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41  Apparatus and nethod for conversion into a

transforned representation or for inverse conv |

of the transformed representation 5 DescriptioﬁNWNﬂMl““

present invention relates to conpression al gorithnms.sicos

for discrete values having audi o and/or image

information, and 10 particularly to transformati on

Al gor | t hmAPRAFEHISand JRthed £9F COBVEEs eR iR

enc]?ders t haw g&anstb?maaow' entatddn Wy domeans

perform quantization/ codi not_of .th riginal Lo

bras Shversh cfonfeiath (Bf ' Bk fradssotied FiRPRasiEbfon

a spectral range 15 prior to quantization/coding.

Modern audi o encodi ng nmet hods, such as MPEG Layer 3

(MP3) or MPEG AAC use transformations, such as the

so-cal led nodified di scDREAPLLMR t r ansf or mat i on

(MDCT) to obtain a 20 bl ock-w se frequency

representation of an audio signal. Normally, such a
PHARE e A TGRSR T2 LRSS hCH CTTRARES T Afh 4k gr 1 thms for

w@d&eﬁﬂmt a@%&sTh%ﬁﬂgaam@i% aﬁfiaﬁiﬁsamla?@ iJ'Snfornllation, and

wi ndowe obtain a _w ndowe oc or. exa y

B LG4 vEPdore N AGarT Rt ost i EoF SHhTRow WRich  are

ddfterenar1?5 witwdow Bainctused ar énuse@ncadeirsas ahat are

i.ne W ndow,. ete. _The w ndo .t lre-di scr. udi o

zcal}?pqs\é%sorénraé:ﬁ%e%agg%ert ed in lcéﬂzlespect rngéaenﬁ perform

reETesiertdtdoicodiag et tef baakorigingdi maidiie,and/or image

Fourier.t S : AN, S ] | eags:

\éﬁ%ﬁﬁ%%ﬂ?éﬁl%ﬁ%gggﬁgiéfggfgﬁé%orn§¥{oﬁ?§§u%h as E%¥' range

driek e puEdEadery, cadimd- can be used. The bl ock

of audio spectral values at the output of the filter

bank can hen be further processe ifr ired. In

iR o A bt RO RS HMHS bR EREDy (MP3) o

}MEE?MK%fC35u§@ectrahsﬂakmasibnbbowspcmheaﬁkﬂﬂheatsoﬁcalled
evel s, bei typicall h ; t :
ﬂﬁﬁ%ﬁ%&§:%§%%%¥@% &5s¥n& 9§gﬂs§89ﬁakggh dM%CT) to obtain a
block-wise frequency representation of an audio signal.

Normally, such an audio encoder receives a stream of time-
discrete audio samples. The stream of audio samples is
windowed to obtain a windowed block of, for example, 1024
or 2048 windowed audio samples. For windowing, different

window functions are used, such as a sine window, etc.

The windowed time-discrete audio samples are then converted
into a spectral representation via a filter bank. 1In
principle, a Fourier transformation, or for specific
reasons a variation of the Fourier transformation, such as
FFT or, as explained above, MDCT, can be used. The block of
audio spectral values at the output of the filter bénk can
then be further processed, if required. In the above-
mentioned audio encoders, gquantization of the audio
spectral values follows, the quantization levels being
typically chosen such that the quantization noise
introduced by quantization lies below the psycho-acoustic
masking threshold, i.e. is “masked away”. The quantization
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i ntroduced by quantization-lies below the
psycho-acoustic masking thresheld, i.e. is "nasked
away". The quantization *@0002* 2 is a |ossy
encodi ng. To obtain a further data anmpbunt reduction,
the quantized spectral values are then entropy

ded, f ff d
Sl | hPOFHar POrPOEtn A0 s SRR Fhc foy EHr5f¥r TG, amount
sknkamﬂbnnnthglquentigedsswder&ﬁr%ﬁﬁn¢$oarehéhen entropy
%ﬁhﬁﬁﬁ%ienﬁgpegxaﬂgfgtHﬁ%dfﬁﬂﬁﬁkﬁﬁleﬂé$&f§ “@ycgdgﬁﬁg side

be storé€d or fran audi o decoder
binf ematdmn,s aighdeds | mcalel0fartodsd Riehti zéd BIf stream

?g%ﬁl%l{@.elﬁgzle:JEé%ﬂgn% fbﬁ@ 'é’\:fﬁagiﬁt EQBmVlttﬁl@dEhErébﬂlea,Tﬁcoded
entropy enco uantized . specira
AR 28 fﬁPgthﬁ%roﬁf%@é@dedw Bt &% LR Stored or

e dmest spect ral val ues. The quantlzed spectr al

values are then inversely quantized to obtain decoded
spectral 15 val ues, which have quantization noise, -

Vit clthle eaudébomdebedepsydﬁ@aadﬂﬂstS&rmaskiﬁg divided into

t%HégggH %ﬁﬁkm%éé é$8§t?§1'0§!ﬂé@'%ndT@%%%fﬂﬁ¥Hﬂﬁ§tlon via

ues resentation via a tain
ta nmeitdi stream muletcipzl@&errans?lé@ nehtERPH §EYGadeqd quantized

&Skl a'&lggﬁbﬁhrﬁf@s ft:LQsQe dserbpy deeouel E@eabl@ﬁln the

c nverted synthesis [ter bapnk to audjo

tQF4¢R9%?%ﬂ§PGF§§?tha%ﬂﬁﬁhegh?f???%ﬁlﬁ % n%eCtral values
AghEl t icpeal | Ynvek SEDW Qﬁ:aﬁﬂﬁztemi beOcafm&iized défcbeledt hepectral

GElberoh AL e Ly set aneloLmL oD, 2 [ OPLL béLow the
tp@y@hﬁ+@@¢ustb¢ockmek&nbapptMgesMhbdsucﬂmbasmlLb thus Dbe
t+ %uélg.{ ed 'T‘Pme@eg s&gétrgﬂ.rs's}ald‘eosr G139P EhefO48 converted
into a time representation via a synthesis filter bank to
obtain time-discrete decoded audio samples. A
transformation algorithm inverse to the transformation
algorithnl has to be used in the synthesis filter bank.
Additionally, windowing has to be cancelled after the
frequency time inverse transformation.

To obtain a good frequency selectivity, modern audio
encoders typically use block overlapping. One such case is
illustrated in Fig. 12a. First, for example, 2048 time-
discrete audio samples are taken and windowed via a means
402. The window representing 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 window overlapping,
a second block of 2N samples is formed via a means 404
which is illustrated in Fig. 12a, merely for clarity
reasons, separately from the means 402. The 2048 samples
fed into means 404 are, however, not the time-discrete
audio samples immediately adjacent to the first window, but
. comprise the second half of the samples windowed by means
402 and comprise additionally merely 1024 "new" samples.
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di screte audi o sanples are taken and wi ndowed via a

means 402. The w ndow represegnti ng neans 402 has a

wi ndow | ength 30 of 2N sanpl es and provi des a bl ock of

2N wi ndowed sanples on the output side. In order to

achi eve wi ndow overl apping, a second bl ock of 2N

|sformedva ans 404 . whi.ch . s

TR SVriaprindrrs. Syoboardly ra i GANS Bedisgs 406 in

m@ar at 2y fdhcmht heef feszins  4023editee 2048 ceamplapp Bty fefl 50%.
r@ghs ot 1ae- g e

au %o sarrp es V%Fﬁaawgggﬁéﬁg&e%ceon%%ogtﬁ gééﬁg 482 and the

withaowdawed seopdieiss outipats dsomeand fAGF anre Hemplawpiect to

W OWBET DY IRRANS hat 021 ANGheZHEPT hOE Al  uo0al |
merely 1024 'r'i'rﬁ%11 san‘pllgs The gverl aﬁfl ng'is espectively.

qu 5P itheudinoare MORT Ranr MdEn i Meany 40 provides N
Wt refif eedisues degr eenof rovet! a@auag,ohhia% meBeish 410 also

the g dg%ﬁ%%? Ies out punggﬁ nﬁ%ﬁs 2t %g%&lg window,

sutqmtn t anb cﬁ\lrmrl\ﬂii"lraj g@rﬂ t Bk viexhetans b&38emmd 416, first

respective lelols he known MDCT al gorithm
gpq%w Ap%élveg' O(li;‘!’%enc ral values for the first

Wi ndow vvh| | e neans 410 al so provides N spectral

ey Comé W RHOWhe WMARIRIY ,2the N tral
over appl ng oéH5%/o exr st Betvveen Fhe first 10 eWI ndsol\)/\(/ec ta

arrd uere seddivl mrrﬁibvvlr)@ow |3 AR tFURRL ¢H T gneanp 414y which
ther clogpger atrhe Nl&ﬁ%&ié’@' widdiesied thedfseséte cosine

VVI ndow are su to neans 412, forns a
Ry e cSabe aooines: £0r T (dRi oL values
'Eh‘.e ﬁh@e @e&@ém@swﬁmwhe 'l\hesaectarrad gappésedoftd heeans 414,
W, ndow, Tesearesu t 414, i.ch .
a"feryoqbelafl&onsp%ﬂ ?%%r?éln% gg scr éc‘edcg)j;'JLlsrCfer\g[E cosine
ttrmt_scﬁfnsnmumn ohhrrmaa&s414212hn@lndreaﬁgnﬂiléﬂlélac¢ach provide
@V'gﬁ Sﬂﬂplggf(¥1£Q@ @ﬁg@%ﬁ“é@@WZN“%g%bles for the

sanp &SP second win respectively. In
rwenm‘em@wchre@%@wed by TDAC (TDAC = tine
domai n al i asi ng cancel lation) in Fig. 12b, the fact

(L gebis, Ly DR oS AL A7, SR CTERRe, o came
fdemain alla51ng cancellation) in Fig. 12b, the fact that
the two windows are overlapping is considered.
Particularly, a sample y; of the second half of the first
window, which means with an index N+k, is summed with a
sample y, of the first half of the second window, which
means with an index k, so that N decoded time samples

result on the output side, which means in the decoder.

It should be noted that by the function of means 416, which
is also referred to as an add function, the wihdowing
performed in the encoder illustrated schematically in Fig.
12a is considered automatically, so that no explicit
"inverse windowing” has to be performed in the decoder
illustrated in Fig. 12b.
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w ndow, which neans with an i ndex N+k, is sumred with
a .sarrple Y2 of the first hal fg of the second w ndow,
which nmeans with an index k, so that N decoded tinme
sanples result on the output side, which neans in the
decoder. 30 It shoul d be noted that by the function of

ans é%G Wn%%gop%‘%férﬁeergté k?i lf?@ar?gd402 or 404 is

d’Tn e enc
ltéfeirededosahenaﬁk¢alMmeneﬂhgthelzmd&xcbngﬁwaaaﬁnts the

”Htl &%y L BE Eﬁﬁﬂdl ornehéngKﬁSb | ny, §filed that the

as to be Int eco
|w1m¢w atva:ftght Fiwg k) 125qua\h@d t @dded nderw ftumctwandow weight

?ﬂ?n.éa;@ L BYq @@@&ﬁ@@ PEsdPdsi 8n 18T @RELLiAOkASuns from 0

eln the Tndex k represents the tlne i ndex

t#e Wohdi LfoR Hidet yipEowWyis USSR Hate t'hnd QWr%ﬁﬁﬁhtlngs of
Weh Okl 16 K) ow atiaé efli fddelal © waee nbndoMeVeigdt flnction, this

uared oget h e 1 ereln k. r
reona b gn 18 2 LVRVE B LEE R s TadtBHE Silatie [dbugne sine
v&m@htu}regs sqhamm ch ftdld owoshieef i fst rmrefrwvaaagdtta t begether
sine nctl ndition is always fulfilled,
SF%E% h%n gh%r %?e ﬁg glne and the square of t he
COSIne for every angle together 10 result in the
VaLlues t]ah '&1 a?‘d\?argﬁéé’éivaafag%h%f LG MWIdRIM Nethod with

se uent function described in
FﬁgbsigﬁenhatMDGFndéWPﬁ§1P§ a@ﬁﬁ&RiPQQ/rﬁﬂtlEﬁgcat}%ﬁ that

OalﬁdBWEHth§C%%h&e%@ds%ﬂphﬁhbﬁipﬁicaMm&n1Q@ﬂsadeimégdascrete
sl ne W ndow, wt floatin oi nt, since the sjne of

afi2BRYEe BaiWeen ‘t’.)hed‘?'ld corgt s Hods Kot WAasery i yith 2
aflbateggrpotneeplsime attgd esink X d&lgraagleE\batwwlmn 0 and

¢ B RRg pBPntoRRnaBrS T FaRNFr 1y £a, MhESHUED, excspe the angle
Thifis 90e\deyrafeen iy eps yiien abuueyer 'enm@déitscge'egeaamples are
2@Pﬁgowg§an§uan???9t 8§ﬁkeﬁ§m5399dk€§uﬁ% £@tBe windowing.

arne on is required at the output of
nmeans 408 and 410, respectively, in order to be able

éggg@[;gﬁ@rﬁ wifen I 88SpRILhY -Aedagedl erriddapyis used, which
means ~when a lossless encoding is to be obtained,
quantization is required at the output of means 408 and
410, respectively, in order to be able to perform a

reasonably manageable entropy encoding.

Generally, currently known integer transformations for
lossless audio and/or video encoding are obtained by
separating the transformations used there into Givens
rotations and by applying the 1lifting scheme to every
Givens rotation. Thereby, a rounding error is introduced in
every step. For subsequent stages of Givens rotatiohs, the
rounding error keeps accumulating. The resulting
approximation error becomes particularly problematic for
lossless audio encoder approaches, particularly when long
transformations are used, which provide, for example, 1,024
spectral values, such as it is, for example, the case in
the known MDCT with overlap and add (MDCT = modified
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Generally, currently known integer transformations for
| ossl ess audi-o and/ or vi deo ericoedi ng are obtai ned by
separating the transfornmati ons used there into G vens
30 rotations and by applying the lifting schene to
every G vens rotation. Thereby, a rounding error is

trod ced in_ever Fo e
rot 54015 trt%‘ rouerlJng? err‘—’gﬁr}y]kéul“‘%ﬂs;l fnqtf,he higher

eeps
aimqnﬂrmy nganJhe mdwde i hhe apptioxi sagned ekypically has a

gﬁéagrfe o@aaﬁlbaﬂt%'fy &{é}t& | ar*&a{,or t%% IW&&%&%@ error

ncader  appr oac part | ng
tqamsTel @kt Y oRscamne &§ééeﬂMﬁhﬁﬂ;ﬁQﬁlé€tuPérﬁ&géﬁﬁheso that

L4 sheddal \ﬁﬂlﬂﬁhoﬁﬂéﬁhﬁﬁbltwiﬁﬁ fﬁég@ﬁ@npt@, lossless
ver | ap

t he case th d
'eﬁﬁﬁﬁ¥m%hgﬁmblg@Fgﬂgu&ggﬁ;é Wﬁ&ﬁ%fGPﬁﬁFpong A VS encoding

Ref i cidrady Yob i irdebId ghtesredy equency range, where the
audi o signal typically has a very | ow anount of

energy anyway, the approximation error can quickly

Hectone degagelr  thareudico acngaidigigygnaintegerhatrgns fpgmations,

enc6§§c%ea% pr€P£§§?%£ﬁ?Mg5H réiggfiéﬂhé‘x§§ﬁ§$%tlng 1nteger

ng and parti h regard to the encod
i RUe Nyl ens ai AESI @afhépéﬁyrlw sesgand the ala%%n “per-1v,

£Eﬂngcoh§i§8§§ tﬁénSE%h%%thnScomﬁbdﬁﬁﬁﬂ1fﬁ%ﬁ@e integer
transformation al gorl eneratlnﬂ inte OUHF

verapsfomrat 1R i £oF aH“?gSaé&EP Ldrathenen based on
Mh@hoepnﬂ;iewalan pamttiauua@anypmmairvmime|pregiesions for

transformati ons for Li catjons_ar.e rathe ,
baRed & r@%%% d@ﬁ@?ne%ﬁlc 4% t%%b?g?Fyﬁﬁﬁfgﬁééyﬁqﬁ?ns are
pdeytsibas, f dorlSekbmptenstimt Yoonpengnt .G Sudh i ama@ger. Lin,

t.r, ti I escr exa : s
Zengééﬁéga %qgu%oqgaq %f?ﬁ%%éféanSOIg%d"qgﬁ lifting
t fantdoinat bastd én IBrog. ngICA%%ElezaMawn'Qoqln MmRc. 1,181 -

IEA2§E Olg, Myorgl0h, Rihg 1KL81 sezbklig4, "ﬁev%@@&%&@ apdscrete
zakl, Rever3|ble Di screte 20 Co |g% Trag rnT

i fopine. Trepstprn’gosn ¥EPC-3ICHFSE1 78 ¢ pp- 1,763
Hao By R  Bhi HadvBhkiox @ actawrii, Zat'MaﬂSJ.f{orfacE'ﬁyﬁ&ﬁ)i@s for
LSRR RRPLR L SRS T 05, ShgRSk BLACeS3HANy prgcessing
Wahgnal Processing, Vol. 49, pp. 2,314 - 2 324, and J. Wang,

J. Sun and S. Yu, "1-d and 2-d transforms from integers to

integers", in Proc. ICASSP'03, Hong Kong, April 2003.

As has been explained above, the integer transformations
described there are based on the separation of the
transformation into Givens rotations and on the application
of the known lifting scheme to the Givens rotations, which
involves the problem of accumulating rounding errors. This
is particularly due to the fact that rounding has to be
performed several times within one transformation, which
means after every lifting step, so that particularly in
long transformations, which involve correspondingly many
lifting steps, rounding has to be performed particularly
often. As has been explained, this results in an
accumulated error and particularly in a relatively
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J. Sun and S. Yu, "1-d and 2-d transfornms from

integers to 25 integers”, in Proc. |CASSP' 03, Hong

Kong, April 2003. As has been expl ai ned above, the

i nteger transformations described there are based on

the separation of the transformation into G vens

rotations and on the application 30 of the known

| ¢xpemPl & h@ROQes XN /G 9&ASer FMNIHRY i cRerformed after
| Yoy esi thendr obd s Of paeeaiil @ié NPe X OUNIFAONET EOES.

This "is particularly due to the fact that rounding

has to be perfornmed several tines within one

t Tanss oAt dlohectvhb £ ht héepnss @it et neyet yohi tbi pgostdp, a more

so.that particularly.in_ 35 |ong transfar j.ons, i gk
iﬁggf\:ﬂee%br = or‘?a{f%él yc%ﬁ§p€| i#cf ing s Vgé.llgss,lornour?#ijnégscrete
hesltes beipepf ormedcpansicuied | yrepfeeantAsibas Bawh for a
€ B%Qégﬁgn?lgés rfﬁV%fé% 'nféﬂveﬂggUHU|a5§d FHLT 8Pdnsformed
partrculfarly 7n a relatively expensive processing,
srepeesoubaiihgnis perforned after every lifting step

to performthe next lifting step. It is the object of

the present inyention to provide a nore 5 effjcien

. t .
ahAlex LI ncdft IR LB ey oAl of 2 RRIEREER VTueSONVerting

| at8oadin@nsboemadmr epr eseritiddE@nddwveBting according to
co respgﬁdin i nverse conversion of the transforne
e

d .
rEpRLent at ABn 2PPGTRAS G5)Te ™Y & St T RVETF §n%naccord1ng to

appatat U ,f on coewleod i fipr atovedsag ¢coneértimg, according to

MEL Dod Ser SOQVSBH;QQe?Cﬁ%Q%Qﬁ £8co§?&gh§" g cﬁalim. 24,
apparatus Tor i nverse converting according to claim
19, a nmethod for inverse converting according to

chai 121 Q3 HeQMRIMSRIC tPTROAB 4SLO8Sh 10 fPeRt @b 26. provide
151t is a further _object of the present invention to
pRovieearas cwer st Q¥ BRI R MARRAL algphr ATs WL hwelds a@ back

atRagkrotmansbar rrap'?aaaaaaar alH$ chWhiehpeaspr | $@et heénventive
i nventive conceBt or,converting and, the._i.nventjve t  for
cGRBEBPLT 0f 0T 20PRVEF§ENE0ndBHt i S r ABFERELVE y CORGePt to
obheetsescankheevedghyrebpetowaedy .t ransf or mati on

apparatus according to claim 16, a nethod for towards
transform ng according to claim 18, a back

t Fhnsf oohpecbn is achieved by the towards transformation

apparatus according to claim 16, a method for towards
transforming according to claim 18, a back transformation
apparatus according to.claim 22 or a back transformation
method according to <claim 23 or a 'computer program
according to claim 24.

The present invention is based on the knowledge that by
extending the one-dimensional lifting scheme to a multi-
dimensional lifting scheme as well as by cascaded exgcuting
of at least two such lifting steps, on the one hand, the
rounding error is reduced and, on the other hand, the
computing efficiency is improved. Therefore, according to
the invention, at least two blocks of values comprising
audio and/or image information are required, which are each
submitted to an arbitrary transformation algorithm.
According to the invention, rounding is performed only



10

15

20

25

30

35

25 apparatus according to. claim?22 or a back
transformati on nmethod accordimng-to claim23 or a
comput er program according to claim 24. The present
invention is based on the know edge that by 30
extendi ng the one-dinensional lifting scheme to a

multi dinensional |iftin che as Il .as b . .
Bt or R RS, ot he f cafoLERE ErabstBin iy Higprithm. This
i1y bhat h€iase , hafful;, ekemplewndihey eutputi sesedticethlues,
on_t ot , co tLng sef fi Ci LS .
?ﬂ%ﬁbvga.qiﬁ%r %ﬁgﬁggcgéﬁgfﬁg ?%FBE t gifgég%?%%ﬁ?%éfn are
| eastdedwoand otke ofitpakuasseydisr i iy 2audixanaf@mration are

| gRddf OEBbLORI P ey T eatised. L Mhish e £aGhired ¢
submtted t%gén a%bit¥ary %?%ns%ornation alggr%fﬁw1 © round

A rghe o tans iRt dh, TolhdiaRY | 3T FRF reRk bR 4R and
defiqerdaryrdigy tduercanpledecdd ansds fongaed goridlen in the
S nPani that first, for exanple dthe gut ut Le%ylt d i

TesOt  shBh SE3PRECspée BRIV usRTC of WRIFY, ex1sts. and is
tfmiiprmimm,e canubdedsadd ashel 5utpdt 2Pesttass Hérmation

a transf or ion_a d,. e ' . .

LS, [ ERORG kil TS BshRsAE iR iStacion tesele

tintnsf obndi vbduaThugsotatyjoasbi tasar yirxi §hengpaiger art, by

Pfﬁﬁ%ff’éfiﬁ%@jf% el dLotehis poshor 1EL i on rul e,

in the ormof, for exanple, a program code, which

exists, and is freely available, can be used as | st

@S‘é’c@f@iﬁc{; apsf (Rt i AGeABibH| €,tHd t BedbnBaWIEK Ois used as
separate the transformatjon itself intgFindivi

dual .
FSABET Shs RE | HhE hd BANTHOTRA]  EGPTRREBERLIORg OF tifhe first
tﬂﬁbo@le; U@Ig tb f@mﬁimg n&hbgnseé@ﬁ@r tilegk owibe itheentiransformed
t he secon ock i.s used_as . 15 carJi et f he .
tFAREF B e 1 ¥pr 8deritdt i SHESF ¢ e??*?s?uﬁﬁégkf greording to
stinei hgveheisegonteblfdgistwiiloaihel s ruaefiomased carrier for a

[EPLESEORALY ON o fediSlorP) 0B FURENelse 60T dilGck by
to e rnvention, the first block is used as a
cabtBact brg a theer absins femmedprepnasantatign t € the second

SSPQ@E‘; blgknbys ZesUPt E8RELNEst hed r 3peEeraRd values of the
representatjon_of the second bl ock, i ch al ready

cBhESF nR1PRk, sheemrbire vEEHRE BtOFKe first block, from

the first block. Since according to the invention,

rg:LLjrqgien cicsoxpaelrrfgorggd the invention, rounding is performed
merely after the 1°*% and 2™ transformation, respectively,
and since the rounded values are additively and
subtractively superimposed, respectively, on the
corresponding carrier values, a cancellation of the steps
performed in the conversion can be obtained without data
loss in the inverse conversion, so that an integer
transformation algorithm results, which can, on the one
hand, be implemented in a computing-efficient wéy and
wherein, on the other hand, no accumulation of rounding
errors occurs. This is due to the fact that rounding is
only performed after a full 1lst or 2nd transformation,
which, on the one hand, eliminates the accumulation of
rounding errors and, on the other hand, significantly
reduces the number of rounding steps, compared to the case
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25 nerely after the 1st and 2nd transformation,
respectively, and since the_rgunded val ues are
additively and subtractively superinposed,
respectively, on the corresponding carrier values, a
cancel lation of the steps performed in the conversion
can be obtained without data 3Q.0 in,the invers .
whe¥FEr si b sdranaiaMa T Yyer lttsreg‘rs‘l':sfo}ﬁat i %ﬁparaged into
agbgartiibh®, r edelres , rosridingains parfoemede affitemd,evegry lifting
i_npl enent in. I ngsef fi gi.ent. may an i
gﬁelphg‘%gteﬁgl’ %&%8?%%%%0%%% a&t.ictor%% of rouaﬁt}l nngmgo%lol%shm'
occurs. This is due to the fact that rounding is 35

G Vi PLhOLIRANAGR & fbhe ot RAint2NdnlEARSLA! ERELOKurther
whi ch, on the one "hand, elinmnates the accunmul ation of
BBYN IF PV e BPRA hndlongr NUeEedt heF2RGAAIMEL4RNS i BT ycan be

reddcessihes Nephedial rowngi RAsStEPs beC OPPRESLé® blfeer the
case 8 where the transformation itself is separated

ithed s HodRtii6Rs, where rounding is performed after
every lifting step itself, within the actua

ansf or i on al gor.i t.hm lt is Y, of _t
Hugg '%ﬁr&%ﬁat”ﬁﬁq &t lasnf/l“p %%/ﬁ ?%E%I In. {ifat faszt
rdrydmittdgey, twlamsd oefffibkbn Or (dass caatbeisgsakcaidigyy to N,
i | | Y er d&r thes i ticularl
bqwgr}%%r%g{] ].ylgé%sé\f gLuc&eI\P cfﬁ(?% & FREs is particularly

tTansto ion. 1 ] hét, resent invention is )
achoritfgents fart rudiassionrasri thRce widse ¥ateget Np which

FREH NOLhEl SErACERS FhNGi 40 Nengtyt WBretyldt SesI\N llegge in
N, can be used. This is part|culaq#% S|gn|f|cant Epr b _
AP sPaABRRLS siR dife 3BPUE N Qdft cHalNESnsiEndhe above

td S B @ kvl engldv danpdsdioelnetkoge.in 15 audio
signals, and is about 1,024 values in the above-

descri bed known audi o conpression nethods. In a

aIref £ r s erndedli enndd et heo Presenpreserhnt iomenthenei wherein

' Lop.of t k f ' i .
) §08k Y or 3100500, BF, CRRT Dol norPOLELADSIRD oo
treass Dormeatoon i §s uRedy r 4hef dnawn RCTFUIe, tapnghormation 1s

CORPT i j bgal pui&ansyRI ARt | @BmPREEEX a8n identical
transf%f%%fﬁ%ﬂg$€%% tofuthe 1st :End tﬁgBan

LEEARSEPTRATION FGCHET 2P n AN QUAbef ntyte for the 1%

and the 2™ transformation. Further, in order to obtain a
fully integer transformation, which corresponds to the MDCT
with overlap and add, it is preferred to combine the
windowing of the common MDCT with the time domain aliasing
cancellation functionality (TDAC functionality) and express
it by Givens rotations, which can again be calculated in an
integer way by a lifting scheme, to achieve a fully integer
version of the MDCT. |

The two blocks of discrete value supplied to the inventive
conversion apparatus correspond to the Givens-rotated
values of the overlapping windowed blocks of the time-
discrete audio samples or discrete image samples or image
residual values after a prediction in a modern video
compression algorithm, wherein the DCT-IV algorithm is
preferred as transformation algorithm in the case of audio
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fully integer transformation, which corresponds to the

MDCT 25 with overlap and add, Jt_is preferred to

conbi ne the w ndowi ng of the common MDCT with the

time domain aliasing cancellation functionality (TDAC
functionality) and express it by Gvens rotations,

whi ch can again be calculated in an integer way by a )
[ELE -ngo@,chgﬁeplet:@deéhi%ﬁ@ra 3921y i hhegd T3 AYIqoHhm is
?rﬁ@:%& as e dudhdi)-ackse Olfréih§£ct5ﬁﬁ@ti/@1h usppaug@%msﬂ which
0 the [nventive ~cqnversion apparatus correspon 0

(e, E99es T0OLaVEd Wl Hed SR TR oVEr9SpprRACH RIGRFTS an

hlroedessof Lhetinge 3kthdimecr ate avdtpisaapl €heor N roundings
di screte | npl es. oy . residua |.u frer
2P %‘ﬁ%ﬁg?n%gen@ ST S ?;%&togn%?ggs%ng\r%%gl S‘%}e‘?t %‘?ﬁmdmgs
virermiduddrk OGT- |bhel goimehfr¢guepeyf ek ragsfigrmation, in a
t f [on algorithmin the case of audio 9 data.

C% {aéﬂgecégg? side, again, the DCT-1V algorithmis
preferred as frequency-tinme transformati on apparatus,-

Wi Sk rF S AQADd S d olty BhEOt B HEn St aGfrelicin will be
perfornms an _inverse Jifting schene to, retrieve the N .
FOLFERFRRA 5 PRLPHJuCEHE At ERESEOSFer §P de thtfhi cAccompanying
sl dde. rmvendigigswe: i ntroduced in the time-frequency
transformation, in a |ossless way. Preferred

enbodi ments of the present invention will be 10

disgusked kel bhowkt hdiaframence t ent henverbhpanypppratus for
drawi ngs. T W, Fig. 1 a block diagramof an
inventivezﬁﬁ%ﬁ%ﬁ%¥§Qbr converting; 15 Fig. 2 a block

di agram of an inventive apparatus for inverse

CPNYErsing g Fidock agphgpkmdisgr am oindeneppar alggadaius for
converting . 20 according to a preferred enbodi nent of

the presentNVeRENIFOWERFH94 an apparatus for

i nverse converting according to a preferred

e??gfj' gr'ent a?f btltc])ce:kprgisaeglgar{x n\é%ntérg.)na.pparatus for converting

according to a preferred embodiment of the

present invention;

Fig. 4 an apparatus for inverse converting according to
a preferred embodiment of the present invention;

Fig. 5 a representation of the transformation of two
subsequent blocks of values, as applicable for
the present invention;

Fig. 6 a detailed representation of a multi-dimensional
lifting step with a towards transfo;mation
matrix;

Fig. 7 a representation of a multi-dimensional inverse

lifting step with a back transformation matrix;
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25 Fig. 5 a representation of the transformation of
two subsequent bl ocks of val ygs,. as applicable for
the present invention; 30 Fig. 6 a detailed
representation of a nulti-dinmensional [lifting step
with a towards transformation matrix; Fig. 7 a
representatlon of a nulti-dinepsional inver

Bl 8y st 8p hWPPReseBhekiPRand¥ ot i BACHED |xlnve&Bl°n for
F' g. 8 a reppesemtiaig @ DUT-IVe qff edentldnptemtN amtfo@rtwo DCT-

separati ng V éQ I th Ninto two DCT- IV
of the Ien&?ﬁgﬁrfh ﬁ X %QNzﬁ%lock di agram of a
preferred means for processing tinme-discrete audio

)l @s to obtaigy i ngﬁgggaﬁal wes f4 O"b%k‘@?réat eqffans for

spect ral val ues “can et er m ned I g.
schematic Pé@ﬂ@§§Mﬂm|§ﬂwQﬁd¥%ﬁ¥%%%a@%?¥%nSéﬂplﬁﬁ NScTobtain

and an i nvense¥PChad1hdd et i Oitsteddd dpdctral values
DCT- 1V operatlons Fig. .11 a representation fg$&:

i | |ustrati 5§7t k& HLNGH7 15 of the MDCT with 50 -
per cent overlapplng into rotations and DCT-1V

er at.i ons; a schenat l.ack
SP :%%coé%r %@?Wﬁtkixﬁegﬁgggb Sgﬁgénf%gsgbga pé}atlon of
and 20 Fi ganlMDGT bhodk agi aigreamssd MDRHAowmn d‘@m #@‘iatlons
decoding the (3 Hesdane it ddordd 0. 10a. Fig. 1

shows an inventive apparatus for converting discrete
25 values into a transforned representation with

'fﬁ&geﬂlde“%%pﬂ@ﬁéﬁ%@@i@ﬁef5§|Qqqu%widﬂﬂﬁgTEHétbéparatlon
i nventive ﬁﬁﬁparatus via a first input 100a a

a second i t theooYPCTheWith st QN(ﬂﬂFQﬂntdlggﬁéﬁgpplng into

val ues is fratdtiosa die DATHIN dleatidtise a second

bl ock of discrete values is fed 30 in via the input

100b. The discrete val ues represent audio

Fig. 12a a schematic block diagram of a known encoder with

MDCT and 50 percent overlapping; and

Fig. 12b a block diagram of a known decoder for decoding
the values generated by Fig. 10a.

Fig. 1 shows an inventive apparatus for converting discrete
values into a transformed representation with integer
values. The discrete values are fed into the inventive
apparatus via a first input 100a as well as a second input
100b. The first block of discrete values is fed in via the
input 100a, while a second block of discrete values is fed
in via the input 100b. The discrete values represent audio
data or image data and video data, respectively. As will be
explained below, the first block of discrete values énd the
second block of discrete values can actually comprise two
blocks of audio samples successive in time. The first and
second blocks of discrete values can also comprise two
images and residual values, respectively, represented by
discrete values after a prediction or difference values in
a difference encoding, etc. Alternatively, the two blocks
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data or inmage data and video data, respectively. As
wi Il be explained bel ow, tbeléiLst bl ock of discrete
val ues and the second bl ock of discrete val ues can
actually conprise two blocks of audio sanples
successive in tinme. The first and 35 second bl ocks of
di screte val ues, can al so conprlse t wo es and

s iHRArets uealueesprit haspyb ePé‘prSé%’éir‘?t%d preprocessing,
CEu%‘H ei& val UtQﬁe af hes @rpriﬁ@u@mema%odﬂ fcﬁﬁrﬁﬁéeMDCT where

ue |fferenc encodi n rnative
tﬁ@ aerFo ck ;3nd ih& s%?‘é?‘gdvglﬁ’gé( c ﬁ RAPEIEEEn Values
SuhM£Cbeb@ pgepeaaesﬁlngy silchnas rotéhéonnt efeom actually

ation of t l.0
B PGS of Mecerbes W feaOfay, Rl ¥t Uhsorete
gexierest edaby tChuvsanber o@@nm@ fimem a@FEIQFLh?lS éwcimv\ééta or
S.L £5-qdbg figst an g&%‘%‘és@l@@@, of s@kBCralse rotations,

es can thus be derlv d fromorigi nal audi o_data or

lnﬁ@éltcﬁéi@rtﬁyr anylgﬁdgéggﬁnggoufs $ ot aSiCeHdngs, . etc..
pARIMUL at k@RS, FRYYS/ NhANS ddddred f |HlQﬁ:k§CQJﬂ N@sscrete. .values
Still, the first and zecond bl ocks discrete vaIP t

QPG n 284D | nfEBERERREACRNG | e|¥W%ﬁ%at|b% ormation,

fﬁﬁﬁﬁﬁﬂﬂﬁﬁéﬂy,aélhmw@@hthhgyaBEenmbUﬁdﬂxﬂdqdyuﬂhdﬁo samples

4 dlﬁgrete.ggqge val ues. The first bl ock of
5 %ﬁ%f?ﬁﬁthﬂ;Q% Y& to the means 15 102 for

processing the first block of discrete values by using

a]i)lges £l 8 Squr'% c91§ a$58r¥{:@ 9 ﬁ%s 16@s. 1tn‘%o the means

aln a |rst transf or ne al ues_ at
oldputosf pnesessing, the E£irps éqimkuﬁfmdgscret?h.%alues by

fid Blg bloockstof trﬁﬁgﬁégﬁéf@gnvaf&@é Wilgl EME' Cﬁ‘xﬂ)t)/t nawoa, to
be 1 nteger, but w/l qfrlse %ﬁt t of
vtk astikey Q#@Ckyﬁlc %uﬁﬁ an output o

thédnss OL0RL | @R rid eisSeBbwas i Aoy el. This first block of
transfPrnatHogﬁla Laglz;e transf rnq}gfqyaafngggér? but will

her
t camst bserat £ boat Snighpasnt a maweést taanstbawata@ﬁ weyhically

aé@{é RLY Fkgnc%f §fogmgtg§nf'fﬁﬂ(;ﬂ Q@knofas a Fourier

trans or e nto neans 4 tor roundlng
{ hoans FoTmat bok, of LARASFEr HE@NFHARES HEbbiah AL, a DCT, a

fhgsl Bhofsce! weuMied td@ansiprotseyat HeAseBrinBeion, such as
ogtgg%elet transformation with arbitrary base functions. The
first block of transformed values is fed into means 104 for
rounding the first block of transformed values to obtain a
first block of rounded transformed values on the output
side. The means 104 for rounding is formed to perform any
rounding function, such as rounding by truncating or
rounding up or rounding off, respectively, to be performed

in dependence on the floating-point value.

The rounding rule, which is implemented by means 104, is
thus responsible for the fact that the first block of
rounded transformed values again merely has integer values,
whose accuracy is determined by the rounding rule used by
means 104. The first block of rounded transformed values is
supplied to means 106 for summing, as well as the second
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side. The neans 104 for rounding is formed to perform

any roundi ng function, such roundi ng by truncating

or 30 roundi ng up or roundlng of f, respectively, to be
performed in dependence on the floating-point val ue.

The rounding rule, which is inplenented by neans 104,

is thus responsible for the fact that the first block
bilozk fuiarnatensialurs arplird abai hheefeFrPndadnput 100b,

it €GISF a MRl Hese coMPSB1 86K UAC Vs ufimélet @aueed bf tHke audio
roundi.ng rul e used b nmeans, 104. The Elrst bl

k  of
Foded SRR AR ARFSd  LhphPR eRet §eRBanbatogpectral
fran usgnmi fhgom asthel | fgdthe BB@@k]d ark? dddek ofo rounded

i sc ues lied e d t _100b t
%‘:ﬁa&ﬁ %[ on?ﬁ gﬁgik (ﬂ‘ftsu%rﬁg Orﬂse%I n%ﬁ e alii o?:ounded
ﬁrgamfslfoem@rmlva]jtmscm deided] tia taare b@ls@@n firpat the second
%[i%%t a rasﬁo Jo%ﬁ.gguf 'ﬂft mQ Ack PH6. a%edtltx discrete

roun r med e first block

@Jm@j ofram@f ofi‘md/abllléé‘rkarébr%vddéért @’tqf@ﬁalﬂ/ral pggsent as
fJoq'Patiée btogk ol dinfiehRlcd UHMESLRY FBABE block of
106 di screte values of the_second bl ock are,

fr&uné%@éimltéanﬁrf%&@@ a¥alysft ag8 valdes PYes¢t as voltage
reganRided tiigd chhadansstvdl @sk afitho fioendedt V. In this
transforged Va'“ﬁf is also presen vol t.age

it u§Berewny thl mdfhs "al WLt wi qﬁﬁiw & yhfy Spmpation.  For
tﬂmsormissaclllm enitte Ertno hmretvepr,oblltemllri be appreciated

S‘ct% tiflg%eung [ e arfc?%rsdnt%ét%ic?r?s' Eahh%ear}%erfgf\ﬁéf&r with the

unit standardi zati ons
c@nrrdd:e péocbrméd mumﬁechetxgnﬁﬁpmem otEd usts randdéde second

.fd&i%ﬁmal\é@ﬂé%% %d&e S?@Qﬁ@ct@k]@%' ofi fli 664€t Both the
respectively, in first block of
rf)lﬁﬂfedbﬂ-ﬂéﬁsﬁfr nﬁé%UW%e§r&ﬁéfpﬁ§‘e§ec‘fﬁ1]dlesol 3ed &,he second

HBSE et Sr Vi 4185t 6ra Tids exddpl for Vétdiale Uniitsho20 units.
The second bl ock of summed values is supplied to a

means 108 for processing the second bl ock of sunmed
VEh¢leSebyndusilogka chdstmmedf eadakisont s usepp biedt &on aa means

tsf@@n28?n§%cl%<ocgefsr%#n‘;gazs gr '?e%o\{'xacl uﬁ%%&kf the?ummed values by
exsimy ea ™% |tmnf8rf@ara1@m;ybnt rralril-ﬁ drameakiteri 3 regeond Helpck of
thes 20 FRERS RIS On 1Ul Epe W Ednd o ePEidM rule used in

means 102 is, for example, a time-frequency transformation
rule, then the 2™ transformation rule, which is used in
block 108, is, for example, a frequency-time transformation
rule. These relations can also be reversed, so that the
first and second blocks of discrete values are, for
example, spectral values, so that time values are obtained
by means 102 for processing under the transformation rule,
while again spectral values are obtained by the means for
processing via the inverse transformation rule, which is
the means 108. Thus, the 1°° and a 2™ transformation rules
can be a towards transformation rule or a Dback
transformation rule, wherein the inverse transformation
rule is the back transformation rule and the towards
transformation rule, respectively.
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bl ock 108, is, for exanple, a frequency-tine
transformation rule. These refations can also be
reversed, so that the first ‘and second bl ocks of

di screte values are, for exanple, spectral values, so
that tinme val ues are obtained 30 by nmeans 102 for
processi ng under the transformation_ rule,

B hecersondables el AN TRIRE  YaLisantss bpd 10887 neans

RAOCEY Nbundidde hBVehdwnt ranskogiatli,orcg ubletaiMi ah second
Is the neans 10 Thus, the 1st and a 2nd

PLegkf oPkat FEHNAG es tTART IRETEY oWaH e Yt S hatiigt  then
Fih@10f abbacked5 ineasfar mtaos rhl% fdrer gubttfeecting, to

nverse . tr nsfornatl e
FP§%§PEFnaY on SEN%E ngl?ﬁe fgaa% s tran sF%?ﬁ%prmed' values
ifulom, thespeitrsvebypock k&t dhécs%téndaﬂmﬁ§k(ﬁh10h is fed in
Rﬁ%ns’&%rqur\é%l uﬁpué r}%a‘ ntpsa Jwans 31Gfk of integer

undi ng , to obtain a secqnd
olubsRtofv A lawsdef ttctae]sté@ﬁ’ééowﬁae§ep\m@@ﬁtﬁt|l|°“t hegpich can

Whabhyphe fed 4Rt Qudgirans1412 ﬁ)ﬂrpﬁubbéaihgng;hé obBock of
sub trac? t he second bl ock OE rounded. transf or med

JATESST (QUFRYthe IR BF oERCof IANSEOSTE Y, ATRESS AT on PY

hsifrRd BA a\/ﬂlﬁﬂﬂ%&jl £8h ridnptitadBarmavioht aiules biwbikh has

of_ i nteger put | ues of t tran

PSR 1RO SR R A se (A pbf B¢ TEACS.EECR fhE semes

BuuprQgessubgeqhenmugckrohnd@ngnteger blogkt QﬁJLﬁ%ﬁQﬁformed
Igd{ﬁapilcﬁlgyggd §PSB trfe‘t 50%1284%1:”%@9 r@ﬁn@é@' L PdYs formed

|on I‘U al so been used
|cru111hEt neahges02nst ldyffseabsserqt@m heusBiBy Coingthy block of

éH?ﬁﬁﬂﬂfnﬁf néP&Pﬂé&gohﬁﬁu@‘%3&&35téﬁ@SEﬁéﬂ%@cdmthMock of

alues to obtain ck nded transfornmed 15
IR VR LiédSs and 59r§b8§e3&8 SmiHE BT (HEBfpratues of
(ﬁher‘%&ﬁk&kéﬁﬂﬂifOféﬁﬂeﬁyﬁﬁwtldﬂlueSnanﬂethebSemned, which
bl ock, of su a a.further g eger first
RIS 6 6Ro LT ronfEobhbd ot pRppacafes PhrOE e fixs
t@n@bts@dwdi, whochs mmvddssrateonmm@strwaﬁ—élfoth%d block of
resentation. o agdegecondphtogks, of
%?%?5 CAYRA% $a%€§?heﬁéiocg ? ﬁnteger out put

values applied to the output 114. But even w thout the
last toves siao RHCesHdld, three steps of processing,
rounding and summing, where the block of integer output
values of the transformed representation is applied to the
output 114, part of the whole transformed representation
can already be obtained, namely e.g. the first half, which
enables a recalculation of the first and second blocks of
discrete values, when it is subject to the inverse

processing.

Here, it should be noted that depending on the
transformation rule, the 1%, 2" and if necessary 3™
transformation rule can be identical. This is, for example,
the case in the DCT-IV. If an FFT was used as 1°°
transformation rule, the IFFT, which is not identical to
the FFT, could be used as a second (inverse) transformation
rule.
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roundi ng and sunmm ng, where the block of integer

out put 25 values of the transfgroed representation is
applied to the output 114, part of the whole
transfornmed representation can already be obtained,
nanely e.g. the first half, which enables a
recal cul ation of the first and second bl ocks of

di screte values, when it is subject to the inverse 30

m&@eéérhﬁ@ta‘tféﬁal' tesBenk( e nod egrébatrdaperdigydwide the

ansformation rul e 19t, .2nd and . f
et ORI R R reb o foT Tl Bl Bl hifngfhigh is then
TAi sqisre f NRNexanpli, wier htheasembart bé AiBdrétd fvalues of

FFT‘ as, | st sf [ 0 I e, d FET

e TEE R P 1Pkt rc I Cherherrullisty i Gistrate ralues

seﬁohhﬂe(seweméeb)lochnsfvbenatth@n numiples. of diisgrgte values of
;%Lgenﬁlloc%aw th gm%%f &S eglgereﬁevw%qu%@e of the

transtfornmation rule in't ormof a matrix, which is

t$ﬁﬁpn@1Qﬁﬁmﬁ%?h¢@@¢ﬁ&rﬁ91Wmen the nunber of discrete

values of 5 the first block is equal to the nunber of

di screte val ues  of tg? second_bl when t he nunher

ck
ofN difs R e e 8 e SMpPdipgats 0§+ t@% CocRESREE he NV n, the
?ﬁeflmcrmzef \aaiwgaltr?fb tthe: &w?ﬂdr?qr eagachfegmald t boN. round,
n reterre odi men 0 t he I V. IOI’]
(PREOHERE 164 Snd CLGUAD  FOORALAG ALy REQ UGS rounded

roeisdll ts Ac dbredi agctivaayr omﬁdiwingrunatsl obeahi cthan a machine
PLOYLEESy " QiR e e SIS, iR A0CUIRRKCD WBERoRing  the

accur acy nhere t to
péuﬂi@tmm@lihleeaS &&Jncﬁh%ﬁal |3tr1 edise sﬁomﬁcﬁoﬁj@ngl to the

A?G@ﬁ@iﬂ@ F@ntbeon! 0uRdisAGui UNgd btdd ﬁﬁHﬂﬂﬁh@esame maps a

noted that the sanme maps a non-inte nunber

neRR-hNEPSer oPUBREK| &° i HhegREXt Héﬁg‘ieﬁ i o aifei"s integer,
Phet el §ed nerdidi pedite r db@ éﬁbﬁdhmgntUHQMQﬂmo@ﬂﬂlﬁéSﬁunctlon

na to,other inte as the n nber 7.7 _t0 20
nnahBer 3 &P gﬁbeﬁuﬁﬁée%ﬁf raSYBhgtasthRenpsr 17.7 to
rﬁhede@be&unu1|on efhfee csmize de@0gasss olonpe azcctiracyounding

gggagg;gﬁg%ge&g he Joundec LP the AUEKXABE Cehe number

nunbe
to be rounded. In the above example, the unrounded number

is a number with one digit after the decimal point, while
the rounded number is a number which has no digit after the
decimal point.

Although the means 102 for processing by using the 18t
transformation rule and the means 108 for processing by
using the 2" transformation rule are shown as separate
means in Fig. 1, it should be noted that in a specific
implementation, merely one transformation function unit can
be present, which, controlled by a specific sequence
control, first transforms the first block of discrete
values and then inverse-transforms the second block of
summed values at the respective time of the algorithm.
Then, the first and second transformation rules would be
identical. The same applies for the two means 104, 110 for
rounding. These also do not have to be provided as separate
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IS a nunber with one digit after the decinmal point,
while the rounded nunber is gunber which has no
digit after the 25 decimal point. Although the nmeans
102 for processing by using the Ist transformation
rule and the nmeans 108 for processing by using the 2d
transformation rule are shown as separate 30 neans in

Frgand, PutsRaDI Bepdmpdedentiest vh & sperding function unit,
| Rl eneagaihon.comiI M Nepy I 8RS %re'l%@ltérﬁﬁa feBet+OD depending
unit can _be gresen%, mhéc . _con rol.eg by g,sge0|f|c

s%ﬂuéﬁgﬁ LEGHEFEMEREPr 7 tﬁ%ﬁ%fa BRTLRB™ | rEtTpF oeUgds the
di srsetielovkl vfst aasfbemednveicest anadstheAsthBesecond block

Sego | pck of pmed val ues at the respective
t?ﬁegg?g?ﬁer%$%o§$%§%§' Then, the first and second
transformation rules would be identical. The sane

appl i.es t 04,1 o} di. ;

oL pLEEakien uTRATRAD o kel ChrebEHET Mflentigp, che
nebRst Bloddkancbe dimAratent ¥8lbgsa andindiheg seperdomlock of
UL cretdi GR1868I RireL OHd OLhedghy WHRASRBEENEEPIUY I Obs they

degendggg, %glthe requi renents” of the abgfrlth . first )

rotRdSPEReNSE & BREcRUSRPUYT aiEf BLREH uel &A@ -t hem which

thelsebendiiocksed belbwandfy nedtygbuedCT Nif rt])lock 14 of
l.nvention,.the,

f d di t,oof t t
PR B DL e DR LR NS i shown
discrBig.vallyes sarch t Hthdint egesr Wi rnalosiedrsedpl esprasentation
t Iy t t I gek ' '
PR IR e S, PRED ARGt R, vHhS) At ik 30 or
btbekaprasgtusi ghognj dnt Hdg i ¥l eferihel eyamprei af egee audio

akoghaihpesheyg £ Fig. 3, such that the transforned
representation “represents the integer spectral value

at the output 30 of 15 the apparatus shown in Fig. 9,

| Int hthex@F10waingt, hewauHi oregagialtd elralgi.ng2 0 & gheans for
9. In_the goII0£nnﬁ with regard t.0 F|gt 2, . a meags i1 g

f OPVET AT er SEARPARETOPH nGOELFPREPAABFngtPo ERE: 1lwi M ©
bbl?@stthﬂsdraWhéraMap&ruuﬁw¢mftha1bﬂ@c&lGER bfiteger output
',:,Géf‘g% %‘ﬁgg%ﬁevﬁléﬁﬁ ab, £t ey QU PYY 20T Bl Gl 112 0fa156 the
second block of summed values is used at the output of
means 106 of Fig. 1. With reference to Fig. 4, which will
be discussed in more detail below, this corresponds to the
case that merely the blocks 150 and 130 are present but not

the transformation block 124.

Fig. 2 shows an inventive apparatus for inverse conversion
of a block of integer output values of the transformed
representation, as it will be obtained at the output 114 of
Fig. 1, and the second block of summed values. The 2ne
block of summed values is fed into an input 120 of the
apparatus for inverse conversion shown in Fig. 2. The block
of output values of the transformed representation is fed
into a further input 122 of the apparatus for inverse
conversion.
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second bl ock of summed values is used at the output of

means 106 of Fig. 1. Wth refirence to Fig. 4, mhlch

will be discussed in nore det& bel ow, this

corresponds to the 25 case that nerely the bl ocks 150

and 130 are present but not the transformation bl ock

124. Fig. 2 shows an inventive apparatus for inverse

e e2E @rloab:f cef Hweiedfva hiegelsofieduti ntal uaesmeﬁnst ftE30 for

t t |
GAISLALIRG 04 LSRG LOTngiRrll L Do PRERLORE, rune,
stheredthel Lest TrRed2kgansifocmast onymee \,d}hr.ﬂssgl@ldi@dilng was

ItHO o 'triﬁlﬂltsf%%gla@tflotnherulaé’paéﬁt Hﬁef%ru gﬁ\{:erssl%e, the means
conver si on. shown _i n out

Uesurplicer %rghﬁ%rgéﬁcﬂ‘eﬁlfe@@t”@tﬁ%mq(% ‘f@e]dl% which is
isUgpBiddirtdes meuns ﬂééfﬁﬁrtf&hﬁ&&ﬁﬁﬁlwﬁléﬁragQYﬁr?@nerates

conyers | ock o alues is fed

b B Fro R0 cro LTSt cCerRE RS DBk By Qi i output

tdisd@ndrie afisf o el ook ¢ £l mounad@nt tdmes FashedSedlues .is then
i 0 l e encodj pg he 2 d

tran{ égﬁloﬁréﬁletg%h ?ﬁéc%ﬁtd% S%@%pu& ans 5Of the

1BeEuppined aefinesterttlagdlorof byr aasfroe ars vJa34Jesn order to

V%H‘lﬂ SthéUMé@%I&C]@tJ%a%%iéé%té 05 {Q45dL PYs %{:g@ output

al n gener at es firs rounded transfor ned
eaf oihe mPrRAKHS &f delgThe- first block of rounded
transforned values.is then subtracted fromthe bl ock

of out gt v es. of the 10 transforned representation
et TSRk b L s getbp At emdd [ SUP et gfa means
di&@:retfebrval pescebsanti r sthosit pdlodd9 @fy thesing the 15t

rat us of, Fi Thi flrst bl ock of
P s R etk 22960 op FhP Bk ch pgpsormed
t\a buds oek mbamougpuheQﬁanammsﬂéﬁmmTMﬂsrabeond block of

O@fﬂé‘f%f‘ @&‘Elﬂo@%%&é%gﬁfvéi@é@f% g%% ﬁP{a%Hﬁﬁdé‘B %Heme%ns 152

out put nmeans i s second trans

skt PRERED \&l §eSONS PPk r fndeuRAedefiranefprmes values.

OfH B4 ns@c%ﬁﬁorwl@épc%@fré&%@@d tiraasHornRy valueés. is then
20 This second blofc)8 %t gnded transformed values is
m h

tFehtrachRd afrem £ Aek b PS¢ B UgTmes iR &S RieQvided on
ptioei tepudnNside, which has been input via the input 120, to

obtain a second block of discrete values at an output 136
on the output side.

With regard to the relation of 1%, 2™, and 3™
transformation rules as well as with regard to the specific
implementation of the individual function blocks in Fig. 2
by common function units and a corresponding sequence
control/temporary storage, reference’ is made to the
explanations made with regard to Fig. 1.

In the following, with reference to Fig. 3, a preferred
embodiment of the apparatus for converting into a
transformed representation generally illustrated in Fig. 1
will be discussed. The embodiment in Fig. 1 comprises a
further transformation/rounding compared to Fig. 1, in
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the input side, which has been input via the input

120, to obtain a second bloc f_discrete val ues at

an output 136 on the output side. 25 Wth regard to

the relation of Istl 2nd, and 3rd transformation

rules as well as with regard to the specific

inplenentation of the individual function blocks in

FPgdes &y Biifir funéheonfurthsrandleckoreespgaridigey output
sequesser3bmCeOnEr 8bELRAPBLAEY SFOLafRed! hg(8ACE IS

made to the explanations made with regard to Fig. 1.

In the followng, with reference to Fig. 3, a

prbéefiedt empodi nE0la oftompeisppaNativptorl Deeweks, Ng. ., xy.y

' F{)ust r%ﬁ;é&f arﬁff ol n@glﬁ%glr les%gtt%t u%ggger%%gk of discrete

eﬁﬁbdﬁﬁenﬂhﬂwséqpnd.coppt|é@@hialsmtbemprlses N lines for

t t / {0 GO ar ed 10 Fi |
iﬁg§£?%ﬂge2§§a§evgﬁhe?u Fﬂgr bl oC ?‘bfgln %%egecoﬁguPlOCk of

valgesete onriRes setbadneprneklo? efinfed.val iesshdws in Fig. 3
faéSDCTnPUttigﬁgféﬁﬁ@f'Sﬁﬁe“bt@pHEaBBES§mé 1?2 isXbotmed to

5 for guttl N val ues of the first bloc
dggﬁ?ﬁ?g v o8 pu?hga%%%%nér?ﬁpﬂtlﬁEBB Xﬁéﬁeéonﬁﬁpbegf which
Nviibhesthen bGDfo:buﬁgeHhebN Valdiasts X|\104 y X8Rkl ebunding

bl ock { | 02 of
P B TERER Rl P catg R o cal By £ Hg”l‘?ifrie 1gne. The
D@Eansahéﬁofqers&mmlng isrntﬁusbraﬁegeaechtEhhtoahpalue—wise
h n
V%“gﬁ"n“ﬁé%’f%“ LARE YTRUED TR affant ot dihe  bdlFPaR varve
i fi BadRY b9 "Fith imdeko l$nSFm@edSWlEhethﬁeﬁmSSIOﬁalue of
f@hes%@ao'ihﬁi 151odk USET & 5k sdted R,B@che% Vl?éx“ﬁné"" tie index N.

t|on t akes place._ This means e outp

v ?ﬁ%r 1y¢ ﬁﬁ&ﬁs:ﬁﬁ?vW%hu?n&é(?ﬁ@sféﬁﬁﬁe@LHQN1Qﬁerounded
ftraﬁsf@£MQd0fvaIJEBS@ﬁﬂﬂﬂ BhOCBrQianSQﬁ@ﬁ@eﬂahyeis summed

haV|n e t hus,,,the val ue of the
%9;035 ki%f ?o&ﬁ&ed"‘&t %S%IErﬁBBngéPgegl%% f with the
odusnaétauw@bue|ofsthennedondnulucﬁuaflyuaputheamuépuwlth an

%r&.%‘gf“ gggﬁénﬁ\]*‘]}p‘l ?e“}‘e 20, éjl Crr%tn%l\{l% nc?ex runnlng

e secon ck of ou values Wi
from 0 to N-

The means 108 for processing by using the 2nd
transformation rule is also drawn as a DCT-IV transformer.
In the preferred embodiment shown in Fig. 3, means 112 for
subtracting is also formed to perform a value-wise
subtraction, in that the output values of the rounder 110,
which means the values of the second block of rounded
transformed values are individually subtracted from the
first block of discrete values. In the embodiment shown in
Fig. 3, it 1is preferred to perform a corresbonding
subtraction, in that a wvalue of the second block is an
ordinal number of N+i is subtracted from a value of the
first block with the ordinal number i, wherein i again runs
from 0 to N-1. Alternatively, other summations/subtractions
can be performed, in that, for example, a value of a block
with the ordinal number N-1 is subtracted from the value of
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ordi nal nunber Nti, wherein i is a running index
running fromO to N 1. The_nggng 108 for processing
by using the 2nd 25 transformation rule is also drawn
as a DCT-1V transforner. In the preferred enbodi nent
shown in Fig. 3, neans 112 for subtracting is also
formed to performa value-wi se subtraction, in that

fhe QiR Rladles igh tihe reifiral menbennich agahenghes this
Vidd L rdfs gL SR gnd:d}lﬁ(‘d%ﬂid ravnged BOvEFS0SEQPEFsion.
u

values are individually subtracted fromthe first
bl ock of discrete values. In the enbodi nrent shown in

Rrg.tie ottpstpsetierr athd angenns OLNRA O rASROMETIhg already
§Hg tg on 'Blth t a, al ue,of the second bl ogk is an
In

er SoPRi % suBEFgEfed UG viRLEess ©f the
ﬂh@ﬂﬁidﬁm&d Kﬂpxﬁseﬁt&ti¢m,owﬂmuhlmnammemhe IeggE i output
[ un on10 reatdav
s?’l?qmmg@tslnoksl sscu t&%cltl ons é}lg:e;nt@ah% %t“lrr?gd¥ef3%%?§h{:atlon In
f%rdeéfxaﬁcﬁl eobgagal uelisf Qpbﬂef}ﬁl ¥i t Hesheeds di bhé  remaining

WHRfe XN dut u dofer h I
%her ebI oclli gmufghtiﬁ}lée‘gosfd?%aﬁmé %rgﬁSlf%rﬂl Cﬂ %pré@@ntatlon,

|’§e€B?re*§]f?on§Pﬁ§Ih)¢rcolﬁ%?GEré@ |‘h°t|¥@N11nve’%f$€e block of
OﬁﬁxﬁﬁﬁjObutﬁntthﬁapwéﬁuhxﬁliﬂe t BeafB@BSMed2 f&presentation

I ! bl ock of
SRR, 0 e iy L Pt AP T ket ab TR Lo akion by
mwthtehe nt egérdouttnans ficedmagsi o t oulYd: 1bgf the  towards

d. reRy e Ny Ln ta
optl onalﬁl}ﬂi‘a delgql%r e%ﬁéi& the nPHgfagl nt é—’lgél%% fgt[he Same are
alajds b@um@@dt ra@nsiblwsdra*epdesmmat |Itm1,nd]101g/\,fmeams 142 to

'ﬂ%%‘%ﬂnheaxf Ué&@fﬁl@ho‘élf \Q}lhés% ¥ gtﬁl e Yecond block

i nt eg out put_ val ues e transfor ne
YEH

et |V&4ue(§ppPFecFl'tQ) PHEPBGt R fhe | sumpdjert 106, as
trfépa:eIS’eﬁlftSafoDrkSEﬁt FePeb¥ncHs nighbehe 144 ront Fagsf @.r ”BItHeorbutput

ruleb t t owar ds orner 140, rein
Y i e sty L e s A B tReE (lock 146 of
|ﬂdt&$ﬁnatedtpyt61vamunh ngfmedns t42nsdorped orépsdsentation,

@ﬁllq_lclﬂ qry qL 4 steecﬁ Sf“p\lg/itot t he second bl ock of

Sunired val ues f"the summator 106, as
represented by reference nunber 144 in Fig. 3. The

Q¥ P4he following, an inventive apparatus for inverse
converting of the transformed representation according to a
preferred embodiment will be illustrated with reference to
Fig. 4. It should be noted that the operations performed by
the apparatus in Fig. 3 can be reversed in a lossless way
by the apparatus illustrated in Fig. 4. Fig. 4 corresponds
to Fig. 2, except for the additional transformation/
rounding stage for generating the second block of summed
values from the further block of transformed output values,
which is fed into input 120 in the embodiment shown in Fig.
2. It should be noted that the function of adding is
respectively inverted by the function of subtracting.
Further, it should be noted that an adder/subtracter pair
(144 of Fig. 3 and 128 in Fig. 4) can also be provided with
input amounts inverted with regard to the sign, so that the
adder 144 actually performs a subtraction operation, when a
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val ues of the summator 144 represent a further Dbl ock

146 of 20 integer output value i of the transforned
representation, which is indi Ated by YNto y2N-1 In

the follow ng, an inventive apparatus for inverse

converting of the transfornmed representati on according

to a 25 preferred enbodinent will be illustrated with
rgreren®E tinpw gamadunt s $h0@k©vhdeanwmtﬁfwég&bﬁve signs in
o] p o] ar in_Fi 3 can
bgsﬁgégggén ?%;aEﬁBssf%s%égga@Q % rapPar &g @s this is
i FPosidared ip the. CQUNQQ;paerﬂRZﬂxmnmslgto4Fngh2ch would
exnent akenathy padbiAnah saamﬁieﬁ Eeegéléﬂ roundi ng

stage for generating the second sunred

val ues fromthe further block of transfornmed output

v@heesubtwhictler slfEd théOadaRy 120 48 L8 1eModi FBNt riher
It shou oted t hat the.

s I

¢ BPra R 1047 spoie” Wodior U A5F  $9etR clopgedhgo perform
f@hctﬂ@dl@ﬁdga&tgaahuq}wiﬁhF%Hd&&ﬁlomﬁjgb@ﬁéﬁtbﬁn wherein
n t I tr ai Fi

ﬁ%gggsﬁﬁltne a@ar'ﬁléjﬂr)%ﬂglg.ﬂgéll ggflxgﬂe}? \Fo&%&s\hntgh 1s nﬁﬁ?d as has
aﬁ%%%t@xpﬁ@éﬂﬁédwmth1regard m@tFEg8|@n IS0 dathébheordinal

&d@%eﬂ4ﬁ8@%u%dlﬂ@eﬁéoh%da fﬁjbkg_actlé)n QREer tv\f ¢wn, this

when $ group of i nput anpuntsZi's drovidé
nagat v%es?%ﬁ§e$ﬂon%jW%hY|@%ﬁs%@erﬁ@ in| Bigrated case,
as long as this is considered in the counterpart (128

' th tual | f

it PardhpplEko ot diber e iy 136, tndiagted by xo to

1&41&8 1\seldlmady1$pfresgher atSu]?héa(Hlﬁprﬁﬂ’_Jgo%hQ:\Mé | Bubtracter
4-ar or t o_per m an i,ndj v

va %e &ﬁsgrgggltlon %ﬁ?a%f?%ngkﬁhéF&%+niiﬁaQfZWEF inverse
RN o eif med rnﬁﬂnasqmuanaﬂﬂ,ngthe uSkdstas YilascK 0 ofeediscrete

‘Nﬁﬂ@%@egs“%hgpﬁ%%@bQJ(%ﬁ%gtrénskgﬁﬁggtq%'f”&h&fh operates

number usage, woul e use
R kel deo%S*éoMré@ﬁéﬁama@lpncoml@ere@xqae Frgluds on the

Thecput s&ibkoakeofrHindetsy Vehye !
ﬁ 151xN-1re|; a]%%6€;§%resgn?ogggﬁrquﬁthﬁg ?Mbtracted

RO RS o e LS b eAcEedi TR bhes shethe output of
rwmmlﬁdbtratteheIZEmﬂ$ﬁ order to finally obtain also the

second block of discrete values 156, indicated by xy,

“r

X2N-1.

In the following, with reference to Figs. 5 - 8, the
mathematical background for the inventive apparatus as
illustrated by Figs. 1 - 4 will be discussed. By the

inventive illustrated apparatus for converting and for
inverse converting, respectively, integer transformation
methods for lossless audio encoding are provided, where the
approximation error is reduced. Above that, the calcﬁlation
effort is also considered in that the known approach of

“applying the lifting scheme to every Givens rotation is no

longer used, wherein here always trivial sum-difference
butterflies occur. They increase the calculation effort
significantly compared to the original non~-integer version
of the transformation to be reproduced.
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transforned representation, the first bl ock of
discrete values is supplied tg the transforner 150,
whi ch operates wth the first transfornmation rule,
whose val ues on the 20 output side are rounded by the
rounder 152 and subtracted fromthe second bl ock of
subtracted values at the output of the subtracter
128, in order to finally obtain also the second bl ock
ONodinaCLg} e ‘akues ii&Bing ndssémd bYsXNused » PENdbHn  an
In_the fgilomﬁgg with refereﬂce to_Figs, 5 - 8, the
el ReRht PL8I LBEERGF oBRBTPEITEhEONNOENR] GEVaPBaFatatias-
illustrated by Figs. 1 - 4 will be discussed. By the
inventive illustrated appa _f converti ng and f
30 i nvefses corveinion o Es&@‘g'%‘S 1 int egpn o8- ¢
transfo i th f or 93859 egs, .audi p|encoimg
are pro ?ﬁigfgﬁﬁgfe t he\Oappr dxi ma Egﬁlgrg Dis 1
reduced. Above that, the calculation effort is also
considered in that the known approach of applying the
lifting scheme to every Gvens rotation is no 35
| Bhger Inteaerwappsrrinataonl wey ohtrdivied by using a rounding
SEEhEt {681 &NOter DWviedhf | hAg1 BE6HT - WJHEYH | NLHASC ARGy every
Cfl ulation effort significantly conpared to the
0 +th%9 Ab®Pi nteger version of the transformation to
be reproduced. - 20 Normally, the lifting schene is

to Qhtain_a i nvertible integer approxi mation of |
:f kgagvelnlsfgcrlorfgat isgﬁl.em@oscin- 159 ecogs?l-gl %lf) fhgoinvertible
ainteger|gppraxinatfosi of acerhaanlsBasingaopdratioddi sIn the
[ oR i r oupg]
SREPFE BEPIBKAETLLIR, (BelSsd R N RN i PEager 1o
| f¢iayigard ePWDCT oL Fheeri bankg" sBheae clnthesBshbiomsedConf. on

fO1gR@15NVEyEtbhE and Computers, 2002, the following lifting

- separation of a 2xX2 scaling matrix with a determinant equal

to 1 is illustrated and described:
d 0 -10}1 -4dYyo 1
0d?) la*1)lo 1 A1 4™

According to the invention, this lifting separation, which
is one-dimensional, which means it relates merely to a 2x2
scaling matrix, is extended to the multi-dimensional case.
Individually, all values of the previous equation are
replaced by nxn matrices, wherein n, which means the number
of discrete values of a block, is larger than or equal to
2. Thus, the result is that for any nxn matrix T, which is
preferably invertible, the following separation intb 2n x
2n block matrices is possible, wherein E, describes the nxn

unit matrix:
T 0 -E, 0 YE, -TYO E,
or?) |\t E A0 E, \E, T
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I nteger approximation of certain scaling operations.
In the expert publication R iger and G Schul |l er
"Integer low delay and MDCT fftter banks" Proc. of
the Asilomar Conf. on 15 Signals, Systens and
Conputers, 2002, the followng lifting separation of
a 2x2 scaling matrix with a determnant equal to 1 is
illustrated and described: d 0 - 1 0)(1- dO0o1 0d-1

(pbeb kol it RO A8, (B CRR it tons o
nﬁ‘&ﬁ§lptllﬂéltapé§ mevidlly tela 2xdl scahreg Mdldcoks | Sof this
eéF%B@%@lBﬁ hﬁ%e”ﬁh%'fgiﬂsuihgagkn%§§§ sﬁgu gV|duaIIy,

val ues of the previous eq ron-are ngced by
nxn matrices, wherein n, which neans the nunber of
di screte values of a block, C@,Kﬁ}ger than or equal to
2. Thus, the result is that [f,oroapy nxn matrix T,
which is preferably inverti he fol |l ow ng
separation into 2n x 2n block matrices is possible,
wherein E' describes the nxn 30 unit matrix: T O (-En

OFPEELhisT In( Gk EAn B1dck makrlixEn &h Ebntentidel 2éenérallzed

0 | es,_oper ations, pernut ati ons
AORELNEOTCHIE S5 1AL W08 RUeh, 55 P ALl of oL L
stpirareenthage mhétiﬁdimanagogemeiaftihgucture En O
A En For this 2n x 2n block matrix, an inventively
generalized lifting schene can be used, which is
sEBEeciertaGtQl s@fhetheo valeesed t = as(Xo, ..., Xam1), the

nepplightessi @l thikt ighcFom t u
bbLi , Xx2i_1) tﬁé aggrﬁ%gtggﬁgg th”ﬁﬁ%lgé%lOWlng

nﬁgP%ElBPOVIdeS the foll owing equation: 15

E, O
(A En](xor vy X2n—1) = ((xor ..y xn-l)’ (an ceey x2n—1) + A - (xor ceer xn—l)')

It should be noted that there is a vector on the right side
of the previous equation, whose dimension, which means the
number of lines, is equal to 2n. The first n components,
which means the components from 0 to n-1, correspond to Xg
to yn-1. The second n components, which means the second
half of the vector, which results on the right side of the
previous equation, are equal to a sum of the second block
of discrete values, which means x,, ..., Xon-1, but now
summed with the multiplication of the matrix A, which
corresponds to the transformation matrix of Figs. 1 - 4 and
the first block of discrete values xo, «eey Xp-1. The
transformation matrix represents the first, second and the
third transformation rule, respectively.

Similar to the common lifting scheme with 2 x 2 matrices of
the form
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EnO( ~rrrl (11 AEXar ., X2n-11. = ((x O r
Xn-11r \Xn, ... , X2n-1 + A % ... | Xn- 1)) n it
shoul d be noted that there is“& vector on the right
side of the previous equation, whose di mension, which
means the 20 nunber of lines, is equal to 2n. The
first n conponents, which ns, t he conponents fromoO
to n-1, correspond to xo to @ . The second n
conmponents, which neans the s@cond half of the
vector, which results on the right side of the

previ ous equation, are equal to a sumof the second

bl ock 25 of discrete values, which neans xn, ...

LIESe But Xnéw malmiaesh ¢an the ssed faratniveroibldieinteger

MBI 1 ok hna B o&orEﬁ%poﬂg§n§90£ﬁ§ti5ﬁnsf0 @ﬁtfemlows For

matrix of Figs. 1 and the first block of discrete
Vit Rge 5 oinput V%&P%? fﬁ@' transfﬁﬁﬁaiqoﬁh%nfl%@tlng point

[duﬂpﬁﬁﬂﬁé%déﬁify$st SeQﬂﬂ? aﬂdAthﬁo,30 thigd,) are rounded
ransformation . rul e ect i i m 0
coc‘?'mbﬂg?gﬂ:l g ls}lcer%rregﬁfg %eéyrrﬁf: c%g{etﬂt‘ t?hzhfeorhﬁlteger

viddied héxs, 2n X ,2nxgpat)rd c@hecaimkmrssed)ff othe block matrix
ifggﬂ td ol & 'leﬁ% . approxi mati ons of the
Py

tran or rmat i on follows. For 5 integer input
val ues (xo, ..., x2n 1), the floating-point output

val ues (yo, ... , %ﬁ (xo 0 xn_1) are
rounded to |nteger v eg Fe tHky are added to
the integer values (X® E,..) , X2nAlgk,) The inverse of
the block matrix results as follows: 10 En 0 -1 (E- O
A En - A En Thus, this process can be inverted w thout

errors by sinply wusing the same matrix A and the sane
(W il FURAARATS PN 1Be binvevukedbvi teevhgerpers by simply

rasitd itHe VeHne snd thsf £ é)xfxdtﬂ?e S84dé L +8nd g Punction, and
t owards processin The t Spaéproce55|ng

IS
i9Y uBPrat BWPFRAEF ng6 tl%hl & BIckVRLBEessitiFgad of the
idddistircat eth | th&i gowdrdbt pyladst ey .natied tdedrdéeprocessing

is illustrated in Fig. 6, while the back processing is
illustrated in Fig. 7. It should be noted that the
transformation matrix in Fig. 6 1is identical to the
transformation matrix in Fig. 7, which is preferred for
simplicity reasons of the implementation.

Since the values (xX¢, ... , Xn-1) are not modified in the
forward step shown in Fig. 6, they are still present for
the inverse step, which means the backward step in Fig. 7.
It should be noted that there are no specific restrictions
for the matrix A. Thus, the same does not necessarily have
to be invertible.

In order to obtain an invertible integer approximation of
the known MDCT, the MDCT is separated into Givens rotations
in a first stage, wherein this stage is the windowing
stage, and into a subsequent DCT-IV stage. This separation
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transformation matrix in Fig. 6 is identical to the 20

transformation matrix in Fig.»,4, _which is preferred

for sinplicity reasons of the inplenentation. Since

the values (xo, ... , xn_1) are not nodified in the

forward step shown in Fig. 6, they are still present

for 25.the inpverse step, which nmeans the backward ste
i%FF?g;u§FraF?gsH&ﬂQPQK3ﬁ%te&hﬂﬁ% W*%}ebﬁr@%ﬁ9usseéjbelow

spetiddsrridsdd iiaf idutail o tOR 102924 A.AThus, the

same does not necessarily have to be invertible. 30

In order to obtain an invertible integer approxinmation
dlonttteer knben tEChridie ¥DCT whexeparled eOCTRIV Gsved$parated
I [ ] first a er.ej hi.s stage_i,s_th

ﬁﬁﬁ%%mgﬁgerépagéfiﬁij?%tg?Xeﬁgbé@$&§ﬁ°?xn?F%p£?éa% %o the

THiesdmarat itdye - tZansiformatdornr atiedeilf Fiig. l6ftwhaméh then

Wdlndigy di scussed bel ow and described in detail in DE
10129240 Al. Contrary to the prior art, where the

DCT-1V is separated 5 into several stages of G vens.

el s BSCRAGWAY tRet hatkg¥eNbipPRroxtifition of the DCT-IV

transformation jtself is Left and th%n [%unded Th@g,,

2 | PORAGRRCS hBY | ASHRra hpiGaSTal Pon bf- LERBIDRFFFY Givens
hfbtisst jpard orTiesl ymiseyeodl Givages roftatiifdnsng-daskatbrmined by
i,\ve 0 I ons.  The_nupber of .3 vens_rqtations

SRR thes ey RhgBha bl ade’ Jri i the, number

tdfat Gienertshe nodtdlonsof i@ vgavenot byi ofs (N glegn By Ofor a

( r r orynaty ft I Lol N

i md ot o R e s T RSha g Sage of

AV MIPD sgRATRE Fut A9t Hrorpky 3N NfdUptivers rotations

GePof THNF2 PRELAGHHET |stdgk hi Ghud,r apef@i®®lia®ly in high
Ien%%h , as they are used in audio encoding ) .

AN S L QT kPG| @ 1569¥) arendsent dgeraudio encoding
aHuploddamion (fdr tdcanXTle |1V, ROV detse t et &FEP approximation

contributi f the .20 approximation error, The
ety e Sondack 00 oehe Hsachrbld contibulln for tne

mpproximeEnisiroretrodd fting scheme. Thereby, the nunber

of rounding steps in the DCT1l is reduced to 3N 2,

whi ch neans nmade equal to the
The inventive approach uses the described multi-dimensional

lifting scheme. Thereby, the number of rounding steps in
the DCT;y is reduced to 3N/2, which means made equal to the
number of rounding steps in the windowing stage, compared
to about 2N 1log; N rounding steps in the conventional
lifting-based approach.

According to the invention, the DCT-IV 1s applied
simultaneously to two blocks of signals. One possibility
therefor is shown in Fig. 5, where simply, for example, two
blocks of samples subsequent in time are subject to”a DCT-
IV. The two blocks, which are subject to the two
transformations, can also be samples of two channels of a
multi-channel signal.

The separation of the above-described multi-dimensional
lifting equation is applied to the transformation rule,
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25 nunber of rounding steps in the w ndow ng stage,

conpared to about 2N 1092 N 5 undi ng steps in the

conventional |ifting-based approach. According to the

invention, the DCT-1V is applied 30 sinmultaneously to

two bl ocks of signals. One possibility therefor is

shown in Fig.. 5 where sinply, for exanple, two .

phdaks 6 ?nsé‘l"?'fﬂoesb?,uE@@@&éiiﬁ’treldn 2 m@harld &uby e@ftréxa Since
ﬁ[déla'ﬂlql ¥ bh@cble:r mlm Chiy elm%:tl&oﬁtgaenf Whe DCT-
nsfor can_al so wo channel s

g ot B fovind e S hn “EqRuEEap st e soRaspt shown

abowa@ﬂeinrlbed mul ti-dinmensional [|ifting equation is

applied to the transformation rule, - 24 which can

al so be considered as an N x N matrix. Since

parti cul agpgTﬂm tthe g—vﬂu t h@ \iBwer @@Tivj(@gal Byt he

DCT- IV, the fol ra resu

concept s o&% |4$%g 1”g. ?e%VDET v EN

O EN O DCTlv DCTIv EN O EN | EN DCTIv The pernutatlons

of the nmultiplications with -1 can be extracted in

iﬂhﬁ vhdumiitbtooksmmf i ¢tbs, molthplithéiomé fwﬂﬁhﬂM—ﬂg can be

SRRy gt BT o RAPRE HaBRterSs oo, e the

Eodiliceitnido st extt ressfldstati on to two bl ocks of 15
signal s, mhlch means two bl ocks of discrete val ues,

ca obt ai ith pr ferably ree
&i nsi on ~1%¢ t Pnly Est efs;| BN 0 PER-| BeTi vOENO0 Ex
I 0 E. DRTE lg EN: 1&@ e equBji JDEE, E, \E, O
graphically i'llustrated’in Fig. with regard to o
preferred enbodi nent of the present invention. The
I nverse conversion is, as has been
Thus, the application of a transformation to two blocks of

signals, which means two blocks of discrete values, can be

obtained with preferably three multi-dimensional 1lifting

steps:
Ey 0 YE, — DCT, Y Ey 0
DCT,, E4 A0 Ey DCT,, Eg

The above equation is graphically illustrated in Fig. 3
with regard to a preferred embodiment of the present
invention. The inverse conversion 1is, as has Dbeen
explained, correspondingly illustrated in Fig. 4.

With the inventive approach, two DCT-IV transformations of
length N can be implemented in an invertible way, wherein
only 3N rounding steps are required, which means 3N/2
rounding steps per transformation.

The DCT-IV in the three multi-dimensional lifting steps can
have an arbitrary implementation, which means, for example,
a floating-point- or a fixed-point-based implementation. It
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expl ai ned, correspondingly illustrated in Fig. 4. 25

Wth the inventive approach, %go_DCT-IV

transformations of length N €an be inplenented in an
invertible way, wherein only 3N rounding steps are
required, which neans 3N 2 rounding steps per
transformation. 30 The DCT-1V in the three

rAPes - aptereiiadnahavef ttingbet dpyeddd bligavelin cardlyi thasyto be

| St ESRIE AL { PNex¥BLED FBRNSanlO'wHXAPLE: indthe forward and
floating-point- or a fixed-point-based i|nplenmentation.,

e bagk BRACSSen Aave P Wi ekt | gpRceRt bnisuitable
hesr t qie peaherBefatNofXardhythde AfBh Way,boEbri Nexample,
tﬂ; ggfmard agg t he backward process. As a reiﬁk}, ,

thi W toncddt r8e¥ui 5 e USH hilh CPEHEPS mAY encoding
lapmtirgtisarch as, for exanple, 5 1,024, as they are

used in current audi o encoding applications. The

whol e conputing conplexity is equal to 1.5 tinmes the
cBmpurhage coopbatiing acfonmheeidry | heegaualnptenénbattiioes the
he, t - t @n L0 IS 4 i .
8%%’**?&1.”% D TR 1Y (o R T TRgegPe s Rt cdon o
S e RYP 04T —1LVF 1§ ¥R s et i o egeThil fipIcompmtdticoreomplexity
W cditi Bl abigiii f e 185 1Sl exadstdhecsoraeit bl 1i fting-
-1V, .since these |nglegentat|Q€§,€@ve to use the |,
(733741 1PTESRT ndCPSMERFEELPPPes WALER dOiF { REOUSeqtwice as
| @dmp ek sSchegre ither deforiventaldread erBEITHIV, since these
C tjan, as is_described in R_.Ceiger,. .T. .
Sb rlgérr?{ea%?aq-}%o?rfser aﬁgSK. té%anagﬁburtgl?e " Aggilglé&di n%luS/mlnus
ﬂwﬂ&bmﬁiﬂe&egesedTmmuﬁkﬁnBSednllftdmgﬁabMEmgemnimmder to
gg#%%& rgne28$1coag$£8955#b?5%&fhﬁg ?QQEQ@BQd“ﬁ&J R. Geiger,

ate at east \ ranstormati ons

st nuiSPexesus| §; nldietreansd vkt hiBragsentidigrer SABAio Coding

BhSedabn Tt PPt Candeoardr evad 1y ™ cakgulinvig i, New
[%%;I\Qé%ansfornatlon for two subsequent 25 bl ocks of
t K 0%1gnal or two subsequent images of an

The illustrated approach will calculate at least two DCT-IV
transformations simultaneously, which means within one
conversion. This <can, for example, be achieved by
calculating the DCT-IV transformation for two subsequent
blocks of the audio signal or two subsequent images of an
image signal. In the case of a two-channel stereo signal,
this can also be achieved by calculating the DCT-IV of the
left and right channels in a conversion action and inverse
conversion action, respectively. The first version
introduces an additional delay of one block into the
system. The second version is possible for stereo channels
and generally for multi-channel signals, respectively.

Alternatively, if both options are not desired, but if a
normal block processing 1length of N values is to be
maintained, the DCT-IV of the length N can be separated
into two DCT-IV transformations of the length N/2. In this
context, reference is made to Y. Zeng, G. Bi and Z. Lin,
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TOPTEILISY ORa P& 24 S e HGEH Sof- ¥
NehatthoN A% agpee | Gspdpvifdedtt enebtluttéhfl puspilye is present

I mage signal. In the case of a two-channel stereo

signal, this can also be achieved by calculating the

DCT-1V of the left and right2€annels in a conversion

action and inverse conversion action, respectively.

The first version 30 introduces an additional delay of

one block into the system The second version is

mlmiehleﬁ f orsii&tlﬁécﬁczjllﬂhanne}:énsgedmgenenfﬁdéa I or on _lfifting
i -channel  signa res : er ively, |

BBeh o5geRanenar e Mott ikt r BaoBhr 0L Mavsfbimepd: Li1e1 -

Al, a8k, prdearssitigi s eagphratidhvalsugetotmede In addition to

i.nt ai ne h < . | epg N
gggargxf'gd(bclﬁt gr?\%rf%-g%ﬁgﬁgan%foﬁtﬁﬁi E%@ggf‘l {Ye?r several
bdddtionNa2. [stadds ebnt &tvensef eretrtsi oss madeet o required.
' Z g 26, } r,+sd:nusoi dal

ol mabaad SAoPTHETEG °f BaPSR Sakiam i n Proc.

OCASSF' 01, May 2001, pp. 1,181 - 1,184, where this

separation is perforned./gn additign to the two DCT.

transformations of the igﬁéfh hf%fjseveral 5

addi ti onal stages of G g2r Gtvati ons are required.

Further, in this algorithm a block matrix EN2 - EN 2

EN2 EN2 10 i.e. N2 plus/mnus butterflies, a block

di ago mat r i W th N2 Guyens rotations and .

FuBtnar/2 CBYBRLmi b A S o LR | Cob ik (Qbhoopgl matrix

wdithg Nt/Re &d veddi triottadli ontsagas , offukther@ saveral permutation

.i.ans,. .th tig.di | O i fLL0G. oach an
a%%%&ggguggg ﬁbr 'hé“géggﬁf t?@%s%fgéﬁFglgﬁgiD%%?P9 on N/2
E8vens | eprbiohs Theéundadtatdimensionade bifting approach
a90nitiMpd Siddd Uad# atied églgﬁ%%t§onm@fr%E+9p%BE D@1V of
the actual .conversion st ?]2% ere two 1V

{

thensfeatdt i dnsThet K ungame PivucHiee ugEdthipr stlgorithm

qeg bym@gf%?/eéf( age 'Fggpr @,enmzlgs:e,lcaé;@a&@t ;Eﬂﬁ?ne thé&Stactual
ana secqn OCKS O I SCret %CTO;\@%% I%tﬁoalé wd'.th the

48] uEatpaper 4Ll et s 0 B0 g screce
yadmefsyomhdch normally have a length of N/2. On the output
side, a rotation stage is provided to obtain the output
values yo, ..., yy-i, which are equal to the output values
of a DCT-IV operation of Fig. 5, as it can be seen from a
comparison of the indices on the input side and the output
side of Figs. 8 and 5, from the block of output values of
the transformed representation and the further block of
output values of the transformed representation, which each
have now merely N/2 values.

So far, merely the application of the multi-dimensional
lifting to block matrices of the following form has been
illustrated.

T 0
0 T?
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conpari son of the indices on the input side and the

out put 25 side of Figs. 8 and aé fromthe bl ock of

out put val ues of the t ransfofred representation and

the further block of output values of the transforned
representation, which each have now nerely N 2

values. 30 So far, nerely the application of the
mmiIanmmmsiammo pdésib&pttpkﬁem&r@herbtheroblbbk matrices

OW il stAt 0 T-
27 Stnﬁ;'i"t IS a 26 pos%ﬁble ﬁ? %gpggbteF%fherxgﬁgcﬁ the
uﬁﬁ#lQﬁ*ngunﬁ@pﬂﬁatioaunéﬁg1onhﬁ||waq¢@ §pepsimgment  the
eé((ﬂﬁﬁ)irﬁatlt&? of %A@vgwgéqm@tm@ﬁné@nppﬁswﬁfﬂuéObutterflles
qﬁéenent the conbination of one sta norned

AR/ QUL ecks ePF I PEL- §Vaﬁ&aP®§°5W@5%§ cTihxee steps of
e SO it d iosn SRoridr el St amg: of  the

mul ti-dimensional lifting: DCTiv - DCTIV 1 EN EN

DCTiv 0 ENEN O DCTiv - 1 1 r DCT rv r DCT rv ENO
1EN DCTiv EN O EN - 2DCTiv EN E({JEN DCTily N

10 It beqofﬁg otENEDQTerorﬁt:F P ew@usc Equgg i on*t Hat
t

t he rans tio ed jn the [gft =
bracket hE N C?%usqgg%’ —a ! DOE,, S L DAT,

transformation ruIe used in the i 0@l e braocket of Jthe
previous, equation and e tithird t nsfornation rul e
used in (the | ast bracQ EmeEH@TEE evious equapi n
do not ve_ t?% t cal Y“Furt her onmeg
obvi ous Y "om the 6 eV| @ equatByon Ei’l'at not dﬁly

bl ock matrices can be separated where nerely the main
di agonal el enents are occupied, but that also fully

It becomes obvious from the previous equation that the
first transformation rule used in the left bracket of the
previous equation and the second transformation rule used
in the middle bracket of the previous equation and the
third transformation rule used in the last bracket of the
previous equation do not have to be identical. Further, it
becomes obvious from the previous equation that not only
block matrices can be separated where merely the main
diagonal elements are occupied, but that also fully
occupied matrices can be processed according to the
invention. Further, it should be noted that the present
invention is not limited to the fact that the
transformation rules, which are used in the conversion into
a transformed representation, have to be identical or need
to have any relation to each other, such that, for example,
the second transformation rule is the inverse
transformation rule of the first transformation rule.
Generally, three different transformation rules could be
used as long as this is <considered in the inverse
representation.
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occupied matri ces can be processed according to the 20
invention. Further, it should ?e noted that the

present invention is not ITnffed to the fact that the
transformation rules, which are used in the conversion

into a transforned representation, have to be

identical or need to have any relation to each other,
sﬁmktkt:fmtqorft@xtexanqﬂee;en& titee by a yrantsd of et i dnand Fig.

gl e n feohe f
ortbipr ARG LSOOl lcd 1 i dbarormec
treprsfsantatiion r uthe seans b u§é§ &e | bagnad the simplement

GRS el Rk d hdtiford NMeIS el . T PREERED] a'i:h@”me%@ls’ 2B ddh also
thi's context, reference is nade agaln_to Fi g.

and
MYy, foBMeYnER (iR eRRY nGEPRE Ak cFare vé'-lri?éESft%r"H‘tlon rule,
twrangf ordred: fd e 3Nt itfand ferneaitn 1021 €ah. brurther, the

f dt I f

R ATRe L 44 1oL LU L 100 ST 4 b el Y of FRRS SRgration
atdles Iy wileth doasshot mecensaunliéy hatviechtad e edquakdto the
19 A% tANSlanmtd o Jale, 2 s FHrkier, the means 140

can orme use generally any transformation
rule 3, which does not necessarily have to be equal to

$df St Q) %ﬁ&PnQn§%§géf0&8ﬁ5§9§16ﬂ'eoflothgmeﬂﬁénsformed

|n t e i'nverse conversion of the transformed

regREeRaR At i, A0 AREIAP the tHRe (Y aeRFberReFoan rules 1 -
ry'fﬁldstrﬁtédl'i‘ﬁt raged3i Raki o BehaFour be.l.lfotllﬂ&jt the first

that the rs nmeans 124 for convertin do S no
PER3T m a]n%/4 15 §94nsf SRR T oHY ul eg%%? tgh’éOg Bérform  any

tﬁﬁﬁﬁéﬁﬁfﬁﬁﬂiﬁhrfuxh1bmkﬂﬁhmrmxhnsfbtmmtkoﬂ4ﬁubé Fi gerformed

p . ns Fi h

o LR PS80, B Fiphncr o ortesbondinath ndtedis 130 in Fig.

beehapetdopaefiobn bheckr§@8fbmmaq;0ﬂ3ruleuﬂAyWhhﬁbnbaS also
h J! f e ansf orpusd

]é%%% Eﬁfggrﬂéd B qbeeniﬁgnln FE@ g, ns:ﬁ%?rt%éans 150

as a per f or med a
. F3g.sd tedt &0 p%%%@@gsthﬁvé@@%%%% ygle 1, which
ql?éélil E?ﬁo baehh@ fr@draiaidn by Whédns ei epesee fig Fifs.sd that a

lossless inverse conversion is obtained.

In the following, with reference to Figs. 9 - 11, the
separation of the MDCT windowing is represented again, as
described in DE 10129240 Al, wherein the separation of the
MDCT windowing into Givens rotations with lifting matrices
and corresponding roundings can be combined advantageously
with the concept illustrated in Fig. 1 for the conversion
and in Fig. 2 for the inverse conversion, in order to
obtain a complete integer MDCT approximation, which means
an integer MDCT (IntMDCT) according to the present
invention, wherein both a towards transformation concept
and a back transformation concept have been performed with
the example of an MDCT.

Fig. 9 shows an overview diagram for the inventively
preferred apparatus for processing time-discrete samples,
which represent an audio signal to obtain integer values on
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separation of the MDCT wi ndowi ng is represented again,

as 25 described in DE 10129240 Al, wherein the

separation of the NDCT MAndo%Png into Gvens

rotations with lifting matrices and corresponding

roundi ngs can be conbi ned advantageously wth the

concept illustrated in Fig. 1 for the conversion and
whiBhg. ©héor Imtte-MDOTer séntegeer Si bnansfioemdeioho Hgorithm

t
Optted,COHIL Ol A0 N 2B LR by ene
pppagatusi mhawn o Rher eOn anst hoptionatly converted into a
tsb@a%frgrlneteb%s%%%%%n a&%ea ﬂ%@iirﬁ}:ﬁéﬁ %ﬁ%s fed into

concept have been performed with e exa
WBET 2pps natys @%h@%laﬁuavépwaew thgw%wlthea window w

Witanti \a@mgtrprcﬁfﬂésﬁpbx&pmg awszt\whﬁke@e.%%ﬁé&e samples to
g#)rre .di screte sanp whi ¢ represent an audi

GRAP LB TE9EE r\”’%’%ﬂe"é%féjr SAIRESS ot - 3B OURRME 1%heWthh are
bt t&BCE gbte@enn@r@ﬁﬁﬁmnﬂmd(ﬂhﬁﬂfxﬂsﬁduﬁréﬂﬁﬁéﬁﬁﬁ%entat1on
t I.screte ar naoQ
KoRar r R RORH, SR B b RNER Y U creape 14 for
pmr(foarmlstgeoa_m allntegeesewﬁ'htl Bhe Trretegeue @C8crist eformed to
%@E{%r \ feﬁ ' ot t RE Appar ?#JS g u‘t”p%légsar Shich is

ndow w W %h cor r espohdi ng
@nzmatrnmete. s‘él'rl%t @%plfé@qfolorbbt‘%ﬂ Pkt efég. 12a, which

yeﬁ@Q\éQ@sSmé?l%/ ay apeedtRUt vRAusMi 6F aNe wislddwdll samples
e|n converted into a spectral representation
9P§ sP%¥ﬁh?qHﬁ td9% particul arly the neans 14 for
10 perforning an integer DCT. The |nteger DCT is
val ues i nput_val

£ N out
TR Adon R TERSS e ¢ eRbA Srog bie R0 time-
macmitlecrsang:dma ades aboeknp I‘slnspaacheahsvaIGuesvmfchZNtogether

SpaElon Secdie (e (IR, S S 0 n cime-

dlll§c3rr@tt@ sl es aedechededy ntlae nBaAss14,6 whs chn the first

h%&%'é@:r off YNLIAMNAA.VaHO otH et 'ﬁ@né’iéﬁﬁ@cé%ﬁﬁe is in
A time- dlscrete sanpl e selecteg wy t he fn% 16,is in

ithe f5¢eend quarter of the window as wi e discussed in

more detail with reference to Fig. 11. The vector generated

by means 16 is now provided with a rotation matrix of the

dimension 2 x 2, wherein this operation is not performed

immediately but via several so-called lifting matrices.

A lifting matrix has the characteristic that it only has

one element depending on the window w and unequal "1" or
"0" .

The factorization of wavelet transforms into lifting steps
is illustrated in the expert publication "Factoring Wavelet
Transforms Into Lifting Steps", Ingrid Daubechies and Wim
Sweldens, Preprint, Bell Laboratories, Lucent Technologies,
1996. Generally, a lifting scheme is a simple relationship
between perfectly reconstructing filter pairs, which have
the same 1low-pass or high-pass filter. Each pair of
complementary filters can be factorized into lifting steps.
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20 quarter of the wi ndow. The other tine-discrete

sanple is in the second quarter of the wi ndow as wl|

be discussed in nore detaiT ¥ th reference to Fig.

11. The vector generated by neans 16 is now provi ded

wth arotation matrix of the dinmension 2 x 2,

wherein this operation is not perforned 25
Ehﬁemaﬁpﬂﬁednmavtacamaenw fee cGliveds| ifdtiaigions. The case

nglﬁlcsah oi%éhgg attr Qaia.t rée EE‘@ gt er.[d Oa{tj.lor{ ha%ll be

€pendi ng on e Wi n
Gneqmdbréd" Ehe1£0619w1n93©ppﬂ@eﬁactor|zatlon of
wavel et transforns into Iifting steps is illustrated

bila Sveksaens 0Pre1p OLabor gt ori es, Lucent
echnol ogi es, 35 1996. Cenerally, a I|ft|ng schene is
a sinple relationship between perfectly

ERQeANSiT Waki r&arfe@ heF ARG atWlicds halght tchae §¥@ e quals sign
| ow pass or _hi pass filter. Each

ba n AL yeri 11hr 850 A0 FRa08PRIeE eRent; { FpEGher, in

%W?@@ l1f3@ng5m5hmixap@Is@tdﬁﬂdnyndfﬁdqnélﬂeIameﬁtsequals 0
rotafions

ere t ase trix
EPGor PEEaPRRY SR L on PmER by HERRR AR | Py Totation
appllieest. cos a -sina 1 sina cosa 0 cosa 1101 sin
alsinalO01(1l) Each of the three lifting matrices
right of the equals sign_has the value "1" as main
Fhggoesitoadl deemov mwlttialiqd widher§he ithird Wefking matrix,
geeondggy filﬁ@:%@l RLEFERL Bfluahe Grddy a&tigﬁtseﬁon@%y above

di agonal el enment ‘depends on _the rotatiqQn angle a. ,
equation, to obtain a - first result vector. This 1is

i.n the exper uhl ég torlq Wavel et
FYPsf orSH | n ik 2 Tﬁzﬂld Dpypechi es and
naBeﬂ

illustrated in Fig. 9 by a means 18. Now, the first result
vector 1is rounded with an arbitrary rounding function,
which maps the amount of real numbers into the amount of
integer numbers, as it is illustrated in Fig. 9 by a means
20. A rounded first result vector is obtained at the output
of the means 20. The rounded first result vector is now fed
into a means 22 for multiplying the same with the middle,
i.e. second 1lifting matrix, to obtain a second result
vector, which is again rounded in a means 24 to obtain a
rounded second result vector. The rounded second result
vector is now fed into a means 26 for multiplying the same
with the lifting matrix shown on the left of the upper
equation, i.e. the first lifting matrix, to obtain a third
result vector, which is then finally rounded via a means 28
to finally obtain integer windowed samples at the output
12, which now, if a spectral representation of the same is
desired, have to be processed by the means 14 to obtain
integer spectral values at a spectral output 30.

The means 14 is preferably embodied as integer DCT.
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The vector is now nultiplied with the third Iifting

matrix, i.e. the lifting matrix on the very right in
the above 15 equation, to obtalna first result
vector. This is illustrated in Fig. 9 by a neans 18.

Now, the first result vector is rounded with an
arbitrary roundi ng function, which maps the anount of
r'elaé Ausbestei Bbeihke tatmwToral adddmikig ntbeyse 4s (DCT-IV)

it.is illustrated.in Fig. b 20 20. A, .
othien HeabR BSupabedh Py tng, PR TRy e Brusiopin
of the neans 20 The rounded first result vector is
now f ed aps 22 for tiplying the sane with
t We mﬂﬁfgs )eos &ee(dkd—l)(BMﬂ);; matd)x, to obtain a
second N vestdr, which is again rounded in a

means 24 to obtain a 25 rounded second result vector.

The rounded second result vector is now fed into a
nEfs Cos tEdcipmtsi (AYi hget ReTsde TQFT habhontopoggal ¥ x N
niﬂétr_XxShEV\_@?QDokhﬁobeﬁthf\l khg HAREH x ﬁaugbleoﬁeplareted into
t he rst lift.ing matrix, .to obtain,a thir resu
v@ct{ﬁ&—,f\/\# cﬁstliv %eﬁofﬁalifélqr\? rgﬁndgﬁsgPﬁsgdnelarﬁs % expert
3pubbitanhbhy Bbt aPn IVHKQEHnathNWWKiMuﬂqﬂmﬁteu_Syaiems And
RLPHL, Han Y CNoDONELLE HARCCTEALILABEAS R sless i Péo3. 1t

sane e pr cesse
néhﬂ91¢4beongbedl hhatntég@ﬁ specelar eabheds S@paaratlons
spectral output 30. 35 The means 14 is preferably
enbodi ed as integer DCT. - 31,6 The discrete cosine

t WakBf ciegad ot i nghe oclpseificationy) ofi thea fehfgrent DCT
Sy Sesiaiien s L st e
t RELBRE T Hasian s or FHEho LRRP SR N HERFI  EJBFgeR House,
O&BBQQOG@neNa&HylﬁﬁHeXDCBnamgoxamammediﬁﬁﬁn)bydthe type of
(PP EnR R, THSTER 1, LV SRR peororvea
1beEebte¢oraankSé$ Pragnts wenedat ica Endasdsod fapetions, i.e. a
138§1ngtgﬁ%yﬂﬁﬁjJg%é“néﬁké§¥ﬁetgrﬁew§5@ abs@otiRer 5/4 wave,
separ ati h redard to assifications of the
dafpgpéﬁp ¢t wave, etc., the discrete cosine transform, for
example of the type II (DCT-II), has axis-symmetrical and
point-symmetrical basic functions. The 0*" basis function
has a direct component, the first basic function is a half
cosine wave, the second basic function is a whole cosine
wave, etc. Due to the fact that the DCT-II particularly
considers the constant component, it 1is wused in video
encoding but not in audio encoding since the constant
component is not relevant in audio encoding, in contrary to

video encoding.

In the following, reference is made to the fact how the
rotation angle o of the Givens rotation depends on the
window function.

An MDCT with a window length of 2N can be reduced to a
discrete cosine transform of the type IV with a length N.
This is achieved by performing the TDAC operation
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al gorithnms, reference should be made to H S. Ml var,

15 "Signal Processing Wth Lapped Transforns", Artech
House, 1992. CGenerally, the al gorithnms differ by

the type of their basic functions. Wile the DCT-1V,

which is preferred here, conprises non-symetrica

basic functions, i.e. a cosine quarter wave, a cosine

b Mg, 1 va iqodihee t5/me whors 12 Grnd (i meanp Uy ew ethe DCT-1V,

Q-a 08 GRBLEHRHGAP] Nent! RHOTAL£0be WAPhEndby for a

has axi s-symmetrical and

paiank §ymmrrl+a@aa wda dhauncigtdhhabheo Ditheafevious block,

fiuRct i BBscia €l ectnhgoppereRbpihbe dartstoMasi® subsequent
function is a half _ cosine wave, theé seco basi ¢

fRakontTs 808hdt e i8oRTRPLERFSERRY 8Fc. fBUPWD %‘hethe time
favedaithat it ke DeFidt pegt ithid atkdnsCormatddion,t he.e. between

constant. conponent,. i.t, is. used i video encoding but

H‘d’tp‘ﬁthqaou& é’r\%é’dftngmsior?ceﬁtgne S%:]onst ant conponent is
not relevant in audio encoding, in contrary to video

encoding. 30 In the follomﬁng reference is made to

the fa the ation,an of h vens
ot atxu@a de e dg"or‘r he ~ Na gvﬁ) ncﬁr Az{)ﬁ An MDY,
15, (e it gtlh f 2N( a1k)be rxe(agucedkb

di screte COSIn ransformof the’‘type IV Mﬁth a length
N. This is achieved by perform ng the TDAC operation

q{?@ vaamé Clﬁdlycama& heLdu r&ﬁ&@%ﬂe aaaim@enaepak%l Seput 12

n a 50% over| pi ng he left half

e W%do&/,famlée HFRR kXt veMﬂSaryélethttﬁé Apghn Hdig above
Fqidte dif eoumdlvckies iate. tideimb@ekl0 -dnd Theter the means

t of t b oo bl ogks 101,
U FRP S AR SHOROHTT R S B x runs

firam G ccd e/ 2+gnsfirlnatw mepremnmtmeemmdlwtfmﬁ)ctlon

and output 12 of Fig. 9: 10 x, (k) W' +k) -w(2 -1-k)

xt(2 +k) xrk) w(2 -1-k) w2 +k) xt~2 -1-k) (3)

From the TDAC condition for the window function w, the

following context applies:

2 2
“{iv-+k] +u{-1‘1-1—k) 1 (4)
2 2

For certain angles o, k = 0, ..., N/2-1, this
preprocessing in the time domain can be written as a Givens

rotation, as has been explained.

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

o = arctan[w(N/2-1-k) / w(N/2 +_k)] (5)

It should be noted that any window functions w can be used
as long as they fulfill this TDAC condition.



10

15

20

25

30

35

The values indicated with tilde are values at the

output 12 of Fig. 9, while_the X values without tilde

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

and after the nmeans 15 16 for selecting, respectively.

The running index k runs fromO to NN2-1, while w
represents the w ndow function, 20 Fromthe TDAC

dahdittheon fUrlavH v ndow FaRAIh BnIRer f AnduidRFoder  is
?H’Hc%itkieappkﬂlﬂt&i ﬂebﬁkéﬁé@ 142 %*fdle %oi -titﬁé |tfrrée-(cﬂ:i)screte
or certain angles =Q,., ... - i S,
et [08 BR e e dBHt 25n Suindpredy Zdsgther by

@neensindod atd e, £ iass thase Ibsetre e xinl adundtd. a 3y ey amgdres 16 of

of t G tati d d h i.nd .
Fif | Snclrhe thsl aen e L il Py SRR K Qi oo @
gdmy(lx ¢f sheulfdrisé m@ﬁ@denunfeﬁhemthOmwfandtﬁomample of
Ga{e b eé‘ér‘?&jsge_ﬁrégggpgsttwéeyw'f du ! Lrdhig) IDAY dyto form the

condi t1on. e follow ng, a cascaded
SIRYdr ahdtiecodEPILs ofdedhe i beansi LR - r dher s sigg arrows

%@rhé&ntTp%.éﬂfﬁﬁtgjp%?rl@ teﬁh%agmh.ﬁﬁiﬁ(go_)miéPth.ﬁ)?l\bé-ﬂions and
ich are "w ndowe oget her one "w ndow, e
YIRS AN RPN H IR P ‘Wﬂp%yf%aé:% At A2 ﬁgﬁ!n% 26, 28,
tﬂ’@é;iéd’@t\ﬁﬂhl’sp,l e d@aj&ndzﬁélejf@@éhqéﬁ_w@arﬂdbﬂé%,sémpﬁlefl at the
sanpl.e of the arter of the windoew and a sanple
of ‘{%eogsetébenas%%\f Cet?ulcbcfksthe wi ndow are sel ected to
formthe vector at the output of the nmeans 16. The

[ ar r nt h j call [ifgi .
ﬁ&%%fpﬁ?%%t?gggtanggégéguggéguzﬁgﬁio%ﬁ iﬁégggf %%aﬁ%escrlbed
1o afurtdrer 242 atrc @Bl vEctor eebethe veanples A L) and

t)b?l)i\)t,egﬂe‘f"i 2R3 Alof Nehel NPULs1Of ghBBter of the
T-1V bl ocks. en the first vector has been ) .
PR NG 2 (AR DR Hle 3R RNA fAWRFEST Qf sEhengindow, is

vesiodted M@ sgapheprytbbded) bdndhe algorithm described in
Fig. 9. Analogously, all other sample pairs of the first
and second quarters of the window are processed. The same
processing is performed for the third and fourth quarter of
the first window. Now, 2N windowed integer samples are
present at the output 12 which are now fed into a DCT-IV
transformation as illustrated in Fig. 10. Particularly, the
integer windowed samples of the second and third quarters
are fed into a DCT. The windowed integer samples of the
first quarter of the window are processed in a previous
DCT-IV together with the windowed integer samples of the
fourth quarter of the previous window. Analogously, the
fourth quarter of the windowed integer samples in Fig. 10
is fed into a DCT-IV transformation with the first quarter
of the next window. The middle integral DCT-IV
transformation shown in Fig. 10 now provides N integer
spectral values y(0) to y(N-1). These integer spectral
values can now be easily entropy encoded, without requiring
an intermediate quantization, since the windowing and
transformation provides integer output values.
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x(n/2), i.e. again a sanple of the first quarter of

the w ndow and a sanple of the second quarter of the

wi ndow, is selected and agai ﬁ‘lpf‘ocessed by the

al gorithmdescribed in Fig. 9. Anal ogously, all other
sanple pairs of the first 20 and second quarters of

the wi ndow are processed. The sanme processing is
Ferdexronbsl fiy iheudtuatedantnf ohet bighar harlfofof tHigy. 10. The

first.wn . 2N wi.ndowed i pt _sanples are .
pdrecrac‘ioedrﬁ' aigg%(vﬁléé\{g%\f{’%u? 53 ?rc%e a?’égﬂgsf Flg‘gg?‘ﬂ?oa 4 "inverse
pANdowing'arnsferatwes ohnusrselysttoattdee i en€dder 10It is known

i cuLarl y; S igpieg’r wWkgfo sa 0 he .
ggf:%ﬂnd gﬁd tﬁ‘?%lesq%arters ar \gb?gd%o ?gﬁ?r %‘ﬁé rnverse
Ladsviegmatiegero s ApPeE-bY, t A8 ifilnstrgtadt én dtig.hd0. The

WA av 8] REHCBFS thd NdEcHAEY] Od-TRCT34 Vategelheinversely
wth the ndowed 1, sanpl es of the fourth

nt eger
RIS thé‘sprew}ilgH tyehG6w. ARal ofdHsly, 1Phe dpith  the
spedidsontilnde ral®s tof WHY Drevil@se triregRiriaiirdh.and the
alrtoev;. of t e Wi ﬁdovvegr&i nt eger sar?I es in is fed q ¢

it e BT | VERPRRSFBANPPon Wi SFPTReT YRSt Ot tpgrder  to
rgsite ne tred ovi.meFbl st ke aund 2gr admpl eangf(6) mitoi on( 2Hdwn again
[ | 9 0, Vi 5 c n b iy
efrh@oﬁhénclgg%&og,cgr\?vi ?ggf’c}?w{?ﬁ |%%ke¢1%%l %tq'e gfggnﬁ@}ﬂéon?f the
e FBg. ang ther peevibons| \and nsueequepéctrzansformation,
neBEddtig;diie Wi ndowi ng and transformation provides

I nteger output values. - 34 A decoder is illustrated
inthe right half of Fig. 10. The decoder consi sting

afthd v tdrarsf alatdpenGiddVied Ser fb MG an inverse
B LONELSeL Y L SCRISOT olf 80856, B8 ana 22,
24 and 18, 20, respectively, are passed in the opposite
direction. This is illustrated in more detail with regard
to the second lifting matrix of equation 1. If (in the
encoder) the second result vector 1is formed by a
multiplication of the rounded first result vector with the
second lifting matrix (means 22), the following expression
will result:

(x,y) (x,y +xsina) (6)

The values x, y on the right side of equation 6 are
integers. This does not apply, however, for the value X sin
o. Here, the rounding function r has to be introduced, as
illustrated in the subsequent equation

G, ¥) (x,y +r(xsing)) (7).

This operation is performed by means 24.

The inverse mapping (in the decoder) is defined as follows:
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5 transformation of a DCT-1V, as illustrated in Fig.
10. The output values of the,decoder DCT-1V 34 are
now i nversely processed, as Ttlustrated in Fig. 10,
with the corresponding val ues of the previous
transformation.and the follow ng transformation,

esp: ct Lvely, der to 10 generate time- dlscrete
a( erx)?'(’(%%to x(2K81) "again fromthe integer
Wi ndovved sanpl es at the output of the neans 34 and
t he previous and subsequent transformatl

REpekPi V18 miBuTheSJfﬂfér Beiterkeonti®e “éihngsl geeration it
peidoaiased ob)h@ﬂsl nyaage tﬁiavenﬁté@éﬂt l@pprbxﬁmaﬁysﬁ of the

t th ks 2
l’]ég[ e e;)pc ‘:}rré %s%@&efﬁe%hglgﬁ%g tlél%rtﬁ’qué:c‘t”igor?n error.
T[“NeS apipllJJda:tsIdmtceﬁ tlmlsmappnlekamhtmnhtbe@amh dfo #hee three

395904.d ' GELBY RIS 96 et Mider | EAANR A0 of the

enco er secon result vec
rﬁJJVtarm idtatgrerof The rounded rotstloewlltn \tél@t @nadddr) can

e rﬁﬁ%ﬂﬂgil'¥+ %ﬂé“ﬁédd&éﬂﬁ ﬁgﬁt &H@rBQ§E?W§ %ﬁ error

expressi on resul 5 (x,y)H (x, y+xsi na
PaldL &y pasgisy ttHiEOrqgjhtt délvcﬁrséqlfé?tq Lifting steps in

&@h%ﬁﬁkﬁ oHdley dOQSeHOtwﬁBﬁ|YthBOWSYQbrltﬁﬁ tge Vﬁige 9 is
X sin 30 a. Fbre t he roundi ng function r has to be
iRt Erom qqqqﬂﬂr@ﬁe&?ﬂr?qqﬁ?%nﬂﬁﬂﬁﬂkﬂﬁ'equatlon

(X, y) - (x,y+r(xsina)) (7). 35 This operation is

e Te) oYalanas. s e e - i5n BoLRe; SiiptlEical, tne

(biverse (xgimiE)d (@tadiert o ihe eremjsusalgn e f othzet heounded
: _ :

U9, SRR dr PSP T Y Ul e

I nteger approxinmatio can be
i nversed wi thout introducing an error. The
pedsioC atsimd of thls approxi mation to each of the three
|fté¢5ng §%§ ds to an integer approximation of the
r |on The rounded rotation (in the encoder)
can

The lifting matrices for the decoder, i.e. for the inverse
Givens rotation, results in this case immediately from
equation (1) by merely replacing the expression "sin a" by
the expression "-sin a".

In the following, the separation of a common MDCT with
overlapping windows 40 to 46 is illustrated again with
regard to Fig. 11. The windows 40 to 46 each overlap by
50%. Per window, Givens rotations are performed within the
first and second quarters of a window and within the third
and fourth quarters of a window, respectively, as is
schematically illustrated by the arrows 48. Theh, the
rotated values, i.e. the windowed integer samples, are fed
into an N-to-N DCT such that always the second and the
third quarter of a window and the fourth and first quarter
of a subsequent window, respectively, are converted
together into a spectral representation via. a DCT-IV
algorithm.
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be inversed (in the decoder) w thout introducing an
error 10 and by passing through the inverse rounded
lifting steps in reverse ordé®,~i.e. when the
algorithmof Fig. 9 is perfornmed frombottomto top
during decodi ng. When the rounding function r is

poi nt-symetrical, the 15 inverse rounded rotation is
identical to the rounded rotation with the angle -a

dis follows: casa sin a_,-si.na cosa (9)_ .20 The .
BRfisy ng Ther  I9eB00R0r CENERTcdgarLions AES | IS HANRRG, into
Gifeding atatriames,r eduldls are t pesfoamsedi imediemueinece,r stherein

quat.i on. (1) rel i Ag e i 9B S| .
GRS O TIE Yo BBUEL A0S BT B 530G matri
g tspddrcattiion  of sack ot MIGT iloetiggRigdi ngumbers are

oy 4 15, I hEHstr ahed ragiduMdde f €
\Igog.%a%? %ﬁ{é&dwﬂ%déo% 4%{5]?0 4g%e£ h o%%éarﬁ)b%y g%gg/o that the
PesWithdoWectPyendiasot alPERS Yar el HeIRF fred RAGH n FRe oVery
st ARG 39N & fOWakedid tofver tWmaawrand M Aty ttrix.
third 30 and fourth quarters of a w ndow,
respectively, as is schematically illustrated by the
amews Hte Jheputt baluest atledywsal t@sain . éntebger, wherein it

wi_ndowed. i nt eger, sanpl_es, e f. [Nt o . t Q; :
d\ch F}ﬁwegfteraﬁﬁcgyst_‘()t hérmssz)cor?g’yeandlﬁdﬁweedé]{ hilﬁ’&)%a%{%@' This
aegimedmatend nche limitahiand fBiscequafeer gsample, any PCM
%%ﬁﬁnta¥”@%% éf@pEEBkéal%n1a£e£ﬁ9nV§féGQnteger values
together info a spectral representation via a DCI-|V ,
ahperd t Wmlue 3gangausvaxirs cHRRANGNENST oPaLi oksdhpe 1.€.
SRR B 10 Ghdttdd RthdBiimlecREL s € @ @i el f Diped values

i n“sequence, wherein a roqunding st IS iQfroduce
Fher &N | VRS nRET i 25,‘51%% t?’BEﬁEﬁti oﬁ%lggch g'ﬂ%t whole
té}.?)déﬁtiﬁgizmﬁibmﬁ';b@tas rﬁm been ndtesku saed) dbel yerforming
er,their occurrence, .such that the ,.result ve
€ ETETSST nTRLRrLoNT | 68 £l elvérrefslénqutl pﬁ‘“ﬁ&a’h cHily, there
exiesis t anedindregsirt reppréXinatl omt pifx.the MDCT with perfect

reconstruction, which means a lossless transformation.

The shown transformation provides integer output values
instead of floating-point values. It provides a perfect
reconstruction, so that no error is introduced when a
forward and then a backward transformation are performed.
According to a preferred embodiment of the present
invention, the transformation is a replacement for the
modified discréte cosine transform. Other transformation
methods can also be performed in an integer way, as long as
a separation into rotations and a separation of the
rotations into lifting steps is possible.

The integer MDCT has the most favorable characteristics of
the MDCT. It has an overlapping structure, whereby a better
frequency selectivity is obtained than with non-overlapping
block transformations. Due to the TDAC function, which is
already considered during windowing pricr to the
transformation, critical sampling is maintained, so that
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10 Thus, the output values always remain integer,

wherein it 1is preferred to also use integer input

val ues. This represents nol i3 itation, since, for

exanpl e, any PCM sanples, as they are stored on a CD,

are integer values whose value range varies dependi ng

on bit wwdth, i.e. 15 dependi ng on whether the

ttine- dbgalem@quﬁtqﬂ sppctradl veduear erekfrddentdalgiesn audio

b a2 S0 AL <008 ol PECERR s

inverse rotatlons in an inverse direction. Thus, there

XbRbSréd kBt egehoRRRL OMDTEL, OQhQEht hs NGl M f.lhoatlng -point
perfect 20 reconstruction, which neans a | ossless

tPANRF BF nmtiih. IPREIIRGEN PrEfSESErat iBhePrSyi BE3nsformation

| sheger t(hlattpuéor\ipérléé tostRad drd DaMDAY- PRL Bk low signal
provi des_a, perf ect reco struc

I
HER U T orthe Bl o atn ciaher a1 85T ket AR PRERCHAL range,
bMMKMarﬂhisansieenﬁhbmeaaeeuaﬂﬁdﬂrﬁntlcé&miédingsignaflcant
péf%ﬁéiefe QPgd'fEQEe§ﬁ t@ﬁepiﬁéggérthgxgﬁééggge%ends itself

orna fon’i's a repl acenen
dfexr eted fdgsiend t r hasfleane Odeplememsdbiomt i osince merely

ﬁg%f@%il%@Q%f$ﬁ03%@?§e£fgr@§3d'Qh?@h'8£ﬁggésm@¥ b8Sseparated

I on I nt rotations an
sb‘b‘é‘? 2EhAtdndenet et ATAHS $ARODR fifrenangsd j s hardware

p;orssn bl e. sER@1ient eggd I\/Dgsbasw . ogis faveidilee  software
c ar@cterlstlcs of as an overlapplng

sHAREERFRE AR eby %i%ﬁn?%ﬁs ?requency sel ectivity

i s obtained than MAth non overl appi ng bl ock

nsf rpations. t he TDAC f nctlon
LPBLS SRERLLRNS e Akl A R P ESDEALET aMMdCbd ® spectral
t repsé semba € Don @fltheaaudampslggalsand|atalhedemamns in the

tPé'Itx e 3% ﬁuttl_% g'l xr[ﬂé'ltﬁe ff §Pe%f %lp \iqjﬁgnesto tonal parts
%sentlna i s equal "to ar
edNof apApAat §éﬁ‘ﬁlaé$ %ré’cﬁ%@-‘%ﬁ no¥IFraIal\/DQlCFOd energy

W@éﬁ@eﬂf@&tﬂ@ﬁ floRéi&i9g POi 8h ErgaBPLARE. 1B8sless encoding
descri bed preferred integer transfornatlon shows t ha

at
COTREPRd £87t h@Shor TS Sith P¥w <SGy |%%%<Fadmg the
thendowseg ) Sransfenaediorr el Viust theedpetir aig.ange, with an

2@%%?9%%'5?88539.'P§£€93315§1y gtggkeﬁe%gcodlng using escape
values as used in MPEG AAC is favorable. It is preferred to
scale all values down by a certain power of two until they
fit into a desired code table to then additionally encode
the omitted least significant bits. Compared to the
alternative of using larger code tables, the described
alternative is more favorable with regard to the memory
consumption for storing the code tables. An almost lossless
encoder could also be obtained by simply omitting certain

ones of the least significant bits.

Particularly for tonal signals, entropy encoding of the
integer spectral values enables a high encoder gain. For
transient parts of the signal, the encoder gain is low, due
to the flat spectrum of transient signals, i.e. due to a
low number of spectral values which are equal or almost O.



10

15

20

25

30

35

signal levels. Instead, the integer processing |ends

itself 10 for efficient hardware inplenentation, since
nmerely rmultiplication steps H# e used which can easily

be separated into shift/add steps which can be

i npl enented in hardware in a sinple and fast way. O
course, software inplenmentation is also possible. 15

ke da¥@gded ramsor My} pdovibdesIehrgoosh spBEhhahcing the

CRECEYAL 2 O, e, UL LA o1 )T

ASHS I S "apprli

N@Ii%le pShapln@f €N A0di.gnAES tBorvertibns iko: Angeles,
e nt 0 b f e

3908, SN, TN Ll OBy REERKarb b SLgucBY uaing o

Jiimelay crspmcntmgprt hen  &haddmasranahsF R gt | Qﬁe alternative
Il Lésgﬂﬁ%cﬁ]%ﬂlrbf'vgltk? Ypdi P@openhh@EMe@nQQ@%ﬁmatlve is the

Partl stacked encodin USI n esc val ues as

pEealiich oRPEGERAC 1§ SFadeRbl dhe (& H&mat 1V 25 -©- the
A ldr Wﬁl&ﬁsoﬁé)ﬂmlbﬁpa aer t@aIlléwV\ENSOf Theo qudridization

f he fit into,a S ode _tabl e t.o then
ol oHﬁFF%CEﬁe’adgeaccﬁse %Hl t2Rd E}cgaapsq 1 gty  EiRe resulting
l&jda&xt:.@@tﬂi@m&dnbdlséhetoalﬁm natimee eoft rusitugel ap@erthe audio

N

saummgennedeoae tEgint eé‘,os;aﬁheérsmwdi@sﬁmlr&moaére 'second
%Qléedrrfét%ﬁzebe pbiai REd 1Py SigHlgs B4 L WREhCEIGded loop, is

ones e 'l east si gnl ficant _bits. Particularl 0
maRg SHGRke, SHNGHYERS RFRHE R HEL EBCtoR e,{oop allows

SECkkaktVakéesn Shplt €ford m&htﬁ@comgmgalsﬁgn%qr When this
tranS| ent parts of the signal, th eifeafﬁo er is

IRED e t 55t REPLIEA stp%c?r FRnATatSthsPRAE §P8nalas,r°undmg
lst%p dd& to e |p13’tfthm‘f&91 aﬁte&pe&:\teﬁy siedpest whehprediction

e al m)st 0. : crl e g6, .

ﬁqﬁato sF8n SRRt ghteh rfo?ngln%%%? gF_’ké u]s ng the

Aurdieor Goder st day dusd ngma’eerqm atoungine Smapthon( T\S\lsy"orlglnal
6, Preprint

Alf%éedf éFﬁ?5‘"3‘3?}/& ness can brgé%&géﬁicﬂgf@ng a 5pl i near

prediction in the frequency range. One alternative
In order to use the redundancy between two channels for

data reduction, a center-side encoding can be used in a
lossless way, when a rounded rotation with an angle n/4 1is
used. Compared to the alternative of calculating the sum
and difference of the left and right channels of a stereo
signal, the rounded rotation has the advantage of energy
conservation. The usage of so-called joint-stereo encoding
techniques can be turned on or off for every band, as it is
performed in a standard MPEG AAC. Further rotation angles
can also be considered to reduce a redundancy between two

channels in a more flexible way.

Depending on the circumstances, the inventive method for
converting and for inverse converting, respectively, and
for time~frequency transforming or frequency-time
transforming, respectively, can be implemented in hardware
or in software. The implementation can be embodied on
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is a prediction with open | oop. Another alternative is

the predictor with closed Ioog The first

alternative, i.e. the predlc r-with open loop, is

called TNS. The quantization after prediction |eads

to an adaption of the resulting 10 quantizati on noise

to the tine structure of the audio signal and thus

fad ieydea 1s memoeghcmaisdim, pp)g&itdcaﬂmjﬂly' ca ﬁ:lt'ﬁi@ Ord a CD with

c .y ossles udi o hing, .t con

aqt % r}lvcgolﬁ} LI pre&%g’t%%(r%vmt E@S@égd | ofpich  can

|cs>oma$<$mnttarblee pidquEdel preehpeien systenl ssed that the
cﬁi ] rﬂé}ﬂﬁg‘rrﬁé‘@m deredaatHct \:HQ O{n\tr@ﬁti&pu%h also

S|gna e technique 1s “dppled gener at ted

s of rdufamRytest BpORA3™ PUeEusdy fv@rtrPeoﬁ ap¥egram code

eMeIdedst @p 0f trﬁ&clﬂiﬁéﬂﬁéé@@blél |c§£:!‘rié7r I e np'e@fb'ﬂﬁlng an
raqge of |nt ﬁrs[ S|n% the inverse filte

o1& hEOBPYEral Pr?@réﬁ‘ecFPBﬁw on a
Qmmﬂlftee»(.aclrh yotle@ﬁnebrdgt edhel ﬁ.n@faﬂﬁrldrp ase bélereallzed as
redundancy_bet we ﬁp nnels for %QUCtﬂﬁ nfhg the
Lot BHSSHFWg Wn e bedereh 50 Fo Fle ORI
wiedrhad nderdethe atcatpwre wi gprogremnghes | o 4a | coputsed.
Conpared to the alternative of calculating the sum
and difference of the |eft and right channels of a
stereo signal, the rounded rotation has the advantage
of energy conservation. The usage of so-called
joint-stereo encoding techniques can be turned on or
off for every band, as it is 30 perforned in a
standard MPEG AAC. Further rotation angles can also
be considered to reduce a redundancy between two
channels in a nore flexible way. Depending on the
ci rcunstances, the inventive nethod for 35 converting
and for inverse converting, respectively, and for
ti me-frequency transform ng or frequency-tine
transform ng, respectively, can be inplenented in
hardware or in software. The inplenentati on can be
enbodied on - 39 digital nmenory nmedia, particularly a
disc or a CDwith electronically readable control
signals, which can cooperate with a programrmabl e
conputer system such that the
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method is perforned. Generally, the invention thus

al so 5 consists of a conputer, program product with a

program code stored on a nﬁcﬂ@né-readable carrier for

performng an inventive nethod when the computer

programruns on a conputer. In other words, the

i nvention can be realized as a conputer programwth

a program code for perfornm@baime 10 net hod when the

conputer programruns on a conputer. - 40 dains 1.
pgaratus for converting discrete values into a

ﬂrans Br MRPIEPFeS erfodt | 6ANWPERLPAL cdbFcTRteyalmes into a

\m?r etB?hB@onéar et Ee#@éﬂéﬁtﬁ@‘i@nawa;@tHnd/ Ditéy@Pe values,
I NT or 1 on

C 2) for proces
T hePank 1S arlerlesd (ATRS byats apdie: roa/oY image
t ransfiarsehnbetionyl eomprabtiaign 10 a flrst bl ock of
transforned val ues; a neans (104) for rounding the
first block of transforned values to obtain a first
bl ockaofierosndéd2)t fanrs foomed sialques; L ilsta mearis qflGB)screte

for S%H?g@g ‘é:gﬁafnéduﬁ Dl 9‘:‘#‘ gf tEQHB‘%%‘Ema‘t %E{Sfr‘ﬁ{l'éecto obtain

val ues i Scret values to obta

a sec@nélbﬂs@cbl@ﬁks@ma\vlﬂfl%@e@ofad-qﬁﬁans (108) for
processi ng the second bl ock of summed val ues by using
a second transformation rule to obtain_a second bl ock

of transfeamsd vElQs: EP%eahcuprdiny f &her ofidisty theck of

second raheg¢brakd 2 NSt GBgaval HeFiketoflaick @f rounded
secon bIo k of rou ded transfornmed val ues; and a

means “C#1% Beds |ng t he second bl ock of
rounded transforned val ues of the first block of 30

di scr et gx}ea?‘Lsueflég obLa % repr%g }?5 fgkgge%]%l(‘:tkplgf rounded

val ues r an forne ation
appar arassfoeoedi nyatlues atm 12 f gechad  béapki sphg:discrete

values to obtain a second block of summed wvalues;

a means (108) for processing the second block of
summed values by using a second transformation rule to

obtain a second block of transformed values;

a means (110) for rounding the second block of
transformed values to obtain a second block of rounded
transformed values; and

a means (112) for subtracting the second block of
rounded transformed values of the first block of
discrete values to obtain a block of integer output
values of the transformed representation.

2. The apparatus according to claim 1, further
comprising:

a means (140) for processing the block of integer
output values by using a third transformation rule to
obtain a block of transformed output values;
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35 a neans (140) for processing the block of integer
out put val ues by using a thlrd transformation rule to
obtain a bl ock of transforned Bufput val ues; - 41 a
means (142) for rounding the bl ock of t r ansf or med

out put values to obtain a block of rounded transforned
out put values; and 5 a neans (144) for sunmm ng the

bl ock of rounded transforned out put val ues and the

second, bhasits Oy 43R VELUER A0 SHE ek ok Ueans torme
r epr esavipatti o lue® 30 "dbetaappar dleskacbrobungded transformed

clalw%u% %BEMgQWﬂdhétma first transfornmati on rul e,
t he seco transfornatlon rule and the third

transformation rule, respectively, conprise a

t ransfpor &Iﬂa‘r@“ ma_t4r41 X. fbr 4 suﬂ?ﬁrﬁﬁ P U Reor HMY rounded
to one of t revious cla n the first

t r ansfdaTe 06 &1 8UtPRE s%% s ﬁl‘fréﬁﬁoPﬁrﬁPPSn block of
rul e awhnide thiadst tansébtabhi en Fukeherr aslpeti | ¥El yinteger
are |de al___t.o _aone t her The ppar.at us

e cor ARt valeel Snd e Eraptsoe far A thtat ian
first transfornatlon ruIe and the third 25

Va‘:lanSf’Iq{]erragég(;H(}:nJ tr ans or rra on r U%Eﬁﬂéf qr %Q‘t Izon Jﬂgl%ln the

ile e1ls

t r ansfiorrfdt | braraferngtiqne raggar ke é@@@ﬂﬁlﬁf%&ﬁﬁﬂﬁﬂatlon

of th%ﬂﬂﬂﬁvéﬁﬂ5tﬁéatﬁﬁrd %QaW@@b%hﬁtﬁ%%.ﬁﬁﬁm§ (ﬂégﬁectlvely,
for rounding the first_ block and the neans (110)

r oundi SRPRHS & &t dri 1 fumafiPn et igans (142) for
roundi ng the bl ock of transformed 35 output val ues,

rfSpe%ﬁkygﬁ@afgéig(ggg%¥élng({o one of the previous claims,

wherein

the first transformation rule, the second
transformation rule and the third transformation rule,

respectively, are identical to one another.

5. The apparatus according to one of the previous claims,
wherein the first transformation rule and the third
transformation rule are a towards transformation rule,
while the second transformation rule 1is a back
transformation rule.

6. The apparatus according to one of the previous claims,
wherein

the means (104) for rounding the first block and the
means (110) for rounding the second block and the
means (142) for rounding the block of transformed
output values, respectively, are formed to round
according to the rounding function providing rounded
results, the accuracy of which is less than a machine
accuracy of a computer comprising the apparatus.
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according to the rounding function providing rounded
results, the accuracy of which is |less than a machi ne
accuracy of a conputer conpTi%¥ngy the apparatus. - 42

7. The apparatus according to one of the previous

clainms, wherein the first block of discrete values has

5 discrete values of an ordinal nunber O to an ordina
nunber NI, wherein the second bl ock - of discrete

galueg has_di screte _val u% an o%d ga nunber 1

n or dPfiaPPRAFBEHS2RCECL 6%&% Ret R FPFsPrSP’EsSRSoF aims,

rounded transfornmed values has an ordi nal number of 0

to N'ghégglwheEHIWtfh sﬂ“*ﬁfbéQOGfooﬁl§8gg£Qg bglues has

formed to perforn1a val ue- W se addition, SO
val uedéscriseblvediiegt 9Huade@rdinaas MomRas vQ;\I %saw phrdinal

an ordipglrnugber iyhsrafdgdedcde tfedoN@ UL UKt RE discrete
second bl ock of discrete values with an ordlna

nunbeWaﬂﬁﬂS wmé%ﬁ¥§¢r¢E?aV?ﬁHﬁFn§flﬁﬂ»@r%%R d?ﬁ@ber N to
from @Qnt @rdihal8numberapmanat us accordi ng to one of .

the previous clains, 20 25 wherein the first bl ock of

di screte values has discrete values of an ordi na
nuwbewh@rednamhawﬁiuﬂt mlodler o kpunbedeitranis€ ogmednalues
block al S sgrete yalu f :
ordlna gﬁpaﬁ &ﬁﬁg?g na&lngnge ghﬁl?ﬁﬁﬁevggﬁeln the
t he se'e@n@ b(ll@(ﬁla dfor cumdeicng r asisformed tal pesfommsa value-

value§lg%tggggt§%norgbn% aruEb& INARE dNd p13RK of rounded

wherein the ans 12) tor subtracting is forned,t
subtraaangf@am@é d’fa]t‘-’fﬁ,ﬁ bYbelk 8P gcHded trrta?el%%rheas added

val uegoWiat Rratifie @it srélam Pltck IGINE seddiR Gfalife® with
first block mh%E t he, ordi.n nber, i, ,whereini is
t

a
runni ﬁﬁl CHEJ%J)P EHﬂPﬁﬁ flr"' M d"’ %r?\,l:q_ 135159 a Thgnning index
appar aéxtenadeqr dizogh t00 ten®-df. t he previ ous cl ai ns,

8. The apparatus according to one of the previous claims,

wherein the first block of discrete values has
discrete values of an ordinal number 0 to an ordinal
number N-1, wherein the second block of discrete
values has discrete values of an ordinal number 0 to
an ordinal number 2N-1,

wherein the second block of rounded transformed values

has values between an ordinal number N and 2N-1,

wherein the means (112) for subtracting is formed to
subtract a value of the block of rounded transformed
values with the ordinal number n+i from a value of the
first block with the ordinal number i, wherein i is a
running index extending from 0 to N-1.

9. The apparatus according to one of the previous claims,
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- 43 wherein the first and second bl ocks of discrete

val ues conprise integer discrete values. 10. The

apparatus according to one of *thé previous clains, 5
wherein the neans (104) for rounding the first block

of transforned values or the neans (110) for rounding

the second bl ock of transforned values are forned to

r ound wieowrich ridnet f itrteer ssate semordi gl spexidf cdisaretd Ovalues

11. TI}po %reatilfrcte %orﬁichgiett%q} id@ , wherein the
transformation matrix underlying the first
transfornmation rule, the transfornmation matri x 15

urgler InH G g a3RG0 Rt dIrRRHPHRIARN Jtul @k dPous claims,
transformation matrix underlying the third

transformation rule, respectively, are each a square
mat ri yHanding théumbens of(loidnestandré@hdifng, the first block

respectivel ich,are equal to,a number qf discrete .
20" b altfed TR TSI cRbn b BeRns 10100 cfF Founding
appar athes secandli hjjotk oife tofartdopieayi vatuebaiare, formed to
wher ei i ). | eSSl accordi { :
25t n& YIS TR B elle MRS SRR AR M e idaeion.
for processing according to the second transformation
rul e e Jﬁéi%%d&_a%édﬂlﬁgorﬂ@rolaai@ﬂ herein further

e

a sequence control is provided, which 30 is formed to
supply first the first block of discrete val ues and

| at erfﬁﬁtecéiepaigcb bihﬁc:{@ﬂzfrmmd :mt%@s dir@dei:i‘iﬁinc% tll}]e first
transforner. 13. .The apparatus according to one pof the .
r ovi JUARA SRR AR hdntiSr ¢ e Hbans {ARmhoFetton | matrix
roundiurglddiey ifrig stthie oglkecond t taaatdommdtianuesuded and the
t he ns d;l for rouggin . - 44 e cond bl of .
trangftgrran% PR autelsonare oartrrltg.’\l in aur@%ﬂf er(,51 and&%( third
transformation rule, respectively, are each a square
matrix having a number of lines and columns,
respectively, which are equal to a number of discrete

values in the first or second blocks.
12. The apparatus according to one of.tﬁe previous claims,

wherein the means (102) for processing according to
the first transformation rule and the means (108) for
processing according to the second transformation rule

are formed in a transformer, and

wherein further a sequence control is provided, which
is formed to supply first the first block of discrete
values and later the second block of summed va}ues to
the transformer.

13. The apparatus according to one of the previous claims,

wherein the means (104) for rounding the first block
of transformed values and the means (110) for rounding
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wherein further a sequence control is provided to 5

supply first the first block of discrete values and

| ater the second bl ock of tTah$fornmed values to the

rounder. 14. The apparatus according to one of the

previous clainms, 10 wherein the first and second

bl ocks of discrete values are audio sanples of first

and setendecbadnellsckf o thansiforirunetalalsl ;s dmed in a
15 15, Th appa tus according to one of clains 1 to

13, wﬁ@P@ T th&™Fi rst bl ock and the second bl ock are
subsequent tinme sanples of an audio signal. 20 16. A

tomr%getrrggsfg{lgghgp gp%a%ﬁé&ec ftx%lngls PESPPded  to

(16, or W
bl ock S@PPééirrpﬁJe@‘ﬁf e‘phéséﬂtﬁﬁfg ’ahoﬁbdlocf s@ﬁﬁﬁre%ﬁa vgaues and

| mage 15icgral thandeEORdWMBIANM NP A tSRGATGO MR KvOIud® to the
sanpl es representing an audi o signal or an image

si gnafFoMpdgSiong several lifting matrices (18, 22, 26)
and subsequent roundi ng operations (20, 24, 28) to

L2 B BERal o S o 45 0 SR i,

accordi ng to one of clains 1 to 15 to obtain a

{ ranstaiRd i GRECTIHAL LR 1B fddid 40y SECAM values

bl ocks™w ger outp S ues. A net
convegien@wiisxr speplapues |f1¥bs’é apgargq@n@dchannels of a

r epr eseRkalicARnMelin JudfiR0ei g¢liues, wherein the
di screte val ues have audi o and/or inmage information,

conprising the steps of: - 45 processing (102) a

flisr.st THle0GlopRiraiusC Ric® ralne cPvndId M g St to 13,
transformation rule to obtain a first block of

transfornmed val ues; 5 rounding (104) the first bl ock

of tr amsfrerinedthal uEsrst block and the second block are

subsequent time samples of an audio signal.
16. A towards transformation apparatus, comprising:

a means (16, 18, 20, 22, 24, 26, 28) for windowing a
first block of samples representing an audio signal or
an image signal, and for windowing a second block of
samples representing an audio signal or an image
signal by using several lifting matrices (18, 22, 26)
and subsequent rounding operations (20, 24, 28) to
obtain a first block of discrete values and a second

block of discrete wvalues; and

an apparatus according to one of claims 1 to 15 to
obtain a transformed representation from the first and
second blocks with integer output values.

17. A method for converting discrete values into a
transformed representation with integer wvalues,
wherein the discrete values have audio and/or image
information, comprising the steps of:
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to obtain a first block of rounded transfornmed val ues;
summ ng (106) the first block of rounded transforned
10 val ues to a second bl ock-ofSdfscrete val ues to
obtain a second bl ock of summed val ues; processing
(108) the second bl ock of sunmed val ues by wusing a
second transformation rule to obtain a second 15

bl ock of transfornmed val ues; rounding (110) the second

bl ock_of transfor val ues 0 secon k _
ot Or oBRasksBRRkSl e VERpak” ERAh (o8, gEBERRT ) Vilhes by
(112)ushegsetoﬁdrbto¢Wamsﬂanm&Exbntrahsfdnnedeaiue51 first
fronrhﬁg &'B%ttg H%%o%ﬁeﬁ'%%ﬁ%%% val ues to obtain a

bl ock i nteger output valués of the transforned
representation. 25 18. A towards transformation

met ho@o @R '%ﬂﬁhﬁh€hétgﬁ%sﬂﬁbldﬁﬁdew'H%dﬁg%oﬁHéd values
20, 22, 24, a first block 30 of sagﬂles

repr e§€nPPﬁ&l§n aaé&rrétspg}ﬁglk Gt FPUnAR ormgfy values;
wi ndowi ng a second bl ock of sanples representing an.
audi o _si gna e Ssi.gnal usi-ng sev
I|ft|ﬁ§mﬁﬁpplcggﬁ§18gﬁng 2 5 Jﬁ@y EuBgegﬁ) cﬁ%ﬁu%ﬁ?%%formed
oper atviadms s( 2@, azdseczmdtlml@bkaorﬁ Bi&sa;rfertmtvadltmrk tod obtain
dlscr%t%e%%hge§éggg %fs @m@dﬂé% di screte

- a

val ues; accor I ng to claim17 to
obtain a transfornmed representatlon fromthe first

and segepdshliggks 1wghh tHé"t%S&n&ubﬂehkvgﬂlesﬁmmﬁedlgvalues by
An apparatus for inverse conversion of _a bl ock

i nt eg&t1iHGt msw%st%ms%oeé%hanbr&&@ & ﬁhﬁ?é'd‘ a second

val ueploWk &F arend florarsf efaIkkd;epr esent ation of

di screte values, to obtain first and second bl ocks of

di screte val ues, wherein the block of integer output
rounding (110) the second block of transformed values

to obtain a- second block of rounded transformed
values; and

subtracting (112) the second block of rounded
transformed values from the first block of discrete
values to obtain a block of integer output values of
the transformed representation.

18. A towards transformation method, comprising the steps
of:

windowing (16, 18, 20, 22, 24, 26, 28) a first block
of samples representing an audio signal or an image
signal, and windowing a second block of samples
representing an audio signal or an image signal by
using several 1lifting matrices (18, 22, 26) and
subsequent rounding operations (20, 24, 28) to obtain
a first block of discrete values and a second block of
discrete values; and
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10 val ues and the second bl ock of sumred val ues are

derived fromthe first and secand bl ocks of discrete

val ues, by processing (102)'a4@iFSt bl ock of discrete

val ues by using a first transformation rule to obtain

a first block of transforned val ues, rounding (104) 15

the first block of transforned values to obtain a

first dinosthad aooxckdthd rtamse bairedl Vat eeshtsimma ngransformed

(106) { r d n | yes

a secon‘%?%% ﬁ%?sggé e%\&/{‘a 3@1311 % §%?a|2§%{>ﬁ@ ;bglcoﬂﬁg with
blocklﬁtQﬂﬂﬁnnptﬁutu¥a1¢ﬂ©cess|ng (108) t he second 20

bl ock of sunmed val ues by using a second

transformation rule to obtain a second bl ock of
t+Ans i me@rexRtes, EotndiMLYIQ 0FoNNersdesndobl gtk bdpck of

transfoitegbvabueputt0 VPl @ $ ansecoNdkloaek 19fo&RURFEAsummed
t ransf or d Vahﬁﬁ%ﬂland subtr ctln% % é t he second

25 bl o t PhTsf Gr 5395 QETeRy ohPPRESERFEfion of
bl ock d)ifscd:restoa.f etalwas yesot obeohtiai Tiashl eeld ofeddiedelocks of

out put 4 v, 0 tr r. epresept ati an
conpna%%jLu Laiags ?ﬁéﬁ) quj%?g%gs R ngTt Liggger output
secondval sk @fnd s&hﬁedseabués bioeki mf t semgecondalues are

tramﬁdﬁf@@é@nffHﬁethEOf%géﬂ']ﬁhfé%ééagl? G5 Ys of discrete
transfornmed out put val ues; a neans roun

in
the1%Y%&uﬁﬁodRYoPIOSESFFHQSﬂépﬁédaodﬁﬁmﬁ\Rﬂ glscrEte

obt ai ﬂva?tl.lfééskt) bhegkgoh ffigwrdad dfFshitiRm Vf’liL@Sto obtain
47 a ne f.or unn1n he fjrst_bl ock of

r oundetl FFE el Bht U UIES oVRheeBr odewgrding  (104)
i nt egethe OLftJ.;mtt valloekR t®f oltrains fiolrmeld rshlhé@cktd)f obtain a

di | 5Q). f .

T vSt iy pilS 208 (EOMIndd S UrArls R S Vallleh® summing
transfb?rOl@)tltiterid,Jesttb)lcoxbkamf] aolsm@ahdtbanskonhed values to
transf Q?ﬂé" WeSek 10r 8BRSt & 192 ud 9T SOMPEL P LHE second

secon
block of summed values, processing (108) the second

block of summed values by using a second
transformation rule to obtain a second block of
transformed values, rounding (110) the second block of
transformed values to obtain a second block of rounded
transformed values, and subtracting (112) the second
block of rounded transformed values from the first
block of discrete values to obtain a block of integer
output values of the transformed representation,
comprising:

a means (130) for processing the second block of
summed values by using the second transformation rule
to obtain a first block of transformed output values;

a means (132) for rounding the first block of
transformed output values to obtain a first block of
rounded transformed values;
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transfornmed values to obtain a block of rounded

transforned val ues; and a neans (154) for subtracting

the bl ock of rounded 15 trandforned val ues fromthe

second bl ock of sunmmed values to obtain the second

bl ock of discrete values. 20. The apparatus accordi ng

to claim19, wherein a further block of integer

out puta wadares ¢134he foramsimorimed 20e r Epresebtlackomfi scounded
cal Cu't%ta%%t%rf c{?ﬁéﬁgﬁgndvg#ﬂgg Oégo Séﬂgmg)l\é%lkueéfgyinteger

processi ng ["ock OT "I'nteger ~output val ue

by usiovFpatt hvadues atsf otbsaimnthel €£ixst oblafk #f discrete
bl ock fy fdsansforned out put val ues, by rounding (142)

the bl ock of transfornmed output values 25 to obtain a

bl ock of rounded transfornmed output values, and by

summ g mb4ds t hashl)ockoef pedededink aRskor FEdsUtPLbck of
val ues,.and the secon

d .bl ock, of , su d values to .
bt i ISR (R dOk (LT B ELORE phASRar R Gron rule
t he t ransibaraird a egrEaehtEioddn,off herarBdf eyped atalues;
further conprising: a neans (124) for processing the
bl ock of integer output values by using the third
t r ansfeor mgargn rd%¥2) t bt atenrding sttie ockeepnd block of

”ansfgiﬁﬁﬂf dut ool 3 OUESNS (426160k of ded
roundi ng t éﬁ#érst‘gﬁgc of transfornmed out put J%Iué%oun ©
to obtiansfarned ¥lege ofand ounded transformed out put

val ues; and - 48 a neans for subtracting (128) the

first bl ock of nded transforned output val ues from
t he f it RERDSY| ‘P)of %8& ﬁﬂ%%?%%%n?ot apﬂo?]ﬁe‘)f rounded

second: Hractomied 5 valneed Fabmeshe?lselondt holbdlor of summed

SN A Hocke QA eSS (P UPLIAL Wtues.

transforned representation of discrete 10 values, to
\(;%)é_ai nI‘I{% ra;é%%§§cgggopéﬁ§gst8fcgé§ﬁrf§? wH8L¥88 a further
erein th ock of T nteger”output val ues and

block of integer output values of the transformed
representation is calculated from the second block of
summed values by processing (140) the block of integer
output values by using a third transformation rule to
obtain a block of transformed output values, by
rounding (142) the block of transformed output values
to obtain a block of rounded transformed output
values, and by summing (144) the block of rounded
transformed output values and the second block of
summed values to obtain the further block of integer
output values of the transformed representation, the
apparatus further comprising:

a means (124) for processing the block of integer
output values by using the third transformation rule
to obtain a first block of transformed output values;

a means (126) for rounding the first block of
transformed output values to obtain a first block of
rounded transformed output values; and
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the second bl ock of sumred val ues have been derived
fromthe first and second blogés of discrete val ues,
by processing (102) a first bfock of discrete val ues
15 by using a first transformation rule to obtain a
first block of transforned val ues, rounding (104) the
first Dblock of transforned values to obtain a first

bl ock of rounded transfornmed val ues, sunm ng (106)

the firs 0 f tlansfiorgred yal u
second b %%ﬁ£285%€ J*g%?%?g”ﬁg uzé%Pgeogpging?ﬁée lock of
secon&oMngerR ofrasghipE@cdal LU Feddisng Lrews) thee further

secong1Bk®Clo Ofoutspitredayabyes obbisd i) €hs€s8B8nd block of
transformation_rule to obtain a second bl ock of

transPYFAEG VALUES: rounding (110) the second bl ock
of transforned values to obtain 25 a second bl ock of

g gL L TE ORES U BRI O, Thceer
first onitpei ofalliessr ened & alseeondo bboakn of bsomkedf.values,
'nteg%ﬁi@%ﬁpgfevﬁlu%&a%%fo&?ﬁgf;?gégggggggFion of discrete

representation, conprisi ng

proce¥siligs( 139 alfeigechheshl aed sfcondmbddogkisues Iliscrete

usi ng v e e3eC R rleianher Mldcxn Julig HeyeDiRA thx fVdi18es and
bl ock of transforpmed output val ues; 35 Tounding (132

).
the fithet RN oPLPFENGlor EHTBHt YRl UeRal he t Been 'derived
th ai rfr@_mfitnfdls%ﬂgﬁ ahdr ewoded ths:e?tsré@ragdgli‘sair@m; values,

sunm n )t st .QC roun .
CransEy e "Tapalon, FiEet BrdQkTOE disorete values
out pubyvalsieg o fiosttaitramisd drimestidnl aold eoftaiclrasire a first
val ues, r ' Lrs of, .di,scr.ete ..
val ueDLge R e qrin Yifuct Pholinfifl| 19T £irst
obt ai klackeodnd rapisdokrmeid tviedmsfsortee bt ivess fiirst block of

roundifa@ ko) « 88s 866088 RIOMeLT LLARTHY MErbéal ¥RE first
block of rounded transformed values to a second block
of discrete values to obtain the second block of
summed values, processing (108) the second block of
summed values by using a second transformation rule to
obtain a second block of transformed values, rounding
(110) the second block of transformed values to obtain
a second block of rounded transformed values, and
subtracting (112) the second block of rounded
transformed values from the first block of discrete
values to obtain a block of integer output values of
the transformed representation, comprising the steps
of: '

processing (130) the second block of summed values by
using the second transformation rule to obtain a first
block of transformed output values;

rounding (132) the first block of transformed output
values to obtain a first block of rounded transformed
values; '
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to obtain a block of rounded transforned val ues; and
subtracting (154) the bl ock of rounded transforned

val ues fromthe second bl ock 8P Surmed values to 15
obtain the second block of discrete values. 22. A back
transformati on apparatus, conprising: an apparatus
according to clains 19 or 20; and 20 a neans for

i nverse wi ndowi ng of the first and second bl ocks of

di scr eétﬁnr&’ig{dje?lﬁw) Ugig ¢4 fdyd n}gl?@kr io‘fe%odr}cgef Zgg?nsformed

26) and subsequent roundlngﬁfpera rons (
to obt@EPYh rerlusrl teddirl bleeksobf integenaputpst values to

val Uesolteie e | it AUG o SRTBY €51 S r b FROE, SRED) €.
23. A back transformation nmethod, conprising the steps

of : a method according to claim21; and 30 inverse
W ndowpg-edsie fiIGt el seeonh DbOrKst 0flisdis€s b8lues by

val ues_ by usi.ng lift.i matrices (18, 2 6) , and
subse%%nr}g ?cokh%d‘%]@sropr%aarﬁ Tk i 25},“2'%86% BPTRJHE a7 nSecond
first RKimtlkseroridrdr ovksned wwliugsnal val ues 35 .
representing audi o sanples or imge sanples. - 50 24.

A computer programw th a program code for performng

a met Hongbasr di heg k otke apgsond, bi®ck ohrtransfermedevalues

conputtey JdB1QGIMAN IO A LFAUHNEE transformed values; and

subtracting (154) the block of rounded transformed
values from the second block of summed wvalues to
obtain the second block of discrete values.

22, A back transformation apparatus, comprising:
an apparatus according to claims 19 or 20; and

a means for inverse windowing of the first and second
blocks of discrete values by using lifting matrices
(18, 22, 26) and subsequent rounding operations (20,
24, 28) to obtain first and second blocks of original -
values representing audio samples or image samples.

23. A back transformation method, comprising the steps of:
a method according to claim 21; and

inverse windowing of the first and second blocks of
discrete values by using lifting matrices (18, 22, 26)
and subsequent rounding operations (20, 24, 28) to
obtain first and second blocks of original values
representing audio samples or image samples.



24,

- 50 -

A computer program with a program code for performing
a method according to claims 17, 18, 21 or 23 when the

computer program runs on a computer,



