﬁ&@rﬁé bE&: &Eﬁgfé &eNBinfi& @ Mnction /(n) may
l'engths of 160, 80, 40, etc.Merging Miltiplication

Pae sionsoidaltfancibndowi ng St age [ 0050] The MDCT transform
Is often used in voice f\nd audi o coding al gorithns

(such as a GVBEg(,go_dﬁﬁﬁ_’bEHﬁis essefHjuatiby 1§ scal ed
MDCT conbi ned with wi ndodVng function h(n): F(Jt)= k

=0 _. . NI .. (Equation where. f(n) denotes inpyt .
ML < aaredodeiy eS8yl mlifi EierTBROR s pilly in F1G. 3
AR BREE mdppdout PEIT-MPGhnSBaS tth WA MPRTTT treh@HHIS -asRO&IL as the post-
exanpl e, 'the wi ndow function h(n) nay be a sinusoi dal

mukitlicaton {aRiers(9, 406 inith 4) Bryeduon mappingnar BAGH] VAgnsform
foregﬁé 'I]QIII%% tr%h&ﬁﬁ%sg% bé Iﬁ%ré’erdefn%] Itﬁe'irp }elsgeac!iile r\]x?in(figvgi'ﬁg rs’?age. For
example, the windowing function may be a sinusoidal function defined, for example, as:

2n+DHr
4

h(n) =sin (Equation 19)

[0052] The combination of this windowing function %(n) and the transform factors

produces the modified window function:

2cos l(2n+l+ﬁ) sin M , n:O,l,...,E—l
2N 2 4

2N :
w(n) = (Equation 20)
—2cos i(2n+l+ﬁ) sin m , nzﬁ,...,N—l
2N 2 2N 4
For 0 <n <N/4:

7(2n+1)

. (Equation 21
N j (Eq )

w(% —1-n)=w(n)=2 cos{% QCn+1+ %)jsin(

For N/4 <n <3N/4:



i nvol ved mapping an DCT-1V transformto an MDCT
transform as well as the postnultiplication factors

W@ 2009/0394806 in FIG 4) involved in mappi ng an PCZUSI008/077129
transformto an | MDCT transform can be nmerged into
their respective wi ndow ng stgge. For exanple, the
w ndowi ng function may be a sinusoidal function

defined,, for exanple, as; {In + \)p n-
(E%MH') 1N 41V 1{)Q052 i 2;@@W&rkﬂnémﬁ | YEquation 22)

wi ndowi Ag function h(n) t he trZa r mNact/ors

produces the nodifi ed VVI ndow function: w) (Equati on

20) For On < N 4: -n) = w(n) = 2cos (2n+1+)

21&5&2 n\}\[%cg qugtgbldg\%ﬂlgé\slfn%ﬁ%%{g% rr% grcg%{gY drhn /or stored. In

thicredsvefribe é@utaﬁastorsag%ba FbG e3 el 4ﬂﬂ thdG. éﬁdés@rprsxnde pidce-wise

li?g t he case %I {:he COSIlne fact o%‘fé Fé)f(} .3 and b
BT} pngeesTe PReSRUSHHfon Ehe UL Bt @ sudset

géﬁ‘g gedr) ofa ésfﬁ&H%rHeE&' be Et‘éfedt hﬁlrlﬂgdixﬁu@ﬂm\gﬂ oﬁgﬁWons on values, the
nction, just a subset (e.g., hal of the factors

ﬁé)@@t Qf@tmcbfaetd)rs @mrberrgtrwvmjm usgd @m@ng enmdicmiccaiwies,

t%se(t) eof1 Sstored factors can be retrieved and used
%%18?5 PR Phei r pi ece-wi se symmetric properties.

[00838] FI5.O is9a pfapd iDhAREng thaIplet @iyttt @eRTMNoS the window
symretric nature of the wi ndow function (of Equation

hptiorcifplausgon 304 s@ﬁm@m toad SEMAEtIigahdee, wingew, the windowing

. \ ; .
BT ST 585 AL I, SRV o
Wﬂdio%ﬂg fcers 9@ adl 904nart bﬁoﬁedehaﬂ‘md &andpds, fod ¥ =66KD samples/factors

[factors and the illustrated piece-w se
%@%t Ihgtrafgdnpiges-wisersypapetg pvi O%eeoﬁ%ﬁ?ﬂ sl Q0 sagnplesqfi.e., 0 to

sarrg%/ 4ma§;|-1)e e&ﬁteﬁgt@r Zﬁlgfﬂltggf‘ijﬁsﬁgo Jsé&ﬁﬁleg e fédt51§t90§%mce this is a

es or tors Is s asymetric
ponmetoic. poriikewLkewisa, §ewond sstedf 450 sdﬁipleséqujblss(l t.adtdtsN) may
the fjrst

by LR Y G T AE T TR ORTD o5 RESGIRRDLY: JopSERal. Tyt half of
tHerabBfd At SbRbSavihd %ﬁ&l@a/ryss@uwgmamuyi; RAKereduction of
Addi tionally, this reduct ron of

sample points may also result in faster processing since it reduces the number of
memory accesses used to retrieve the windowing factors.

Example of Encoding using MDCT Transform

[0054] FIG. 10 is a block diagram illustrating a device for computing transform
values. The device 1002 may include an input module 1006, a window module 1010,
and/or a transform module 1014. The input module 1006 may be adapted to receive an
audio signal 1004 and provide time-domain input values 1008 representing the audio
signal. The window module 1010 may produce a modified windowing function that
merges factors from the transform operation and the windowing operation to obtain
piece-wise symmetric windowing factors. For instance, the window module 1010 may
include a merging module 1018, a factor splitting module 1019, a storage module 1020,
and/or a windowing function 1022. The merging module 1018 may perform the
function of merging factors from the transform operation and the windowing operation
to obtain piece-wise symmetric windowing factors. For example, the cosine factors 306

(FIG. 3) may be merged with other windowing function factors. The factor splitting



sanpl e points may also result in faster processing
since it reduces the nunber of nenory accesses used to

WO 2a0p/089481 t he wi ndowi ng factors. Exanpl e of EnRCHUSZH08/077129
usi ng MDCT Transform [0054] FIG 10 is a bl ock diagram
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w ndowi ng factors can be reconstructed. For instance,

beié thePSdr Nopnd RCTollewders wseh syehistnsiosmyis e swialgy dimension than
RGUDICET, Wherdifl %h s Ymd ﬁlﬁﬁfphlaéﬁgn %erfltﬂ)%s WU RIDCT. areg merged

actors’for each piece-w se symetric set of w ndow
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transform ng the i nput val ues (thereby obtaining the
w-mdmmnsfmmuﬁt usid thessa@1@ye DCIBB5] ThEhempoanstt of the device 1002

88 ST S bR vl A8 Rr P e TS G Rt #8Fhereor. For
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The MDCT may be recursively split into at | east one of
finpiiensradtis copwppktsTeangdWes t ype 1V (DCT-1V), a

RS PG SRALRE L SR P o
SMCT efardfomenbased émhancore DCT-II transform. Time-domain input values
representing an audio signal may be received 1102. For instance, an analog audio signal
(e.g., voice signal, music, video, etc.) may be sampled to obtain the input values.

[0057] In one example, a modified windowing function maybe produced that merges
factors from a transform operation and a windowing operation to obtain picce-wise
symmetric windowing factors 1104. A subset of the piece-wise symmetric windowing
factors is then stored from which a complete set of the piece-wise symmetric
windowing factors can be reconstructed 1106. Prior to transforming the input values,
the complete set of reconstructed piece-wise symmetric windowing factors may be

applied to the input values 1108. For instance, the cosine factors illustrated in FIG. 3
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Xl%ldllillgsl 2%%1a(1)1d/0l§%rw1% gvr‘l;p nllodulé Ii]2e 1 2ND"1%|;: igegrseb te}ansforrn module 1208 may
be adapted to transform the spectral coefficients 1204 into output values 1210. For
example, the inverse transform module may transforming the spectral coefficients into
time-domain output values 1210 using an Inverse Modified Discrete Cosine Transform
(IMDCT) that is recursively split into at least one of an Inverse Discrete Cosine
Transform type IV (IDCT-1V), an Inverse Discrete Cosine Transform type I (IDCT-I1),
or both the IDCT-IV and IDCT-II, where each such inverse transform is of smaller

dimension than the IMDCT, wherein at least some multiplication operations of the
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[0062] FIG. 13 illustrates an example of a method for decoding a signal using an
IMDCT transform based on a core IDCT-II transform. Spectral coefficients
representing an audio signal are received or obtained 1302. The spectral coefficients
may be transformed into time-domain output values using an Inverse Modified Discrete
Cosine Transform (IMDCT) that is recursively split into at least one of an Inverse
Discrete Cosine Transform type IV (IDCT-IV), an Inverse Discrete Cosine Transform
type I (IDCT-II), or both the IDCT-IV and IDCT-II, where each such inverse transform
is of smaller dimension than the IMDCT, wherein at least some multiplication
operations of the IMDCT are merged with a subsequent windowing operation applied to

the output values 1104. The core IDCT-II may be a 5-point inverse transform that



function of nmerging factors fromthe inverse transform

operation and the w ndowi ng operation to obtain
WQr@ee3wsse symetric wi ndow ng factors. For eRENPEm08/077129

the cosine factors 406 (FIG 4) may be nerged with

ot her wi ndowi ng function factqrs. The factor splitting

nDduIe 1219 nay then obtain a subset of the piece-w se

B‘%fp eqlﬁ Is 1Y, agg n@gf tfgz%% 'hzfles #edr;is gr tPr%glgt:% Wt [1:6! q tv¥o of 320,

060,t B poq)@&rtvmﬁerssymtfcsm@ %1ﬁQOtNenShrﬁ@Cd0®d‘ SID‘G'Iom In various
whi ch a conplete set of the piecew se symetric

I esontatoTsagicolACtahmpe Indeénat mastt fée 5§GFU1FIH§‘EaéIﬁB% operations
P SR DS S TR N

fo6B8pr AdﬂmlbnﬂﬁgChl piodifedwy Bosygrainciion sety of pwidockaimvhag merges
;act or.s. The WI dow nodul e i a, Wi hdow

A0t (TG (9 FETSIRRY OpEfion £ ec%ugalfipwgéa)ef%wagg tafhpicce-wise

%Qﬁ%lﬂ:t?ffcewﬁﬁéwﬁl faBeRANFLoCY AL ﬁﬂ)s@c' SGBe MRE Y TREMEEic wmdowmg
Wi ndow ng factors to the output values 1210 dafter the

factoms froayndici storadf fiohe veipetta abmpbtd fset |0én11hs Ai2G4wise symmetric

PR GTR HdHe iB1 s FEOBMUINEE 1902 MBS B v enanfggpicce-wise

&smmar@WeinGowH2f ﬂa%‘fsemaﬁnﬂjc/l@de & 1@%%1?&% 1tR& uRfqu Mettors for each
thereof. For exa e device 1202 nay be a

plle@@:@fs@ownan@#l@ rset: iof avindowingt faptarsi efbatosmplrte Setnef resagstructed

ﬁ eFé gv?se s?rﬁggenﬁp{w‘?fncﬁ) 1@? 9@# S ma&rQﬁ)% ‘% fﬂpﬁ d %o the ou aput values after

es an examnp

ﬁra@ﬁalmln@tmg;pmral M citnitan3f@r m based on a core
DCT-11 transform_ Spectral coefficients representing
H}%éh dPstiergiyalion figcd-gewt \;@a leghentsions nd@amag gangphestimation and

ﬁfﬂgﬁﬁ ﬁlau&i)ﬁlfag b L]Jt% grg@gn gl?tgz(g ﬁ] \F/Rgﬂkdb&}k}% dfuPCtIOCI]l 1305. The

onaln 0 ues usin rse
H)yrsamwtrmg@ostmmua'm and raronm@li2dB6H )mayhbd pesomedurfer \adl rgcursively

it |nto at ast one, of an | nver i.scr et ine )
SrSfor n‘PEe{/ ﬁ%efﬁ?}etlﬁ Dé‘l*btfax?)“on%n 1t nv@ﬁ%& Di Qcr E}Cﬁofv mapping.
Q@l@drﬁﬁhﬂtﬁ)ﬂsﬁlﬁ rBet &[&?e HI shiffhd -alll dnterRledBRL DaltiB€ left (bit-shifting),

, Where each such inverse transtorm
regertyfngsatelbeltsé rtwd |h1rt§ res i headropantot prevdniVoETtflowsen eiuhsequent transform

| t ti t t f [ .
HERSeaT i hansab fore Bl B areg S, alf sty Hafes in dhe
INMIDCELr et FRbht m¥ppatesimld @ shifives @fcmar td@tﬁﬂTmF Mﬂfﬁmeb By @ne bit.

| enment s

5-point inverse transformthati
gtorage effieed-wise SypnaetripD¥indayying Faatoss at | east two of

@)70%5] g_gfﬁe f%é%l@&: H{a%faﬂy ﬁL@ﬁﬁ%‘rﬁagﬁ(Le%[cgfflogi)lgﬁg 12& windowing
bRETdns. MBhe dadtctenamapusdludd ¥ endiBingrmbdilpll46atd @rsor splitting
gl%?hrﬂ%tll4%gsa storage module 1406, a receiver module 1408, and/or a windowing
module 1410. The merging module 1404 may be configure or produce a modified
windowing function that merges factors from a transform stage and a windowing stage
1412 and 1414 to obtain piece-wise symmetric windowing factors 1420. A factor
splitting module 1405 may split the complete set of obtain piece-wise symmetric
windowing factors 1420 into a subset of piece-wise symmetric windowing factors 1423.
Such splitting of factors is illustrated in FIG. 9 for example. The storage module 1406
may store the subset of the piece-wise symmetric windowing factors 1423 from which

the complete set of the piece-wise symmetric windowing factors 1420 can be
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IV (DCT 1V), a Discrete Cosine Transform type IV (DCT 1V), or both the DCT IV and
DCT II, where each such transform is of smaller dimension than the MDCT. The

transform stage factors may be, for example, the cosine factors of Figure 3.

[0068] In another example, the windowing stage may occur after the transform stage.
The transform stage may implement an Inverse Modified Discrete Cosine Transform
(IMDCT) that is recursively split into at least one of an Inverse Discrete Cosine
Transform type IV (IDCT 1V), an Inverse Discrete Cosine Transform type IV (IDCT
IV), or both the IDCT IV and IDCT II, where each such transform is of smaller
dimension than the IMDCT. The transform stage factors may be, for example, the

cosine factors of Figure 4.
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[0072] When implemented in hardware, various examples may employ a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hardware components or any
combination thercof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller or state machine. A processor

may also be implemented as a combination of computing devices, e.g., a combination of
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}%S@%&‘ If{)g}/a%ggd %rgcg)agnlfs%lﬂpn%%%gga%& zlit?l?lg %%a hgé(g V\/&aﬁPg%Xerggry sharing,

ﬁﬁﬁgagap&smgrtokanpdts@@tgi aAsok trdiginssiohpete] ear | y
illustrate this interchangeability of hardware a

and
K7 dlase st Bus apnlicaden. 4be (&ms okpBRRINS, "BIogelks, "system,” and
[ d, d
RISy LAY 1o BUERS DRIE, DR a0 M e,
sarcbinftioncdfi landdrt ynd softwipt esvbmtaed oasofhmrel waexecotion. For example,

sof tware de end pon t he. i cul ar applicat.ion and
B SN RSP o b HSBAble bt eBre rEgupe fn 3 processor, a

hoc8Rbedn B’Bﬁ&t b 6xé‘cﬁfhfoleg WAL PO xRBMidACa Eﬁ)%?a[ﬂl b&d/Ra cBmputer.
process that is depicted as a flowchart,

By agnaef ibusterost otk adi amhamonorunamgl ot o @pm@ﬁmg] device and the

(@-aer}gﬁ%h%ﬁa %lrco heag tcﬂﬁﬁén &E S@ﬁee gg B}é)?fgfglgﬁénaetgggg%l &id? within a

PRICESRINE Gr ltH}e&ﬁdeaéﬂe@lhtldi’lr andaNEdthcighl dMay b8 Ieeddidd &ene computer
the order of the operations may be re-arranged. A

prdietedistribyted dychiv oat tag QUhaArei CosnNEs-alj asldgiony ghese components can
?}96@8{ eﬁ&ﬂ VAOBE %Srg%ﬁtewgadgﬂb rlﬁg‘(ﬁg riﬂvfng fg)ﬁg I?iggt stﬂlctures stored
re, a subroutl ne, subpr ogr am

unc
&iefbonWlThéSl carnpblmheﬁﬁlay communicate by way of local and/or remote processes

such as in accordance with a signal having one or more data packets (e.g., data from one
component interacting with another component in a local system, distributed system,
and/or across a network such as the Internet with other systems by way of the signal).

[0075] In one or more examples herein, the functions described may be implemented
in hardware, software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Computer-readable media includes both
computer storage media and communication media including any medium that

facilitates transfer of a computer program from one place to another. A storage media



corresponds to a function, its term nation corresponds
to a return of the function to the calling function or

W@ b@sg4mt f unction. [0072] When inpl enent ed i nPCT/US2008/077129
har dwar e, various exanples may enpl oy a general
pur pose processor, a digital sijgnal processor (DSP),
an appl i cati on speci fic int egrat ed circuit (ASIC), a
Inlaelbd L OO meglag atlteca%rbrea cces eq({1 gy FPGA 0 oxgverl] ®Df exam le,

8 Far abf‘ evi ce, gate r "t FaAnsi %f’o? P

luﬁglrﬁ)t Hinstafied, esﬁt&r c&vyﬁfpatewm@nlenh&dcar cAny ceapiicn®ANMN ROM,
t her eof desi &ned to performthe functions described

REPROA, AD4RRAM a1r fherperiécapribikestiomee majpepelicadisk storage or other
I
fﬂagﬁcgﬁrs?& ygseicgegve/cggﬁr oan oﬁﬁ? g%éigug%{r’iﬁ{ L e? ﬁs{@? t(pEa(}ﬁp&Ss%re desired
o(gramo: oasttermltheefomrofsmmmeummmae stnAct}nre:scaﬁdslmt camlye adcsosed by a
nted as a conbi nation of conmputing d

be i
gorgputery r ggﬂb?ﬂﬁ'a‘{qnaﬁCths PEPCEN dCHi ac‘f%ﬂ?%?:re@%‘g% c %wc'ilurn For
Bl | 1?Yh60§oﬂ'@1a% APERAEERRE FronP8) %ve@ﬁltmél%er or other remote source
m croprocessors in conjunction with a DSP core or any
mmgla waxial cald,ifther aptiowablp.0OVE8Ed Whiendigitpll erpeeribed lina (DSL), or
war e, var. ous .exa

Pﬁ“& PRIEPIBECH POty fareﬁaéa%?’o%ﬁaﬂﬁ%%g%%@s coaxial cable,

HBEBYAE Table, REStEPPATH, IIRL, R GeIRE Yechﬁ%@eﬁﬁ)&h@@ iSREE€ Fadio, and
in a conputer- readabl e nedi um such as storage nedi um

BYcrowhes arst Brhiged 47 theadpfiniders 96 magaym. p@tsikomﬁil 1Be as used herein,
&?fg@gg@&r epac"f‘ﬁtﬁ ;gc@ Cl&’sf%? gissg,u 1@51 CHE‘&’ d{gzt%[ $e5r§a{%ﬁe fisc ¢ (DVD), floppy

diekitandebluaays Wincowhéroedisla mdmy &epr@dﬁ@f e rrﬂag@aﬁ&faalgge while discs
cl ass, or ané conbj nati on_of instructions, data
¢

EpFesiee At opbirallyrwidh ers Gorahiwatians ok theehove élg%%ﬁlsﬂé?y included
BenfowR! &b oo?%%fﬂﬂﬁ{er ?&%ﬁbl@e&%ﬁt Qof apéar 'Gmprise a single

circuit by passing and receiving in ornatlon at a,
asguetant o1 npaly anetwetions, andneap by danbend over several dlffel‘ent code
etc

Informati on unent s, met er s,
HPLCD, amsm&&f?gﬂﬁ PS‘Pgr?ngﬁ% FPESDH t@?aﬂvagﬁwaﬁr eAn Exemplary

SBARs haGLMdhRY BB cEhard Bﬁme&ﬁ%ﬁ%ﬁ&? tl%stfhb NGocds@deBan read
passing, netwofk transm ssion, etc. [0074] used in

tnlﬁprsmaatpplfmmatamd nwrite iiefotraating focﬂimﬁtﬂﬁ&ﬁ m%dluma dolthe alternative, the
and t intended to refer to a

et R B iy 28 et TR PRe O har cver e 11 rvare, a

pooTe] N@hé RetRbdshaiselvedde haith sehpMey Bne TRf hbR! StepPlor actions for
software in execution, For exanple, a conponent may
phicving theglepestberimgtheds Tihs mrthed)steps pideeassiopymaY hg I@tﬁrchanged

PSSR B SEREAL oA CRL Sy HECH AL g,
wapyeoific btdetidf st@pd omnactions s @quidgpidr padped petation 0 thenerabodiment
%%‘[T?suﬁfl:lgg dgsesl/r{b%g %2 dorEier and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

[0077] One or more of the components, steps, and/or functions illustrated in Figures 1,
2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, and/or 15 may be rearranged and/or combined
into a single component, step, or function or embodied in several components, steps, or
functions. Additional elements, components, steps, and/or functions may also be added.
The apparatus, devices, and/or components illustrated in Figures 1, 2, 10, 12, and 14

may be configured or adapted to perform one or more of the methods, features, or steps



conmputi ng device can be a conponent. One or nore
conponents can reside within a process and/or thread

wW@Rooexnswet i on and a conmponent may be | ocal i zedP@RUS2V88/077129

conmput er and/or distributed between two or nore
conmputers. In addition, theseponponents can execute
from various conputer readable nedia havi ng vari ous
east %bes({ ?tégl{l{geessé\%yqu e 222({ ?an d a‘ia’llggn%% eps'(:c)rg‘téegia erein may be
sﬂﬂ“@h:na§ mpleﬁﬁeﬁ&ﬂd@mm tahd/ar ahgmbd h@r\dmge fonexafipleor e
dat a packets % data from one conponent
[49:78) aEtslhﬁ’gldvhetl?P eththendic fosweBisesnfighragonyag| eyt exgmples and
r S
Picaicl AT Y8 Eohnd EEL R B ERRSHE b o W o gprations i
[1@@135&1 td be dhustrativeimaiden@xa hipliethe isarpmdf thd ¢leinisunfd suehsthe present
descri bed y i mpl.epented in hardware, software,
fehe FY €0 B T f‘éﬁﬁy SBREshi SR biRer eéﬁppar%tu%%ﬂnermmyealtematwes
HadFRALSRT §nd {habanehi Y pdENt REhSLkARIQR ¥ art.
transmtted over as one or nore instructions or code
on a conputer-readabl e nedi um Conput er-readabl e nedi a
i ncl udes both conputer storage nedia and comruni cation
medi a i ncluding any nediumthat facilitates transfer
of a conputer programfromone place to another. A
storage nedi amay be any avail able nedia that can be
accessed by a conputer. By way of exanple, and not
[imtation, such conputer-readable nedia can conprise
RAM ROM EEPROM CD-ROM or other optical disk
storage, magnetic di sk storage or other magnetic
storage devices, or any other nediumthat can be used
to carry or store desired programcode in the form of
i nstructions or data structures and that can be
accessed by a conputer. Al so, any connection is
properly termed a conputer-readabl e nmedium For
exanple, if the software is transmtted froma
website, server, or other renote source using a
coaxi al cable, fiber optic cable, tw sted pair,
di gital subscriber line (DSL), or wreless
technol ogi es such as infrared, radi o, and m crowave,
then the coaxial cable, fiber optic cable, tw sted
pair, DSL, or wireless technol ogies such as infrared,
radi o, and mcrowave are included in the definition of
medi um Di sk and disc, as used herein, includes
conpact disc (CD), |aser disc, optical disc, digita
versatile disc (DVD), floppy disk and blu-ray disc
where di sks usually reproduce data magnetically, while
di scs reproduce data optically with | asers.
Conbi nati ons of the above should al so be included
within the scope of conputer-readabl e nmedia. Software
may conprise a single



instruction, or many instructions, and may be
di stributed over several different code segnents,

W@ ewng3dsf f erent prograns and across nul ti pl e BEDDSZPE8/077129
medi a. An exenpl ary storage medi um may be coupled to a
processor such that the proceggor can read information
from and wite information to, the storage nedium In
the alternative, the storage nmedium mnmay be integral to
the processor. [0076] The net hods di scl osed herein
conpri se one or nore stepsCuABASi ons for achi evi ng
t he descri bed nethod. The nethod steps and/or actions
MHATAS GLAIMIINER®d Wi t h one anot her without departing
fromthe scope of the clains. In other words, unless a
specific order of steps or actions is required for
pbr opeA ragkoddf ampiting eneioho dbhes) tcotpating s being
descri bed, the qrder .and/ oy use of specific ste
and/ ofeCg¥ingdHac- %@aeénmﬁarﬁh%erprrseﬁ anIdi Y18 Sdom
the Sﬁﬁ’r&?or‘ﬁ{m% bR 11%&'\/%65 PO Gl trNS e flcidFN & it a MWRified
conponent s and/or functions illustrated in
Dusgmt@@o&ne Iran@form (MIYC'B) thzt is BgcugsivelP split into :bzl,easr&ne ofa

Bre SRy oErm e ST He e e gtl BT pe

Eu s oﬁ&rmqrm@mvsatnamcmr wWheRCacR Rech tArirafdrmqa 8 smaller
el ement s, onents, steps, and/or functions may al so

Biancagiga drhanrthe Brwharein wéﬁ\alstosegle rawéplication wperghemssof the
n

M el SR A B e

nmet hods, features, or stepsdescribed in Figures 3-9,

11, 13, and 15. The algorithns descri bed herein may be

&f f i cil bapethor bl s whcich ©eGkles ARt emsoaadaet can
ﬁﬂﬁ&?@ﬁqﬂﬁﬁﬁseﬁa &1t s1,8078] 1t should be noted that

or egoi ng con |gurat|ons are nmerely exanples and
are not to be construed as limting the clains. The

P11 et hapted oslidy wierin DRy Bekfl B Gemgom i Figure 5

claims. As such, the present teachings can be readily

applied to other types of apparatuses and many
4l t er hhe ingthod ofekdirhilcehergmsthe MIACT amipkemiantssat galst twgeof 320, 160,

%Eﬁﬁren%tto hose .ski.l | ed &ﬂghgﬁ art. CLAIMS WHAT I S

A NED FENSTPTMA U ﬂg%ﬂg& aBF ting transformval ues,
conpri si ng: recervrng ti me-domai n i nput val ues
representing an audi o signal; and transform ng

pn p ut Tb%\mqré@drqﬁ clsing Jewhersin be &G T-H iapludes s impgt ﬁve (5)

hc% %ﬁ Cosine Transform (MDCT) that is
rec rsivel sp It into at | east one of a
6. The method of claim 1, further comprising;:

producing a modified windowing function that merges factors from the
transform operation and the windowing operation to obtain piece-wise symmetric
windowing factors; and

storing a subset of the piece-wise symmetric windowing factors from which a

complete set of the piece-wise symmetric windowing factors can be reconstructed.



Di screte Cosine Transformtype IV (DCT-1V), a Discrete

Cosine Transformtype Il (DCT-11), or both the DCT-1V
wW@rwIgvis1 |, where each such transformis of sPEI/U82008/077129

di mensi on than the MDCT, wherein at |east sone

mul tiplication operations of the MDCT are nerged with

a prior wi ndow ng operation applied to the input

al ue e t hod claiml1l wherein the DCT-1I1

e Eos Bt SRS nftele il enent MocTS o

di f f epiesittoStadeformidg tHh@pieidad, 4plyah@thd cbmpidiese ionrdcbfstructed

DCT-11 includes the transformln Figure 5. 4. The

PseGriEeoy mpnekiigivindoyieg fictery toeh Yalgisement s at

| east two of 320, 160, 80, 40-point transforns using

the same DCT-11. 5. The nethod of claim1, wherein the

8CT- | Th¢ nethodes chim r@szheﬂeimtﬁe c)sctrafl the plec&-atisctymmetric

oper at.i ops, The f.claiml, further

BoHdoMiRg torﬁaanswﬂesr %ﬁgeaét %gpﬁtﬁsaHWﬁmrﬁéorfeaﬂme%wwe

Lhah iR ISBEST iRgbWing h&te the transform operation and

t’he w ndow ng operation to obtain piece-wi se symmetric

wi ndowi ng factors; and storing a subset of the

i ece S dOWI factors fromwhich a
gon‘pl EW% g]toyigfge{aﬁgqp SEmetric wi ndowi ng

f act op&f&aiind@yla8hO Rk @ﬁﬂrﬁzﬁloﬁ anﬁ'?&ld?ﬁhh%oﬁfoncih@d)ﬂbﬁs from
further conprising: prior to transform ng the input

thalwiedowiagpyatiey. t he conpl ete set of reconstructed

pi ece-w se symmetric wi ndow ng factors to the input

values. 8. The nethod of claim6, wherein the subset

0. t ha dqivRedomtomepusiipimhsfoan whlneg\vomgrisiagt ors i ncl udes

at |l east half of the unique factors for each

pi ecedhinpat Bfwletq eciyean ardigisigaldndgrovede Bms:dogaimiggut values

@}&9&1 th@h@dﬁ”snignalf Wi d her conprising: performng

nam ¢ range estlnmation and renornalization on the
out pud srafigfomn trioduMito damafmgn fherigputoalued tito fpedewl wefffaents using

%%uéiﬁw}%?ﬁg ésgﬁea ag 8}’1{_1, (lgf%gg th%hggeﬁpan ebfeﬁ)llllt into at least one

bt 5?55??@?@2%851h@@%sf6%@ﬁ% Ne@EBE0Y iaNGistRe @HOTransform type 11
(DgT II), or both the DCT-IV and DCT-II, where each such transform is of smaller

dimension than the MDCT, wherein at least some multiplication operations of the

MDCT are merged with a prior windowing operation applied to the input values.

11.  The device of claim 10, wherein the DCT-II is a 5-point transform that

implements MDCTs of different sizes.
12. The device of claim 10, wherein the DCT-II includes the transform in Figure 5.

13. The device of claim 10, wherein the MDCT implements at least two of 320, 160,

80, 40-point transforms using the same core DCT-II.



a transformnodule to transformthe input values into

spectral coefficients using a Modified Discrete Cosine
wae@pssesm (MDCT) that is recursively split i ne@I/E$2008/077129

| east one of a Discrete Cosine Transformtype IV

(DCT-1V), a Discrete Cosine Trgnsformtype |1

(DCT-11), or both the DCT-1V and DCT-11, where each

V\%Ch Irﬂgnleor hs.fo %m{el el di:ensi on than the MDCT,
erein ? Y Ct song {1 IPP At on operations of the

I\/DCT amendmvige ﬁlO‘dAJIerfoﬁpIDﬂil@ﬁg Wintvd Ovddngindpeingtfufdlion that merges
lied to the input values. 11, The device of claim

ﬁa@ oryemeh repdoroaparatiqnsang the piidewving epesstinnip ohtn picoe-wise
I;HE!] . erent sizes. 12. The device of
h ai %ﬁﬁlﬁmﬁ%&érﬁ UBCF i ncl udes the transformin
Fi gur e storagt 3nodlihefod etwriag a@ﬁbmt af tre plEce-wher @inmmdttie wikdshving
nt s t | eas f 320, 160, 80, 40-
%%rgg%%gg ﬁ@mpf?g: %eéﬁgthé BISSCTYE fyjmpgiric T‘HE‘?Q%‘% dagtors can

Qér&gggtﬁbt%g further conprising: a w ndow ng nodul e
for producing a nodified wi ndowi ng function that

rrerges factors fromthe transform operation and the

T R RS R, SR PG Gt A B B g tigured to

spity e RnpIdie sRioE 6@ oMARR IR ISE syhMERIM Wit db R Th&ors to the
fromwhich a conplete set of the pi'ece-w se symretric

WpHEGAesPricate wrnsfarminhécivponsiueuct ed. 15. The device
of claim 14, wherein the wi ndowi ng nodule is further
confi gured to apply the conplete set of reconstructed

p6.eceTht devisydiardif 1, whattinihaGubebDIhs plcdetwise dymptidtric
val ues prior to t r ansf or i ng.the input values. 16. The

wédordnsfactarainfiugdes atierst Bl hok the ugigys & Exciast farigach picce-wise
qgﬁ;, dowi ng factors includes at
weast ]haF of t e{ngﬁ?%ﬂg factors for each piece-w se
symTetrl c set of windowing factors. 17. A device for
transform val ue onpri sing:. neans for

Leoi O 41?3109.%0 K e Bim YAt SRy aEent i ng an
audl OnRh Bl recBiVthg WARIomAM ihp@RafRE Pepﬁl&eﬁtlﬁfg amto signal; and
val ues into spectral coefficients using a Mdif

Di scr mealscibstrmfdmamgﬂmnnpl(t IVBIOTY intdsiiccirsl qoeﬂimqltw@u}g a

| east _one o I.screte Cosine
Wbt P e G oGt DD IR FelREBRIL FERedTF one
of a Discrete Cosine Transform type IV (DCT-1V), a Discrete Cosine Transforrn type 11
(DCT-II), or both the DCT-IV and DCT-II, where each such transform is of smaller
dimension than the MDCT, wherein at least some multiplication operations of the

MDCT are merged with a prior windowing operation applied to the input values.

18.  The device of claim 17, wherein the DCT-II is a 5-point transform that can

implement MDCTs of different sizes.

19. The device of claim 17, further comprising:
means for producing a modified windowing function that merges factors from
the transform operation and the windowing operation to obtain piece-wise symmetric

windowing factors;



(DCT-11), or both the DCT-1V and DCT-11, where each

such transformis of smaller dinmension than the MDCT,
wob@pesrsat | east sone nultiplication operati OPGI/U820081€77129

MDCT are nmerged with a prior w ndow ng operation

applied to the input values. b8 The device of claim

17, wherein the DCT Il is a 5- poi nt transformthat can

| ADCTs The . d
|C|ng| ?nmf%ns pr3 Pﬁlég 8%?1‘8{ §t tﬁe Blece x essr? syfnmet%cr g axbc{%wnége facIors from

i tbhfal @ehpléto dawif fig: Iﬁe@c&zise Byrh@triowingewidgatattorsscahibem
t he transform operation and the w ndowi ng operation to
Eﬂﬁ@%ﬁtwc'ﬁ et wi se symetric w ndow ng factors; means

f . t :
i ndor i e ByaRE e Amiie Bl o AR PR ymmetric
pieioe-inyg faetosytorthe mpat valngbquwion go frmsf@hﬁng:ﬁn ityeut values.

reconstructed; and nmeans for applying the conplete set
of reconstructed piece-w se symetric w ndow ng

b@ct opsifeRit fh&oniRkhe Y@hdESn PALSY, wherdif ﬁl@%ﬁt@ﬁlmsnﬁlaﬁtlag to:

i nput val ues. 20. A Gircuit for conputing transform
val uesceiwh énetdonidie ntplut valiigs nepresajrmxg ed atdio sigmebiané

time put val ues re ent n audi i .

b ¢ oG e Bottee V RS oL TREER TR o Bt P1oRl R Bicrete
ceshé Tednefh® (NEDOD) PAatVl %cﬁﬁs@&%l@h}ﬁﬁ @bt (asidhe of a Discrete Cosine
Transform (MDCT) that is recursively split into at

TeasforniepcolV @D d¥).atldisastsi (pesingy Biassformuyng ge(DGT-1D), or both the

[ ofem twpe L .
P 4 DEISERS: Raohl P LAY S T bian e v
MIBOT th@dffélle[ [GaStS‘soﬁlfe msuttpli@tiofl operatorofthemDEE atvhdrged with a
wherein at |east some nulti p/ication operations of the
NV iEdeW Rgrpe iR @pplieddp |ﬂ%?r NRRESES ng oper at i on
applied to the input values. 2 1. A conputer-readable
medi um conprising instructions for conmputing transform

2Bl ues, compuch-rediiebleeneiuh edmipyisiag prstaesesroceus@sing tensform
rocessor to: rece ti me-domain i ut val ues

?@b? ilmla %@ena%e%s%' ﬁv & PERTATSOT ey ﬁ[ﬂgﬁgqcsw fhe i nput

val uegchiRt fnRPRtdiR inguPefihé ND%%E&U%@ laRGudio RSkl iapd

Di screte Cosine Transform ( is recursively
spl i t tramf@mathe ligar valopeingf smcmlw¢ﬁm@n®aasmgea Modristddrinerete

RS R e Pl RELSH G S RS G BB Conne
SH@Bfokhanss Br (DEB-10, mbﬂewcmﬂwf@hm B@R It {I’CT-1I), or both the
DCT-IV and DCT-II, where each such transform is of smaller dimension than the

MDCT, wherein at least some multiplication operations of the MDCT are merged with a

prior windowing operation applied to the input values.

22. A method of providing a decoder, comprising:

receiving spectral coefficients representing an audio signal; and

transforming the spectral coefficients into time-domain output values using an
Inverse Modified Discrete Cosine Transform (IMDCT) that is recursively split into at
least one of an Inverse Discrete Cosine Transform type IV (IDCT-IV), an Inverse
Discrete Cosine Transform type II (IDCT-II), or both the IDCT-1V and IDCT-II, where

cach such inverse transform is of smaller dimension than the IMDCT, wherein at least



MDCT, wherein at |east sonme nultiplication operations
of the MDCT are nerged with a prior w ndow ng
wop@rasi4on applied to the i nput values. 22. A PEU/O8H0%1677129

provi di ng a decoder, conprising: receiving spectral
coefficients representing an agdi o signal; and
transform' ng the spectral coefficients into

Ine dﬁ é)l o%ucg Utrtlél)\lég | P t%s IWﬁaq{l?l{g%/ tﬁraggﬁsle %nglwmdowmg
slggraﬁoﬂa}ipﬁe@toﬂheaaﬁpuomu@f an Inverse Discrete Cosine
Transformtype IV (IDCT-1V), an Inverse D screte

Cosi ne Transformtype Il (IDCT-11), or both the
Ibgcg f 4l"g{e ﬁ'{%ﬁw rren g?g\ﬁﬁ 1ne[ﬁ? ﬂ)é?W%ﬁ?m%Eﬁ@ﬁfaﬁgf@m that
Ing@stsosEMMd s gfl diffatntoivesper at i ons of the | MDCT are
nmerged with a subsequent wi ndowi ng operation applied
to the output values. 23. The nethod of claim 22,
E\Zﬂef eirRe idtholi BFEtalh 2stﬁeé1npcﬁb WHCTOY flchRled fh%Q§VeQ§e'Hansform in
that inplements | MDCTs of different sizes.
heguho@ of claim 22, wherein the | DCT-1 | |ncI udes the
inverse transformin Figure 6. 25. The nethod of claim

22, wherein the IMDCT inplenents at | east two of 320,
,1530 BQe nthoR f Rlairh 29 WA& cintAO VDI inkisibriéhtt RileSRABRo of 320,
core IDCT-11. 26. The method of claim22, further

Eefh3Pi 40-neint vveide RGOS the sarng prioWPRd-Hunct i on

that nerges factors fromthe transform operation and

the wi ndowi ng operation to obtain piece-wi se symmetric
26.ndoThé hethadtodckim 2ndfusthor ¢orgprvirguubset of the

pi ece-w se symmetric wi ndow ng factors fromwhich a

conpl Biodugiag aérfodeﬁ@ Vindewing félectgylrﬁh@ttrwgewaﬁ@mrwa the
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27. The method of claim 26, further comprising:
applying the complete set of reconstructed piece-wise symmetric windowing

factors to the output values after transforming the spectral coefficients.

28. The method of claim 26, wherein the subset of the piece-wise symmetric
windowing factors includes at least half of the unique factors for each piece-wise

symmetric set of windowing factors.

29. The method of claim 26, further comprising:
performing dynamic range estimation and renormalization on the outputs from

the windowing function.



29. The nethod of claim 26, further conprising:
perform ng dynam c range estimation and
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function.30. A device for conputing transformval ues,
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obtai n piece-w se symetric w ndow ng factors;

s I or a?ﬁe H&qye clalfn 3%)12 ht %—:?ns %ferﬁiér;ﬁev\ﬁ i %;1 5 é)%?nt %\Fe?st% t}%n§§rrn that

symetri ¢ W ndow ng

tfipleMentp O TY &l FatommlizcsC W ndowi ng factors can be
reconstructed; and a wi ndow ng nodul e applying the
conpl ete set of reconstructed piece-w se symretric

%.”do?%é‘ge\ﬁ@e%focﬁﬁmtﬁ) Iﬁhgr}e%&ﬂ?@sﬁ{ lues after

transform ng the speé coe ent s. 33. A device
for conpuinggmainkrfef produsing & esdiftaingpimndew g fumﬁmmsthzitonerges
ecei coefficients.representing an, aud

Ctﬁﬁ%\%{“ AR ol ¢ RidgVipRORSIAT G obEn picee-wise

GREMERIVERISWInR it tbdsme- donai n out put val ues using an
I'nverse Modified Discrete Cosine Transform (1 MDCT)

t hat & storage umasiuleefoy stophg & subset of the piece-wise symmetric windowing
factors from which a complete set of the piece-wise symmetric windowing factors can
be reconstructed; and

a windowing module applying the complete set of reconstructed piece-wise
symmetric windowing factors to the output values after transforming the spectral

coefficients.

33. A device for computing transform values, comprising:
means for receiving spectral coefficients representing an audio signal; and
means for transforming the spectral coefficients into time-domain output values
using an Inverse Modified Discrete Cosine Transform (IMDCT) that is recursively split
into at least one of an Inverse Discrete Cosine Transform type IV (IDCT-1V), an Inverse
Discrete Cosine Transform type II (IDCT-II), or both the IDCT-1V and IDCT-II, where

cach such inverse transform is of smaller dimension than the IMDCT, wherein at least
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36. A method of performing a windowing operation, comprising:
producing a modified windowing function that merges factors from a transform
stage and windowing stage to obtain piece-wise symmetric windowing factors; and
storing a subset of the piece-wise symmetric windowing factors from which a

complete set of the piece-wise symmetric windowing factors can be reconstructed.



recei ving input val ues representing an audi o signal;
applying the conplete set of reconstructed piece-w se
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such transformis of snaller dinension than t he NMDCT.
42. The nethod of claim40, wherein the transform

39 ageTh@sleMod oAcRih G, APBbN@@ARIQ:s of Figure 3. 43.
The nethod of claim 36, wherein the wi ndow ng stage

occur spliingthe pirsetismsmunetris vepdowing factors thehthisdhosubset of the
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fdeedrs.is recursively split into at | east one of an
Inverse Discrete Cosine Transformtype IV (IDCT 1V),
an I nverse Discrete CosineTransformtype IV (I1DCT V),

bo
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frivesforet $tagk. of cl a| m 43, wherei n the transform stage

factors are the cosine factors of Figure 4. 46. A
devi ce for perform ng w ndow ng operations,

§PNPr irfé Aihod of claim 40, wherein the transform stage implements a Modified
Discrete Cosine Transform (MDCT) that is recursively split into at least one of a
Discrete Cosine Transform type IV (DCT IV), a Discrete Cosine Transform type IV
(DCT IV), or both the DCT IV and DCT 11, where each such transform is of smaller
dimension than the MDCT.

42. The method of claim 40, wherein the transform stage factors are the cosine

factors of Figure 3.

43. The method of claim 36, wherein the windowing stage occurs after the transform
stage.
44. The method of claim 43, wherein the transform stage implements an Inverse

Modified Discrete Cosine Transform (IMDCT) that is recursively split into at least one

of an Inverse Discrete Cosine Transform type IV (IDCT 1V), an Inverse Discrete Cosine
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from which a conplete set of the piece-wi se symretric
wi ndowi ng factors can be reconstructed.

48. A device for performing windowing operations, comprising:

means for producing a modified windowing function that merges factors from a
transform stage and windowing stage to obtain piece-wise symmetric windowing
factors; and

means for storing a subset of the piece-wise symmetric windowing factors from
which a complete set of the piece-wise symmetric windowing factors can be

reconstructed.

49. A circuit for performing windowing operations, wherein the circuit is adapted to:
produce a modified windowing function that merges factors from a transform

stage and windowing stage to obtain piece-wise symmetric windowing factors; and
store a subset of the piece-wise symmetric windowing factors from which a

complete set of the piece-wise symmetric windowing factors can be reconstructed.
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50. A computer-readable medium comprising instructions for performing

windowing operations, which when executed by a processor causes the processor to:
produce a modified windowing function that merges factors from a transform

stage and windowing stage to obtain piece-wise symmetric windowing factors; and
store a subset of the piece-wise symmetric windowing factors from which a

complete set of the piece-wise symmetric windowing factors can be reconstructed.



