170012006 -1 Device and Method for Processing at |east two | nput
~Values Description 5 The present invention relates to signal pyQ¢cesgsng
and particularly to signal processing of sequential values, such as audio
sanpl es or video sanples, which are _particularly suitable especially for

| ossl ess coding applications. 10 The present invention is further suitable
for conpression algorithnms for discrete val ues conprising audi o and/ or
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nodi fied discrete cosine transform (MDCT), to obtain a bl ock-w se
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filter bankppllncaprionsi.pl e, a Fourler transformor, for special reasons, a
varietygof the Fourier transform such as an FFT or, as discussed, an
MDCT, may be enployed for this. The bl ock of audio spectral values at the
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including a transform in the frequency domain or time
15 domain or location domain, which are followed by a coding,
such as an entropy coding in the form of a Huffman or

arithmetic coding.

Modern audio coding methods, such as MPEG Layer3 (MP3) or

-20 MPEG AAC, use transforms, such as the so-called modified
discrete cosine transform (MDCT), to obtain a block-wise
frequency representation of an audio signal. Such an audio
coder usually obtains a stream of time-discrete audio
samples. The stream of audio samples is windowed to obtain

25 a windowed block of for example 1,024 or 2,048 windowed
audio samples. For the windowing, various window functions

are employed, such as a sine window, etc.

The windowed time-discrete audio samples are then converted
30 to a spectral representation by means of a filter bank. In
principle, a Fourier transform or, for special reasons, a
variety of the Fourier transform, such as an FFT or, as
discussed, an MDCT, may be employed for this. The block of
audio spectral values at the output of the filter bank may
35 then be processed further, as necessary. In the above audio
coders, a gquantization of the audio spectral values
follows, wherein the quantization stages are typically

chosen so that the quantization noise introduced by the




chosen so that the quantization noise introduced by the 2 - 17 OCT 2006
quanti zing is bel ow the psychoacoustic masking threshold, i.e. is "nasked
away". The quantization is a lossy coding. 1In order to obtain further data
amount reduction, the quantized spectyal values are then ent1rrpﬁrg (ﬂﬁﬁjed,
for 5 exanple by neans of Huffman codi ng. By adding side infor {l oh, such
as scale factors etc., a bit stream which may be stored or transmtted,

is formed from,t.he entropy-cod quantized spectral val.ues ans, of a
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of a synthegiiscH | hbhgr anktor@dobdal i danm@riditeer, et £sdevoded agdon saml es.
In the synthesis filter bank,.a transformal garithminyver t he._.
{ranst or m ATGORR S « SUREt bAS ogBa C kB o hY N HiewEg kit o be
reversed afttareamendi¥teiquierrse+ime 25 backward transform In order to

achi evgggood frequency selectivity, nodern audio coders typically use

bl ock overlap. Such a case is illustrated in Fig. 6a. First for exanple
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means 402. ghitgh i 20V SIPOLYT NGaDBRADSaAB2 shas AnWioREaWiohe Mgt hedin 2N £

sanpl s 21l PEOY! dep, 208l 26kyel 4 800U SaTPLeS, 00 A0E CHLBL slge, 17
is formed bypectral wvalues are first entropy-decoded to obtain the
15 quantized spectral values. The  qguantized spectral wvalues
are then inversely quantized to ocbtain decoded spectral
values comprising guantization noise, which, however, is
below the psychoacoustic masking threshold and will thus be
inaudible. These spectral wvalues are then converted to a
20 temporal representation by means of a synthesis filter bank
to obtain time-discrete decoded audio samples. In the
synthesis filter bank, a transform algorithm inverse to the
transform algorithm has to be employed. Moreover, the
windowing has to be reversed after the frequency-time

25 backward transform.

In order to achieve good frequency selectivity, modern
audio coders typically use block overlap. Such a case 1is
illustrated in Fig. 6a. First for example 2,048 time-
30 discrete audio samples are taken and windowed by means of
means 402. The window embodying means 402 has a window
length of 2N samples and provides a block of 2N windowed
samples on the output side. In order to achieve a window
overlap, a second block of 2N windowed samples is formed by
35 means of means 404, which is illustrated separate from
means 402 in Fig. 6a only for reasons of clarity. The 2,048
samples fed to means 404, however, are not the time-

discrete audio samples immediately subsequent to the first




35 nmeans of neans 404, which is illustrated separate from neans 402 in
Fig. 6a only for reasons of clarity. The 2,048 sanples fed to neans 404,
however, are not the time- discrete audi o sanples imedi ately subsequent to
the first - 3 - 17 OCT 2006 w ndow,. but- contain the second half qof J0he
sanpl es wi ndowed by nmeans 402 and additionally contain only 1,024 "new'
sanpl es. The overlap is synbollcally illustrated by neans 406 in Fig. 6a,

causi ng an overlap ing degree 50% Bo h mnndo d sanpl Jout put
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transform "BOEIY neansyﬁl neans sanpl és
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416, degi gnpled ARG (41d@ BQEF%H@%' hgslg ct?c%'iceJréﬁEéQ”) b'u% F 8y Et@ye the

fact is taken 1nto account t he ?&b w ndows_are over | ap plng
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with an ingex Nt i rdeswethoMtdHe s erivdidw.omthe first  hal f of the

second wi ndow, i.e. with an index k, so that N decoded tenporal sanples
result on the output side, i.e. in 30 the decoder. It is to be noted that,
by the fundi drhefdeeatsr A16he Wi shecitsadl selnekepifedhteo fas sdddvifagwet,i on,

the mjﬂgomhﬂg shown in Fig. 6b, are fed to means 412 performing an
inverse modified discrete <cosine transform. The same

applies to the N spectral values of the second window. They

are fed to means 414 also performing an inverse modified

discrete cosine transform. Both means 412 and means 414

20 each provide 2N samples for the first window and 2N samples

for the second window, respectively.

In means 416, designated TDAC (time domain aliasing

cancellation} in Fig. 6b, the fact is taken into account
25 that the two windows are overlapping. In particular, a

sample y: of the second half of the first window, i.e. with

an index N+k, 1is summed with a sample y; from the first

half of the second window, i.e. with an index k, so that N

decoded temporal samples result on the output side, i.e. in
30 the decoder.

It is to be noted that, by the function of means 416, which
is also referred to as add function, the windowing
performed in the coder schematically illustrated by Fig. 6a

35 is taken into account somewhat automatically, so that no
explicit “inverse windowing” has to take place in the
decoder illustrated by Fig. 6b.




perfornmed in the coder schematically illustrated by Fig. 6a 35 is taken
into account sonmewhat automatically, so that no explicit "inverse

wi ndowi ng" has to take place in the decoder illustrated by Fig. 6b. - 4 -
170CT2006 |If the w ndow function inplgenented by neans 402 or j](ﬁzh@
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windowed, floating: poi i nunbers, gsullafiere they iadonng.. 20, Theref ore,
even if no psychtacousti € coder 1s used, i~e. i | 0SSl ess coding IS to be
achi eved, quentriezdtdigerthed |reseil tndeeddar wadtuet He fout pachofangégns 408 and
410, regpectively, to be able to performreasonably nmanageabl e entropy

coding. 25 Generally, currently known integer transforns for | ossless
audi o and/ dft vi'th®d cBdrAgvar 8§ neti Yy aSWeserpertti YRCTof fumetion

t ransf or ms desed-itther eiim | mtig.G vans [et ai songi sndvdcageplyi nthdthe dhd ting
schene to each, G.vens rot alttl on.. Tq:us a3 rotundi_rég error, issani tr qulfl%%d in
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thinking of a sine window, 1is achieved with a floating-
15 point number, since the sine of an angle between 0 and 180
degrees does not yield an integer, apart from the angle of

90 degrees. Even when integer time-discrete samples are

windowed, floating-point numbers result after the
windowing.
20
Therefore, even if no psychoacoustic coder is used, i.e. if
lossless coding is to be achieved, quantization will be
necessary at the output of means 408 and 410, respectively,
to be able to perform reasonably manageable entropy coding.
25

Generally, currently known integer transforms for lossless
audio and/or video coding are obtained by a decomposition
of the transforms used therein into Givens rotations and by
applying the lifting scheme to each Givens rotation. Thus a
30 rounding error is introduced in each step. For subsequent
stages of Givens rotations, the rounding error continues to
accumulate. The resulting approximation error becomes
problematic particularly for lossliess audio coding -
approaches, particularly when long transforms are used
35 providing, for example, 1,024 spectral values, such as it
is the case in the known MDCT with overlap and add (MDCT =
modified discrete cosine transform). Particularly in the

higher frequency range, where the audio signal typically




stages of G vens rotations, the rounding error continues to accunul ate.
The resulting approxi mation error becones problematic particularly for

| ossl ess audi o coding approaches, particularly when |ong transforns are
used 35 providing, for exanple, 1,024 sspectral val ues, such1(ajrpgu ZUUES t he
case in the known MDCT with overlap and add (MDCT = nodified discrete
cosine transform . Parti cularly in the higher frequency range, where the
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Processi ng, lnag@ruaqipﬂnlzb%@%s@% ayel radljlerppbaae@mm tzh%zHCTaﬁarJW ,J.
Sun and S. ec1:leyar|6012t§1n§r%@1%f géf@vié%ﬂé nEggerthd opt NtRgRycsient.n
Proc. ICAS ril 2003._ 25 nt| ned abov t_he integer
transform %@@gﬁ?gr 15 & Son e O I ¢ he 45P&st orm
into Gvenss. rit ahhdng.addmgn fIre-sappt i sﬁmmdﬂltheakaﬁmbl bbsed oschene

to the, & vensiQlAtE A0S, WU el g eSubls gt Nercasser 01, May 2001, pp.

1,181 - 1,184, K. Komatsu and K. Sezaki, ,Reversible
Discrete Cosine Transform™, in Proc. ICASSP, 1998, wvol. 3,
pp. 1,769 - 1,772, P. Hao and Q. Shi, ,Matrix

factorizations for reversible integer mapping“, IEEE Trans.

20 Signal Processing, Signal Processing, vol. 49, pp. 2,314 -
2,324, and J. Wang, J. Sun and S. Yu, ,l-d and 2-d
transforms from integers to integers™, in Proc. ICASSP’'03,
Hongkong, April 2003. .

25 As mentioned above, the integer transform described there
are based on the decomposition of the transform into Givens
rotations and on the application of the known lifting
scheme to the Givens rotations, which results in the
problem of the accumulating rounding errors. This is

30 particularly due to the fact that, within a transform,
roundings must be performed many times, i.e. after each
lifting step, so that, particularly in long transforms
causing a corresponding large number of lifting steps,
there must be a particularly large number of roundings. As

35 described, this results in an accumulated error and
particularly also in a relatively complex processing,
because rounding is performed after every 1lifting step to

perform the next lifting step.




probl em of the accunul ating rounding errors. This is 30 particularly due to
the fact that, within a transform roundi ngs nust be perfornmed many tines,
i.e. after each lifting step, so that, particularly in |ong t;ﬁ@f{g@gs
causing a corresponding | arge nunber ¢f 1ifting steps, there ! a
particularly | arge nunber of roundings. As 35 described, this results in an
accunul ated error and particularly also in a relatively conpl ex
processi ng, ‘because rounding is performed after every lifting step to
performthe next lifting step. 6 170CT2006 Subsequently, the deconposition
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input 10 arg wdmded i txagpMendaw Mdith a | ength corresponding to 2N
time-discrete sanples to achieve, at an output 12, integer w ndowed

sanpl es suitable to be converted to a spectral representation by neans of
a 25 transfidrdm amtl pHTTul R | yOYREVHBUNsAiaTFBR péPfor MPSg dR VS aGer

DCT. The | pregeirdddl idewasd gnedrt opgenesatiggN time-discrete samples
representing an audio signal to obtain integer values based
on which the Int-MDCT integer transform algorithm is
operative. The time-discrete samples are windowed by the
device shown in Fig. 3 and optionally converted to a

20 spectral representation. The time-discrete samples supplied
to the device at an input 10 are windowed with a window w
with a length corresponding to 2N time-discrete samples to
achieve, at an output 12, integer windowed samples suitable
to be converted to a spectral representation by means of a

25 transform and particularly the means 14 for performing an
integer DCT. The integer DCT is desiéned to generate N
output values from N input values which is in contrast to
the MDCT function 408 of Fig. 6a which only generates N
spectral wvalues from 2N windowed samples due to the MDCT

30 equation.

For windowing the time-discrete samples, first two time-
discrete samples are selected in means 16 which together
represent a vector of time-discrete samples. A time-
35 discrete sample selected by the means 16 is in the first
gquarter of the window. The other time-discrete sample is in
the second quarter of the window, as discussed in more

detail with respect to Fig. 5. The vector generated by the




out put values from N input values which is in contrast to the NMDCT
function 408 of Fig. 6a which only generates N spectral values from 2N

wi ndowed sanpl es due to the MDCT 30 equation. For w ndow nggébg
time-discrete sanples, first two tines discrete sanples are I:lz@ﬁi in
means 16 which together represent a vector of tine-discrete sanples. A
time 35 discrete sanple selected by the neans 16 is in the first quarter
of the window. The_ot.her tinme-discrete sanple is_in. the_second gu er of
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A lifting F&RYELESFas the property to conprise only one el enent depending
on the wi ndow w and bei ng unequal to "1" or "0". 10 The factorization of
wavel et transforns in lifting steps is presented in the.speci aii st

publ i cati of " EAEEORY ngARAE e}c‘aSTrt}%f BERESERY 0 19 f CPRGT3CEp Y n§rtd
Daubechi es edrtheWrmdepweidiens ,orPrigps i minddel ¥ habobatogi eseqghatend “17
Technol ogi es, «-1996. Generally, a lifting schene is a sinple relation 15
bet ween perof ectly reconstructing filter pairs having the sanme |ow pass or
hi gh-pass filters. Each pair of conplenentary filters nay be factorized
into |ihti RGSUERS oriTHItS APRIF SSRA] QY AL AR GrVans ik Ath@ds: is
Consi der the case in which the polyphase matrix is a Gvens rotation. 20
The fol | owRfES&®Cappt ieRe FP9csphlat pebiacasifgl - FRCtOFENP~ avedstsin a
cosa 0 1 simranskEddmk Jdtlo (L)fting Steps"™, Ingrid Daubechies and Wim

Sweldens, Preprint, Bell Laboratories, Lucent Technologies,

1996. Generally, a lifting scheme is a simple relation
15 between perfectly reconstructing filter pairs having the

same low-pass or high-pass filters. Each pair of

complementary filters may be factorized into lifting steps.

This applies particularly to Givens rotations. Consider the

case in which the polyphase matrix 1is a Givens rotation.
20 The following then applies:

cosg ~—sing) (1 <mei( 1 Q)1 =2 (1)
sine  cosa | |0 1 sina 1/ 0 1

Bach of the three lifting matrices on the right-hand side

25

of the equal sign has the wvalue “1” as main diagonal
element. There is further, in each 1lifting matrix, a
secondary diagonal element equal to 0 and a secondary

30 diagonal element depending on the rotation angle o.

The vector is now multiplied by the third lifting matrix,
i.e. the 1lifting matrix on the far right in the above
equation, to obtain a first result vector. This 1is
35 illustrated in Fig. 3 by means 18. Now the first result
vector is rounded with any rounding function mapping the

set of real numbers into +the set of integers, as




25 Each of the three lifting matrices on the right-hand side of the equal
sign has the value "1" as main diagonal elenent. There is further, in each
lifting matrix, a secondary di agonal el enment equal to O anj aqgfﬁﬁgdary
30 di agonal el enent depending on the rpotation angle a. The J now
multiplied by the third lifting matrix, i.e. the lifting matrix on the far
right in the above equation, to obtain a first result vector. This is 35
illustrated . i,n Fi 3 b mgans Now t he fj vect.or ounded
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vector whi el ichtagal m rauuled fosuieapsc-24rt gnobhain aghoHnedednsieeons
result vector. The rounded second result vector _is n%ﬁﬁsqﬁglled t% neans
e
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14 is |nplenente as | nteger |screte cosine transform accordi ng
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2 N7l X, @Btput 1X(KhE6B[ 4Nf- a Hosetl?@IM fedrédnthkidh of the same

is desired, now have to be processed by means 14 to obtain

integer spectral values at a spectral output 30.

15

' Preferably, the means 14 is implemented as integer DCT.
The discrete cosine transform according to type 4 (DCT-1IV)
with a length N is given by the following equation:

20

N—l

X,(m)= 2 x(k )cos( N(2k+1)(2m+1)) (2)

The coefficients of the DCT-IV form an orthonormal N x N
25 matrix. Each orthogonal N x N matrix may be decomposed into
N (N-1}/2 Givens rotations, as discussed in the specialist
publication P. P. Vaidyanathan, "Multirate Systems And
Filter Banks"™, Prentice Hall, Englewood Cliffs, 1993. It is
to be notéd that other decompositions also exist.
30
With respect to the classifications of the wvarious DCT
algorithms, see H. 8. Malvar, "Signal Processing With
Lapped Transforms", Axrtech House, 1992. Generally, the DCT
algorithms differ in the kind of their basis functions.
35 While the DCT-IV preferred herein includes non-symmetric
basis functions, i.e. a cosine quarter wave, a cosine 3/4

wave, a cosine 5/4 wave, a cosine 7/4 wave, etc., the




The coefficients of the DCT-1V forman orthonormal N x N 25 matrix. Each
orthogonal N x N matrix may be deconposed into N (N-1)/2 Gvens rotations,
as discussed in the specialist publication P. P. Vaidyanathan, "I\/UI tirate
Systems And Filter Banks", Prentice Mall, Englewood Oiffs, 1908CT 1006 s
to be noted that other deconpositions also exist. 30 Wth respect to the
classifications of the various DCT al gorithm; see H S. Malvar, "Signal

P ing Wth_ lLapped Transf Ho 19 the DCT
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In the fol I'owng, be “a “di'scussion how ron angl e a of
t he G vens wickeat icodidegpends on the w ndow function. 15 An MOCT with a
w ndowy hength of 2N may be reduced to a discrete cosine transformof the
type IV with a Iength N. . This is achieved by explicitly perform n% t he
TDAC oper df3 oft'en £AELPYHBI dondierand’iHen Papphyi S ERESBET- 1INV [Uhet he

case of a Yfw-mier agnglde d ebk hald ofivihe wWaeow &0 Hepeads! osk the
over | aps Wth;ﬂt'heﬁ % half of the preceding block, i.e. block t-I. The

over | appi né“’lﬁ1

15 An MDCT with a window length of 2N may be reduced to a
discrete cosine transform of the type IV with a length N.
This 1s achieved by explicitly performing the TDAC
operation in the time domain and then applying the DCT~IV.
In the case of a 50% overlap, the left half of the window

20 for a block t overlaps with the right half of the preceding
block, i.e. Dblock t-1. The overlapping part of two
consecutive blocks t-~1 and t 1is preprocessed in the time
domain, i.e. prior to the transform, as follows, i.e. it 1is
processed between the input 10 and the output 12 of Fig. 3:

i s ans i cHo\ IS

30 The wvalues marked with the tilde are the wvalues at the
output 12 of Fig. 3, while the x values not marked with a

25

tilde in the above equation are the values at the input 10

and/or following the means 16 for selecting. The running

index k runs from 0 to N/2-1, while w represents the window
35 function.




consecutive blocks t-1 and t is preprocessed in the tine domain, i.e.
prior to the transform as follows, i.e. it is processed between the input
10 and the output 12 of Fig. 3: 25Y, (k) Il ( w(2+kO -w(2-1-K))("'x, (2
+k) (3) ( N-1-k)1-1w(2-1-k) 4 +k) <<92r L-k~J 30 The val ues mafkegadrwjgh t he
tilde are the values at the output 12 of Fig. 3, while the x val ues not
marked with a tilde in the above equation are the values at the input 10
and/ or follow ng._the s 16 .for selecting. The runnin i.ndex k runs from
0 o N 25 1ENH T MiBtes Rt PRy Htfow g5 TS ofogg oy w o tHaT o' g
0 6 From tiee ITDAGcamdiltiieen for the wi ndow function w, the follow ng
applies: 5 4+kJ +4- 1 - k] 2 1 kJZ=1 (4) For certain angles (err)k, k =0,
., N2-1, this preprocessing in the tine domain may be witten as G vens
rotation, as 10 discussed. The angle a of the G vens rotati on depends on
t he wi ndow fancty’on pas fohiows: 15 a = arctan[w(N 2-1-k) / W(N 2 + k)]
(5)- 1t Ps tw(ﬁﬁ#h}tbﬂﬁﬁﬁ I—é&y=ﬁﬁndOM/fuhétions w may be enpl oyed as |ong
as they ful fYyfl this AC condition. 20 In the foll owi ng, a cascaded coder
and decoder are described with respect to Fig. 4. The tinme-discrete
sanples x(0) to x(2N-1), which are "w ndowed" together by a wi ndow, are
first selected by the neans 16 of Fig. 3 such that the 25 sanple x(0) and
t he sanpl e BaiN-cdgrtdire. armgbagpiue fk om Ohe.., f N8t lquahtier pofertrive awisidow and
a sampl e fromife $e£aNdiondyar LRy Of el g WiiadoW s 6Py SEL egbed i nl oLy the
vector at 'the output of (e heams 16. The crossing arrows schenatically
represéft tHequsaEhg nul tiplications and

The angle o of the Givens rotation depends on the window
function w as follows:

15
o = arctan[w(N/2-1-k) / w{(N/2 + k)] (5)
It is to be noted that any window functions w may be
employed as long as they fulfill this TDAC condition.
20

In the following, a <cascaded coder and decoder are
described with respect to Fig. 4. The time-discrete samples
x(0) to x(2N-1), which are “windowed” together by a window,
are first selected by the means 16 of Fig. 3 such that the

25 sample x(0) and the sample x(N-1), i.e. a sample from the
first quarter of the window and a sample from the second
quarter of the window, are selected to form the vector at
the output of the means 16. The «c¢rossing arrows
schematically represent the 1ifting mnmultiplications and

30 subseqguent roundings of the means 18, 20 and 22, 24 and 26,
28, regpectively, to obtain the integer windowed samples at
the input of the DCT-IV blocks.

When the first vector has been processed as described
35 above, a second vector is further selected from the samples
x(N/2-1) and x(N/2), i.e. again a sample from the first

guarter of the window and a sample from the second quarter




30 subsequent roundings of the means 18, 20 and 22, 24 and 26, 28,
respectively, to obtain the integer windowed sanples at the input of the
DCT-1V bl ocks. Wen the first vector has been processed as described 35
above, a second vector is further selilgacted fromthe sanples ﬁ&ﬂ&?-&% and
Xx(N2), i.e. again a sanple fromthe first quarter of the wit A a
sanpl e fromthe second quarter - 11 - 1 7 0 CT 2006 of the w ndow, and is

agai n processed,Dy el 00LhhM . dasankbeddle by 8y ANl 09Ul crdl |
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the output 12 which are now SUBEPI ed to a DCT-IV transf rma g&strated

in Fig 4. BR9CsaS-cuilf, Sehe Sﬁéﬁlﬁﬁndmwe& cFrtﬁ %&d and
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the first quar e W ndaow are proce sed precedi n

t oget her thﬁdioﬁﬂedo n%lgm%%rl ﬁt%‘&@es sh 2‘? ?utt%%tfg%r GI\‘lltf’glar%er 01‘O the
precedi ng wiurgdviied Arralao gsiTsi Ly, tmarra@rm ag he fuaumetegudmnt érigof 4t-hdn

wi ndoved iftegen, 1Sanpheg | S SUppLi %&&@d_tl_%gmﬁﬁagréﬁsf:ﬂémstegg?%ig%ﬁdl5

with the first quarter of the next w ndow central 1nte

transf or m M igrbvirant Figy. 2% noPREbed de8 N DCAtedbe spocoral VaAINGES Ty (0)
to y(Md). s ed %ﬂgﬁhe m&@tr abu Bt &IE'S B HXOW; i AW eé@@'ﬁodé%s%lcﬂp' y

because thelr%onﬁﬁobé‘ﬁ%é% g ”éﬁ@?ﬁ?#g&a?ﬁ%ﬁ%&bﬁ” B PP SYER etk e
right half s@fmp:.hega 4f athlecdderrtits ghbnserated. thee precedeng considii.ng of

backwar d trA:;iw1 %ﬁﬁgt "irvae{ e 25 n?g/{%gg gggl&@%eéo:‘ Q}‘};er% dd he

coder. It |s an in erse use e backward
transf or m gintedBCT-9amples | 19 useppt beldi RoFRg DCZ-’ IThé remsporm &lagddhest t he

decodef 5 DClilt 34nar e o i pyarseky Hf 0683Sefext window. The central

integer DCT-IV transform 32 shown in Fig. 4 now provides N

integer spectral wvalues y(0) to y(N-1). These integer

spectral values may now, for example, be simply entropy-

coded without an interposed gquantization being necessary,

20 Dbecause the windowing and transform yield integer output
values.

In the right half of Fig. 4, a decoder is illustrated. The
decoder consisting of backward transform and “inverse

25 windowing” operates inversely to the coder. It 1is known
that an inverse DCT-IV may be used for the backward
transform of a DCT-IV, as illustrated in Fig. 4. The ocutput
values of the decoder DCT-IV 34 are now inversely processed
with the corresponding vwvalues of the preceding transform

30 and/or the following transform, as illustrated in Fig. 4,
in order to generate again time-discrete audic samples x(0)
to x{2-N1) from the integer windowed samples at the output
of the means 34 and/or the preceding and following
transform.

35
The operation on the output side takes place by an inverse
Givens rotation, i1.e. such that the blocks 26, 28 and 22,

24 and 18, 20, respectively, are traversed in the opposite




wi th the correspondi ng val ues of the preceding transform 30 and/or the
followng transform as illustrated in Fig. 4, in order to generate again
ti me-discrete audio sanples x(0) to x(2-N1) fromthe integer w ndowed
sanpl es at the output of the means- 3¢ and/or the preceding adgfphigew ng
transform 35 The operation on the output side takes place by an iInverse
G vens rotation, i.e. such that the blocks 26, 28 and 22, 24 and 18, 20

respectivel . G%rﬁotr{ avs%g%gd Wi 1t hﬁeogﬁﬁﬁléﬁhatejdz in ! AR ﬁétai’i“ﬁ“gtt i fting

This will be i ustrated In nore det respect to the seco
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second lifti trix (nean t he olowln expression  results: (x y) a
(x, y+(err)gfiﬂﬁ(gte@ﬁca(téjcnlooérhé%@m%@ 4y B roE e SRRt S e e

equati ob 6 seond niefeirsy nldt 5ix h(DMéédﬂB zd(pes thet fapplowihg tedhpreadadenx sin
a.--Here, the u&d,l ng function r nust be introduced, as illustrated in the

fol |l owi ng equéJtlon 15 (x,y) (err) ((err), y+r((err)3| n(err))) (7) This
operation is performed by the means 24. The inverse mapping (in the

decoder) i xdg¥d r(gqvagsifn@))l ows:5y20 (x',y') a (x , y -r(x sina)) (8) Due to
the mnus sign in Front of the round| ng operation, 25 it becones apparent
that the integer approximtion of the |ifting step nay be reversed w thout

i ntrodugi ngrran e41@Es xJhe appl teat ireghet hhhiss saanxf h@ﬂib@ gach-cof the
t hree I|ft| ste drlLeads to an int ger agErom R ﬁ- G vens
rotation. ded Hotat f O (G t Ae°200RF) 2RE yb 036 Fe $&d (%™ he

decoder) wda hoﬁérent rdgucrogndiner famdiyi ort ravewsitngd hénknvdnsedy owwded
lifting St%ﬁﬁdé%fé%@ﬁ%ﬁlthe fellowing equation:

15 (x,y)a (x,y+r(xsina’)) (7)
This operation is performed by the means 24.

The inverse mapping (in the decoder) is defined as follows:
20

(x’, y') o (x', y’—r(x’sina)) (8}

Due to the minus sign in front of the rounding operaticn,
25 it becomes apparent that the integer approximation of the
lifting step may be reversed without introducing an error.
The application of this approximation to each of the three
lifting steps leads to an integer approximation of the
Givens rotation. The rounded rotation (in the coder) may be
30 reversed (in the decoder) without introducing an error by
traversing the inverse rounded lifting steps in reverse
order, i.e. if in decoding the algorithm of Fig. 3 is

performed from bottom te top.

35 If the rounding function r is point symmetric, the inverse
rounded rotation is identical to the rounded rotation with

the angle -a and is expressed as follows:




order, i.e. if in decoding the algorithmof Fig. 3 is perfornmed from
bottomto top. 35 If the rounding function r is point symetric, the
inverse rounded rotation is identical to the rounded rotation with the
angle -a and is expressed as follows:133 - 17 0 C T 2006 cos‘ﬁ']q,]igpqggg%
(-sina coca, The lifting matrices for the decoder, i.e. for the inverse
G vens rotation, in this case result directly fromequation 5 (1) by

merely replfagdsag tshex xpreSS| on "sin a" by the expression "-sin a". In the
fol I owi ng, |the de%ogg sitiln of a common MDCT with overl appi ng wi ndows 40
to 46 is i INUSFat@%*again with 10 respect to Fig. 5. The windows 40 to 46

each have a 50% overlap. First, Gvens rotations are perforned per w ndow
within the

nd second. quarters,of wi ndow and/or. W n_the third
Bnd T our ¢ THarce S s Sl e, £S5 tFF1 ASEPAREY ScRendPFosrty By Sk Fows
48. Then t It veotsatred a5 orgl u&sth:.se cadee ndanddwed renttdyerf roanmplcesit iane
supplied to-,an to- £§3I - Y néand thir rters
of a vmgdovéla%ndbyheﬁ?%%r h Ize%glgfc%lp}g{ ghgft%ﬁé gf&?suggglqu%nt k\%ngﬁﬁ%
respecti velggprassiconveraied 4o a spectral representation together by neans

of a DCT-1V 20 algorithm The common G vens rotations are therefore
deconposed into |ifting. matrices which are executed sequentiall y wher ei n,

after each 11 f?li‘%gf?rﬁ%?W%nﬂul R idesBe s osumti iy SeBPOBsMPET] et ed
such that tdﬂ&xfllam;tmm RpehabwBUNDEr s car @6 riaundeduismredieat edagfaﬁrﬁt@ntkhel ng

generat gd such t |or o] ach nul.ti plicat fare . Vvec I, W th
a Ilftéﬁg e preicx géul% vec?o?”gﬁf)ygha‘ggﬁl% eé r& Sbﬁ]e oﬁt tgth
val ues thusavaan/l@s r@mam, i Atwgep, ndfertdions tafs pprédereddres sadaivso

i nteger inputnsg UeBe THIStd0884 NYecond quarters of a window and/or
within the third and fourth quarters of a window, as
illustrated schematically by arrows 48. Then the rotated

15 wvalues, i.e. the windowed integer samples, are supplied to
an N-to-N DCT such that always the second and third
quarters of a window and the fourth and first quarters of a
subsequent window, respectively, are converted to a
spectral representation together by means of a DCT-IV

20 algorithm.

The common Givens rotations are therefore decomposed into
lifting matrices which are executed sequentially, wherein,
after each 1lifting matrix multiplication, a rounding step
25 1s inserted such that the floating peoint numbers are
rounded immediately after being generated such that, prior
to each multiplication of a result wvector with a lifting

matrix, the result vector only has integers.

30 The output values thus always remain integer, wherein it is
preferred to use also integer input values. This does not
represent a limitation, because any exemplary PCM samples
as they are stored on a CD are integer numerical values
whose value range varies depending on bit width, i.e.

35 depending on whether the time-discrete digital input values
are 1l6-bit values or 24-bit wvalues. Nevertheless, the whole

process 1s invertible, as discussed above, by performing




represent a limtation, because any exenplary PCM sanples as they are
stored on a CD are integer nunerical values whose value range varies
depending on bit width, i.e. 35 depending on whether the time-discrete
digital input values are 16-bit val dds-or 24-bit values. Neverifiel ggs. the
whol e process is invertible, as discussed above, by perfornlng -14-
170CT2006 the inverse rotations in reverse order. There is thus an

integer appixi fiRfd .tk ofothe; HDCT Wi thLperdect, oL eCORBLEECt DM hiis €ana
| ossl ess transform 5 The shown transform provides integer output val ues
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The integer MDCT has most of the favorable properties of
the MDCT. It has an overlapping structure, whereby a better
frequency selectivity is obtained than with non-overlapping
block transforms. Due to the TDAC function which is already

20 taken into account in windowing prior to the transform, a
critical sampling is maintained so¢ that the total number of
spectral values representing an audio signal is equal to
the total number of input samples.

25 Compared to a normal MDCT providing floating point samples,
the described preferred integer transform shows that the
noise compared to the normal MDCT is increased only in the
spectral range in which there is little signal level, while
this noise increase does not become noticeable at

30 significant signal 1levels. But the integer processing
suggests itself for an efficient hardware implementation,
because only multiplication steps are used which may
readily be decomposed into shift/add steps which may be
hardware-implemented in a simple and quick way. Cf course,

35 a software implementation is also possible.

The integer transform provides a good spectral

representation of the audio signal and yet remains in the




suggests itself for an efficient hardware inplenentation, because only

mul tiplication steps are used which may readily be deconposed into
shift/add steps which may be hardware-inplenmented in a sinple and quick
way. O course, 35 a software inpl-ermentation is al so possibl¥? Uﬂ?ﬁéﬂ%ﬁnt eger
transform provi des a good spectral representation of the audio signal and
yet remains inthe - 15 - 170 C1 2006 area of integers. Wen it is
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significant "hits. { particular for tonal signals, entropy coding of the
integer spédtal veﬂ%s W?%ma%dh’i;b%n%bﬁlfngc@%n ther opiihsfentepaits of
the sigoal sildie fieding rgais it |d@5Mpar3.QsdiﬁW&i|tY1 dre 0 tdieaftliat sgeetrum of

transi ent sj naI e. due_ to n er, of spectra aI es equal to
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fl atness may be howev usin Inear prediction in
frequency doiis nbeAﬁbtéllﬁ@dnak?Yvélﬁ@lﬁ m@dﬂ'emq)ncw‘ftﬁl@péﬁlqsoo‘af Mi’@t her

al ternasi va dastt he gariedicctdr paiddh cl osed | oop. The first

In particular for tcnal signals, entropy coding of the
integer spectral values allows a high coding gain. For
transient parts of the signal, the coding gain is low,
20 namely due to the flat spectrum of transient signals, i.e.
due to a small number of spectral values equal to or almost
0. As described in J. Herre, J. D. Johnston: “Enhancing the
Performance of Perceptual Audic Coders by Using Temporal
Noise Shaping (TNS)” 101°* AES Convention, Los Angeles,
25 1996, preprint 4384, this flatness may be used, however, by
using a linear prediction in the frequency domain. An
alternative 1s a prediction with open loop. Another
alternative is the predictor with closed loop. The first
alternative, i.e. the predictor with open loop, is called
30 - TNS. The quantization after the prediction leads to an
adaptation of the resulting gquantization noise to the
temporal structure of the audio signal and thus prevents
pre-echoes 1in psychoaccustic audio coders. For lossless
audio coding, the second alternative, i.e. with a predictor
35 with closed loop, is more suitable, since the prediction
with closed loop allows accurate reconstruction of the
input signal. When this technique is applied to a generated

spectrum, a rounding step has to be performed after each




alternative, i.e. the predictor with open loop, is called 30 TNS. The
quanti zation after the prediction leads to an adaptation of the resulting
guanti zation noise to the tenporal structure of the audio signal and thus
prevents pre-echoes in psychoacoustiic audi o coders. For | osslE86T 08hdi o
codi ng, the second alternative, i.e. with a predictor 35 wth closed | oop,
is nore suitable, since the prediction with closed |oop allows accurate

reconstructdi ofe ke hABMCELnaEs1 MDENL N SabpCRB! QUG 3,aRRE adobo @

gener at ed G%p ctrum a rounding step has to or e a ter each 16 - 1
70CT 20 SieploteghBs pr Edu gsiiey fihe ern‘fﬁﬁf%ﬁ dEtLEor seBRY RSt FEé™Er ea

of the integafiiiBy mmglérhe tiwessegihhl espandriiensame cchieurelnd be
function, the or spectrum may accur at er be reproduced. 5 In order
to make usereé:frotdr’rg:qudundancy bet ween two channels for data reduction,
center-5ide coding may be also enployed in a |lossless nanner, if a rounded
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steps int k 14 1n there is 25 further always
possi bl e aﬁQﬁquﬁL Qﬁqﬁmggiﬂgzqs(plso performed in the standard MPEG

15 . Further rotation angles may also be considered to be
able to reduce redundancy between two channels more
flexibly.

Particularly the transform concept illustrated with respect
20 to Fig. 3 provides an integer implementation of the MDCT,
i.e. an IntMDCT, which operates losslessly with respect to
forward transform and subsequent backward transform. By the
rounding steps 20, 24, 28 and the corresponding rounding
steps in the integer DCT (block 14 in Fig. 3), there is
25 further always possible an integer processing, 1i.e.
processing with more roughly quantized wvalues than they
have been generated, for example, by floating point
multiplication with a lifting matrix (blocks 18, 22, 26 of
Fig. 3).
30
The result is that the whole IntMDCT may be performed

efficiently with respect to calculating.

The losslessness of this IntMDCT or, generally speaking,
35 the losslessness of all coding algorithms referred to as
lossless is related to the fact that the signal, when it 1is
coded to achieve a coded signal and when it is afterwards

again decoded to achieve a coded/decoded signal, “looks”




processing with nore roughly quanti zed values than they have been
generated, for exanple, by floating point multiplication with a lifting
matrix (blocks 18, 22, 26 of Fig. 3). 30 The result is that the whole
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general |y the quantization o a signal res ~1n an error being
i nt roduced G99 daqpeling The@negpt differ essentially from lossy

15 coding/decoding concepts in that, in lossless
coding/decoding concepts, the rounding error is introduced
so that it may be eliminated again, while this is not the

case in lossy coding/decoding concepts.

20 However, 1if you consider the coded signal, i.e., in the
example of transform coders, the spectrum of a block of
temporal samples, the rounding in the forward transform
and/or generally the quantization of such a signal results
in an error being introduced in the signal. Thus, a

25 rounding error is superimposed on the ideal error-free
spectrum of the signal, the error being typically, for
example 1in the <case of Fig. 3, white noise equally
including all freqﬁency compeonents of the considered
s?ectral range. This white noise superimposed on the ideal

30 spectrum thus represents the rounding error which occurs,
for example, by the rounding in the blocks 20, 24, 28
during windowing, 1i.e. the pre-processing of the signal
prior to the actual DCT in block 14. It is particularly to
be noted that, for a losslessness reguirement, the whole

35 rounding error must necessarily be coded, i.e. transmitted
to the deccder, because the decoder requires the whole
rounding error introduced in the coder to achieve a correct

lossless reconstruction.




25 rounding error is superinposed on the ideal error-free spectrumof the
signal, the error being typically, for exanple in the case of Fig. 3,
white noise equally including all frequency conponents of the considered
spectral range. This white noise supés rposed on the ideal 30 spectrumthus
represents the rounding error which occurs, for exanple, by'ﬁhgﬂﬁﬂﬂhding
in the blocks 20, 24, 28 during windowing, i.e. the pre-processing of the
signal prior to the actual DCT in block 14. It is particularly to be
noted that, for a | osslessness requirenent, the whole 35 rounding error
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| ossl ess dgg% ergkﬁei éyfed with the spectral representation or that
scaling |l ayers, etc. may be

15 Thus, there is also a requirement in lossless
codings/decodings that, on the one hand, a signal should be
losslessly reconstructable by special decoders, that,
however, a signal also should have a minimal rounding error
in its spectral representation to preserve flexibility in

20 that also non-ideal lossless decoders may be fed with the
spectral representatiocn or that scaling layers, etc. may be

generated.

As discussed above, the rounding error is expressed as
25 white noise across the entire considered spectrum. On the
other hand, particularly in high quality applications, such
as they are especially interesting for the lossless case,
i.e. in audio applications with wvery high sampling
frequencies, such as 96 kHz, the audio signal only has a
30 reasonably signal content in a certain spectral range,
which typically only reaches up to, at the most, 20 kHz.
Typically, the range in which most signal energy of the
audio signal 1s concentrated will be the range between 0
and 10 kHz, while the signal energy will considerably
35 decrease in the range above 10 kHz. However, this does not
matter to the white noise introduced by rounding. It
superimposes itself across the entire considered spectral

range of the signal energy. The result is that, in spectral




generated. As discussed above, the rounding error is expressed as 25 white
noi se across the entire considered spectrum On the other hand,
particularly in high quality applications, such as they are especially
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be elimnated int dodi'ng, it is stil significance
for allowing the |ossless decoding and/or reconstruction to be perforned

in theigirshiplacsh @ thenetifer Bardr assal tBadY unproblematic in a
lossless context in that it may be eliminated in the
decoding, it is still of considerable significance for
allowing the lossless decoding and/or reconstruction to be
performed in the first place. On the other hand, as already

20 discussed, the rounding error is responsible for the
spectral representation becoming defective, 1i.e. being
distorted as compared to an ideal spectral representation
of the unrounded signal. For special cases of application,
in which the spectral representation, 1i.e. the coded

25 signal, is actually important, i.e. when, for example,
various scaling layers are generated from the coded signal,
it is still desirable to obtain a coded representation with
a rounding error as small as possible from which, however,
no rounding error has been eliminated that is required for

30 a reconstruction.

It is the object of the present invention to provide an

artifact~reduced concept for processing input values.

35 This object is achieved by a device for processing at least
two input values in accordance with claim 1 or a method for
processing at least two input values in accordance with

claim 11 or a computer program in accordance with claim 12.




20 di scussed, the rounding error is responsible for the spectral
representati on becom ng defective, i.e. being distorted as conpared to an
i deal spectral representation of the unrounded signal. For special cases
of application, in which the spect+&0 representation, i.e. theg godgg 25
signal, is actually inportant, i.e. when, for exanple, various scaling

| ayers are generated fromthe coded signal, it is still desirable to
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15 executi on. a preferred enbodi nent of present | nvertion, the
i nventive crc?rﬁdeéT;ﬂ i sah§ed q%t#ﬂéam%gtpheara@m ngf & F Nt Wi Atid hm
rotati ops dixddaddmto lifting steps "abut" each

In a preferred embodiment of the present invention, the
inventive concept is used for reducing the rounding error
when two rotations divided into lifting steps “abut” each
20 other, i.e. when there is a situation where first a first
value is to be “rotated” together with a third value, and
when the result of this first rotation is then again to be

rotated with a second wvalue.

25 A further case of application of the inventive concept for
reducing the rounding error exists when a lifting stage of
a multi-dimensional 1lifting concept 1is ©preceded by
butterflies, such as it occurs when an N-point DCT is split
into two DCTs having half the length, i.e. with N/2 points.
30 In this case, there will be a butterfly stage before the
actual multi-dimensional 1lifting and there will be a
rotation stage after the multi-dimensional lifting. In
particular, the roundings required by the butterfly stage
may be combined with the roundings of the first 1lifting
35 stage of the multi~dimensicnal lifting concept to reduce

the rounding error.




20 other, i.e. when there is a situation where first a first value is to
be "rotated" together with a third value, and when the result of this
first rotation is then again to be rotated with a second value. 25 A
further case of application of the-d mentive concept for redrghgﬁzﬁpe
roundi ng error exists when a lifting stage of a nulti-dinens fting
concept is preceded by butterflies, such as it occurs when an N-point DCT

is split i i h e | ise. it h, [ 30 In
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MDCT wth ;i r._\W i.ng/ pre-processi.ng .and nul t.i -di nensi| . Lifting
processi ng g%ﬁfg%yﬁré%ﬂﬁ%ﬁ#n#%ﬁiﬁ%hﬁ%ﬁ? Eﬁ ﬁnﬁﬁﬁgéﬁgfane %§8§@§8n08§pared
to prior arthenindraitnifgappihtimgathe lineasiyt isor, 1 lpamrouadiag prirerthifhis
situation, Jdug:dnuenting congeale Conlogduibes: (A rsianil beag! of edughi on of
the remai ni ng, although already small, "rounding error. %hIS results in,

for exanpl El€VAaddeny r ekt howesBChy ohl §a AT SHEGEEWRon dMet ht? edpsct to

an ideab spactinuBre®éa tf,0 hfte noll neidh Iriiesentrouldli ndowWrirdeh reduced
rounding error. Particularly in the context of |ossless codi ng/decoding,
the present invention may be conbined with the spectral shaping of the
roundi ng erBaortioalemdiyn ihe tdta | toneamt niofy 15ssbessi ngpdnygddeicedipectral |y

haped Sucnydsbotbet?, (CRRSRTILED, o OB LAERUIGK - ane ckisysiona
that, as a dGwséguercehe heovdhel ngrepror vhesradn threséatli Feradgdsdi n
which the sigiRlirkas S1egnergy aeMhally shaped such that it is
“faccommodated” in the frequency range of the signal to be
coded in which the signal has a high signal energy anyway,
and that, as a consequence, the rounding error is not
present in ranges in which the signal has no energy anyway.
20 While, in prior art, a rounding error was distributed white
across the.entire spectrum of the signal in lossless coding
and particularly in lossless coding on the basis of integer
algorithms, the rounding error is superimposed on the ideal
spectrum in the form of pink noise, i.e. such that the
25 noise energy due to the rounding is present where the .
signal has its highest signal energy anyway, and that thus
the noise due to the rounding error has also little or even
absent energy where the signal to be coded has no energy
itself. Thus the worst case 1is avoided, in which the
30 rounding error which is a stochastic signal and is thus
difficult to code, is the only signal to be coded in a
frequency range and thus unnecessarily increases the bit
rate.

35 When considering an audio signal in which the energy is in
the low frequency range, the means for rounding is designed
to achieve a spectral low pass shaping of the generated

rounding error such that, at high frequencies of the coded




20 While, in prior art, a rounding error was distributed white across the
entire spectrumof the signal in lossless coding and particularly in
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The concept of the spectral shaping of the rounding error
is preferably used in lossless applications with a high
sampling rate, because, particularly in the cases where
20 spectra theoretically extend to up.to more than 40 kHz (due
to oversampling), the same situation 1is achieved in the
high £fregquency range, in which there is no signal energy
anyway, i.e. in which coding may be done wvery efficiently,
as i1n the case of a non-integer coding, in which the signal

25 energy is also zero in the high frequency range.

As a large number of zeros 1is coded very efficiently and
the rounding error, which 1is problematic to code, 1is
shifted to the range which is typically coded very finely
30 anyway, the overall data rate of the signal is thus reduced
as compared to the case in which the rounding error is
distributed as white noise across the entiré frequency
range. Furthermore, the coding performance - and hence also
the decoding performance - 1is increased, because 110
35 computing time has to be spent for the coding and decoding
of the high frequency range. The concept thus also has the
result that a faster signal processing may be achieved on
the part of the coder and/or on the part of the decoder.
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of shapi ng/geduci REnéihe tAPPEBXLARKLEOMNOEL FOF 1 diSs aRREE eHO irE\VQ_rnttlelé{leQ

i nteger transfor.ns, partlcula h the I'nt MDCT, There are two.areas of

appl i cati o} N iGhe2dnk ﬁgnECQHHt%%lﬁ%ﬁsPSﬁaProFFF?Fﬁg Rﬁ%%fwhlch
the MDOT i $ccamsd dertatally Iipl ified with respect to the required rounding
steps, and, on the other hand, the rounding operations required in integer
w ndowi ng, such as they occur in the pre-processing prior 10 to the actual
DCT. An er Por diadbaldedvrdeptoncerisets f seethéospéber abeshapilnghapfinghe

roundi ng ergor ¢hibN WG & eeﬁﬁ%ﬂﬁ'“Qnﬁrﬁﬁichstjﬁﬁ'EBﬁHdEH t herf4£0qyency
range i n which the 5|gnal ei ng processed has the hig est si gnal, energy.

For audi o sﬁ%e&{ tang sarﬁqeaﬂeémy 53R &P WHdEd s‘i%aﬁégnt”‘h O&4NI  pe
the |ow frequensied ange tiso Hikpde dhes ieym=ar dreadhack csy sheihdhas gnals,

and particularly also for video signals, this will be the
low fregquency range, so that the error feedback system has
a low-pass property. This results in fewer rounding errors
in the upper frequency range, in which there are normally
20 fewer signal components. In prior art, the rounding errors
prevail in the upper range, which must then be coded and
thus increase the number of bits reguired for coding.
Preferably, this rounding error is reduced in the higher
frequencies, which directly reduces the number of Dbits

25 required for coding.

Preferred embodiments of the present invention are
explained 1in more detalil below with respect to the

accompanying drawings, in which:

30
Fig. 1 shows a block circuit diagram of the concept for
processing a signal having a sequence of discrete
values with spectral shaping of the rounding
error;
35

Fig. 2a shows a known concept for high-pass spectral

shaping a guantization error;




a | ow pass property. This results in fewer rounding errors in the upper
frequency range, in which there are normally 20 fewer signal conponents. |
prior art, the rounding errors prevail in the upper range, vvhlft{: rtnlj% t he
be coded and thus increase the nurbe4 of bits required for cod 8 06
Preferably, this rounding error is reduced in the higher frequencies,
which directly reduces the nunber of bits 25 required for coding.
Preferred enfipdixgent t he pr t d v it r ined i

detai | bel ow Wi tzh%\r e?&giﬂts {éo C?ﬁg%%gcfggpg%&: %%S r g’v%\lna%gba:t%%mﬁ:ogﬁ@%g Fi g.
1 shows a bl ock circ&rtdifagram of the concept for processing a signal
havi ng a sequence of discrete values with spectral shaping of the rounding
error; 35 EL.Q. shq a kno concept for hjigh-pass spectral shaping a
quanti zat i oflr‘il%@r %g:r; Sho¥s. 4 V’)\'ﬂ@(ﬁ% 2686“#9.AJ%@I%%MCEOESFIE‘%F? of™

" | ow pas§ shapi ng t heemboddmegt erffaar; €heg. 2peshowd a shlapdkgdirocundtindi agr am
according to an 5 ephadinent for the spectral shaping/rounding block;

Fig. 3 shows a block circuit diagramof a preferred neans for processing
time-discrete audio sanples 10 to obtain integer values from which integer
spectral valiues 3may beodet esmmeshx Fig.r4iits éi%%?ﬁﬂiﬁtbﬁ id | psterrati-ep of

t he deconposition of an MDCT and an inverse T into Gvens 15 rotations
and two DCT- 1V oper al%€6RS; 1%y PEOFSHHY | FiBeTdi FoRctor aPALOs SPEPILSS t he
deconpd8i tion of thetMDCbbwiatih 5Q npemeent veMellsap frioft 0 whalcat | Ons cara
DCT-1V operations;

n
n

spectral wvalues may be determined;

Fig. 4 is a schematic illustration of the decomposition
of an MDCT and an Iinverse MDCT into Givens
15 rotations and two DCT-IV operations;

Fig. 5 is an illustration for illustrating the
decomposition of the MDCT with 50 percent overlap
into rotations and DCT-IV operations;

20
Fig. 6a shows a schematic block circuit diagram of a
known coder with MDCT and 50 percent overlap;
Fig. 6b shows a block circuit diagram of a known decoder

25 for decoding the values generated by Fig. 10a;

Fig. 7 is an illustration of the 1lifting in windowing
according to Fig. 3;

30 Fig. 8 is a “resorted” illustration of the 1lifting of
Fig. 7 for windowing prior to the actual
transform;

Fig. 9 shows an application of the spectral shaping for

35 windowing according to Figs. 3, 7 and 8;




20 Fig. 6a shows a schematic block circuit diagramof a known coder with
MDCT and 50 percent overlap; Fig. 6b shows a block circuit diagramof a
known decoder 25 for decoding the values generated by Fig. 10a; Fig. 7 is
an illustration of the lifting in w rkdowi ng according to Figq T8 Fig. 8
is a "resorted" illustration of the lifting of Fig. 7 for wndow ng prior
to the actual transform Fig. 9 shows an application of the spectral

shapi ng f orp; 35 W NdQWoNg aFCBIPLRY LG JHi8S o B gafd o8 25aay 1OCELQ06
Fig. 10 shows a block circuit diagranms of a device for converting according
to a preferred enmbodCRENEXSLN%t RECHFELER tionfeREicdR L IS IFiegrodinghbns fa
device for inverse caem¢ehiredgniCeakentgonto a preferred enbodi ment of the
present invention; Fig. 12 is an illustration of the transformation of two
10 subsequent bl ocks of values, as it is useable for the present

i nventi bn; Hig. 113 | shawdetai ledicel dsbrr atnorosd aonuett dhgeasicording
lifting step with a r d tr f | X s ig...14 js. an_ill ration
of mul tidi nensi onal %&V:?%Q %F%?%F%%%ipg%ﬁ%f?ﬂﬁgﬁgacﬁﬁ%rdéﬁ?angfgﬁﬁikatrix;
Fig. 15 is an illustAafegiw1eh:t he present invention for 20 the
deconposition of a DCT-1V of the length N into two DCT-1Vs of the |ength
N 2; Fig. 16 shaq an application of the inventive concept . wthin the
transform\ﬁ%QTr#?ti&ﬁ i HhaPSto8LieRt Phg tofe Frgpnaergiyion 7o0f s tae
illTustiation of two suecessievie billickagofstvepsielsr alsha ti nwenlsiew® ko Ng

error reduction; the present invention;

Fig. 13 is a detailed illustration of a multidimensional
lifting step with a forward transform matrix;
15 _
Fig. 14 is an illustration of multidimensional inverse

lifting step with a backward transform matrix;

Fig. 15 is an 1illustration of the present invention for
20 the decomposition of a DCT-IV of the length N
into two DCT-IVs of the length N/2;

Fig. 16 shows an application of the inventive concept
within the transform with multidimensicnal
25 lifting of Fig. 10:

Fig. 17 is an illustration of two successive 1lifting

steps for the inventive rounding error reduction;

30 Fig. 18 is an 1illustration of the inventive concept for
reducing the rounding error in two successive

lifting steps of Fig. 17; and

Fig. 19 shows a preferred combination of the concept of
35 Fig. 18 with the concept of Fig. 16.

Fig. 1 shows a device for processing a signal having a

sequence of discrete values which is input to means 202 for




30 Fig. 18 is an illustration of the inventive concept for reducing the
rounding error in tw successive lifting steps of Fig. 17; and Fig. 19
shows a preferred conmbi nation of the concept of 35 Fig. 18 with the
concept of Fig. 16. Fig. 1 shows a-dé&d ce for processing a si §iAdlCTH866i ng a
sequence of discrete values which is input to neans 202 for - 26 -
170CT2006 nmani pul ating via a signal input 200. The signal is typically

formed to have fAnfduisly fraguency apge i niybich 2bhe STHQGU shaﬁa@ hijgh
energy and to have a second frequenty ran e in which the signhal has_ a
conpar at i véI¥PiGh enerifned te bﬁ‘éef @rsﬁl gtgnfalreqlgew kR G siL@néZPleﬂt will

have the hilgh s@nrergy Har tahellfgihr St g0 WeRC Yt of aﬂa@@ al sécond theghewcy

f d wi the | t high .f :
11 Thowever eite B gHbtoh s CBXLraEoa S 2 remar T E LTSt nAoe EHE g
energy bn ﬂhb ﬁkﬂvfange sagdalO iw |4n havéivheibowlenertgywill t havai gher ange.
l-n-cont raSt equer@dir? éh@”%'l s‘ch%rfquﬁ%%ﬁcyrarn ed ’E t hfnvtﬂsolﬁhgna'

is a Spatl a range, ess Successi ve Vi frames are
consi der ed ﬁr@qmn@ﬁ’ tﬂ%’r%efal%@fjevli%ﬂshévﬁerﬁb@r ajow f@@mcyn the &tahpl e

rel ated to @ sRl8CheddnRae 1@, e@l,owerarerﬁ tHECGaSSlave il amR3 dethe igpans 202
for mani pul.ating %s?ﬁenerall fornmed mani pul at e_t he sequence "of

discrete valtuedts ar éﬁ“ﬁéqﬁ@ﬁcélSP R G at®d PR8I U | §2138%ai ABE i n

whi ch 2@ 2®rﬂlea31ame:rrmn1cp,m@rt@ﬂgyaimethé noghi nheger . Ithicensegyenee of
non-i nt eger. to means 204 for oundi. the sequence

fe
of nanlpuléied va ue %% ta?%ea%regaﬁgﬁgérgpq' rani- Pafé§n9 | ues.
The means 264 ﬁorSpabmﬁ&|ngresuéocmedra@g@ffecnlessnxaunaﬁsssWapiNgd@b a 25

roundi ng erfrr%&ne%era%reatc%qls%etﬂa% I %uraml% sc%etx%ataas'on e&fi%tsf Iar %temgae%gqency

range, i.e. in the frequency range wher e he original signal has a high
energy, a SFERENAYy dedpésanden (ﬁ%ﬁ?§9QWﬁP & $61esded AMgicerérgy, 1&nd

that, 18 thfccessive frames.

The means 202 for manipulating is generally formed to
manipulate the sequence of discrete wvalues so that a
seguence of manipulated values is obtained in which at
20 least one manipulated wvalue is not integer. This sequence
of non-integer discrete values 1is fed to means 204 for
rounding the sequence of manipulated wvalues to obtain a
sequence of rounded manipulated wvalues. The means 204 for
rounding is formed to effect a spectral shaping of a
25 rounding error generated by the rounding sco that, in the
first frequency range, i.e. in the frequency range where
the original signal has a high energy, a spectrally shaped
rounding error also has a high energy, and that, in the
second frequency range, i.e. in the frequency range where
30 the original signal has a low energy, the spectrally shaped
rounding error also has a low or no energy. Generally, the
energy of the spectrally shaped rounding error in the first
frequency range is thus higher than the energy of the
spectrally shaped rounding error in the second frequency
35 range. However, the spectral shaping preferably does not
change anything in the overall energy of the rounding
error.




second frequency range, i.e. in the frequency range where 30 the original
signal has a | ow energy, the spectrally shaped rounding error also has a

| ow or no energy. Cenerally, the energy of the spectrally shage% qumding
error in the first frequency range-i&7thus higher than the en & t he
spectrally shaped rounding error in the second frequency 35 range. However,
the spectral shaping preferably does not change anything in the overal

energy of the frounding +LrQkyidd ¥of %&&%@Qn r&bﬂovr d da%\s]nf?g for

generating the error-contai ning seque manl pul at e S is
coupled to %&%%ﬂcezoeffB@u%%ﬁ@em@nh@uﬂ-étadsrséétlﬁal lﬁeﬁpe@éﬁeatn%m%%er

directly or2o4 a flost B@hv%@hﬁ@' aﬁé Ory OfspleRutRENgr Sp £O8HH At i OMS.c {HHes; the
error-containin sequence of, nded mani g\ul at eggval ues may be fe

directly i Mtor3hety nedts 208&% or BEhIECt i nJ2ELPE 8 hECEr alCT ep A9 on to
achi eveba digorgginsipents um Ohuthe etheor - ebnbai-@d)mgaslem@nceeqoénbeundﬁd

TNt pul at ec SRS nERUBNSL, L0 Ay SIDOHLIP. Hthe JEANS, TOhio cno

nanlpulatlnglsall ste i ng matrix, means for
roundi ng i stdarhedCbo fqrbum@nvqenetm ﬁ:nt @gespee‘smlsrepreSIemfctautmgnsttep In

this caseadiie feaisaPPdet SshOLLOURT Y ahd Wihel-JmANS fioly JBRIHUAL I g

perform ng the second fting step, which, 1n 15 turn, |sf(%IOV\/e by neans
for roundi Mf WAPEASC,] H‘aP&PH ated rRluRRd BYVAVERI r 4N me&nSHkpdiment,

mani pullat i nghe MpleamRNt Eog tmlﬁﬁna@lﬂgftﬂwgastmtmr en—.ept h@ndrdaerea | S
another rralp ul ation,so_that t three |lifting steps _are, COF%

Thus, ertorzdht BFHEAG’ s acﬂfg B oSG hdba” 26 RPN at2d V& er| ved
fromt he orfagimdl ther oon-dotegiem nesebuencé ef Yilimded shappullat em:wsal ues
at the outpid, of  HRaNg. 204 2%49?@%‘0%%#&/6' 0%9'3 tARR Hd Palb¥n sCoyert ed

to a spectral r'epresentation, preferably also an integer transform as
it is illudtantrylaying ORRT DOBIING the é@?ﬁaﬁi dilghandofsteRe spdchralin

represest att o atid hellowed by means for rounding, which, in turn, is
followed by a third means for manipulating implementing the
third 1ifting step, wherein then there is another
manipulation so that all three 1lifting steps are
accomplished. Thus, an error-containing sequence of rounded

20 manipulated values derived from the original error-
containing sequence of rounded manipulated wvalues at the
output of means 204 1s generated, which is then finally
converted to a spectral representation, preferably alsc by

an integer transform, as it is illustrated by block 206.

25 The output signal of the spectral representation at the
output of block 206 has now a spectrum which, in contrast

to prior art, does no longer have a white distributed
rounding error, but a rounding error shaped spectrally,
i.e. so that there is also a high rounding error energy

30 where the actual “useful spectrum” has a high signal
enerqgy, while even in the best case there is no rounding
error energy in the frequency ranges in which there is no

signal energy.

35 This spectrum is then supplied to means 208 for entropy-
coding of the spectral representation. The means for
entropy-coding can comprise any coding method, such as a

Huffman coding, an arithmetic coding, etc. Especially for




out put of bl ock 206 has now a spectrumwhich, in contrast to prior art,
does no longer have a white distributed rounding error, but a roundin
error shaped spectrally, 1i.e. so that there is also a hlgh rouﬂdﬂa% Eﬂﬁor
energy 30 where the actual "useful spgt+unt has a high signal energy,
while even in the best case there is no rounding error energy in the
frequency ranges in which there is no signal energy. 35 This spectrumis

t hen SUpleﬁﬂiﬁﬂ%q¥af§r 8n£ﬂ%efngfogéec% gi”@lﬂgstmﬁléﬂeQE%aEero and

representati on he nmeans for entro ﬁg can conprise any codi ng
t

met hod, sucdPEEeH CTHRF FHAnCERET ngd aﬁnallne@ﬁ cedéadi ng, adee. FEpedls |y
for 1 7 O Ghig060f 280ue8d| N@Gadnbar g NwdEreof i 8pgetbal akitnepadael are

zero and order_on eac ot h a run length cadin al so, suitable

Whi ch, o IS AN G- Bb SETE 4 (OO B R €O Pt SR ual |y
deternlﬁlstﬁmequqnmy nmmgebewhmdhd howswelr ,5 Haequenhyt e asges twhinC land
nowever, nasmf Wi SRRl LUT ANt cLAUSh o CSRECT ALty HEARVOLADIS gLy anY

ki nd of co tool s eécaus Vi dual ™ spec ues ar
conpl etely m@m el Beeduse eathe ot kﬂ'erdlﬂloil&ilbseqn@mtml a prbfies r edlrfe

enbodi ment Qfnde: SBANS, AWM d 100t ed WU, Wi spectral shaping is

di scussed with respect to Figs. 2a, 2b, 2c. Fig. 2a shows a known error
f eedback system for the 15 spectral shaping of a quantization error, as it
is desgori lmﬂaddqddlﬁ:l%p,eciaabkéteb@@& "eRogidtigled t /&mimégm@hﬂgr QIOIZJEiﬂding",

U. Zoel zer,_Teubner - V | a Stuttqgart, 1997 An in ue x(i
suppl i ed t FAR i HHIH rf%%ﬁ’c it plit LS 6# srtﬁ*ﬁ(ﬂe% 5%6’ is 20
suppl i ed t dimsguate,i 2y, 2k2 prOV|d|ng a quantized output value y(i) at an

out put of the spectral shaping device. At a second sunmer 214, the

di fference between the value after the quantizer 212 and the value bef ore
t he quant|£%ﬁ;21§q5;shows a known error feedback system for the

15 spectral shaping of a quantization error, as it is
described in the specialist book “Digitale
Audiosignalverarbeitung”, U. Zoelzer, Teubner-Verlagq,
Stuttgart, 199%7. An input value x{(i} is supplied to an
input summer 210. The output signal of the summer 210 is

20  supplied to a quantizer 212 providing a quantized output
value y{(i) at an output of the spectral shaping device. At
a second summer 214, the difference between the value after
the gquantizer 212 and the value before the quantizer 212 is
determined, i.e. the rounding error e{i). The output signal

25 of the second summer 214 is fed to a delay means 216. The
error e{i) delayed by one time unit is then subtracted from
the input value by means of the adder 210. This results in
a high-pass evaluation of the original error signal e(n).

320 If z' (-2 + z') is used instead of the delay means zt
designated 216 in Fig. 2a, the result is a second order
high-pass evaluation. In certain embodiments, such spectral
shapings of the quantization error are used to “mask out”
the quantization error from the perceptible range, i.e. for

35 example from the low-pass range of the signal x{n), so that

the quantization error is not perceived.




determned, i.e. the rounding error e(i). The output signal 25 of the
second sumer 214 is fed to a delay neans 216. The error e(i) delayed by
one time unit is then subtracted from the input value by neans of the
adder 210. This results in a high-pa$s-eval uati on of the oriBQy G&l 2686 or
signal e(n). 30 If z-1 (-2 + z-1) is used instead of the delay neans z-1
designated 216 in Fig. 2a, the result is a second order high-pass

eval uali onad nsgeph an, ephodi BENLS,  sHEN,SRECIAwANAM N85 Ok rReme

quanti zation error are use mask out the quantization error romthe
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roundi ng uEXampusdi ng réewalingoundbng byoundime at |dfgm,r ourivg iy r obydi ng
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In the 10 error fe . between der 214 and the Tadder

210, there 9% Howtaef d??*?’erbfléed%%k %?%’ékbﬁio W‘? h- dittsdsi-sel? e§pénse
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e z-transf out put seguenc S I ot i nput
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the foll ow uation applies: = roun e above
equat i on, orug‘ng: SEEIEfs theé ro n(cﬁ ng is related to the input
15 seqgquence X{(z) via the equation illustrated in Fig. 2b.
e(n) = x' (n) - y(n)

In the above equation, x(n) is the input signal to the
20 adder 210, and y(n) is the output signal from the rounding
block 218.

Furthermore, the following equation applies:
25 y{n) = round (x’ (n))

In the above equation, ,round“ represents the rounding

function implemented by the block 218. Furthermore, the

folliowing equation applies, in which ,*“ represents the
30 conveolution operation:

%' (n) = x(n) - h(n) * e(n - 1)

In the Z-range, there 1s the following result:
35
¥Y{z} = X' (z) + E(z)
X' (z) = X(z) - E(z)z 'H(z)
Y(z) = X(z}) + (1 - z' H(z))E(=z)




function inplenmented by the block 218. Furthernore, the follow ng equation
applies, in which represents the 30 convolution operation: x' (n) = x (n)
-h(n) *e(n- 1) In the Z-range, there is the follomjng result: 35

Y(z) =X (z) + E(z) X (z) = X(z) - #2)z-1H(z) Y(z) = X(z) 1% ok mpz-1
H(z))E(z) 30 - 1 70012006 Since E(z) is the rounding error, It is
spectrally shaped by the filter (1 - z-1 H(z)). According to the
invention, now a |ow pass-like transfer function is used. The sinplest 5
| ow pass- Ilke transfer function can be obtained when setting, for exanple,
H(z) = -1. 9imashiB(z) nps etbrampbadingheaaundi Wy &sr epectrehéypséebeds

roundi ng opgy athonsisrethyy si rr@“yHathi@d geddieiiv Ue, t pnbe shouRdgaabef or e
the next rounding operation is ap Thus, a sinple | ow pass

filtering &% e YBURASTS %h%rtr%ﬁ% |fé1r\Fér13Pneflﬁ sisert Ther Stlﬁ@lﬁnsésent
inventiBn dng i @atéwﬁlpgreef elfetfdrs fagkiteved. odm | Ml emitahiedn when

il lustrated in.Fig. 2c. ticylar 15.th ns 202 f n | ati ng
an originaﬁﬁgédﬁgﬁce%%¥ @Fﬁﬁgg g{gﬂrete éalﬁﬁk ?@ ?IF&@P?gtg aw%ﬁ

provi des tmﬁeseqwm@imgobrmomwdﬁegbe girscriete vabwresider operatyionYis
err)(err t I4d [ tgrast .t a o al ue
fs né(lonéé?ﬂ¥%u%§mgy$p%59%ge hgg%lfghg%$ %é bef%fﬂggﬂgaaBéFOPé Qh%
respect to ek welingy, opEZation d.s rprliag -t Wm@sp@ctswlﬁl delisPeGSs, 110,

142 in1fig. flJlQ:e(Hlnl;26®f 132, r]o'iﬁldﬂld:' eréﬂt lw'PﬁQ:%adls t@@rﬁo%'f'f'ltcﬁgz‘?ﬂ‘t
di screte Iue of the sequence are filtered

.yl .
dependi ng “t BT SRTh 1OW nchz%néi{:t e‘ﬁ stHhS n RRd 5% SPaedick
branch by Ehmiéuﬁdwwk" shown in Fig. 2c, so that the result is the
descri bed spectral shaping. Like elenents in Fig. 2c and Fig. 2b are

illustrated with the sane
An implementation is illustrated in Fig. 2c. In particular,

15 the means 202 for manipulating an original sequence of
integer discrete wvalues is illustrated which provides the
sequence of non-integer discrete values vyo, Vi, Y2r .. Vi OD
the output side. Now, in contrast to prior art, each wvalue
is no longer rounded for itself, as illustrated, for

20 example, with respect to blocks 20, 24, 28 in Fig. 3 or
with respect to blocks 104, 110, 142 in Fig. 10 or 126,
132, 150 in Fig. 11. Instead, the non-integer discrete
values of the sequence vy, Vi, V2, VY3, - are filtered
depending on each other with low-pass characteristic in the

25 feedback branch by the “network” shown in Fig. 2c¢, so that
the result is the described spectral shaping. Like elements
in Fig. 2c and Fig. 2b are 1illustrated with the same

reference numerals.

30 Furthermore, Fig. 2¢ shows a parallel implementation, i.e.
an implementation in which the wvalues to be rounded are
provided in parallel. Of course, this illustration is only
schematic. The values v, Vi, VY2, .. may be provided
sequentially to then obtain sequential output values,

35 wherein, in this case, a single implementation of the
structure of the elements 210, 214, 216, 218, 220 1is
sufficient. The repeating structures of the elements 214,
218, 210, 220 are illustrated only for the sake of clarity.




reference numerals. 30 Furthermore, Fig. 2c shows a parall el

inpl enmentation, i.e. an inplenentation in which the val ues to be rounded
are provided in parallel. O course, this illustration is o 15@6hamat|c
The val ues yo, yl, y2, ... may be praovdi ded sequentially to tﬂew:

sequential output values, 35 wherein, in this case, a single inplenentation
of the structure of the elenents 210, 214, 216, 218, 220 is sufficient.
The repeating structures of the elenents 214, 218, 210, 220 are
illustrated only for the sake of clarity. 31 - 170CT2006 The neans 204 for.
roundi ng sHdVth MR g20%cfpRugsoupeiageshopm fin stigal ¢al *abESt peeratRged

val ue [yo] .tolhemddte J0uding erdHy idfidded S walud at Thean thee
roundi ng erro%fhlo i s wei ghted fllteLred) by bl ock 22 W|t the transfer

functi on HEARHh §EEPT efer 4Bl FalEu1348% s /i e t RRURAYREr S3E8T This
filtered rayndisngwetdgloteds (Fddedred) th@ Bextkvaboe wifti hehsequenceey ,

wher eupon t 85! Itvg% uethy(fﬁdd pr§u |s rounﬂ;d étrhnd bl OCEe§1§nE8 %pl%al n

t he rounde nex err que’nt oundi ng érror
agai n det exddared2by. tﬁéll@ddéxlﬁe_ﬂedl reundsngg Shipicaig ouad@dideai ueo [C)lnle] and

the origingle 'x}éﬁLd’é ’of"h@ﬁ@' Qe&ﬂéﬁc@% Nl - £ QY BﬂeeEéQ{lltt olfS tﬁ%a' n

filtered in bI ock 220 to perform sameogrocedure next val ue y2

of the seqite 218 Af tHIWGRA f—nl th10§1<t be het ecaattawax Flh% diovgeedon i s
irrel evant .nekid wamﬁ@smhat Sdbéeﬁq@irﬁ@lﬁosﬁéﬂﬂo@@dﬂﬂi ceedorf ieamayiaiw t h

I di |1 . te di t
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error []_5

At this point it is to be noted that the direction is
irrelevant. This means that it is also possible to proceed
from y; with larger indices to y; with smaller indices,
i.e. 1in the opposite direction with respect to that
20 symbolized particularly by the arrows in Fig. 2c extending
from bleck 220 to the adder 210. The order, i.e. whether
the procedure proceeds from low to high sequence indices or

from high to low sequence indices, is thus not important.

25 Particularly in the application case of the integer MDCT
(IntMDCT), the spectral shaping of the rounding error is
preferably used with especial efficiency at places meeting
the following conditions:

30 - A rounding error is added at several adjacent values

independent of each other.

- The adjacent values are (in the broadest sense) time
signals which are later converted to a spectral
35 representation by a transform, i.e. which are

transferred to the frequency domain.




preferably used with especial efficiency at places neeting the follow ng
conditions: 30 - Arounding error is added at several adjacent val ues

i ndependent of each other. The adjacent values are (in the broa&eﬁ] sense)
time signals which are later convert3ad-to a spectral 35 re bt i on by
atransform i.e. which are transferred to the frequency dorrarn - 32 - 17
OCT 2006 In the followng, there is a nore detail ed explanation in which

parts of thg 'ﬂH@QPéan%hetﬁQ gtral asggcﬁ%é‘gd&i.aff'@d éggrghge gﬁr% i's

preferably used. 5 The t t pre erred e ment consi st W ndowi ng
prior to tHRE &t RAItEr efsfdemintegen #DGThéheosRachgals pBartngdofnthrg. 3

by the bl ogksindQng24rrds. 1Eh§,r|elffetrialﬂ>gy QRemat i on as experienced by each
i ndi vi dual original sanple xi, ..., x(err) and outlined based on Fig. 3
may al so be 10 illustrated by the di agram shown in Fig. 7. Here, the
_appl i cabi ortheof f1het t bre€elrirktli mgnhsmhrrile)ets coneisthe imr erskp@cmimelowing

mul tiplica y f or S idlustrated npl
that the r?r(l}]%rbr g'%t hgﬁ%e ﬁéﬁ%%f ?{TQ %Ohﬁto o to#re" ftr%o%m g%l}%ig?o t op”
and "from ts@gaidiets Jbthmn 3V\byhth@srb7e1®tcl*150 2the Zrbt aZBonTha EiLgGLing it is

to be notedpdhationien B AAWSIESS e%d?lorl'n%ﬁ%tlﬁlhall: 6%’1g?ﬁa§dgbhb98 i's

per f or med there Such an addition is shown exanpl e In Fig.
7. Wen Fi §l74 s cOnpdred cytrigedy, b?ﬁ@‘ion‘P? W9 f erend@@y s 3458 ®€0) in
Fig. 4100:1 rlesmmtde( tle@l Xp@r rghdf dila@ram/. shewhmls]rea@ecw X (g, | AhE gd 7
corresponds _tQ .X 4. However. 2-1 . Fig. 4 corr onds
to xN 2 of pIP(1 = rtr%Frr%rh KON |lr1rfé(l§‘g 4“?859:?5 §Fonds "fo XN'Z+1 25
of Fig. 7, r@@ptermlvwhemueSupiLlaa‘elohe ot terfacesr sHown an sdmle,2 by which
al ways one 1‘1%'11‘«5?:1%&:%39 the fii r_%tlsguar dererafe @M Ad ‘i’t' q_swecr %h% %p\%%@ one

val ue from_the second quarter the wi ndow accor ting
st eps, whi 'drom top to bottom”, “from bottom to top” and “from top to

15 bottom”.

With respect to the notation in Fig. 7, it is to be noted
that, when an arrow meets a horizontal line, an addition is
performed there. Such an addition is shown, for example, at
20 27 in Fig. 7. When Fig. 4 is compared to Fig. 7, the only
difference is that x(0) in Fig. 4 corresponds to x; of Fig.
7. In this respect, xy in Fig. 7 corresponds to x(N-1) in
Fig. 4. However, x(N/2-1) of Fig. 4 corresponds to Xy of
Fig. 7. Furthermore, x(N/2) in Fig. 4 corresponds to ==y
25 of Fig. 7, so that the result are the butterflies shown in
Fig. 2 by which always one value from the first quarter of
a window is weighted with one value from the second quarter
of the window according to the 1lifting steps, while
analogously also a value of the third gquarter of the window
30 is processed with a wvalue of the fourth quarter of the

window by the “down-up-down system”, as illustrated in Fig.
7.

There 1s a corresponding procedure for the pair of wvalues
35  =xy2 and ZXnyze1. There is again a down-up-down sequence,
wherein a down step 2%9a 1s followed by an up step 29b,

which, in turn, is followed by a down step 29c.




anal ogously al so a value of the third quarter of the window 30 is processed
with a value of the fourth quarter of the w ndow by the "down-up-down
systent, as illustrated in Fig. 7. There is a correspondi ng procedure for
the pair of values 35 xN 2 and xN-28B Fhere is again a down- up7@am(is
sequence, wherein a down step 29a is followed by an up step 29b, which,
inturn, is followed by a down step 29¢c. 33 - 1 7 OCT 2006 Fig. 7 thus
shows the i g o] by, f hi l:cul gt} o | s
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“all downward steps 2 ;oat t he r%ﬁﬁ a downwar d ock Sig
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Fig. 8 Bormﬂﬁpamd&ﬂdad%qps'729ﬁmnmay haopbeforhedstoationl i perifsrnore
sui-table fq g e pres i nt Fi t he
concept in |é%‘¥ﬂ§aroun g%g F?g 55 ogﬁ%% 3%?h%§%§%ﬁ #% %a%§w8%g$ﬁz
lifting caldgicdt ivha, c@m@pwasﬁomom Rilgp. aglctoaq@srpoadgiowawgrg bilogck t hat
the 15 inpuf valyes; X1y, XBléznb%QEie%%%tt tﬂeg org %@@ieéﬁ&?&ém@oof?lczﬂ nteger

di screte values _at the 1nput 200. The evalwuation bl ocks cs]
in the dowP4s oéR FMLERRYet Héllufs&rﬁ]tltoﬁe WebfR 202 FEFeneiHAtS n§oTThe

bl ock desi gmateadt andimoitseShapisae tr apreseibs .t he means 204 for roundi ng of
20 Fig. 1. The error-contai ning sequence of rounded nanipul ated val ues now
results at the output of this block 204. In the enbodi nent shown in Fig.

9, the sequdmce Bf rayw osho25 com aicm:im@prtouhdedvmmﬁ pthet ecowadires iis added
to a furth C N i N e n i er

di screte v eﬁggﬁﬂ§§?c l%ﬁv F%é%%aﬁs %g% ? g%’(byifﬁﬂH&b%%%%hla%H%%

the up bl oSlerSEBE t%’lct%nl%gﬁiﬁ aehlcwere@ponds to 'Fig. 1 in that the

15 1input values X;, Xgs2 represent the original sequence of

csk

integer discrete values at the input 200. The evaluation
blocks c¢s3, ¢sz, .., ¢Sy in the down block 31la together form
the means 202 for manipulating. The block designated
[.]/NoiseShaping represents the means 204 for rounding of
20 Fig. 1. The error-containing sequence of rounded

manipulated values now results at the output of this block
204.

In the embodiment shown in Fig. 9, the sequence of error-

25 containing rounded manipulated values is added to a further
seguence Xys+1 L0 Xy to obtain a new sequence of integer
discrete wvalues, which, in turn, is manipulated (by the
blocks s3, sy in the up block 31b) to then again achieve a
rounding in the up block 31b by the element 204b. Then

30 there is again provided a value-wise adder 205b, as in the
down block 3la, i.e. as in the case of the adder 205a, to
ocbtain the new sequence which, in turn, i1is fed to a
manipulator 202c¢, wherein the output signal of the
manipulator 202c is non-integer and is rounded in a further

35 rounder 2Z204c to be added, in turn, by a further adder 205c,
i.e. to the sequence fed to the manipulator 202b.




rounding in the up block 31b by the el enent 204b. Then 30 there is again
provi ded a val ue-w se adder 205b, as in the down block 31la, i.e. as in the
case of the adder 205a, to obtain the new sequence which, in turn, is fed
to a nmanipulator 202c, wherein the &dtput signal of the niﬁﬁ EE@@ 202c
is non-integer and is rounded in a further 35 rounder 204c to d, in
turn, by a further adder 205c, i.e. to the sequence fed to the nanlpulator

202b. 34 - 7 7‘ch‘%lC'En@a@;@j‘ime'n% tsfPl%w%mi‘ﬂd'EfI%“t 95h‘E‘P{'% 'r'%sﬁ'lg o th@eoﬁ%éukt on

the output sjde is a_block of w ndowed “sanpl es_whi ch, accord g to the
g

syst emat i ¢ e ébkﬂﬁﬁﬂspﬁéN@@dHWﬂ@ segpdet rHifFhy. aﬁcoréﬁégf tbe
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repr eseht aahﬁﬁ‘qaldem &tlicark so fo ricve. dee @n & r206 fofrmFitg. cbnveAmalaogems“by,— t he
Dl ks hor REHALIRG LBRLLALET o | ARG I OnDXrT Vel coelc analpogus

nmeans for convertl n oral representa sequen
appl i cat i orFPEIC R rﬁﬁm%ﬁe{@?ﬁsﬁml The f PLlgIVs bdioskgssied Bia h ée§b@ét to

the Figs. XQg@skaitt Oan 1%@&%&@&%&%@@96%%ng%}?snt@ésowofﬁ@e Aeans
for converting to the spec representation 206 of Fi.g. 10a ,and/or an

anal ogous i @qu&ﬁ'eﬁﬁﬁxﬁ%Qﬁk%ﬁf?%ep?ﬁg%F%éngcBﬁ@eF§V8ﬁSFf6Pt§ger
decodel). TuTr-dancepiprefsenite amallidgdivEensicamal Ifickt | R@niverpiasented ian t he

Ger man pat li¢c t|on haV|ng the official reference nunber
10331803. S%Q%m%ga%oge§ﬁ% &efmCe for converting discrete values to a

transforned representation mnth i nt eger values. The 25 discrete values are

fed to the s%vgegﬁewtqya Figd 10005 100a,and,yi atﬁese%ﬁ%fdaméhs&%%l

first bl ock of creté values is supplied via the i nput le a

second bl odk EHPqilst i uAR S stppre el Q@aﬁ?ﬁeFiﬂﬁutlﬁoéﬁ 1?hé°

15 opresent an integer implementation of the means for
converting to the spectral representation 206 of Fig. 10a
and/or an analogous integer implementation of the inverse
conversion (for a decoder). The concept of the
multidimensional lifting is presented in the German patent

20 application having the official reference number
10331803.8.

Fig. 10a shows a device for converting discrete values to a
transformed representation with integer wvalues. The
25 discrete values are fed to the device via a first input
100a and via a second input 100b. A first block of discrete
values is supplied wvia the input 100a, while a second block
of discrete values 1is supplied wvia the input 100b. The
discrete values represent audio data or image data and/or
30 video data. As discussed below, the first block of discrete
values and the second block of discrete values may actually
include two temporally successive blocks of audio samples.
The first and the second block of discrete values may also
include two Iimages represented by discrete wvalues and/or
35 residual values after a prediction or difference values in
a difference coding, etc. Alternatively, however, the two
blocks of discrete wvalues may have been subjected to pre-

processing, such as in the integer implementation. of the




di screte val ues represent audio data or imge data and/or 30 video data. As
di scussed below, the first block of discrete values and the second bl ock
of discrete values may actually include two tenporally successive bl ocks
of audio sanples. The first and the3fecond bl ock of discret e lvallicdlinmy

al so include two i mages represented by discrete val ues and/ or 35 residual
val ues after a prediction or difference values in a difference coding,

etc. Alternpadiel yyhaweygr, Hﬂ@swoblﬁéfeckén&f &iécrs%cgn@' %ﬁ%cﬁrcﬁyo%ave

been subjected to pre-_processing, such as in the inte I mpl ementati on
of the 35 - HEAFEET Ydbees MbEVe wWREPB tIRNFIFRd bPEC G BRI E h&Os8E6RAShI ock

of OIdi Sgl’etﬂdlira| a@sﬁ&mf@e b?ﬁﬂogé?ﬁl’sﬁn@ﬂe@é qt;w@nﬁi&?tgtdrms%hér@lmz@ﬁaual ly
wi ndowed s S. . first an e Seco ock of discrete val yes_may
thus Do de Rl 1o T rea s iR B b 8uBr bF nige - deiia by e GhaoinaL
processbng,awlich dstar odat i omsge petahst abiyonsompl ust ot drssinyt t enfdh ess

scal i ngs, s Stid |, WES n h d i sgret al ues
obtain audfgk%ﬁ%gkﬁéﬂEﬁ#ﬁ%ﬁﬁ%ﬁgq%%g%i?ﬁ{%fﬁ% i%ﬁ%gggF?égggh%F%%§Hg¥é not
directly agdico sahpléd dheadi Sereti zzgl tbei nereondil bésckThet f discriplteck of

di screte valdueed Soff€sid 0a1828S 1H¥D hldfc 1 ?&?&mﬁgiweef g il egknof

di screte values using a first transformrule via the input 100a to obtain
a first bl GRMREF e s med Faneed Lt i ioussarler Ofe degrsticed as

shown 16 FiighagkOarallhkiss first bl ock of transforned values wll typically
not be integer, but will include floating point values, as they are
typically obtained by sonme transformrule, such as a Fourier transform a
Lapl ace 20 TheansifrrtimblackFRIEL &l Dfleta DSTpeanidDCFI an NMBSHsoil 08oMer ot her
transforan&Q%g el r f ER Y basi f i, 0NS .c: first
bl ock of transfé%%é 3%%h§§%ﬁ? ?QST%%QMﬁ%EEE 104 ?%ﬁ%fgu#%ﬁkgoghglggﬁst

bl ock of t rHMFGHWEY I uek? t bhebiaPita HlesttpleRkabrt fofiAded ©Lases or med

25 val ups of theawsfprhesdi dalubhe deaps WAFR $PUREENGdahs 102, as
shown in Fig. 10a. This first block of transformed values
will typically not be integer, but will include £floating
point wvalues, as they are typically obtained by some
transform rule, such as a Fourier transform, a Laplace

20 transform, an FFT, a DCT, a DST, an MDCT, an MDST or some
other transform, such as a wavelet transform with any basis
functions. The first block of transformed values is fed to
means 104 for rounding the first block of transformed
values to obtain a first block of rounded transformed

25 values on the output side. The means 104 for rounding is
formed to perform some rounding function, such as rounding
by truncating or rounding up and/or rounding down to be
performed depending on the floating point value, etc.

30 The rounding rule implemented by the means 104 is thus
responsible for the first block of rounded transformed
values again comprising only integer wvalues whose accuracy
is determined by the rounding rule used by the means 104.
The first block of rounded transformed values, just as the

35 second block of discrete values applied to the second input
100b, is supplied to means 106 for summing to obtain a
second block of summed values. When the audio signal

example is considered, it is apparent that spectral values




formed to perform sone rounding function, such as rounding by truncating
or roundi ng up and/or rounding down to be perforned depending1?@EqQ@B
floating point value, etc. 30 The rounding rule inplenmented by the means
104 is thus responsible for the first bl ock of rounded transfornmed val ues
again conprising only integer val ues whose accuracy is determ ned by the
roundi ng rul e used by the neans 104. The first block of rounded

transfor necfr\@l Uefe |iSis@splibew35, seconthdockrgfisdbeatgt a;amaldies appl i ed
to the secaéjd nput 100b, is supplied to nmeans 106 for sunm n3§to obtain a

second bl 0@8dH shfmdd Bfal ﬁ@%ue%eﬂFqI%etaﬁdl%?%‘?%aP ogXarfpl crete

consi der ed valruass appatentmédmas Spect raf \taﬂeuecslécﬂe@Tan%s 3%t themt he
first bloc qu Qed transforped val ues. are <%g9ed toéﬁfne val%es from
I

t he second 8|scr8F8 ?uese%§m?%%’ e dlscréFe
val ues bf tﬂﬁezons@mmi btbek aﬂee forsexdmplak wdl tagemded ugsanistoirsed

recommended,dihals thesd i E5EsbLogk ofof pydednbiapstiotied vl yes g agsexi sts

as voltage arrp Itudes, i1.e. as values unit "V IS case, no

unit probl éRETardia dibiet Bxpé&Bt 88 iisn Gawe s dremain idh, PJF@WE@I@# are tg Bpparent

for thoseéﬁﬁddﬂﬁéA|ﬂnthﬂkﬂr%uhﬂﬁkl@ﬂy U@b&e@@f”Hhklalsoﬂgnﬁﬁ%xﬁg Ber
performed w trg%fiﬁ%é;b|OC5§ L rou ed t r ansf or med | ues.and/or with
I

t he secondQQQﬁﬁ< retet ¢& TRt (Y woth PHEmF FERThPBEKTEY
roundetiOt r dresf pe nBohrvad ued tAndthd hei secobdoklkookt of odnded ette avnalfoesear e,

for X3Pl Gap il L8815 he, second bhogool. spmpdeyaluesohscaupal od to

nmeans 108 processi n cond DI oc using’a  second
transf orm ridiad the tdbttdien far§é:c®id>cth odk mefundedangstoskedmedl veduest ande

transform rlee ysednin bhscEeans 205k024es, vhoheSxampl e, o | BRahpegyency

transforn1ru|e then the second transformrule used in block 108 is, for
unitless.

15
The second block of summed values is supplied to means 108
for processing the second block of summed values using a
second transform rule to obtain a second block of
transformed values. If the transform rule used in the means
20 102 is, for example, a time-frequency transform rule, then
the second transform rule wused in block 108 is, for
example, a frequency-time transform rule. However, these
relations may alsc be reversed, so that the first and the
second block of discrete values are, for example, spectral
25 wvalues, so that time values are obtained by the means 102
for processing under the transform rule, while spectral
values are again obtained by the means for processing by
means of the inverse transform rule, i.e. the means 108.
The first and the second transform rule may thus be a
30 forward or a backward transform rule, wherein then the
inverse transform rule is the backward transform rule or

the forward transform rule, respectively.

The second block of transformed values is fed to means 110
35 for rounding, as shown in Fig. 10a, to obtain a second
block of rounded transformed values which is finally fed to
means 112 for subtracting to subtract the second block of

rounded transformed values from the first block of discrete




exanple, a frequency-tinme transformrule. However, these relations may
al so be reversed, so that the first and the second bl ock of discrete

val ues are, for exanple, spectral 25 values, so that tinme values are
obtai ned by the nmeans 102 for proces¥ing under the transform ruygeywis! e
spectral values are again obtained by the neans for processing by neans
of the inverse transformrule, i.e. the nmeans 108. The first and the

second transfiafds ralgoIeyd thils biee ard80sforwand onsa backwardnt mamsicenm
rule, wherein then the jnverse transformrule is ackward transform

the b
rule or tHE FOMVRTDE t YRR br BFRHEPE, Of e SHEC iTARISFOTRRE JEFRF BTGEK O
t ransf or nedvhdattuesai’ s Heedottigputeans 10 oBbphor IMdunddngpraseshbong itheFi g.

10a, to obtai segon I o) nded. _t ransf oryed, val ues i.ch_ is
finally fe&ﬁtdd]:]grreglrgls %f%g%%ksu%lfléég?l nératléless’ubt?fggt t?ﬁe gcé:ca\g{rr%cf%glmggk of
r ounded>t r areFrsrIAst- atalares ufinm taey f ithdtrdpl| beknofordi saudee whBFh - hegs OCT

2006 val ues, supphd &I N8qt BE HheStnd MUt JPB3y t frn Obh 31N £RePL O 0O Het eger
out put val ues of the transformed representation which may be output at an
out put 114.538F FUL &SI HPIFHBIEH st inhidgdhoiinak Wil deersit ammed
Lr ansf or (rjrecb&p:]m;pr eagakat i oh l@%@gﬁﬁgaf ;Mé@l‘;tb&ns_ﬁ@m@é@n Etz\MHsbeI‘brI&@'ii al so
een used in_t means 102 or i C iffers, fromthe s an
subsequent § %‘% n§2 0Pt he 2BFodl of Yo7 SAYPRF nEd™ e p & C&T‘%eglf’éko&fai n a
bl ock ®f r oundeted ransfof oeded outipptitvalaless andl byhsubsequénblsuimiofg of
the block afudf.gopnded transhorped gubayt ovalifes and Lhg,secanddl agk of

a further kK6 va i

sumed val ues, " bl oc I nteger output ues the transfornmed
repr esent atfitéh WD HEC B A FRBT PP OV AT he aMaFohpl ebsadngds Peoiyading a

represent atd@ip1ftd herbhksbrand thereseeand iRlocks ok hdi sernefe ¥ahuesew th

the bl ock of intege 15 qutput values applied to the output 114. However,
even V\,ithOLﬁe‘iOr{Elelg%L?C]f theds}tSEﬁ?tSf v NELE t?%quPﬁ Rhd hRESTg, in

whi ch the bhogkutofvd Integerppduitqaltto walalesatgfutt e 4.r ansf or med representati on
at the output 114
However, even without the last three steps of processing,
rounding and summing, in which the block of integer output
values of the transformed representation at the output 114
20 is used, part of the whole transformed representation may
already be obtained, i.e. for example the first half which,
when subjected to the inverse processing, allows a .back
calculation of the first and the second block of discrete
values.
25
It is to be noted at this point that, depending on the
transform rule, the first, the second and the third
transform rule, if any, may be identical. This is the case,
for example, with the DCT-IV. If an FFT was used as the
30 first transform rule, the IFFT, which is not identical to
the FFT, could be used as the second (inverse) transform
rule.

For calculating reasons it is preferred to provide the
35 transform rule in the form of a matrix, which, 1if the
number of discrete values of the first block is equal to
the number of discrete values of the second block, is a

dquadratic NxN matrix, if the number of discrete values of




20 is used, part of the whole transforned representation may already be
obtained, i.e. for exanple the first half which, when subjected to the

i nverse processing, allows a back calculation of the first and fﬁgc§gm9nd
bl ock of discrete values. 25 It is t38 be noted at this point that,
depending on the transformrule, the first, the second and the thlrd
transformrule, if any, may be identical. This is the case, for exanple,

with the DGhd Veitdt ap16ER \é@a used gsmbde %@ fdilsstrfansf Q14 rgkechkthe

| FFT, which is no |d ntical to, the FET, could be used as the second
(i nverse) 13578 IéESP@Ftéﬁﬁéﬁkaﬂsng reasons it is preferred to
provide the 35 transformrule in the formof a natrlx which, if the

nunmber of screte v,al 4es of tgﬁ%first b t he .,nunber

I c i S
di screte val'ues of T% §%%%tﬁ cREAPE g% qﬁgﬁ%a R&Rlﬁ%??dlnglﬁthe
nunber bf dicsmrest o afaesd cfccoBBing 170 0aCrduRfdbyg ﬁhectnpstpbbaamlagd t he

number of dinelRle vabusssofutbe. sgaandibyogk, tespectivgl v kdchinkn one

enbodi ment, the neans 104 and 110 for rounding are orne to roun
accor di ng EALEGYdi ARt on B9 ovi @i ngCORBUREEd r BSEEPETHREse ABEur acy

is less th&@n@ﬂﬂ@ﬂaﬂrtleéﬁcghaﬁﬁ hﬁheﬁﬁgt toga. C@ﬁﬁﬂiefeﬁﬁé&@rﬁkﬁgthae
functionalities shong qiﬁﬁg 10a.. Wth respect to.the roundlng functi on,
H25 T aps X

it is to béFBETS% 15 f8n tfo Pht BgEFInGRBEr ifo B3RS néxP°Par ger
or smalDer imrteeger nnm@er|ﬁoonhepme&erﬂe¢g£ﬁxnhrmmmllahelnoagdrn@nﬂgnction

may al so GHPcﬁ%ggﬁﬁhﬁ&&éd“éH%% ehitd- ﬂ% ng %%ﬁ%gl%uac%gohhﬁa EH ¢

or to the nunber : e roun unc ects uctlon
of the accufivgcypnéo ﬁﬁ@eﬁU@@éﬁgﬁésbe615'r@@ﬁd@@mbﬁﬁ ﬂﬁe7a§@véh@xawﬂb@r t he

unrounded nyrher t§ %he”%ﬂ%ﬁéﬂ“é@ ogs @dﬂé JE*EH@ EBﬁnSQHEBquQ%&%nthe

rounded nunber is a whi ch_does no l'onger have a digit behind
fects a reductlon of the accuracty of the number to be

15 rounded. In the above example, the unrounded number is a
number with one digit behind the comma, while the rounded
number is a number which does no longer have a digit behind

the comma.

20 Although, in Fig. 10a, the means 102 for processing using
the first transform rule and the means 108 for processing
using the second transform rule are shown as separate
means, it is to be noted that, in a concrete
implementation, there may exist only one transform function

25 unit which, controlled by a special flow controller, first
transforms the first block of discrete values and then
inversely transforms the second block of summed wvalues at
the corresponding time of the algorithm. In this case, the
first and the second transform rules would be identical.

30 The same applies to the two means 104, 110 for rounding.

- They also do not have to be provided as separate means, but
may be implemented by one rounding function unit which,
again controlled by the flow controller, first rounds the
first block of transformed wvalues and then rounds the

35 second block of transformed values, depending on the
requirement of the algorithm.




the comma. 20 Although, in Fig. 10a, the nmeans 102 for processing using

the first transformrule and the neans 108 for processing using the second
transformrul e are shown as separate neans, it is to be noted gﬂimfzmﬁ a
concrete inplenmentation, there may &% st only one transform function 25
unit which, controlled by a special flow controller, first transfornms the
first block of discrete values and then inversely transforns the second

bl ock of Sllﬂ‘ﬁ&ﬂqd%rh!@@dﬁﬁentﬁhetﬁ@rE@%@Qmﬂlréﬁ:kticﬁe @is&t@t@l @@tﬁé@manan this
case, the irst and th% second tr%g_forntrulei_mould be i entl 30 The

c
sane appll&?%()%ﬁ%?WQM) Pba, HEGESE r JadeRg. 2TFhey 8I56n38gﬁ6t have
to be provmdenﬁoa&dsespanlalees jreass,thri amay diedin@denznt az(ttebyomlr;mtr oufidi ng

function u n gon [ 1. W60 st ,rounds
t he firstmgtogﬂ of %r or?nsdrréglt}%(E §%5 enjgbundﬂﬁ{ 3éfsg% nd3block
of tran3f oredhea wé@l@ajetrﬂﬂ Ry orhe héntegeuni adgent tioh sh@wal gor Fibm

170CT2005 I'éﬁbh|9h999tﬁ€bQQh%%&%mﬂé%3Eéﬂf%séﬂﬂ%%&dﬁ fhsﬁﬁét%xﬁﬁFQ%s and

t he second bl ock of dlscrete val ues are the I nteger w ndowed
they are oftaith&d a# t%éw%tt%fwhb@acﬁlgs ?nrﬁl@teg r?ﬁéeﬁﬁtléaethm |n

bl ock 14 ofirftiegyer3 5pét5ti’513n vaTplegireatedty bhepi:dt eger ol god t Aewshewn in
Fig. 1 suc@lthat t nsformed representation in the exanple of the
audi o S|gn§I - 3 relates represents the integer spectral

val ueslat the output 30 of the device shown in Fig. 3. 10 Subsequently,

means for I % r g4 nd02 S elsbl t ed
W oh r eapeci EEsREIehtagny Sledild £0F | £3POROLTD chliverdipds ?Or‘%teséé"f{a%ﬁl put
val ues at tHfe Fbuit p&paoflfbl békui’?LQa’é@dFWGthlo‘%ﬁsEt@@? etps HElwo {dled the 15

second bl oGk ich,suseetiyal U i dde St PHEQErt R&tFBRNS;alues at the
cutput of block 112 of Fig. 10a, there is also used the
15 second block of summed values at the output of the means
106 of Fig. 10a. With respect to Fig. 11, which will be
explained in more detail below, this corresponds to the
case that there are only the blocks 150 and 130, but not
the transform block 124.
20
Fig. 10b shows a device for inversely converting a block of
integer output values of the transformed representation, as
obtained at the output 114 of Fig. 10a, and the second
block of summed values. The second block of summed values
25 1is fed to an input 120 of the device for inversely
converting shown in Fig. 10b. The block of output values of
the transformed representation is fed to a further input

122 of the device for inversely converting.

30 The second block of summed values is fed to means 130 for
processing this block using the second transform rule, if
the transform rule used last in coding was the second
transform rule. The means 130 provides a first block of
transformed values on the output side, which is supplied to

35 means 132 for rounding, which, in turn, generates a first
block of rounded transformed values on the output side. The
first Dblock o©of rounded transformed wvalues 1s then

subtracted from the block of output values of the




106 of Fig. 10a. Wth respect to Fig. 11, which wll be explained in nore
detail below, this corresponds to the case that there are only the bl ocks
150 and 130, but not the transform block 124. 20 Fig. 10b ShoWP]@CPﬁMﬂce
for inversely converting a bl ock of- 4i0nteger output val ues of the
transforned representation, as obtained at the output 114 of Fig. 10a, and
the second block of summed val ues. The second bl ock of summed values 25 is

fed to an itiRHs FA2eRf Adpe dRHiee ifRr dpustsel Yor CzQ@é/ﬁét!LE'@ §BOWBt'a|i‘nF| g
10b. The bl ock gf %y%gyt val ues of the transforned Eresentatlon is

to a furth S AhEFEFELE FErlvieivaltsél PES veMtPHY. 146 ?ﬁe
second bl odheofdestinredfvalides 1i0®.fed to means 130 for processing this

bl ock using the second transformrule, if the transformrule used last in
coding was the second transformrule. The neans 130 provides a first bl ock
of trahsfditved Vafslesbbackhefoudirtraielevahhesh iiss sypplieat to 8&amsans

132 for roqﬂﬂinﬁorw@fgﬁeéélﬁd”{hlge@ﬁkﬁh?su ér%%]ogiﬂ§%toEra§§gg§ﬁ

transforned val ues on the out'put side. The roun
transf or ned WM& (s taerr seprrdcheackreim Fﬁénﬁﬁ@éme@f vadtpat afalthes of

t he - 4 0 oukfRE12006:héraBsher med . r eppyies esd @dn @ Np Dy HeaRns tehnkgarmey34 to
obtain the flrst bl ock .of discrete val ues at $ first ogtﬁut 1436?f t he
S

devi ce of EUPTIAGH S YAHUET %t WF oCkEor HPSRTREelVaF BBsPensuppri &8 to
means 1Q50dhnamw0£esecngdtbnschl@ﬂ(nnnn@pdrﬁxém$sérmé@nsémues r the st o

obtain a second. blpekopf e ansioiapd: yalugs Abal g ol UL Qflhe eans

150. Thi s secon or ne , 1ntu
rounded i n feE n’é]aﬁs sgpnh hboght aifh §u§@@dncﬁf4)11@ﬂ:3< @ﬁfoﬁédﬁdedomréh@f or ned

val ues. Thiisputecongt blvﬂﬁ‘%lpfwd'@%%ﬂtt*ﬁﬁ@séﬁé@gpﬁiél Yeg, 1 §oSUbkRant ad
fromthe second | ock of summed values provided on the | nput S|de mhlch

was i nput WASK bIpTE P30, A4St hadues at an output 136 on
15 output side.

With respect to the relation of the first, the second and
the third transform rule and with respect to the special
implementation of the individual function blocks in Fig.

20 10b by common function units and a corresponding flow
controller/latching, see the discussion given with respect
to Fig. 10a.

Subsequently, a preferred embodiment of the device . for
25 converting to a transformed representation generally

illustrated in Fig. 10a is described with respect to Fig.

10c. The embodiment in ¥ig. 10a includes a further

transform/rounding as compared to Fig. 10a to generate the

further block of integer output values from the second
30 Dblock of summed values.

The first input 100a includes N input lines xg, .., Xny-1 for
inputting N values of the first block of discrete wvalues.
The second input 100b also includes N lines for inputting
35 the N values Xy, .., X1 of the second block of discrete
values. The means 102 of Fig. 10a is drawn as DCT-IV
transformer in Fig. 10c. The DCT transformer 102 is formed

to generate N output values from N input values, each of




second bl ock of discrete values at an output 136 on the 15 output side.
Wth respect to the relation of the first, the second and the third
transformrule and with respect to the speci al inplenentatio& ﬁ fzﬁ

i ndi vi dual function blocks in Fig. 23116b by comon function uni g % a
corresponding flow controller/latching, see the discussion given with
respect to Fig. 10a. Subsequently, a preferred enbodi nent of the device
for 25 conngrdn ngst ocRehr ansfmided Hyeptﬁéeni@ﬁﬂl@m@e&e_ﬂai | Yestibhustaat ed

in Fi 10 .d d th t . . nbodi t _in Fi
hga :%cludSIIQ reﬁﬁﬁl?F f¥%ﬁ%¥%%%%?g&ﬁdﬁﬁg%§§‘cé%%arEg Qeﬁpalqﬁg fl 9
gener at e t emrfiogt hes MlﬂuetﬁaquegQCMMmmmm \tédeures isonathelseewmde 30
bl ock of s ggjuesfh {] Bgttp ngj%$0§uk8g#uq%§ug cre%lg%g x(err),

., XN_1 for I nput ting ues o the Tirs ock o e val ues.
The secgnd¥Q%nﬁlthxﬂh%ﬂ%ﬂﬁﬁ¥mquU%ss$mm$®e§ltbrthﬁpﬁ%tﬁhgvéiuﬁh@thhalues

XNy, X Z2chnef %h%m%?CQﬁd Bliack-9e diganelse h%%h%%s tﬁ@e eaBg 182 of
Fig. 10a is dra transforner in Fig. 10c. The DCT transforner

102 is for MRS 1@bneF3F% FY%&H%nnO@aIE%% beﬁFN |HbHFkvaP5eer€§@ﬁ of -
41 - 1 7 OCraziFormashl chalivsed hen tlodinsethby bf\eth@unduﬁgmgl redasi goated as
shown by neaQ§1104 'le 9 %gﬁbeghe nean %96 g % nfi hs |élus %ated
such that there 95 3 Vhrte- MBS sdmiat i oh*° TH' 1%% 3 that "THe%odl % t

val ue bf tHderedhscBel02 vailtle the theexsdrdrsl shimed witt houtputi vetfluesl ue of

the second,iilpck, OBrQhﬁgiek%nﬁé%'gg? haVﬂvH?réﬂ’? h”g] ex N rufft ﬁéalllrﬁﬁe the

val ue of the first bl ock roun transformed val ues at t e out put of
the roundi fFHREEHSIN G4 oM Feal dr-di nal nunber i is thus individually
sutmmed with 10 the discrete value of the second bl ock of output val ues

wth an or dinal pumber, i pwhereln i, 8,unDi ng J ngex, , £¥gnding, fr om 0

15 rule 1is also drawn as DCT-IV transformer. In the preferred
embodiment shown in Fig. 10c¢, the means 112 for subtracting
is also formed to perform a value-wise subtraction, i.e.
such that the output wvalues of the rounder 110, i.e. the
values o©of the second block of rounded transformed wvalues,
20 are individually subtracted from the first block of
discrete values. In the embodiment shown in Fig. 10c¢, it is
preferred to perform a corresponding subtraction such that
a value of the second block with an ordinal number of N+i
is subtracted from a wvalue of the first block with the
25 ordinal number i, wherein i again runs from 0 to N-1.
Alternatively, however, there may also be performed cother
summations/subtractions, such that, for example, a value of
a block with the ordinal number of N-1 is subtracted from
the value of the other block with the ordinal number N, as
30 long as this is correspondingly taken into account in the

inverse conversion.

The means 112 for subtracting already provides a block of
integer output values of the transformed representation on
35 the output side, i.e. the integer output values yg to Vn-1
of the transformed representation. In order to obtain also
the remaining integer output wvalues of the transformed

representation, i.e. the further block yy to va-1, 1f this




The neans 108 for processing using the second transform 15 rule is also
drawn as DCT-1V transforner. In the preferred enbodi nent shown in Fig.

10c, the means 112 for subtracting is also formed to perform a Vil O6F Hilse
subtraction, i.e. such that the outpl?# values of the rounder 110, i.e. the
val ues of the second bl ock of rounded transfornmed val ues, 20 are
individually subtracted fromthe first block of discrete values. In the

ermbodi nent ishoyic i Sn&i Oy aegmaa | $hepnsfeFi e@fthﬁéﬁéﬁr%@pﬁ@r%ﬂﬁ@wl ng
subtractl on itﬁﬁ{] t hat f eacye of the second bl eé_;é\n n or di nal nber
of N+i Fupttact et s VRS B 1 He 91 2P Y B i nal
nunber i, wtmrmbuecmﬁalmransmneﬁbﬁmt ashing. thal tcéwmait |t\teJn)s,fotmwe.\Lﬂre

there may %\,}zotll?g gs&uggﬁmtkr efrorpﬁmdd ngﬁﬂéy%egefé% QRrpBiel uab]{ﬁ%’ for

exanpl e, | ue o € or racted
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this is corfaspondingl Vot%ﬁnpbﬁferﬁcﬁﬁuﬁhdﬁlbﬂeof' @ﬁ%rs%e VGANE §Jik The
means 112 ftﬁbe subtracting al ready provides_a block o i nt eger out put

val ues of tHE¥ t FSRSPEr tPFepPésettiisdnvniess EtthetBﬁt FUERtedTi te the

i nt eger outsnmmeaalm y@stml(msﬁr@teahbyt lta@sfr@rf@eénbaph@m%&bat inad. ilm
order to o a|n alOSO e remqtmng

er t val ues of t{'a?
t ransf or me epresenta on, O T t e hecf % yTEFST t ¢4 erien i ¢
this -182 -repres@C Ta 2606thes bpbicanal4 6 cdﬁsun’eelgerheubpotkvaﬂmelst eger

out put Val"&?e%réﬂ@f&h?@éf ¥ g%@se%%%a%%t H%, gpéia@sﬁgnyesdowgp% 114

is subjected to a transtormusing the third transformru by t forward
t ransf or ner¥Y2840, wherein the output values 5 of the sanme are again rounded,
as illustrated by rounding neans 142, to now performan addition of these
val ues wt t he sectg]y;j bl ock of ,summed val ues at the out pfut of the_ summer

106, as il MERTSIET BV 1 her efErd e r alPYAESERY FEGPVESEIN¥he R put
val uesléf tthersaffrmred 44epheneh@arépnessrtording t her &l oekbadbmehti nitseger

out put Va“ﬁ%%éﬁssed with respect to Fig. 11. It i1s to be noted that
the operations performed by the device illustrated in Fig.

10c are losslessly reversed by the device illustrated in

Fig. 11. Fig. 11 corresponds to Fig. 10b with the exception

20 of the additional transform/rounding stage to generate the
second block of summed wvalues, which is fed to the input

120 in the embodiment shown in Fig. 10b, from the further
block of transformed cutput values. It is to be noted that

the function of adding is reversed by the function of

25 subtracting, respectively. It is further to be noted that
an adder/subtracter pair (144 of Fig. 10c and 128 in Fig.

11) may also be provided with input quantities inverted
with respect to the sign, so that, if a group of input
guantities is provided with a negative sign as compared to

30 the shown case, the adder 144 then actually performs a
subtraction operation, as long as this is taken into
account in the counterpart (128 in Fig. 11), which would

then actually perform an addition operation.

35 The subtracter 128 shown in Fig. 11, the adder 134 and the
further subtracter 154 are again formed to perform an
individual value-wise addition/subtraction, wherein again

the same ordinal number processing i1s used as described




the transforned representation which are designated y(err) to (err)(err).
Subsequently, a device for inversely converting the 15 transforned
representation according to an enbodinment is discussed with rﬁzﬂggtlﬁo
Fig. 11. It is to be noted that the 4sperations perforned by tl 39 e
illustrated in Fig. 10c are |losslessly reversed by the device illustrated
in Fig. 11. Fig. 11 corresponds to Fig. 10b wth the exception 20 of the
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of Fig. 10c and 128 in Fig. 11) nmay al so be provided with input quantities
inverted Wit H-hespetputocfhéhs gvbtgmatieat 134, atlgeoripiaf ailnpady the

quantities fis-r pyigtad W thi fnagatiang sl g eopaed H 36 the shawn
case, the adder 144 then actual]y perfornms a subtraction operation, as
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whi ch woul dedrieaeracitialn,y pewf offiral addbtkonoppedddddte 35alhesSsubitsr act er
128 shown in Fig. 11, the adder 4 and further subtracter 4 are
again formﬁ¥3&#%%#f%?n¥§ﬁ(ﬁﬁﬁﬂ%ﬁaﬁﬂﬂrvggﬁefﬁfggté&&tW%ﬁWs%ﬁ?r%gfﬁ%m
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al ready theiddinst dlgeckitfaiti SeetsaRAIas ok3b e igmaiad xAlesxNsk In
order to al so .obtain the rest of the back-transfornmed representation, the

first bl ocKSF T & varu¥-is supplied to the transforner 150
operatihg with the first

Subsequently, the mathematical background for the devices,
as they were described with respect to the Figs. 10a, 10b,
10c and 11, 1s discussed with respect to the Figs. 12 to
15. By the illustrated device for converting and/or for

20 inversely converting, integer transform methbds for a
lossless audio coding are provided in which  the
approximation error is reduced. In addition, the
calculation effort is also taken into account in that the
basis 1is no longer the known approach of applying the

25 lifting scheme to each Givens rotation, wherein there
always occur trivial sum-difference butterflies here. They
considerably increase the computing effort as compared to
the original non-integer version of the transform to be
copied.

30
Normally, the 1lifting scheme is wused to obtain an

invertible integer approximation of a Givens rotation.

cos o — sin o 1 M 1 Y1 M
cin o o = sin o . 1 sin o
cOos 0 1 sSin & 0 1

35




10 transformrul e, whose values on the output side are rounded by the
rounder 152 and are subtracted fromthe second bl ock of subtracted val ues
at the output of the subtracter 128 to finally also obtain thﬁ 3 ?gﬂﬁ

bl ock of discrete values 156 designdtded XN, ..., x2N 1. 15 Sub Eu ly,
the mat hemati cal background for the devices, as they were described with
respect to the Figs. 10a, 10b, 10c and 11, is discussed with respect to
the Fi gls. I its0 irlegddy éﬁmdiimﬁﬂc?ﬂ etk d@&ﬂﬁgﬁvéfrbgowi@ﬁ@i lag r@lﬂ(ﬂ.ﬁg_hgf or 20
i nversely nverting,..integer transf.orm netho or a ssless audio
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copi ed. 30 Nornalﬁhg, the Iifting scheme 1s ugsed to obtain an _invertible
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This integ ox] mat ion i s achi eved . hy using a rounding . function after
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operations. In the specialist publication R Ceiger and G Schuller,

"Integer |ow delay and filter ,banks" Procg. of the Asilomar Conf. on
Signal's, Systens and Conput{ér s }O_Of,“ %r%[lfblqjﬁ%i rﬂgjl i fting deconposition

of a 2x2 scaling matrix 04 lat*t 1o 1 \1a

This lifting decomposition, which is one-dimensional, 1i.e.
15 which only relates to a 2x2 scaling matrix, is extended to
the multidimensional case. Specifically, all values from
the above equation are substituted by nxn matrices, wherein
n, i.e. the number of discrete values of a block, is larger
than or equal to 2. Thus the result is that, for any nxn
20 matrix T, which should preferably be invertible, the
following decompesition into 2n x 2n block matrices 1is

possible, wherein E, describes the n x n unit matrix:

T O -E, 0B, -—TYO &,
ot} |\t E N0 E, \E T

25

In addition to simple operations, such as permutations or
multiplications by -1, all three Dblocks of this

decomposition have the following general structure:

[E“ OJ
30
AE




10 with a determ nant equal to 1 is discussed and described: (0 d Il | ~d 1
11\0 1 di(2 d 1 | This lifting deconposition, which is one- dinensional

i.e. 15 which only relates to a 2x2 scallng matrix, is extende f ﬁ

mul ti di mensi onal case. Specifically, 49 1" val ues fron1 the abovk gé Qm

are substituted by nxn matrices, wherein n, i.e. the nunber of drscrete

val ues of %ngo ’rPS | ar, eE& than or equal to 2. Thus the result is that,
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It is to be noted that, on the right-hand side of the above
equation, there is a vector whose dimension, i.e. whose
number of lines, equals 2n. The first n components, i.e.
the components from 0 to n-1, correspond to xXg to X,-1. The

15 second n components, i.e. the second half of the vector
resulting on the right-hand side of the above equation, are
equal to a sum of the second block of discrete values, i.e.
Xny s Hop-1, but now summed with the multiplication of the
matrix A corresponding to the transform matrix of Figs.

20 10a, 10k, 10c and 11, and the first block of 'discrete
values Xq¢, .., ¥p-1. The transform matrix represents the
first, the second and the third transform rule,
respectively.

25 Similarly to the common lifting scheme with 2 x 2 matrices

o)

30 these 2n x 2n matrices may be used for invertible integer

of the form

approximations of the transform T in the following way. For
integer input values (X9, ..., Xzn1), the floating point
output wvalues (ygq, eewy  ¥Yn-1) = A+ (g, evay HKp-i) are

rounded, namely to integer values, before they are added to




resulting on the right-hand side of the above equation, are equal to a sum
of the second block of discrete values, i.e. xn, ..., x2n-1, but now
sutmmed with the nultiplication of the matrix A corresponding to t?gg
transformmatrix of Figs. 20 10a, 10hg 10c and 11, and the fir&f IJME of
discrete values x0, ..., xn-1. The transformmatrix represents the first,
the second and the third transformrule, respectively. 25 Simlarly to the
comon |if kng schene with 2 x matrices of the_form Coif 30 these 2n x
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transform blopkt hetfrakl eesngtways Foilowateger input values (x0, ...,
x2n-1), the floating point output values (yo, , y.-1) = A (x0, ...,

xn-1) are rounded, nanely to integer values, before they are added to -46-
170CT2006 the integer values (fm, QY-, 1)0 YThe inverse of the bl ock
matrix results as follows: 1 ( En (E A_;L% 5 Thus, this process may be
irnverted w thout error by sinpl ng the sa matri x A and the sane
roundi ng function, and by now subtracting the resulting values instead of
the adding in the forward processing. The forward processing is 10

i |1 ustratedny,Fitgi 13 rMid:e fhe hackngs & &l ogessbig bsrok | byskiabed in
Fig. 14. It is to be noted that the transformmatrix in_Fi
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10 illustrated in Fig. 13, while the backward processing is
illustrated in Fig. 14. It is to be noted that the
transform matrix in Fig. 13 is identical to the transform
matrix in Fig. 14, which is preferred for simplicity of the
implementation.

15
Since the wvalues (%3, .., Xn-1) are not modified in the
forward step shown in Fig. 13, they are still present for
the inverse step, i.e. for the backward step in Fig. 14. It
is to be noted that there are no specific restrictions for

20 the matrix A. Therefore, it does not necessarlly have to be
invertible,

In order to obtain an invertible integer approximation of
the known MDCT, the MDCT is decomposed into Givens
25 rotations in a first stage, wherein this stage is the
windowing stage, and in a subsequent DCT-IV stage. This
decomposition is discussed 1in Fig. 3, which will be
explained in the following, and described in detail in DE
10129240 Al.
30
In contrast to prior art, in which the DCT-IV is decomposed
into several stages of Givens rotations, the transform

itself is left unchanged and subsequently rounded.

35 It is known that thus the integer approximation of the DCT-

IV is performed by several stages of lifting-based Givens




is to be noted that there are no specific restrictions for 20 the matrix A
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deconposed into Gvens 25 rotations4m-a first stage, wherein this stage
is the windowi ng stage, and in a subsequent DCT-1V stage. This
deconposition is discussed in Fig. 3, which will be explained in the
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deconposi tion ongl consists G vens rotations or 3N/ 2 roundi ng
steps. Thus:SaAd ctifarhy atsy m%sfcﬁqﬁh | 8RS YhR ER élrs@dhlbrh aFGER as
they are usediiimy awa;ollmdif cngsappfwateﬁaxgpiéo[]lemfml e ih@zﬁﬁntb@%rlo

i nteger approximation o [ QVi e mai n.contribu to
t he appromalo LS SR ﬁ%\%%%t ugjégvf digﬁ’rﬂﬁé&‘ R d#’r’f%ﬁ?ﬁlonal
lifting0 sdhermhe B oxtimatmwrber mfr.r oundi ng steps in the DCT(err) is

reduced to 3N 2, i.e. rendered equal to the nunber of 15 rounding steps in
the wi ndowi ng stage, i.e. in conparison to about 2N 1092 N roundi ng steps

in the convidift i BRAFCRENT tisee: bhBed dasmddeas mhet biimensienapplliidd ing t wo
bl ocks of sigRales athddle S@Bnumber of rounding steps in the DCTiy is

reduced to 3N/2, i.e. rendered equal to the number of

15 rounding steps in the windowing stage, i.e. in comparison
to about 2N logy; N rounding steps in the conventional
lifting-based approach.

The DCT-IV is applied to two blocks of signals at the same
20 time. One possibility for this is illustrated in Fig. 12,
where, for example, two temporally successive blocks of
samples are simply subjected to a DCT-IV. The two blocks
which are subjected to the two transforms may, however,
also be samples of two channels of a multichannel signal.
25
The decomposition from the multidimensional lifting
equation described above is applied to the transform rule
which may also be considered as N x N matrix. As the
inverse, particularly for the DCT-IV, is again the DCT-IV,
30 the result is the following decomposition for the concept
shown in Fig. 12:

DCT, O (- Ey OYE, -DCT, YO E,
0 DCT,) \DCT, E,\O E, M\E, DCT,

35 The permutations of the multiplications by -1 may be
extracted into distinct block matrices, so that the result
is the following:




20 time. One possibility for this is illustrated in Fig. 12, where, for
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ENrv) (DCN TI'V ENJEN OV 5 Thus, the appllcatlon of a transforn1to tmo
bl-ocks gf signals, i.e. to two blocks of discrete values, may be obtained
with preferably three nultidinmensional lifting steps: 10 EN O EN DCTIV EN
0 (DCTIV B30 ENAF( AL e ighe dbote BerE IO i $oyr BpAi datagks of

il lustrat eckllgmalilsg 10g. hasedwsn wrb@OdirMedd scldie: | Ruaise CQﬁ?a/}er teng is
15 corresp g¥%%|ll trate?8 E 11, as djscussed. Wt h pr oach,

two DCT- 1V ¥4 thes ERESS by SN ok LERIER bl 6
manner , mheﬂemm :only 3N roundlng steps are required, i.e. 3N 2 rounding

steps pgr 20 transform
Ey 0 YE, — DCT, \Eg 0
DCT, E4AO E, DCT, E,

The above equation is graphically illustrated in Fig. 10c
based on an embodiment. The inverse converting 1is

15 correspondingly illustrated in Fig. 11, as discussed.

With the approach, two DCT-IV transforms of the length N

may be implemented in an invertible manner, wherein only 3N

rounding steps are required, i.e. 3N/2 rounding steps per
20 transform.

The DCT-IV in the three multidimensional lifting steps may
have any implementation, i.e., for example, a floating
point based or a fixed point based implementation. It does

25 not even have to be invertible. It only has to be performed
in exactly the same way in the forward and in the backward
process. As a result, this concept is suitable for high
transform lengths, such as 1,024, as they are used in
current audio coding applications.

30
The overall computing complexity is equal to 1.5 times the
computing complexity of the non-integral implementation of
the two DCT-IV transforms. This computing complexity is
still significantly lower than for conventional 1lifting-

35 Dbased integral implementations which are about twice as

complex as the conventional DCT-1IV, because these
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Codi ng based on 5 Integer Transforns” in 111th AES Convention, New York,
2001. The illustrated approach will calculate at |east two DCT-1V

transf or ms mie tihg uSame tddppialcd shaak calcelawet Bitnieaetr tQoconversi on.

Thi s may bec achieved, ftort exarrgl e, bé cal cul ating the DCT-1V, %ﬂinsf orm for
two successive Bi5ERs ot e aGi 518FgnaC &° tREBtrcchsSi vBIFHBeSTSf an
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in a conversion action and/or inverse conversion action. e first version
i ntroduces %n thRidpvibRalsigapdy Gf e BLHEERSEAVE tiHedspst@m arfhémgeeond

version is qaeesiibl erd oehst e danpeks; ARG he19eRAd Vsi§RERKI BG4 sf OF

nU|t|_Chan%%b'%h_Q?E% é%%ieved by calculating the DCT-IV of the left

15 and the right channel in a conversion action and/or inverse
conversion action. The first wversion introduces an
additional delay of one block into the system. The second
version is possible for stereo channels and/or, generally
speaking, for multi-channel signals.

20
Alternatively, if both opticons are not desired, but if a
normal block processing 1length of N wvalues is to be
maintained, the DCT-IV of the length N may also be
decomposed into two DCT-IV transforms of the length N/2. In

25 this context, see Y. Zeng, G. Bi and Z. Lin, ,Integer
sinusoidal transforms based on lifting factorization™, in
Proc. ICASSP’01, May 2001, pp. 1.181 - 1.184, where this
decomposition is discussed. In addition to the two DCT
transforms of the length N/2, several additional stages of

30  Givens rotations are required. In this algorithm, there is

further applied a block matrix
(Emz - EN,'zJ
r
Ey,2 By,

35 1.e. N/2 plus/minus butterflies, a block diagonal matrix

with N/2 Givens rotations and further some permutation




Alternatively, if both options are not desired, but if a normal block
processing length of N values is to be naintained, the DCT-1V of the

|l ength N nmay al so be deconposed into two DCT-1V transforns of 1h%chem@th
N2. In 25 this context, see Y. Zeng,50G- Bi and Z. Lin, "Integer

si nusoi dal transforns based on lifting factorization", in Proc. | CASSF

01, May 2001, pp. 1.181 - 1.184, where this deconposition is discussed. In
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15, where, besides the actual ~ conversion stage,
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, nom/onl have a | of V2, There is further provided
a rotation gvéﬁe Y%% but pa¥ éﬁﬁE?tEaVSbfhlhe oﬁ?pd#%Va §T¥o %yN-1
fromthe Mﬁmnthﬁr pnbpuﬁeﬁabuaxmﬁtidmeBtagsfannedheemuﬂguﬁa$1@® amd t he

further bl %‘H‘c %gut?\‘}@g&es v%fl %%e gr ansf orgean %%9[[ esgnt 6}51@& vcrﬁr ch,

however , nOM/o y have val ues Uh, “\h former ‘are equal to
t he out put qudins BRlugsDEIt | vhepetrmm%ﬁpmech gepreseasabeeomezn@ppacent in

a conpari 5of+t¥erd hepi fdk ceSON SlguIPULa3hdg angk onchBe QUhRWhrlege of
Fig. 15 and Fig. 12. 20 Up to now, there was only di scussed_the application
of the representation, which, however, now only have N/2 values
15 each, wherein the former are equal to the output values of
a DCT-IV operation of Fig. 12, as becomes apparent in a
comparison of the indices on the input side and on the

output side of Fig. 15 and Fig. 12.

20 Up to now, there was only discussed the application of the
multidimensional lifting to block matrices of the following
form.

T 0
oT?
25

-However, it 1is also possible to decompose other block
matrices into multidimensional lifting steps. For example,
the following decomposition may be used to implement the

30 combination of a stage with normalized plus/minus
butterflies and two blocks of DCT-IV transforms by three
steps of the multidimensional lifting:




mul tidinensional lifting to block nmatrices of the followng form T O O
T-1 25 However, it is also possible to deconpose other block Ef&ﬁfs
into nultidinmensional lifting steps. For exanple, the foIIowi'lngﬁ 0
deconposition nmay be used to inplementl the 30 conbination of a stage with
normal i zed plus/mnus butterflies and two bl ocks of DCT-1V transforns by
three steps of the nultidinmensional lifting: 17 0 CT 2006 - 51 DCTrv
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~L 72 ENO EN 1 Dg:T ENzQ \ B - DETr SESEN 5280V EN- N It
becones appar ent the aJE equatlan that “the first transformrule,
which is used in Teﬁm T braBEE@ 5_L®@Tab0&eD@qu tion, and the

second transformrule, which is used in th ofnt er “bréxket § Jof the above
equation, and the third transfor ruhe whikch is used in the final
brackets of the #Bpve equatiom dn, plaay; ggp be |dent|@§k Furt her nor e,

it-becones appare Eﬁerﬁ%k ovye e tion a g bl ock matri ces
in which only the in gondl /i@ ement B ar @ccdgp e deconposed,

but that also fully occupied matrices nay be processed. Further it isto
be noted that there is no restriction that the transformrules used in

converting o ki ddn@is fappmetnkd £ eseat abo 0o Haugtionbehhdenhicalrer even
have to ha%ransform rule, which is used in the left-hand brackets of
5 the above equation, and the second transform rule, which is
used in the center brackets of the above equation, and the
third transform rule, which 1s used in the final brackets
of the above equation, do not have to be identical.
Furthermore, it becomes apparent from the above equation
10 that not only block matrices in which only the main
diagonal elements are occupied may be decomposed, but that
also fully occupied matrices may be processed. Further it
is to be noted that there 1is no restriction that the
transform rules wused in converting to a transformed
15 representation have to be identical or even have to have
any relation to each other, such that, for example, the
second transform rule i1s the backward transform rule to the
first transform rule. Basically, there might also be used
three mutually different transform rules, as long as this

20 is taken into account in the inverse representation.

In this context, Figs. 10c and 11 are referred to again. In
the conversion of the discrete values to a transformed
representation, the means 102 may be formed to implement
25 any transform rule 1. Furthermore, the means 108 may also
be formed toc use any other or the same transform rule
referred to as transform rule 2. The means 140 may further
be fprmed tc generally use any transform rule 3 which does
not necessarily have to be the same as the first oxr the

30 second transform rule.
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roundi ngs in the~“él enents or war ranstorm or
t he el ementaPted@ed.132, 152 in the backward transform are no | onger
executed sanple-w se, but such that there is a spectral shaping of the

roundi ng error 28 VWhen conparin . 10c to Fig. 16, it is apgarent t hat
it shows a modi 1catlon of the “concept descri

15 Flg. 10c. In particular, the roundings in the elements 104,
110, 142 for the forward transform or in the elements 126,
132, 152 in the backward transform are no longer executed
sample-wise, but such that there is a spectral shaping of
the rounding error.

20
When comparing Fig. 10c to Fig. 16, it is apparent that it
is preferred to substitute only block 104 by block 204a,
and to use block 204b instead of the rounding block 110.
This 1is the <case because the concept 1is especially

25 advantageous when there is a subsequent transformation into
the frequency range where the white noise of the rounding
error is problematic when no spectral shaping is performed.
Since there 1is no freguency transformation after the
rounding 142, spectral shaping in block 142 would no longer

30 involve the advantage. However, this is the case for the
block 204a, because there is again a frequency conversion
by the transform in block 108. The spectral shaping in
block 204b is thus also still advantageous, because there
is again a transform by the last block 140. However, as is

35 apparent with respect to Fig. 16, the noise-shaped rounding
error already enters the output block 114, so that, in

blockl204b, there could also already be performed a common
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in Fig. 10c, instead e spe api ng of “the roun rror
depends on Stifié HimMitioguala tc dde oerncép%fuélaﬁu éﬁCWﬁ@t ﬁéanssomeré @i | Ithﬁe
spectral shapimgoraundigng or common rounding, i.e. with a rounding error
having a white spectral distribution, at the end of the second transform
i.e. the transform 108. 10 The |ndependent roundi ng of a certain nunber
of , foir0 exampl éndepeadees |souhd$ngepbﬁceﬂ bye rouidi ngambdetrh afpecﬁbal

shaplng, WQ&%QﬁﬁEy ak§ovgﬁ e%ferredt%% q%%%%qe%gb %%ﬁ%bggé %gt

becones apparent fromth above “di scussi on

t he spectr@@e§ﬁé@ﬂng=¥ﬁaﬁﬂﬂ§:rouﬁwﬂﬁg arayr ahey ab@o b@fa§é§dlntpheaﬁnteger
DCT requi r edifRindei® JotnM2Gh~ However, it has to be considered here, as

di scussed, that the spectral "shaping by error feedback is 20 only

particul arly advant ageous when the values to be rounded are tine signals
whi ch ate tTtansfeinead dgpddwent from the above discussion with respect

to Fig. 16 that the spectral shaping of the rounding error
may also be used in the integer DCT required for the
IntMDCT. However, it has to be considered here, as
discussed, that the spectral shaping by error feedback is

20 only particularly advantageous when the wvalues to be
rounded are time signals which are transferred to the
frequency domain by a further transform step. Therefore, as
illustrated with respect to the multidimensional lifting of
Fig. 16, the spectral shaping is advantageous in the first

25 two steps, but is no longer necessarily advantageous in the
third step.

It is to be noted that Fig. 16 shows the case in a coder
corresponding to Fig. 10c. The <case in the decoder
30 corresponding to Fig. 16 results directly from a comparison
of Fig. 16 and Fig. 11. The decoder directly corresponding
to Fig. 16 results from ¥Fig. 11 in that all blocks operate
identically, with the exception of the two rounding blocks
132, 152. In Fig. 11, these two rounding blocks operate as
35 independent rounding blocks and would be substituted, in
the decoder, by dependent rounding blocks 204a, 204b, which
all have the structure shown with respect to Fig. 2c, for

example. In particular, it is toc be noted that exactly the




frequency domain by a further transformstep. Therefore, as illustrated
wWth respect to the multidinensional lifting of Fig. 16, the spectral
shaping i s advantageous in the first 25 two steps, but is no quﬁqﬂn 0
necessarily advantageous in the thitd step. It is to be noted tha lﬁgﬁ 16
shows the case in a coder corresponding to Fig. 10c. The case in the
decoder 30 corresponding to Fig. 16 results directly froma conpari son of

Fig. 16 andahieg.spkbcrbhe degodes dbngsihy 60hbespANdiRg td dd i gsedbihesul ts
fromFig. %ﬁ% t hat all blocﬁs operate “identically, with the exception of
the two ro HO6EKES 182 Ne5590FK -Fig. 11, these two rounding bl ocks

operate as 35 independent roundi ng bl ocks and woul d be substituted, in the

decoder . by dependent. *oydLpg.bLacks, 204, 29gb. i g gLl baye ihe
structure shown Wi fespect TO Fig. 2c, for “exanple. 1n"partrcufary it
to be notedarhdl (ekaet IV-t'he 584 FTurAdER20886s0s@mwespedtival swhiapiry Eoundi ng

al gori thm igptiaghe disedniBnribe decden As o the GRAeI4inkhe £RRECRR
illustrated in Figs. 2b and 2c, particularly 5 for H(z) = "-1", is further
al so especP§F¢9C§a@Fém(@t%ﬁd%&%&%%eoﬁnﬁq%wﬁﬁqqﬂéq%xﬁk§9%nl%flﬂﬁégﬁéunding
error and tpamisifewmar.ly a reduction of the rounding error in integer
transforns. 10 According to the invention, such a reduction of the

rounding error is possible whenever two floating point values are rounded
and adted tracohelisane teal ade ndtwattdbn,di fshehent vakdestiSachodn ekenpl ary

situation i i4:l_ust in, Fig...L e is.fi first .
lifting stgggﬁdﬁﬁgz %géﬁgnc£?o#gﬁ%%%?ﬁ%Fggﬁﬂggg%me%ﬁPtré?gﬁﬁyqq nBElﬁ%
partici pantv@ uesarirrouied a8df gedhdr t® ddeorrhme | Yalwg sBgueadeohi th

the known seGyenRetof dawiz=4p- dowfich bufin nowyddy 4Me | iditdhag iRar ti gispants
x2 and x3. .l articular, the value x3 obtaiped in'the first lifting 20
operation F§q3§g&aﬁgdse99e E%gadd%fioﬁ“E%%TnEPeFﬁ thg first a First
: 15 1lifting step with a sequence of down-up-down between the
lifting participants x; and x3. There 1is further a second
lifting sequence with the known seguence of down-up-down,
but now with the 1lifting participants x; and =x3. In
particular, the wvalue x5 obtained in the first lifting
20 operation is used to serve as addition partner in the
second lifting step, as it is apparent from Fig. 17. It is
again to be noted that, when an arrow arrives at a
horizontal line, this represents an addition. In other
words, a value which has just been rounded is thus added to

25 the wvalue corresponding to the horizontal line.

Specifically, in the example shown in Fig. 17, the value x;

- is first weighted (block 250) and then individually rounded
(block 252). The output signal of block 252 is added to x;

30 {block 254). Then, the result of adding 254 1is again
weighted (block 256} and again rounded (block 258). The
result of this rounding 258 is now added to xi (260). The
result of the addition 260 is again weighted (block 262)

and rounded (block 264) to be added to the current value of

35 =x3 (to block 266). Correspondingly, the wvalue x, is
weighted by a block 270 and is then rounded by a block 272.

The result of block 272 is added (274) to the now current

value of x3. Then there is again weighting (276) and




second lifting step, as it is apparent fromFig. 17. It is again to be
noted that, when an arrow arrives at a horizontal line, this represents an
addition. In other words, a value which has just been rounded is thus
added to 25 the val ue correspondl mg S50 -t he hori zontal |ine. Specj @@@ily,
in the exanple shown in Fig. 17, the value x1 is first welghté Q

250) and then individually rounded (bl ock 252). The out put signal of block

252 is addeur@i 3027( | oek 284) - 2§h?n’thtehe:é'§ﬁl’tl topfb@@@}tnm%égh%agal n
wei ghted (bl ock 2 6 V?Elg.l n roun ed g@ ock 258) The, result  of

roundi ng 258 i uer b2y Fhe reesdlft oéf tphe additich é@@ is
agai n wei ghIsechg(dmlmcd«eQ@Qﬁed andlooexnded)(blaeek 264)wd Dgibeedddeduio tibe

current val 6 Lr ondingly, .t value X2 iS
we! ghted by SRR IR et e %ﬁi%%ﬁ?@%ﬁ%% BERPEE K05 bR ShiRalla | o
bl ock 272 ibslcaddet { Zin o-¢ hehaomoeurnenentvahliveobfx3s ThéackhéBé)i s

-again weig 76) . a 5 6 d 280)
the result h:tdjf rt%?fi()%lrp ¥ Pgagll?l v?%afeflxéggcrﬁ%?entft\?a ue %é%@ Egm;r&egalgt of

this additilon U&F ﬁﬂsrsd%gaa nf Weghtabg bl bek- 2B2g, rapdlEhefwelghkedEesul t
is rounded« bleakd284)arkp then aghiddetrpesyl.t p{ blaelrcqeﬂdi ng Bebbaek 284

aalntothe now current val ue of 3. (bl gc btain ar |t val ue

P L R S P el et of e BTG iy pieer rouided | Blockhg

resul tl@f W7@0k &6P, thes addededoartd1et henl wedded tadde: 2?\4ﬁddsbi ahera

second  value e 4 ADe Lesuhl O ] 05,210, £5:3kog naunded ( blackeolo 272)
e val ue X er t

and t hen ac} e S|tuat|o
that two flogt |afgtepbmhe Vet s aarrrcé addedetico the atmer vehveotheteaddocadded

to the sarrei\@elieﬂtn%eﬁdeef 19 f%ﬁéergxéﬁélt@sshbwnt hg, exagpl e, showRei n
Fig. 17, the resulﬁttg1 j%e third and t fourth lifting step is. added to

15 the san®SPdilfe §o 3k GG ri’@lrité1 ddr#é?lﬂlgt ﬁtleﬁ’elsr 3aRgcn&o

functi®d [ .the same wvalue, i.e. X3, so the adding is done with the
rounding function [.]:

[X1+cs1] + [X2rcs2]

20 If the error of the third lifting step in rounding is fed
into the fourth lifting step, the error of the third step
may be used in this case and only one rounding error is
generated instead of two rounding errors. With respect to
calculation, this results from the following:

25

[#1-cs1] + [xz-csz + (X1+cs1 - [xircsi])] =
[X1°¢c81] + [xp-csp + x%3-c51] - [x1-cs1] =

[%2+Cs5 + [X1-C8:]

30 With respect to calculation, feeding the rounding error
into the next rounding step is thus in this case identical
to an addition of the wvalues and a subsequent rounding.
This situation is illustrated in Fig. 18, wherein Fig. 18
corresponds to Fig. 17, while, however, the two separate

35 rounding blocks 264, 272 and the two separate adders 266,
274 are substituted by a block 268 formed to implement the
above equation. Therefore, the results of the two blocks

262 and 270 are first added in unrounded form and then




[ xlcsl] + [x2cs2] 20 If the error of the third lifting step in rounding is
fed into the fourth lifting step, the error of the third step may be used
in this case and only one rounding error is generated instead ﬁ$ hﬁ%mﬁ
rounding errors. Wth respect to ecabPéulation, this results fro P
followi ng: 25 [x1CS1] + [x2cs2 + (xICS1 - [xlcsl])] _ [x10CS1] + [x2cs2 +
xI CS1] - [xI CS1l] _ [x2,CS2 + [x10CS1l] 30 Wth respect to cal cul ation,

feeding thediouRd, nqrferfraaforamté) ddedexind %M&Eh@t@ﬁréﬁ 1£'U§hh§' Lhi s
case |dent|cal io an addition of the values and.a subs quen r oundi ng.

This situatti% VERy ushtl afdF | RUEPHT 180 WS ePRCERg. 2 &spbBAls to
Fig. 17, Wrrielsez,lﬂa;owﬁwej ohdestinglsepariaiee oicloungdi lagldbldOCtkS 323641;»3; 2Z2 and
the two sepayate %gpers 266, 274 are substituted by a block 268 forned to
i mpl ement Fhe above equation. Therefore, the results of the two bl ocks
262 and5270 are first added in unrounded formand then 56 - 1 7 170C12006

rounded. In fé&ﬂbi‘@i‘a Sec?ﬁ g ey %c‘i’”s%%p'ﬁ thys ume toonakys

t he out put of the there now results onl y one single val ug mhlc
i s added t&LERThyhay aé@@eroczeer 5 ERYcopdiat ¢ ofheR readgeti ot aRdvShapi ng

of the roundithg i@y Undrey ﬁhiﬁlaﬁﬁ@hs1bﬁéle&ﬂEMﬂh@MEHb §611@& Eh¥ans
rotations aQ%ﬁ mul ti nS|oqﬁ€ lifting step follo each her

i |1 ustrate® T ¢S 19 1HRIEALRT Wy Fo8 - exdanpliEfo yway h8 I 3§?m§§8p of a
down- ub@dommﬂgequﬂncddﬁﬂ severaf avdbuESupsdbenfseqednoé Yakuesvrtaflo x4,

i.e., for qbQJ h&g ﬂfues tfp g%?%%g Fégt? Thes evakggseagﬁPQQM/to be

added to corres % oun val u
16, i.e. théey QJ@’S atephél@utcpﬁt Fof. b|9ockTm65s@onalue$eaﬂ:e pewddedbel n

this case, ddqdss 96 eterredpbRdadd values, to which also the rounded

values in Fig. 16, i.e. the wvalues at the output of block

15 204a, are to be added. In this case, it is preferred to add
the unrounded wvalues first, namely by the adders 203 shown
in Fig. 19, to then round the added values in block 204 in
Fig. 19 and simultaneously subject them to noise shaping
such that then only a simple rcounding error is obtained and

20 the output values after the addition by the adders 106
contain less error. The situation is Fig. 19 thus results
when Fig. 9 is put to the left of Fig. 16, and particularly
when an N/2 value DCT-IV is used instead of an N value DCT-
V.

25
According to the invention, it is thus preferred to combine
the reduction of the rounding error with the shaping of the
rounding error. In the case of the reduction of the
rounding error, several input values are thus processed and

30 rounded together, wherein the rounded values are added to
one value, while, in the case of the spectral shaping of
the rounding error, the rounded values are rounded
independently of each other and are added to several
respectively different other values.

35
It is further to be noted that the situation in Fig. 19 may
also occur when, as illustrated in Fig. 15, N/2 DCTs are

used. Here, prior to the conversion stage, i.e. prior to




t he unrounded val ues first, nanely by the adders 203 shown in Fig. 19, to
then round the added values in block 204 in Fig. 19 and sinultaneously
subj ect themto noise shaping such that then only a sinple roundi error
is obtained and 20 the output val ues Safter the addition by the1&ﬂﬁé3@5106
contain less error. The situation is Fig. 19 thus results when Fig. 9 is
put to the left of Fig. 16, and particularly when an N2 value DCT-1V is

used inst eageoftan btwaby@chT thgreZ%}Aq,ocog CHH!Q 5&5@%&9&@9@&09@ bk is
thus preferred to conbine th e reduction of the round |ng error with the

shapi ng of AHe& LR Serforfi9n the idastrigh (i r G WS the to
roundi ng erger, Seéel’cﬁirrle&@iﬂnd\iaﬂgllgﬁ @é:ﬁglﬁ’i’é@ aﬁ@cm&@eaincte?%éouhdﬁd

t oget her, wh t he, rounded val | ues e val ug, ie,.in the
case of thecg%%%g%algh%aﬁﬁﬁﬁ 0@ 157 %UH g é%? Wﬁfr ﬁnaggcbagggs are
roundedS i mdeygendert | §led eddkdot Her amdfarthaddéd ﬂmasawe$®1tha95méetively
di fferent otf}efe Bl HES. S\%ﬁgét i s, furgher tqgbe ggt ed; { JEL?‘BIW élt%ﬁtlé,on in

Fig. 19 may also occur as illustrate s ar
used. Her e SGHamsItitce Ve corkRg si ohW@tagBCTrIE pbileckso 5izlusfraged T

2006 the tamncGkiRl-agks, ibhereqgexi sts {be18t age rﬁ@gﬂl%ﬂ&i a%y bythterfly
stage in F| ch the nut al.ues x0 to égl%) -1 are
d

. i
corr espondi 3?qﬁ§3ﬂsgh9%ﬂmﬁqo%h olBedt REACtAG lFW€n§§ﬁéo@alues
to whith the,valmesiof. A ECT=xh M-H ssagﬁm@nalmtae@hiedofl txyls famdlherf to be

noted that .t} conv St 43 is |I u agted o
schenatlcafl%&eT QQ %f 5%inIV§%$%%§ ‘#ﬁ S¥Pat & d fIﬁuenﬁﬁca I&rﬁ%tﬁlg. 15
woul d be suﬁgﬂﬁﬁwiédfby/zhe conponents shown in Fig. 16 in a practical

inplenentation, 10 if, in Fig. 16, xN2-1is witten instead of XN_1, and

if there is MW|tten i nstead of XN2, and if xN.1 is witten
Thus Fig. 19 shows a preferred implementation particularly

15 for monocapplications, i.e. for the case in which an N/2
DCT-IV is to be used.

Depending on the circumstances, the inventive method for
rounding may be implemented in hardware or in software. The
20 implementation may be done on a digital storage medium,
particularly a floppy disk or CD with control signals that
may be read out electronically, which may cooperate with a
programmable computer =system so that the method is
performed. Generally, the invention thus also consists in a
25 computer program product with a program code for performing
the inventive method stored on a machine-readable carrier,
when the computer program product runs on a computer. In
other words, the invention is thus also a computer program
with a program code for performing the method, when the

30 computer program runs on a computer.

35




instead of xNi2_1. Thus Fig. 19 shows a preferred inplenentation
particularly 15 for nonoapplications, i.e. for the case in which an N2
DCT-1V is to be used. Depending on thecgi rcunstances, the inV$ﬂ7hE§ngth°d
for rounding may be inplenented in hardware or in software.

i npl enentation may be done on a digital storage nedium particularly a
floppy disk or CDwith control signals that my be read out

el ectronically, which may cooperate wih; 85 programmabl e conputer system so
that the method is perfornmed. Ceneralty, the invention thus also consists
in a 25 conputer program product with a programcode for performng the
inventive nethodestioredfon aprocbspengeasgabl reosy ritio  iwper thaloesputer
program product runs.aon a .computer. In other words, the invention is thus
al so a conputer 8@8535%\ With a program code for perfornlng t he net hod,
when the 30 conputer programruns on a conputer. 35 58 - 17 OCT 2006
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non-i nt eger |np@?OVéﬁ&@gaﬁdf&r§§c@@@ lﬁ@ﬁgeﬁté@@ﬂtlNﬁépevapdea BOCRAEr ei n

the neans for phey-dhR@ges desugnedit,e weight a first original value to
obtain the first input “value, and to cal cul ate the second i nput value by a

transformfroma sequence of original input values to which the original
first val ue (x1yhbebdng&hanmdandifQEwpméwfdim@ israesigpat valuelbh®n1a

first original ak9§8%nd 9&%{%5? RS (Eé%)b%ta flrggeaqg. gﬁgﬂsecond

lifting step and a'si sequen ht1'ng to " genera e
i nput val ue by w@ﬁ@ﬁb|ﬁgu(2Vg)calculate the second input value by a

transform from a sequence of original input wvalues to
which the original first wvalue (x;) belongs, or to

15 generate the first input wvalue from a first original
value and a third value (x3) by a first and a second
lifting step and a subsequent weighting (262), and to
generate the second input value by weighting (270)
from an original second input value (x»); and

20
means (268) for combining the first input value and
the second input value to obtain a non-integer result
value and for rounding the result value to obtain a
rounded result value.

25

2. Device of claim 1, wherein the means for combining is

designed to form a sum or a difference.

3. Device of c¢laim 1 or 2, wherein the first and the
30 second input values are discrete values including

audic and/or video information.

4. Device of one of the preceding c¢laims, further
comprising:
35
means (269) for coupling the result value to a third

input value to obtain an output value.




froman original second input value (x2); and 20 nmeans (268) for conbining
the first input value and the second input value to obtain a non-integer
result value and for rounding the resut$ value to obtain a roupﬁqﬁTqmﬁult
value. 25 2. Device of claim1l, wherein the nmeans for conbining iIs
designed to forma sumor a difference. 3. Device of claim1l1 or 2, wherein
the first and the 30 second input values are discrete val ues including

audi o and/ @r, Vi deqiicef Qfmati oty 4. Qﬂyéﬁ@lrpftﬁaem@tanfshe Fyecedng gbai ns,
further corrprlsm%ll 35 neans §26é for coupling the result value to a

third input vaCe&RdNEbt'd ASER3 ar \?éﬂm‘@f 5§ SUPLFAFLET1 2 0 0 6 5.
Devi ce of claim4, wherein the means (269; 104) for coupling is designed as
surmer or bt ract er 6 V|ce f claim4 or.5, wherein the thir nput
value 5 is an ?hteger |np vafﬁe sogthgé F%%HOE %u%ﬁ% ue sg %g an

i ntegerbval ue. s Banxn&eﬁenﬂxnpnm.valmehem teat ghkd totpdd Nhéuannéger
result value togag h'rdth%ﬁ% gemodified by a 10 lifting operation and
to performa second and rd I|ft|ng step of a rotation with the third
input value nodified by a lifting operation and t he second i nput val ue.

15 8. Device of pghaicd br fdurtiren i feimtidly JRans e@l%) alder th@d(ilnlﬁ@gbhie
sequence

integer input value_ to a furt al,ue mhlc art _of

that has been 6?5@é§seﬁa£ tﬁq r§ttﬂpdﬁgfépﬁPFuP’ ITﬁZ 096f689aﬁﬁya val ue

of a fuether seduditdedt hateras itom ndriogessefioty 20sacsedoaddt nansfiadm

rule, wherein tﬁﬂf@fﬁ% gﬂéﬂ“gfwgnrotation with the third input value
modified by a lifting operation and the second input

value.

15 8. Device of claim 1, further including means (106) for
adding the integer input value to a further input
value which 1is part of a sequence that has been
processed by a first transform rule (102} to obtain a
value of a further sequence that is to be processed by

20 a second transform rule, wherein the first transform
rule and the second transform rule are transform rules
defining a first and a second multi-dimensional
lifting step.

25 9. Method for processing at least two 1input wvalues,

cemprising:

providing (202; 250, 252, 254, 256, 258, 260, 262) a
first non-integer input value and a second non-integer
30 input wvalue, wherein the step of providing comprises
weighting a first original wvalue to obtain the first
input wvalue and calculating the second input value by
a transform from a sequence of original input wvalues
to which the original first wvalue (x:) belongs, or
35 wherein the step of providing comprises generating the
first input value from a first original wvalue and a
third value (x3) by a first and a second lifting step

and a subsequent weighting ({(262) and generating the




rule and the second transformrule are transformrules defining a first
and a second multi-dinmensional [lifting step. 25 9. Method for propEsAEINY
at least two input values, conprising:ggroviding (202; 250, 252, 254, 256,
258, 260, 262) a first non-integer |nput val ue and a second non-i nt eger

30 input value, wherein the step of providing conprises weighting a first
original value to obtain the first input value and cal culating the second
input value by s@ddhanshenum fvraqmeab%e%el@@ﬁl% QRi79h N&k- ol Rkt c¥alyues to
which the original first value (xl) belong 35 mhereln t he step of
provi di ng conpr iS§ESTGeASPAL NG LURe (%p1 7 st ?nput value froma first original
value and a third value (x3) by a first and a second lifting step and a
subsequent melghtl 9262)%§§§ qger tln t.he %7‘p]p T %Q 6 60 %%% nd

i nput val ue by Wl f &P@gl Seth o Ap it v & %XZ);
and conbi ni ng (2@@pttmaﬂuasno|amnmlwaﬁuaoaﬁdnthgeseceadltsvaﬁpat aaﬂue to
obtain a non-in r % a oyndi e I obtain
a rounded resul%%%éa .lg&f ﬁ% %% gglg%aﬂﬁafggz ngrélﬁHhE?%gr%%ﬁgqgtep of
10 conbi ni ng, tW@-ﬂ@blomﬁng step is perforned: coupling (269) the result
value to a third integer input value to obtain an integer output value. 15

11. Conput pro ram having pr ogr. n1co far perfornln the netho of
claim9, tgfﬁbréﬁ? Gﬁé' 3&ﬁﬂié@? tne ©

10 combining, the follow1ng step is performed:

coupling (269) the result value to a third integer

input value to obtain an integer output value.

15 11. Computer program having a program code for performing
the method of claim 9, when the program runs on an

computer.




