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Devi ce and Method for Processing at |east two | nput

Val ues Description 5 The present invention relates to
signal processing and particularly to signa

processi ng of sequential values, such as audio

sanpl es or video sanples, which are particularly

sui tabl e especially for |ossless coding applications.
Devilkke pheseRrithdd Gl Erddesinighar Idakablkof thput values
conpression algorithnms for discrete values conprising
audi o and/or image information, and particularly for
codi ng al gorithms béepgraptramsformin the

frequency domain or tinme 15 donmain or |ocation domain,

whi ch are followed by a coding, such as an entropy

tori My 99Pitthe WyEmiéra FELRREA O &didiiadet PEceedPhgy and

Mﬂ@i@uﬁ#ﬂl? e&ﬁl @gg&atlhog,s@céygbn@s d\?Ethazéﬁl&%aiNP\Bauues,

or MPEG C, use t nsforns, .such as the so-cal
ﬁ%aﬁlf. g di tr%sf SLAENDETYP te&robt‘%wha are
phntkcmlaelyfremﬁe&@lewa&spéﬂﬂ&ﬁlpn obran lagdiless coding

j an audi o coder usually obtains a stream
%#g¥§%%t§?§grete audio sanples. The stream of audio

sanples is windowed to obtain 25 a wi ndowed bl ock of

fHé ?&@@Bh@ L0%hQfor?, P48 rwi-pfoved  iaudh@ SRl ESmpression

he wi ndow ng, various w_ndow functions are

% PB&Elaisu%%r aéila‘s%lferf‘iée WiVitdo\RS eCOMPTREIREndBWRge and/or

1in8ge diisgbeta tawehi, o &rﬁﬂ’pb@ﬁtﬁéﬁlébﬁﬁ @@&ve;rdcadqg 31§®rithms
ectral re resea%at on ilter bhank.

PR D TALES i R Gt oo e, nh endudy s ghan | o time
deasonspralogatieny dofmatime Fburahera e a’its]ﬂmwad sucha asoding,

S AR e sy sl Ty e S i dn o

éH%Eﬁmeéictﬁ@diﬂgter bank may 35 then be processed
further, as necessary. In the above audio coders a

ntlzatlon of t.he audi.o ectral values foll
aﬁa?EPnaﬁﬁéoqﬁﬂﬁﬁﬁﬁnm?ﬁp%f ge8UGR e3Py BFES] %PY%%%s@ﬁ% or :

HBEGhahCt heuspiaftrenatbensnoisseh nis odieeddycdlieed Bodified -
AaptLelne.ds3 el OYLL 0P PRYGRRRISYSHS BBRKLAY 2 block-wise

frequency representation of an audio signal. Such an audio -

coder wusually obtains a stream of time-discrete audio
samples. The stream of audio samples is windowed to obtain
a windowed block of for example 1,024 or 2,048 windowed
audic samples. For the windowing, various window functions

are employed, such as a sine window, etc.

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

chosen so that the quantization noise introduced by the
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i.e. is "masked away". The quantization is a |ossy
coding. In order to obtain further data anount
reduction, the quantized spectral values are then
ent ropy-coded, for 5 exanple By-nmeans of Huffnman
codi ng. By adding side information, such as scale
factors etc., a bit stream which nay be stored or

ﬁﬁaﬁﬁﬂtig@d;si&xﬁ?ﬁﬂeﬁhér@E@kﬁ%ac@@%&@@y§ﬁﬁﬂﬁﬂx; threshold,

quant i zed_spectral _valu y _neans of, a hit ream

RUEC] BroxBRored Aifadhe Qi GHRLORAE L The it K5 Shnroding.

s S@iderupxlnpbtamdedfuquheriz@ﬂtspemknmﬁ:vabdestand the
f bi re

ghgﬁF% ﬁezgééegﬁgyeg?gg%$gcoaeﬁ ané % C for

eéﬁm@§8aréYf|m@@néntﬂépyiﬂéﬂhw%u tQPQﬁﬁQMr13HEBQQﬁlng side

9H§8£h§€ﬂoﬁPeQ&kﬁ{ é@|u§§aL§h%éH%HH§Z@gc FGQif%ht stream,
ggéues are then inversely quantjzed to obtain decoded

Ebr d2Y vEPueSE Udithr PEi nlgt st F 2244 o Snof Enednifarm the

bovwewpy;-cbdedbeluawtt ke dpsyehaacaustd cud@sky Nleans of a bit
EQ esholdlgnd MA|| thus be inaudible. These spectra

val ues are %ﬁen Cohverted to a 20 t enpora
representation by neans of a synthesis filter bank to

oRt 8h8 EhHEOdBéEBSEE d@ﬁedsgtagékgaﬁaﬂpls it Ny éhfnto coded

synthesis filter a transform al gorl n1|n erse

BaPHéze@r§H§F8Fﬁ#aW§éFﬁﬁhmﬂﬂn§%Q?lﬂﬁﬁﬁﬁﬂ%ﬂkﬂﬁ by means of

Moreoy erst ridagn  wendowi pachas .t orkhe %%%&b@@dc®6%@r §hentized
fre ward transform

SRR e ATy ol T aoRayt Lot b BTy - H66ERRY aifti Gotain the
qodetszéﬁmspﬁd@ma&evb&oek omﬂﬁiaguaSU¢hed cagetiral values

bibusiial ednbl Lk, n%\]larﬂ{zc‘éd oorSBERLE, Bicdicld "Epectral

di screte au are ta and Wi n _
ﬁééh@soﬁxx%@@wylunzquahélaﬁhd@m/ewﬁuﬁy1nghn@bnslwmmever, is

hasoa ﬁh@dﬁ?&ch@ﬁgbﬁsQiczﬁ%§ﬂﬂﬁbeﬁhEQQhQIQVéﬁ§sw§ll thus be
bl ock w ndowed q;lsagf es_on the output side. |

B9aPRap A78 SEeBhd CBREEKTER to a
QQMpb”dm“@épsaﬁﬁhestESHfBynﬁéahg 35 HeapAtBEsMBaRsSlter bank

£Rg BB S vbr R REE rRRRAN S it D23ap1e% ' Bn ene
sanpheslBeﬁlﬂbenehask404,thameﬁemm all.gondothmhéntemee to the
?%?g%§B§mau9igo§f@ﬁ%esh£§“ﬂgia&%lyeﬁ&ﬁ%@%ﬁgntMBQegqgr, the
windowing has to be reversed after the freguency-time
backward transform.

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

discrete audio samples. immediately subsequent to the first
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- 3 wndow, but contain the second half of the
sanpl es wi ndowed by neans 402 and additionally
contain only 1,024 "new' sanples. The overlap is
synmbolically illustrated by-n8ans 406 in Fig. 6a,
causi ng an overl appi ng degree of 50% Both 5 the 2N
w ndowed sanpl es out put by neans 402 and the 2N

Whgd@%@dg&&n@bﬁﬁaﬂﬂtﬁﬂb BYcBRANEa4@408r enthehmples w1ndowed
gu Jecte

gorithm by neans of_ means “
Ad 439 @ﬁe@f‘?veﬁ%ﬁaﬁ\k SCSPB\?FBeSOW%pgtt lzéll
wampéssforrkteheovéﬂa@ Wk negubaddendilgg JIld_lishﬁ"dtl’ea@\/\ll’by means

tt?;eCt raI \9lal ues, \Q%q{seij]gqr ]Efth@‘%s%lcgépdl %)%(&r omqgfsml)\l: Both

er & swandeves] amrlS0Ypbspwserby t heahisr K024 AdOwthe 2N
%HdeQ@dS%QQ@QQM w%%ﬁud'b§'M%ékgx%b%,aEQetﬁgﬁpgﬁﬁgééted to

ues of first w ndow, 15 as shown in

5%8 f 850 ﬁé&%lﬁ@ petf oA arP§ nvesaes m)@ﬁ%l egnd 410,
despéetevém§| Nelsbhansiosr Profielcsane spgdl i+ £5 &@1&@@ fbr the

R ral. _val ues of the second ndow, e are t
TAESY B1nYB o a2sRrrara: 75 SRS RUBMBelbAr FigdrEehR, WRereas
mdnassr et 0 casl,lswe premsfes mN Bephcteahs ilZicand beanstor the
%oﬁg %‘r‘l‘q éh Sepl £ Lok ”b%efffga gt ”5’§’W between
or the second wi n respective
ﬁen§3ﬁ§t4w6nd9€sﬁgﬁatéé FEACN(t Wigddgrmi n aI|a5|ng
cancellatlon) in Fig. 6b, the fact is taken into
c at the two wi ndows are overl appin
38 P Trsdili & yiPTtt e S2bbR hhl ?ﬁ%f %Haat window,
Bisr ﬂhomrndmw Fiige. &bt haran fieadexo Nhkanks 4@ fbiMing an

f. he, .f hal f _.of th d ,
?Ln%%ﬁ_rgleteh%g)d rf%?gf( ﬁdlécrrsﬁtn a Séc)fécode]ag?eg n%rp\g: n’?l%\év same

sapples festhe HnSpﬁ@t@aﬂpualgedeof|tée prcoBd whadow. They
deeodery 14 héah% bﬁbpoﬁfgot?@Efogﬁlhgeaﬂyngﬁ¥gﬂs@fmodlfled

neans 416, whjch is also referred to“as ad unctio

ORECHRRBOVE I "D e FERRERTINN tBRE oBBRNSC okt RBEI [Neans 414
5Ebthb&adeebyNFBgmp@é5350k3th@kgﬂrbﬂtQlﬁ@@guahd 2N samples

t _autonati.call t licit "i
RRRabUEngE RAS FAREaRY FPREETAYERY “decoder

‘illustrated by Fig. 6b. - 4

In means 416, designated TDAC (time domain aliasing
cancellation} in Fig. 6b, the fact is taken into account
that the two windows are overlapping. In particular, a

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

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

half of the second window, i.e. with an index k, sc that N
decoded temporal samples result on the output side, i.e. in
the decoder.

It is to be noted that, by the function of means 416, which
is also referred to as add function, the windowing
performed in the coder schematically illustrated by Fig. 6a
is taken into account somewhat automatically, so that no

explicit “inverse windowing” has to take place in the

"decoder illustrated by Fig. 6b.
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If the wi ndow function inplenented by nmeans 402 or 404

is designated w(k), wherein the index k represents

the tine index, the condition has to be net that the
squar ed wi ndow wei ght w k) —added to the squared

wi ndow wei ght W(N+k) 5 together are 1, wherein k runs
fromO to N1. If a sine wndowis used whose w ndow

el gitsl ngismdal | pwndtheod | Egblelahtenaye ekahke 4sj2n6br 404 is

functlon this .condition is.alwa t, since

squageaBthheﬁglne Anhe %ﬂe%§§UdFéi8wa & SPESSER % the time
tlogehetheeswirtdiitn anhénasltue e fmmt e’alrremt atﬂgeb esqxl@rde@ window
geggwtndwwetaf%%na Is%gqu 0L 80T Might  w(Ntk)

ribed vantageous tha
ﬁpﬁﬁéﬁﬁﬁgﬂﬁﬁrﬁMthPI@apldﬁ oing ftirpe- & ske elNelsadfl @ sine

wheRAowt m@kbﬁﬁd‘)fw}ﬁ)% n%l%@%owei&%B@V%gl%kh t"he first
E ng 15 t nynb since the sine of an ang
BlasBRTs i 18D S&él&re%%n%fde%nno?hwem%mﬁpegﬂe? always
mpart s‘mm‘eth]&earsgﬂu&r@f OQOtHegrse_e& %@ntmﬁe@q@&@g&;f the
i scr Lare ndo oatin oin
u ggs%§ %Eﬁ er thén &ﬁ%do %ﬁﬁ 260§h8§gpo?ggie
even if no psychoacoustlc coder is used, i.e

ﬁﬁsgt@l%s CRh G, | SnkPnBE aghigveds, ér?@t'. 'W I unction
o

necessary at  the out put nmeans and

P@§5é&??9e|9n F59be &bl e i ﬂ@if@ﬂ@%@%ﬁﬂﬂ%ﬂﬂqws that the
W&ﬁageahbeb@nthﬂinQdaﬁﬂonzéfG%nQ&ﬁbLMas@Hétén%bMple, when

nteger _transforns for l,ossless a d|0 % ¢ N
SPOEBpB ar 05 o FBACBy o SobOREBYet At or ( faoating
ppan$f@mm®emse¢umma%ﬂhe|suHEC&EeM@ am@hélbaswe@ﬂ byand 180
a@%&%%gg e 1 t;' %fﬁﬂgﬂmﬁﬁ@ F0SeLQ a£ gnangle of
Thas a

roun error 1si1n I N eacC
Bér %@fb%%%entlﬂve@t a‘g@@nofl@@v}ﬁi% temard@ﬁgretﬁe samples are

aundiea, er r en oeenhiynees nto ﬁ%ﬁﬁ@&%ﬂtereEnﬁtreSHE%bgg the
Wg roXi.mation error becomes probl ematic particularly

dP¥d8Fess audi o coding approaches, particul arly
when Iong transforns are used 35 providing, for

1,024 spectral vahues, ch as jt .is .
T R e SR RBuR NBETOR ERUBY PR and 8 ENBET e 1-©-
lossless coding is to be achieved, quantization will be
necessary at the output of means 408 and 410, respectively,

to be able to perform reasonably manageable entropy coding.

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

higher frequency range, where the audio signal: typically
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nodi fied discrete cosine transform . Particularly in
the higher frequency range, where the audi o signal.
typically - 5 has a very |ow energy anmount anyway,
the approxi mation error may fuickly becone |arger
than the actual signal, so that these approaches are
problematic with respect to |ossless coding and

ﬁaEtH£Ub@&&y Mb&heﬁﬁﬁﬁﬁﬁtahQUhhe £0grdg, %neffhghbesg¥mation
Wth respect to the a
DR bRt neRg Bl Ter Bhckbing 2 s HER TR T Gior s 1L S0

ghaerath®@e|rﬂpgmmamh&$nnaﬁ&ﬂlyﬂobhwmatlparWuchlarbypect to

hasgd.0n Eg@ hgo Aol L mﬁup@' gtg%ﬁ égg h@t&dmg

account a eger

?ﬁﬁg@lapﬁvlEB@FomQYaﬁ@hﬁQVﬁérbbasbd on the DCTII

which especially contains the provisions for the DC
onent. Such |nteger transforns, are, for exanple,

Cco
RAbln TPRPSCt &g, theg S arfeP ARG nintedpgeFansiomms, i.e.
Skﬁusﬁbdﬁ|aﬂg@ﬁi&hﬁﬁSgﬁﬁﬁﬁ@tﬁmgliﬂﬂdgdﬂwbutput values, are
ori ¢ Pro I CASSP' y 2001 .
RIEEELEEE ekl Shabg' SRR, DRzakl  “REbeparp ROt take
Enser@p@0@@$|ﬁe O¢ apsfpenénti n wRide. Ir@ASSR;, 1898sforms for
YRkge ’appqaca]blzﬁl% ﬂ'e71%’tr18r '@a%&pdog tﬁ%l ’DCIZI#\/EEE Xwhich
factori sations f reversi bl e integer mapping
??a%wééys.wa%céagu B O VSisgeals Ff%e§§?nd3c vepmponent .
Qachp@nt8g§i4traﬁs§8§msaﬁgeJ fM@n@xaﬂpl§Pnkﬁ8QnslnYy; Zeng,

L B L el QL LOM eSS 6 LGS e on
meﬁtnngedaam@mazath@n“ntegerPtoansﬁcnss@eﬁarlbﬁdrtﬁ@@h pp.
2¥§89ased ?nlébe qfcqu %%#d”1 @f t%%@%&?rn]lﬁgeer51ble

vens rotatiohs and on the app |ca i on of "tThe K
Dﬂﬁtiﬂ-’ﬁ*ge Seréme (I arisd ogWensiy dizd onkCASHR chl983ul vel. 3,

?E thel pspbl em of 4he aceunul ghing goundj 09 QITOrS.  Matrix
IS 30 partlcuiarly due_to the fact t hin"a

FﬁEHQFbFﬁF10P8uﬁ8¥n§§Vﬁﬁ§ﬂbB@ ﬁ@FﬁaﬁﬁeaaﬁﬁhngrnégEE Trans.
Bignaaf P@bcéa@hnglIfsillgﬁ@lstE&mce%Qzltd@t wvduartigulgsl y2,314 -

LN ng tr causj a_correspondi Iarg

%a%%gr of ™ |f Ingﬁgﬁﬁps tﬁgpe ﬁﬂgt % §ﬁi vilcdl affyt 274
taegefnumberf rof rigurdiengs.tAsiBsgastt) bied, Prbes ICASSP’ 03,
ﬁSﬁBkBﬁgLnAﬁEiﬁcﬁﬂﬂﬁtated error and

As mentioned above, the integer transform described there
are based on the decomposition of the transform into Givens
rotations and on the application of the known lifting
scheme to the Givens rotations, which‘ results in the
probilem of the accumulating rounding errors. This is
particularly due to the fact that, within a transform,
roundings must be performed many times, i.e. after each
lifting step, so that, particularly in long transforms
causing a corresponding large number of lifting steps,
there must be a particularly large number of roundings. As
described, this results in an accumulated error and
particularly also in a relatively complex processing,
because rounding is performed after every lifting step to
perform the next lifting step.
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particularly also in a relatively conpl ex processing,
because rounding is perfornmed after every lifting step
to performthe next lifting step - 6 Subsequently,
the deconposition of the MDCTéwrndowi ng wi Il be
illustrated again with respect to Figs. 9 to 11, as
descri bed in DE 10129240 Al, wherein this
deconposition of 5 the MDCT wi ndowi ng into G vens

0 |ft|n mat.ri.ces cor ond
?ghgééggétl vantag%g gﬁﬁtlggnblngb ﬁ éghlng will
b@mﬂﬂﬁuﬂﬂﬁﬂnﬁ%edgamnHw}tm.rQBPEhe TEDnVE@SLoﬁBand iiA, as

Ebgcrgbgﬁrlhh%ﬂ NVERSS 4GOTRET SHL, o { ﬁ’tﬁ%geﬁébébp051tlon of

npl et e i nt eger MDCT approXimation, i.e€
FH?egDéPCWDOT RPN VLT ) L He o1& i & o rpﬁé‘tépé§en’b’lth lifting

?Bvemgé@n,an&hebakﬂebﬁbﬁd@nﬁorE@ﬁ?ﬁ@ﬂgsa Q?Ckﬁgﬁﬂntageously

ransform con iven for e exanple o

hRb g Ve REn oo bR GGt T op (hid- 1 for the

cougatrbyen tﬁubrsﬁeﬁhgﬂ d@vﬁ@&-fmmepﬁneessengmnver51on, to
i scr es; enj i A 0

ShPEdl Ty e%%aﬁ%é‘?ues TR i e ReEifEey e an

Lateger MPaAST dmrﬁb@cé“druatqmncbm%nm atheyepr%@nt invention,

Rh@?thSEBEBeaS%69%§§daéﬁd“%nggﬁﬁga?M E9§n595¥hcgoncept are
shown i_n Flgie 3 and_op tlonallgpconverted to a
e

gpEEDPr SPTr EPPeSEATRLEORE FReMPFe- di screte sanples
supplied to the device at an input 10 are w ndowed

wigh a3w reewsw thfbﬁbﬂ#ﬂHﬁr1&Eﬁjﬁﬁﬁmwﬁ%ﬂg £0e 2Ninventive
di sgrete sanples to achieve, at_an o ut 12
PREGGEF St nibied oarsies RANTHH 19 ¢ of DR Coryer e ( samples

aegpeSEnahngepneaaduatsmgnby reanbtatnaidbeyeanshbues based

d e ns f a .
B et bhey bRk Y TR BER Ao G8E RGN efbogrith i
@Bﬁﬁatlvaluéﬁmfrbhmﬁrﬁhpgrevgl@@mRM@&ﬁaI% wangonedadty the

havikhe MRGInfunetimny 408 of ki 9B £ (HHﬁﬁerﬁed to a

enerates N spectral” val ues fron12N w ndowed sanpl e
BECtE2thESRBETSN38 dqlat FBR. tEBP-Hit A6RFRgSERRLes supplied

tbmh@ SRl SPAeSinbif SLOt Weet WBdiesChelieh a window w
repr e%Zr}tar %t\?lgc$og$reeg%lqrh a@ﬂfg%?%#‘h{%%%pﬁggér%?l famgges to
dicbereee sanpheostpett éd, bynthgemeansdiGetlssamplihe suitable
Ebr%E converted to a spectral representation by means of a
transform and particularly the means 14 for performing an
integer DCT. The integer DCT is designed to generate N
output values from N input wvalues which is in contrast to
the MDCT function 408 of Fig. 6a which only generates N
spectral values from 2N windowed samples due to the MDCT

equation.

For windowing the time-discrete samples, first two time-
discrete samples are selected in means 16 which together
represent a vector of time-discrete samples. A time-
discrete sample selected by the means 16 is in the first

quarter of the window. The other time-discrete sample is in

.-the second quarter of the window, as discussed in more: ::
- detail with respect to Fig. 5. The vector generated by the
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quarter of the wi ndow. The other timne-discrete sanple
is in the second quarter of the w ndow, as discussed
in norel detail with respect to Fig. 5.. The vector
generated by the. - 7 5 neand %6 is now provided with
a rotation matrix of the dinension 2 x 2, wherein
this operation is not perfornmed directly, but by

}ﬁ@f@ﬁ% of 6 Seu¥eraiw S@rﬁﬂhﬁ@d b fH tng J:"Eﬁiarﬂl(éﬁls m@trlx of the
i, fting matrix rop 0 co ri se on e
BBRBAT Bogerti g O S5 ot it GPSRACDGP ng Surifuab Bormed
ditecoiy; 0" but0 Hye freectror i zaf i osevdrabvesetcalled lifting
EE@Q?E?E"B inlifting steps is presented in the

speci alist publication "Factoring Wavel et Transforns
Into Lifting Steps", Ingrid Daubechies and Wm

fuel denshg PReRTHR  h eﬁ?lkhkabﬁféﬁgftfsﬁx$u€ rise only one

Technol ogl es, ,1996. GCener al fting schene is a~
SiLAPER tr SERENEANTS PetihiSe i Tkid e dt 130G dDHY rieqil to "1’
bkl ter.pairs having the sanme |ow pass or high-pass
filters. Each pair of conplenentary filters may be
factorized into lifting steps. This applies
Eaetfeutarﬂyatéoﬁiwénwaweﬂatimmansfbnssdén ihéticaseteps is

O $E2%?dtq% Rl tgﬁxpﬁ§%€%§§M§ﬁs"?Qé éff?% Havelet

ol low ng t n app I es 1 Ococa-
Tgppsgprassilada Ligitwing Stegpha Jngirad dssibedhies] c’O’ld Wim

$w35?enéléPEéﬁblﬁE tB@l&h&é%ﬁ&hﬁbkﬂﬁsna%ﬁbéﬁ§ @Qchﬂglogles,

nd si of e_equal si as the valu

Qgﬁa ' ﬂéﬁ%ln%e%@%r%ef&ﬁhaer Sy W igackelation

betWeeg mmﬂfectky SéCOhdaEMcduagoWMlﬁéﬁanﬁremhﬁvﬂﬂg the
d g r 0 el nt, depending on

BaahC gesonder .30 laesngl o aTsal depenihin oy o

ero angl € "a. OrISHOWFTLHt
ﬁﬁ@pﬂﬁmpdtamytﬁm@tﬁgsrm@y be factorized into llftlng steps.

This applies particularly to Givens rotaticns. Consider the
case 1in which the polyphase matrix is a Givens rotation.
The following:then applies:

cosa —sina) (1 e\ ] Q)1 et )
sine  cosa | |0 1 sinae 110 1

Each of the three lifting matrices on the  right-hand side
of the equal sign has the wvalue “1” as main diagonal
element. There is further, in each lifting matrix, a
secondary diagonal element equal to 0 and a secondary

diagonal element depending on the rotation angle «.

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

set of real numbers into the set of integers, as
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i.e. the lifting matrix on the far right in the above
equation, to obtain a first result vector. This is 35
illustrated in Fig. 3 by neans 18. Now the first
result vector is rounded wirth any roundi ng function
mappi ng the set of real nunbers into the set of
integers, as - 8 illustrated in Fig. 3 by neans 20.

At 1tberagtputirofridie 3negnsmedas 3200Umﬂﬁdtfﬁér§htb@§lﬂdf the
vector .ji.s obta unded first result e

s Row-Suppti & auflgeﬁe%&g% ot LV EFBPYi AG i wr}% The

centidaf, fmret seeoitl, véctbrngsnBOW|xuﬁplmedbta|means 22 for

%ﬁi@@ﬂl ' EVe 8} U MUGH S 3L agai n ré’é%‘éjr? {thTr%‘ matrix
4 to O n ar d second ‘resu vec
F@uﬁ@éélﬁe@o@@qqaﬁﬂﬁeﬂﬂiﬁ(ﬂeqﬁpﬁuﬂ@¥ﬂhnﬂ3Eﬁﬂdxﬁrﬁﬁwnﬁed in

ﬁ@anE°Q4ﬂﬂdﬂF%H%£ﬂn|%l%bﬁﬁ@éé'%@d&&dﬁ%éé%l§hQW%ﬂy} The
t he t he above equation, i.e. first one,

in
FBuBB?Qu n‘iegomi tFRF L e¥GFECTedtSornSthi éﬁppélﬁiném yleans 26
toundedtbplgeagslafbyﬂ&ﬂﬂﬁ 12&dinhd inad 4k RSN on the left

L nt ndowe nples at th ou ut 12 whic

spec raI %gpf’z’esec?ﬂag& TN of - ?heets}%ﬁ”re thdeoéﬁ’edpb c%’taln a

hh@edtﬁdﬁﬂkHO@@SG@d byigkans ﬁﬁnaﬂkmtaonndedteqemeans of
r I t

BPeferan ) foad aﬁso%"%ﬁﬁéal.n@%ﬁe%n‘%e P e at the

Be‘frpu‘frhéZdw@"@rcébe Je%sanéptepéﬁ aflomRrFEsEdiag oo q%/p*'ehel same

( PCHekVredM tidwa Ha6ROtd Md oy Bhend Hhd oWl Ngo obtain
?gﬁatlon 20, N = '

= ? Nx(k)cos(4N '7
???ﬁnﬂf?ﬁtf?; Na&u%STnerachB?ng%PgnéEtBFtt AR DCT- 1V
forman orthonormal N x N 25 nmatri x. Each or t hogonal

Bl-X £ OB ] Xtﬁgymgﬁngegﬁwgsﬁﬂpi”%nt Nll’%?ee}’e aT.

rotati ons; I SCusse e speC|a fcatron’
P. P. Valdyanathan "Multirate Systens And Filter

@ﬁ@kﬁlscpé%%tk%%1H@|br§%§¥d¥%“§%égfé ﬁq §@9§ypét4'8DCT IV)
to be noted that other deconEOS|t|ons al so exi'st
with a length N is given by the following equaticn:

X,(m)= N Zx(k)cos(— 2k +1)2m+ I)J (2)

k=0

The coefficients of the DCT-IV form an orthonormal N x N
matrix. Each orthogonal N x N matrix may be decomposed into
N (N-1)/2 Givens rotations, as discussed in the specialist
publication P. P. Vaidyanathan, "Multirate Systems And
Filter Banks", Prentice Hall, Englewood Cliffs, 1993. It is
to be noted that other decompositions also exist.

With respect to the classifications of the wvarious DCT
algorithms, see H. S. Malvar, "Signal Processing With
Lapped Transforms", Artech House, 1992. Generally, the DCT
algorithms differ in the kind of their basis functions.

While the DCT-IV preferred herein includes non-symmetric

basis functions, i.e. a cosine quarter wave, a cosine 3/4

wave, -a cosine 5/4 wave, a cosine: 7/4 wave, etc., the
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Wth respect to the classifications of the various DCT
algorithns, see H S. Malvar, "Signhal Processing Wth
Lapped Transforns", Artech House, 1992. Cenerally, the
DCT algorithns differ in the2kind of their basis
functions. 35 While the DCT-1V preferred herein

i ncl udes non-symmetric basis functions, i.e. a cosine

aygéia@tewgln@ @9§hg§o§z’n4ofwaysr @x§1§?§lé‘e D e WBY €(D@I-T1T)
cosi ne ve, etc the - 9 discrete cosine

P?%néﬁ&?ﬁf@@? oG AhnpPEat ¢ FERTPFEEBCPAsEE  ffetions. The

a%ﬁsymnn$r|ﬁnnnuiqnm hbssymnﬁxrlcOhasnSnfundﬂuonflrEhe basis

? ?8551%“%%}%f°% hass A, PC,c9aponent . c{)brSt PaglSction
GNGtion i a cosine wave, t e secon

fanat bals osangholyecositie inee, teetidie Dirct ochtdfe the DCT-

i§0515@§téﬂ@%ﬂggreﬂﬂhéﬁﬂ?st§p€ﬁéabce Shent0 Lhe £ yseq

conponent , is used 1n video coding, but not in
éﬁdi‘féd@@dﬁfgjl%cala% fRE DO 2edoneRding, ndecause the DC
cehpyashti nsaudh® eelibngntn iGONdUdRSd todinydea cadithst to
10.In the.followng, there will be a discussion how
Yﬁ%eorg?g??%n angl e a of the G vens rotation depends

on the w ndow function. 15 An MDCT with a w ndow

n of er ed S
t{r?a%{s or rrfméfl\id‘{ﬁﬁq)ypg%%%% t%ga IenI téﬁ ﬁtl%a%%%l%% how  the
sehpbied mREkpl ficief y ther f 6 vehg tﬂ@éatm@ dpeeads opn the

whnbbe EihABtdepmi n and then applying the DCT-1V. In
the case of a 50% overlap, the left half of the w ndow
20 for a block t overlaps with the right half of the

pneotiingwibh oek,window bk eakth- lof The mmylm@pkagunadtto a
c ti,ve hloocks t-1 and.t is.preprqcessed
ais%ﬁgt? %g%igg tran%f%;m Ofth?otYB% g lﬂéﬁhrﬁ gépgth N.
Fblikowsds i .achigvdd brocegpédCQétl%emetﬂf@ﬂHﬁmg lithe TDAC

?BQrEE@oHUEHQh%Z tilfmle’:'(c{(lsmlai’i(ns)za%&( t}(éﬂ% I\ﬁg ?%the DCT-IV.
n ﬁpewqgsg yaxp0&zoverkap, the left hal

for a block t overlaps with the right half of the preceding

the window

block, i.e. Dblock t-1. The overlapping part of two
consecutive blocks t-1 and t is preprocessed in the time
domain, i.e. prior to the transform, as follows, i.e. it is

processed between the input 10 and the output 12 of Fig. 3:

{Ff (if(j? —k)] ) [WEV-(”NTI.’.C l) _ (_2_+1k)k)} [x?_( _i{ )k)J (3)

The values marked with the tilde are the values at the
output 12 of Fig. 3, while the x values not marked with a
tilde in the above equation are the wvalues at the input 10
and/or following the means 16 for selecting. The running

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

function.
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)J 30 The values nmarked with the tilde are the val ues

at the output 12 of Fig. 3, while the x val ues not

marked with a tilde in the above equation are the

val ues at the input 10 and/ a0 foll owi ng the neans 16

for selecting. The running index k runs fromO to

N 2-1, while wrepresents the window 35 function. -
tQomFriam t heaTDAG £oNdi 4 o forc ke W\Mnra@%w f&&ﬁ@ii&[‘ W, the

foll ow n lie 5 +kJ2+ -1-kl2=1 (4) For
beftariranerelidRt K2 o) M TN s o Y

preprocessing in the tlne domain nay be witten as
G vens rotation, as 10 discussed. The angle a of the
G vens gotatlon degends on the wi ndow function w as

Wg: % ﬁﬂMMZl ) I W(N2 + k)] (5) It

e oje&'t ny wi ndow ‘f uncti ons w may be

enployed as long as they fulfill this TDAC condition.

20 In the follow ng, a cascaded coder and decoder are
described with respect to Fig. 4. The tinme-discrete

npl es 0) to x(2N-1 whi ch are "w ndowed"

FBﬁeFﬁéFaB§ AOGLESoR & & fQWst's%(%c%edt%§stﬂéeﬂ%%ﬁ§551ng
16 afheFitgims dumbithatkyt e 26r sappheax( @ivand thecation, as

XGN-1), i.e. a sanple fromthe first quarter
éigﬁkgsmﬁndOM/and a sanple fromthe second quarter of

the wi ndow, are selected to formthe vector at the

PHLP UL Afe t$eoﬁe%%% %ﬁvéqgifégéﬁigﬂ @% @Wﬁs on the window

schemat’i cal resent the litting nultiplications
§H80§60§uﬁséau§ﬁ51PB§ﬂdlngs of the means 18, 20 and
22, 24 and 26, 28, respectively, to obtain the

i nt eger wi ndowed sanples at the input of the DCT-1V
bl ocks. When the first vector has been processed as
degcri bedtaBhwaNdgel-&)sdécorn/2eet @b 1i s (burt her
selected fromthe sanples x(N2-1) and x(N2), i.e.

a ain a sa le fromthe first
is e. noted that any window functions w may be

employed as long as they fulfill this TDAC condition.

In the following, a cascaded coder and decoder are
described with respect to Fig. 4. The time-discrete samples
x(0) to x(2N-1), which are “windowed” together by a window,
are first selected by the means 16 of Fig. 3 such that the
sample x(0) and the sample x(N-1), i.e. a sample from the
first quarter of the window and a sample from the second
guarter of the window, are selected to form the vector at
the output of the means 16, The croséing Arrows
schematically represent the 1lifting multiplications and
subsequent roundings of the means 18, 20 and 22, 24 and 26,
28, respectively, to obtain the integer windowed samples at
the input of the DCT-IV blccks.

When the first vector has been processed as described
above, a second vector 1s further selected from the samplies
x{N/2-1) and x(N/2), i.e. again a sample from the first
quarter of the window and a sample from the second guarter
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quarter of the wi ndow and a sanple fromthe second
gquarter - 11 of the wndow, and is again processed by
the algorithm described in Fig. 3. Anal ogously, al

ot her sanple pairs fromtheIlirst and second quarters
of the window are processed. The sane processing is
perfornmed for the third 5 and fourth quarters of the

ber sthaM pdaweowNowstderne ag agrll\' pMohdaved 'Weﬁ@k algorlthm
éﬁggles at .t he outp t 12 ch are now su ied to

P e aity P nodr| PG iaas o HhL atAPR Sample’ pairs
paocii ctihar ,fide | @megesembndomqﬂaﬁa@péesubftmhe seaand are

d arters are su to_a
&?ggeggéalngggerafﬁa§%np e% l?gtﬁ% PFF%KT 8grt(¥r gfhe third
&hd ﬁPMJQW'&W@Iﬁﬁaaess%dth$nf@ratpwéoédegND@Tuh¢re are 2N

{,988L0ex V_*ﬂntﬂ'égg]:e %lﬂﬁ?(\:’\\@d a' nt@g@r oa%%ﬂlel &S O{rhﬂ_Bﬁ are now

fourth quarter of the preceding Anal ogously,
PHPRL g 4t°tﬁeD@EUFVhtaéaﬁf@Fmoﬁsthéluﬁﬁééﬁé@ Tpnkéegert- In

§atﬁ’ﬁhteﬁlaf§ su{aal lleﬁtetg@ra W Edwé d ltrsmﬁﬂéersmdgggweéeé&ld and
e first quarter e next_w ndow. e.centr

P BeRoBEYTy (PaneTEFIigS Sitown T Fi Die 4*riogpued Integer
penpildes dff th efiérsspeptaralervab fieshy ( @fntdowy (Ad) processed
gﬂ‘éée 'E)E%%%rdl %p%f eVdvi%! %@lean’lW tﬁ@rwfﬁ(&(gﬁpé& integer

an interposed
qaﬁﬁﬂﬁﬁatﬁon thei néohé‘ébss%‘r%/rt% bécalize W@Qﬁlcﬁl@@\m vigndow.

ﬂﬂglb@@ﬁ§ﬁ9r rrhw @t@; | Nt eqafe OtH Pt c?/l?alluf?ér df the windowed
a decoder is_illustrated,

3
(bEoher EORDLEFI 05 GREBIIGRISP (3 SIS oF bRdhs Eaier segether
%tw ndosi gt Qpedi@éﬂSet Nedr sehy tesdthewende. ITthd Scentral

be ed for_the
6 Eﬂardge?rgﬁs oFﬁF PrgcééTﬁ as1 | d%Trgt%%wi%rOVldes N
Ehgegdr Thecoutrput vyhhews mekhéxﬁe@d@eﬂ DCTTh¥s84 integer
@b@cEQQQ'Q¥ﬁﬂ§§JYm§%oﬁgﬁsedﬂ3 Egaé $e CORSS e%ﬁﬁgﬁhpgentropy—

val ues of the preceting transform and/or t
£BERBwWIHE N dnstBr AN taEPPEEds tfndd Fat ipng beaing | pecessary,

pedansko RNy h8oRIALN dridver 84 S6F&ER udia S ®Sr output
F%g%8ﬁto X(2-N1) fromthe integer wi ndowed sanpl es at

tput of the neans 34 and/or the preceding and
following. transform 35

In the right half of Fig. 4, a decoder is illustrated. The

decoder c¢onsisting of bkackward transform and “inverse

windowing” operates inversely to the coder. It is known
that an inverse DCT-IV may be used for the backward
transform of a DCT-IV, as illustrated in Fig. 4. The output

values of the decoder DCT-IV 34 are now inversely processed
with the corresponding wvalues of the preceding transform
and/or the following transform, as illustrated in Fig. 4,

in order to generate again time-discrete audioc samples x(0)

to x{2-N1) from the integer windowed samples at the ocutput

of the means 34 and/or the preceding and following.
transform.

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

24 and 18, 20, respectively, are traversed in the opposite
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The operation on the output side takes place by an
inverse Gvens rotation, i.e. such that the bl ocks
26, 28 and 22, 24 and 18, 20, respectively, are

traversed in the opposite -— 12 direction. This w |
be illustrated in nore detail with respect to the
second lifting matrix of equation 1. Wien (in the

coderribhe secondyiesulde vestaktirstbar nBd A¥re detail with
nultlgllcatlon of the rouq%gd first result vectaor b

Y.
tREPECSedhd IF f EFPHG Hat'h dfzt29y  OfhEFGHUIGH nly When
éxpr essé oncodasiul tidie (seypad( Xrgsudtnayedtt)r 1A sTh€ormed by

NALLTR Keak i8R e (AONGRARD fe Al EOUAIL ORBLRTe y the

_ , ‘nowever, es not apply he “val'ue
sepond. lEEténat e trrgundimgpdfung? § onthe nist1peing expression
atpeduced, as illustrated in the foll ow ng equation:

15 (x,y)a (x,y+r(xsina)) (7) This operation is

performed by the nmeans 24. The inverse mapping (in the
deoddely, yisrdes) ned as) fol lows: 20 (x', y') (x (x',
y'-r(x'sina)) (8) Due to the mnus sign in front of

the roundi ng operation, 25 it becones apparent that

The ivatieger appyoxinndtliiconr ofhtheahdf tidg sttepquetiien 6 are
- i ut intr ci r T

bR et Araenedsc b By 1 the vt x sin
Pi-f tHewp st €ps | wadsling aAunatéger appedki Wet i ot oidudrd, as
G1venss reetat iancnihecnounded eghatken:(in the coder)

may be 30 reversed (in the decoder) w thout

i,ntrodycing an error by traversing the inverse

&auﬂde ,WHﬁﬂkﬁgaé)epST}n reverse order, i.e. if in
decoding the algorithmof Fig. 3 is perfornmed from
bottomto top. 35 If the rounding function r is point

-Shiterpecattibe ipveesdormedntied thet mehon R4.identica

to the rounded rotation with the angle -a and is

expressed as follows: - 13 cosa sina, -sina cosa
The inverse mapping (in. the decoder) is defined as follows:

(r,3) o (x,y—r(x'sina)) (8)

Due to the minus sign in front of the rounding operation,
it becomes apparent that the integer approximation of the
lifting step may be reversed without introducing an error.
The application of this approximation to each of the three
lifting steps leads to an integer approximation of the
Givens rotation. The rounded rotation (in the coder) may be
reversed (in the decoder) without introducing an error by
traversing the inverse rounded lifting steps in reverse
order, i.e. 1f 1in decoding the algorithm of Fig. 3 1is
performed from bottom to top.

If the rounding function r is point symmetric, the inverse

- rounded rotation is identical to the rounded rotation with

the angle -0 and is expressed-as follows:
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(9) The lifting matrices for the decoder, i.e. for the
inverse Gvens rotation, in this case result directly
fromequation 5 (1) by nmerely replacing the expression

"sin a" by the expression=*-lsina". In the follow ng,
t he deconposition of a cormmon MDCT with overl apping
wi ndows 40 to 46 is illustrated again with 10 respect

cokirg. sthe The wi ndows 40 to 46 each have a 50%
\Lg{lcgp.cofo% st, (B vens rotations are perfornmed per

i ndow W thin the first and second quarters of a

wi ndow and/or wthin the third and fourth quarters of

i ..as__ill.ustrated . schematically. by arro 48,
T 008 el PR G0 B Y AL e

sawphes roapéisopplnetihts cameNresuNtDETrsachyt Aaom equation

hyeys, t b :s8condandct AbT dp QUL RIS Qo W oy ang,
?h\(’e\af ollijr_th gnéf,)fi ?%t ((q:ualbters of X? e?tfgggqu\gﬁt Wi ndovv,y the
FEEHEEFILYEl y, SaPe% onverted to a spectral

representation together by neans of a DCT-1V 20

| ith The, conmpn G.vens rotations .are therefore ,
30 5o Set HGO1 | FEF ngeRETPPELE AR OF df ¢ SRCULMET with

seggquénppahby, wivhéswes n,40 atberdi®eadl |ifiusgraetdi xgain with

[ [ [ acro ' . 2541 i nser S o
?ﬁng?Eecﬁ og{:] hg5'oil¥rh %%%%?‘gs arég strooutgﬁeéggh %%Rre a >0%
PiiREdRat el Bl tiftterGhesmy genaracrd sweh rewiormmd apert gindow

QaeRiRUldHP! Esattonf ac&884l &;#\é%ct_teqrs WEhaa Jidddihand/or

matri x, the result vector_ onl as integers. 30 The

Yotpet valGestheR aﬁ}%y;wéﬁéi ndPAFEGEF, Yherdi Window, as

iiiluBltefaeéﬁerdHEmﬁﬂdﬁlt]_Slcy i nye@&rrdgmoune valrties. thté Srotated
s _not . represent. a |l tatlon ecause an .

T hePar v FomianmaRiold Pl "ERVES oz cpmpatied o

ent efjekonlinePEtal swah ueshamwhosbrard ug hraangeocerd esnd  third

i n_bit -w.dt i endisng :
dpaendsa0 en bt b cho BB.0500RH 3,985 0BLPEC e o o

vabgesusAt24-pindaryl ueEeSRRYEYREY ess2TEhe Gfiviegted to  a

Bpecessli srepyeekhbheioas €dbgetnsed BPovarly of a DCT-1IV
performng - 14 the inverse rotations in reverse
S‘ﬁ&é’ﬁf?%ﬂlere is thus an integer approximation of the

MDCT wi th perfect

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

matrix, the result vector only has integers.

The output values thus always remain integer, wherein it is
preferred to use also integer input values. This does not
represent a limitation, because any exemplary PCM samples
as they are stored on a CD are integer numerical wvalues
whose value range varies depending on bit width, i.e.
depending on whether the time-discrete digital input wvalues
are 16-bit values or 24-bit values. Nevertheless, the whole

process 1s invertible, as discussed above, by performing
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reconstruction, i.e. a lossless transform 5 The shown
transform provi des i nteger output values instead of
floating point values. It provides a perfect
reconstruction so that no errlog¥ 4+s introduced when a
forward and then a backward transform are perforned.
According to a preferred enbodi nent of the present 10

tA¥eNtQbsd heot £ aNSAOr Ahi S A eitastdtad 4 onTﬁefetﬁ% thus an
nodi fi ed discrete cqgsine transform Oher transform

MBEREBE, REREVEMEPRal s@Tbe gt or tEF Wi t BVt egepgriect
aschongrastaongdedcosposi LlbenleBsotrahatboemns and a
deconposition of the rotations into lifting steps is
possi bl e. 15 The i nteger MDCT has nost of the

Tagosabive propericms wfovides MDOTegdt daspwin values instead

e»ferlép&wgn@tr%ﬂte waerely a bettel, f{RAUeNcy perfect

sel ect|V|t£ I s obtalned than with non- oveflappln
BP6ERSEFHASEBRNESODUENED e TOARY urict | éﬁtmﬁ@ﬁeﬁs when a

abrgagy 28nHakenehnt @ a@@@umbrun wiradewbRel PRrer berformed.

he t f t I d
PHAPEERESt ol runbBFCGF =S Roc FFP WARDES. Vior gght 1 RgGesent

anvaud&onslghaltmaneQUam tie athebboﬁabtmunbébrothenmuﬁlfled

gﬁ%kg%e &?{%‘recﬁrta%saf o el o%@%dpr Va'fne”egl methods,

oat I ng p0|nt sanpl és, “he ‘desc pre
RAVEYEI - t Faysfaorsn skh@v\set:ﬁatrmeﬁemﬁbu jategepsr & tbong as a

BEeoﬁgeg@thTm@ol wt%%a%@lsonéﬂdl ra ta@coﬁgsgﬁ%n of the
ran ein ic islittle %g | evel

£RI tﬁ8p§elpﬁ8rgé§glaae§tﬁ8ﬁ BécB ShBLRceabl e at 30

significant signal |evels. But the integer processing
estisdds or__an eff n war. e .
PP SRty Qroet Dbl aff sl Y E i i e pEpRegfaes of
ubedMWﬁEehIﬁayasreadpwﬁrﬂap@a@gnpcsedtUmEo ghiekebgdd better
%E%H%ewgkcgeﬁgﬁég%ltg g“@%%alﬂgbe?ﬁgheglkﬂ AoLRE® 1apping

ul C
b%?é@ﬁﬁﬁﬁﬁ@ﬁmﬁs &lso tﬁo§§1€bfT@ACTﬁénPﬁtléQeWhtlﬁﬁnéﬁoﬁﬁqready
Iﬂé%\éhﬁ@_&ta% gamb@rp@cxﬁamntaﬁn&ﬁge rafdrortcpftﬁ@tetaaﬂbeorm, a
na n remal ns i1.n e - I Nt eqger s
G ire T SaliBLinEG too MEGRAE 105t S20fRaG CREAI G tagRaIbeT of
Bpestmasmu&ﬂuasgoegreaengyngomnﬂﬁmdd@oelgnal is equal to
the total number of input samples.

Compared to a normal MDCT providing floating point samples,
the described preferred integer transform shows that the
noise compared to the normal MDCT is increased conly in the
spectral range in which there is little signal level, while
this noise increase does not become noticeable at
significant signal levels. But the integer processing
suggests itself for an efficient hardware implementation,
because only multiplication steps are used which may
readily be decomposed into shift/add steps which may be.
hardware-implemented in a simple and guick way. Of course,

a software implementation is alsc possible.

The integer transform provides -+ a good spectral

representation of the audio signal and yet remains in the
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Wth this, an efficient |ossless coding schene may be
built up by sinply cascadi ng the wi ndow ng/transform
illustrated 5 in Fig. 3 with an entropy coder. In
particul ar, stacked coding using escape values, as it
is enmployed in MPEG AAC, is advantageous. It is
preferred to scale down all values by a certain power
Qﬁ:eEV\%furﬂdﬂegtélesV fmtera n;a desiy ?%til%ed%o bl @ds of an
t hen additi qnal | % co e the omt | east 10
§P8ﬁPﬂﬁﬁﬂﬁa%ﬂt ip sbih WCPH t9ReTdY eFAREPHEration.
wﬁthhehlu$eaﬁfeEaﬁg@éntodes@abbescoamﬁgdgaﬁémbeﬂay be built
%It rn%ﬁ!Vﬁ favgéab e 6th rzgarg %o thgl strated
stordge ¢t ur%%? ¥&f St oF RGO HRI Lot T hbT 8s TLAR
ahnoditg | o8slvagsh C@derentowlpdz abder be Iobtmmeid-wbhar, stacked
Ebg%%, Al by ré%c%?iet PN es of J%@els ay%f@féda n MPEG AAC,

signi cant “bit partlcular or ton

éﬁtﬁ@ﬁ@ﬂ&ﬁgﬁqy&ﬁ 1%615I?F@§@Fr§§eéprﬁcakﬂ Ia|$%%5values

E h'angQQ@l@]g ;ﬁﬁie@: dorewd rlﬁ@@iﬁnﬁh@_@rfﬁt ofnthedesired code
g the co ng gain is lo 20 nanely due to the

speé’ﬂdum Hykong | SCOGe ¢ %ueorflﬁtged least
sﬁghhfmuaherbmtsspentbampmaueea aqualthe aftakrmastveOof the
desgeri n , En
ﬁ% éﬁr#%g %cé%j Pergée%uaf{gé ﬁ%%%%ébed gﬁﬂéﬁﬁg¥lve is
m@ﬁﬁoﬁﬁvoﬂﬁhkﬁa%ﬁ@p|n§g€ENSﬁb Iﬂmsts¢@§ag@nqen$ummtlon for

%Q%r’%ﬁgel’@@e ¢0dl99%ap e epr inpt 4884t t ﬁb%sﬁ%%gn%é@ycould
be use however, by usin Inear prediction in the

plegudifcy OR6RRNAD ANV él“f‘@?ﬁatci%qlélga PREHRER i GROWI tHE the

opastl eepnidnekher biglkternative is the predictor with

cl osed | oop. The first alternative, i.e. the

predictor with open loop, is called 30 TNS. The

qﬂanp$zai¢@haafﬂﬁnrthenpﬂed$cgm@hsJea@&rb@yancodlng of the
i 0 I n tizatj 0

e et tE e AR St (P fnb® S, ror

ﬁﬁfé@émeslt prarezheds thepsidivdooushic eadling cedéps.is low,

E@mellgsﬁu%ssco audi of codi Qﬁecﬁf‘@msgﬁOEQaﬁEESﬁEatsh,lﬁﬁals, i.e.
redictor 35 with clgsed _| oop, is_nore

Q&et 58| S&aﬁ&e WRESE &di SPEGH A t‘fﬁlaeés@aw@&oﬁo or almost
al.| pws daccunate Hec ans tieuadd, 01T .o tU@hnsmput SEghahcing the

\9@%0&% ecc];f” grce% %El Ifl_gc% oo éoge”er dU%%.I{l% Temporal

ctrum “g rou bé perfor
@@gﬁe- 3baping (TNS 101S AES Convention, Los Angeles,

1996, preprint 4384, this flatness may be used, however, by

using a linear prediction in the freguency domain. An

~alternative 1s a prediction with open loop. Another

alternative is the predictor with closed loop. The first
alternative, i.e. the predictor with open loop, is called
TNS. The quantization after the prediction leads to an
adaptation o¢f the resulting gquantization noise to the
temporal structure of the audio signal and thus prevents
pre-echoes in psychoacoustic audio coders. For lossless
audio coding, the second alternative, i.e. with a predictor
with closed loop, 1s more suitable, since the prediction
with closed loop allows accurate reconstruction of the

input signal. When this technigque is applied to a generated

- spectrum, a rounding step has to be performed after each
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step of the prediction filter in order to stay in the
area of the integers. By using the inverse filter and
the sane rounding function, the original spectrum may
accurately be reproduced. 5 Iit order to nake use of

t he redundancy between two channels for data
reduction, center-side coding nay be also enployed in

atbgsake%aen@%e&ctlﬁma fiayRded Q;tfaéxorww éﬁhyanl@ne{@ area
n/4 is used. In conparison to the alternati've of

e£| EEE}%HW% -SURY amdt oy f FRPeABEeEr et Hd Utert 2 ?Yr?e same

rbghtiinbaminaktebng sher exigfignal ,sgdiecmounged dotetddlly be
has t.he gdvantage of energy conservation. The use of:
8p58?P88 joint stereo coding techni qgues nmay be

switched on or off for each band, as it is also

Eﬁrggﬁgﬁdtbn EEQ ﬁgén @r ngga&ﬁgéﬁgg EgEﬁggﬁa%To %hanneis

rotation an% es may al so e consi
fegudatretigdbanéynbercREAT T AOdEhandeNg By ebef pégpbeyprloyed

Par t-il Ay las 4 neartr[aﬁsfgf MyCceReeRkd lddsttidfredy Wi han angle
Pﬁg 20 to Fig provi des an i nteger

nthti gt t@ Nﬁ@ﬁpai“e%nan tlont WPeT, ahhfERative of
opecaneslhgsaﬂessbmnmnamdreﬁﬁee&eh@e f@fmam@ transf @@ the

u t rd transforn1 th roundi .
??gh§ %§%ﬂ§§ﬁ f%a E%e corﬁ%spdhdﬁ%g ?%ﬁ% |%gr0€$%h%n has
het haevianteger omCEr(emqyckcomsawaﬂugm 3)The hese $§ 26-called

EHEEBe%ﬁgﬂﬁysc@@§§ébk@cﬁﬂlhﬂegg%bﬂwﬁge%%h@@heﬁ &n or off

processing with nore roughly quantized val ues than
Fﬁéyeaﬁav aBdenagehér afedlsPoPeskanprd, 1By ther pbapfpgd MPEG

pacnt E‘umiﬂhtelrmﬁdlﬂiﬂl% Mﬁ@l@s | nk{i Bg sEatyd Xcdrtngfé(J’_Sed to be
ﬁﬁ 22 26 of, Fig. cf The]gesult i s_that % € o1
ofe IRt MDEHUREY bree Pthed PLrITet ent¥y wfppnnels more
féegebﬂyto cal culating. The | ossl essness of this
IntNCfT or, generally speaking, 35 the Iosslessness
re erred to,as l.os

P24 LySadt 09, RLOSCLENIS Lol ool 9130 AELERAL3 ggopect
1to adly.ev@® Iarscw@eis sagnamtalqer\mgrplamen@tafqrermmlse MDCT,
%?%gﬂg%quﬁ@%dT2zﬁﬂﬂéﬁ“%§%§§g§9/ﬁ§§§g§93f§gﬁﬁth respect to
forward transform and subsequent backward transform. By the
rounding steps 20, 24, 28 and the corresponding rounding
steps in the integer DCT (block 14 in Fig. 3), there is
further always possibkle an integer processing, i.e.
processing with more roughly quantized values than they
have been generated, for example, by . floating point
multiplication with a lifting matrix (bilocks 18, 22, 26 of
Fig. 3).

The result 1is that the whole IntMDCT may be performed
efficiently with respect to calculating.

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

again decoded to  achieve a coded/decoded signal, “looks”
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- 17 exactly like the original signal. In other
words, the original signal is identical to the

coded/ decoded original signal. This is an obvious
contrast to a so-called lossy:7 coding, in which, as in
the case of audio coders operating 5 on a
psychoacoustic basis, data are irretrievably |ost by

theceodi npijps 0Gass %&qgﬁ@l@tll CQ&@EBY byrt h%tqll&nt Wei-AY, the
rocess controlled b choacoustic no

GPEBSLr SuPg 5t A o ] |y FoUEAE e, oBbginal
asﬁ)gshmvm TWitsh ¥€spactobvd dusg. céntradthet bl @CK§0—?KQ1112341 lossy
F roundln%hst%ps areép rfornEd whi of co
r rro

dduce"a” roundiig 1= Wi th ?é %ﬁﬁ&p"%?gﬁf%a?%%ratlng
pn ﬁhaﬁﬁedmﬁammaMwﬂ1bmel$nvéase eper dtrimis iarvably lost by

pgLfo 2! gﬁﬁ? ggg; co pt
dlffe§8§sg%np#§?+g§$ro €%¥€¥§¥%y %gcogﬁﬁg quantizing
E6ﬁ6@§ﬁscpﬂtfﬁéﬂed|HYI6s§ﬁ§§ Oa@@éﬁhg?d@@@@lng

concepts, the roundlng error is introduced so that it

b I t whi | e thi t ot
BB (6805 oeod ) Heboc o EonE st S5 130 Mouveticad. yaws, as
sbnsndenjﬂheresﬁedtsngnaFlgL 8 1mnthbekxﬁxﬂan900f 24, 28,
EBGHﬁER& gr%z :E%ﬁﬁ?ﬁ%g&”ahlcfltégcgo rsetefgg£g¢uce a

e forward transtorm and
g@ﬁéfiangy etr‘rilfé)rqu‘almﬁ:hatllSorpronYS ehimisaged! desuths decoder

wﬁeﬁn 81d 0L nbelbg I RAUCRE: 'zﬁ‘ré h?e%g%ted Thitsis @188s1ess
round |2%?error I S superinposed error-free

SRELPPURFEPILRE sicgRaPY hlidiag T $RP iyt Al | §romor Lossy
ebaﬁng¢denoFFﬁ?casecoﬁcébgs 3, M@Ite1ﬂﬁﬁ§e equ@gly lossless
| udal a reguenc onent t he consl der,
SR AMp Bngd TR et e el S Qb rppeeh oh ReToduced
Fdeahal0 igpenty upet hlsniepredenaysinhe whdlrditigierisrnot the
wﬁg@hlac%ug§Z c%gﬁng&agebaln Yy chigeppunding in the

bl ocks 2 ng w ndow ng, I.e. the
pre-processing of the signal prior to the actual DCT

hHewbkaek 14 byl %Mﬂd@'@ﬁéy doed Peig@ied that, in the
for _a Ioss esshes equi rement, the whole 35 roundi n

SRPBPLRLLE nEEBRSLPTTY JRSigtiedtne . SPSGEHE Pted REPCk of
thmpdea@de&:amﬂnbé:ﬁus&htehE‘rdﬁﬁ@ﬂﬂ@ rieguthes fidwvaMidl eransform

%g??ggy%e% &nHﬁQQQﬁl%ﬁf&§g¥%ﬁxg¥ﬂsughaChEE&Ea? results
in an error being introduced in the signal. Thus, a
rounding error is superimposed on the ideal error-free
spectrum of the signal, the error being typically, for
example 1in the case of Fig. - 3, white noise equally
including all frequency components of the considered
spectral range. This white noise superimposed on the ideal
spectrum thus represents the rounding error which occurs,
for example, by the rounding in the blocks 20, 24, 28
during windowing, i.e. the pre-processing of the signal
prior to the actual DCT in block 14. It is particularly to
be noted that, for a losslessness requirement, the whole
rounding error must necessarily be coded, i.e. transmitted

to the decoder, because the decoder regquires the whole

rounding error introduced in the coder to achieve a correct -

lossless: reconstruction.
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| ossl ess reconstruction. - 18 The rounding error may
not be problematic when nothing is "done" with the
spectral representation, i.e. when the spectra
representation is only stored,8 transnmtted and 5
decoded again by a correctly matching inverse decoder.
In that case, the |losslessness criterion wll always
be net, irrespective of how nuch roundi ng error has
?Een |ntroduced into the spectrum _If, however,

FretRRG S doie Wity t Ret ?ﬁeéFPQleP@ﬁﬂéééﬁ¥%&|Q9Fhlng is
Pdenemﬁtmutmetﬂdﬁabp&peﬁhnalréﬁrégameéﬁﬂwnwn Qﬂﬁﬂf &hen the
SI naI contalnln aro &y rot ar
g§3g£F i f XBiTT %loqayers a?g genera edtragﬁgltted and
deOﬂhés@gﬁhmng&fwerObEBCEﬂy mad chrimbl edmvese decoder. In
£AuRding.erngle 19sJdNuSsnd er 8, sk SR %1 §aW L, (Pe met,

i,n Iossless codi ngs/ decodi ngs that, on t e one
4TEF§REFtIRBUPE B@w m6§§|é§§n91n§c@ﬁ§@rubaﬁbb@ebylntroduced
$ﬁ€@l ahedegedersm.t hat,, hda\wr,sc@n@drgmj ﬁs&bﬁS@OMiﬂh the

ni nal roundlngperror in

S
SeEEslal nErRre b AL aEnoe B exi brkthy PREb0ERAL apRECtral
nenredeakakdsal efs adlemoﬁe;"maﬂayshﬁqaﬂedcmttduﬁheg a rounding

ral pr, tat i t [ e e

Ty he enoraten. Asf e 33, Py B B ate,

etfor i 8léxptbgsed gblngs WHPE& nbﬁ§éeaero§bethémaller the

@aghagn?og§kg§red spectrum On the other hand,

particularly in high quality applications, such as

they are especially interesting for the | ossless case,

Thes i n audire appbicabﬂebs Wat h yeqmlhbghnsanphhng lossless
i,es t he audi o .signal. _on

LLSAUSRoLEn JtyG 83,9 khey he U051 gnal 000V Rasa e
ﬁaﬁgéesswﬂ'Cmagﬂms¢&mb¢a@ﬂby feacheseaint 0, datoddes, that,

AB%kbyve20 EHélgn%Xphﬁéb QPEES BQQQG | i WG ?Bﬁhglng error

signal énergy-o 0 sig I's concentrat
wnulqﬁa%wﬁpﬁ%mberﬁéfaé@ﬁtetlaﬂdtpoE@HﬁenMﬁ|€ﬂ¢%@blllty in

ﬁhgﬁabl%@ﬁwmmAmdéapon§égﬁé§@IMeééde§§r§@§65é1ﬁé&éWlth the
range above 10 kHz. However, this matter to

ERESRPLe TRBF S8 i oflickd boFodRiags Levers, Stc.’may be
gaperbnposes itself across the entire considered

spectral

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

matter to the white noise introduced by rounding. It

“superimposes itself across the entire considered spectral

range of the signal energy. The result is that, in spectral:
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range of the signal energy. The result is that, in
spectral - 19 ranges, i.e. typically in the high
spectral ranges where there is no or only very little
audi o signal energy, there- W4 |- be only the roundi ng
error. At the sane tine, particularly due to its
non-determnistic nature, the 5 rounding error is also

dihfbsul %0 cogeicdr e, b %%é"%i%hcgg@@nglWﬂéhges where

relatlvel hi gh 'bi.t requirenents
FEaH?réﬁeﬁPSO&oqﬁﬁy;ﬂ%ﬁﬁt%ﬂiﬁﬁﬁn%ﬂ@k?r%ﬂ%ﬁal energy, there
paLli cukarbyliyn tBOMErbesgiegs appbicatapnsthéoveses, time,

f L I di t
RO AABELY oafluol LEPS DEPy 0% TRORFANG (bLbperaraes the
venpdbng- efrfroci et lal s sdi feteulo tconbidre the. it is only

?Qﬁégbi‘gev&f Hh%ﬁgﬁﬁ% U"ﬂigﬁ begductl i rﬂ@ﬁt{?m thR bit

0SSl ess a p I cations a corresp
ELEPEFBREYTS agd0j ROt sPkapwhhEr AT L8E%Y é@h@ngp@@hé@@l@rly in

demdl tikouah & 1 Ppdi BEL EHROL Ifoudditds , UnpEebliey@llicGs d Neoding
pssless context in that it may be elimnated in

FHBHlﬂéEbBPﬁgFO|?ngmgtWPFeoPnéoﬁgF%eWéﬁF%Pread it is very

$mgortanances f @fpexa*deommfﬂgyt hiei t 65t EsSelelpdidigso here to
n re st ction erforned.in th

BpibPhe ERRS A ORod © i B ARG Dol Esbl! Shequetion
iohadeng dur okosslass pepsilbi:etionst lazésospezdth atorresponding

B§9r§§955§éh@9 bggoﬂkngsdﬁﬁgﬁﬁ'¥§om'i§ss§eb8Q1ng concepts.
di storted as conpared to an i1deal spectral

representation of the unrounded signal. For speci al
sasesugh appl +eatd iy éfkd&"(ﬂbtﬂﬂuﬁpeghb@bblematlc in a

sentatio ode 25 signa |s actu
iERsrRen Aotfext on  RGRSOn S Rad in tne
Hagedsngs e QEnematedlﬂﬂonofhaxnmmﬂanQﬂEﬂ SLqmuﬂLsance for

éﬁibblggskhgmf%ggiégg ggSSI <§Je§é%%€%#fﬁkﬂ&5ﬁ to be

error as e from
ﬁ@ﬁévémed ho tbanﬁnﬁgtepﬂéﬁeha@nbébﬁ ethainhesd, t hat already

b$segaybaed tae  3QuAdiagonstkdeti 8. kbsphenkhB18D) 86F the
of the present invention to provi de an

SPEFFARL- r EBBHEEESREAELPR fBﬁcﬁméegss?ﬁSthbH?fvaFu@s being
dbsTbirseabjsectcdmpacdd eved aby ialddavi @pecf:ofapr eeess8kBgtation
at. | east nput. val.ues_in accordance with_claim1 . .

B KFRo s Rt st e b R T ibe Phpt “pBpRugation.
in awbgpdantbemﬂﬁpectral representation, i.e. the cocded
signal, is actually important, i.e. when, for example,
various scaling layers are generated from the coded signal,
it i1s still desirable to obtain a coded representation with
a rounding error as small as possibie from which, however,

no rounding error has been eliminated that is required for

~a reconstruction.

It is the object of the present invention to provide an

artifact-reduced concept for processing input wvalues.

This object is achieved by a device for processing at least

" two input values 'in accordance with claim 1 or a methed for

processing at -least two input values in accordance with

claim 11 or a computer program in accordance with claim 12.
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claim 1l or a conputer programin accordance with

claim12. - 20 The present invention is based on the
finding that a reduction of the rounding error may be

achi eved by reducing the rowtdi-ng error, whenever two

val ues would actually have 5 to be rounded and the two
rounded val ues are then conbined to a third further

val ue, for exanple by addition, by first adding the

two values in unrounded state, i.e. as floating point

TBBr cREPT AR ort AT Hen 16n| haaadi ng t Hhaddda@ddggputhat a

vabiuettient Be therdovaliugg Eeapar ey t]@eta@hyéu@di by reducing
gﬁocedurgFLflg in whic each v | ue Ii groces

S EPHhERg eFhat" | HOBRETos Pocuptubh tRare eehiekly nave

to bavkmgn@@d mm@nﬂhantwqnmmuﬁdedumhlumsrammuhm@m combined
h ' .

P 8reR a8 hhbebnEab IET ke ooraRpeErby LaatikhL o0y icoc

édd@ngb@héstw@ Fapores dfff jwienindgdgortiattam 16 . as floating

ﬁé@ﬁ@tk@ﬁreé@n%aEE@ﬁerEﬁg %HQHdeEQtaeﬁlﬁQetHée§§8&d output
I nyent i on, i nventive concept is used reduci ng

f’ﬁéu?oﬁﬁdltﬁ‘& g R 1 UPHRATRS oFRe *afil% #eeP | npgocedure,

Ehf t iwhg st ep@actabutralﬁ@chléo @helasdedce. ﬂmwm:ew,s the
a sit#atioQ:mher f%ﬁ L rstl valueg 5,10 - mmat ion
HPdtated® (ogERer lifhhea tﬁ??% bar &b, é‘n& %h t Aid

pesuktsofartdi snki rstundiireg | procsstherscagahatt cHge inventive
EBB@EE@ Wi h o ?dﬁ%geﬂdt¥a£H§ fgétAtBHEtEﬁé fegﬁdQE eErox is

application o he 1 nventive concept for uc

F6HHEPAg 2t ERNSEIPWHEes atei fatlliﬁ@I%t & istierg algorlthm
auktiutdbaensional |ifting concept is preceded by
butterflies, such as it occurs when an N-point DCT is

split into tw DCTs having half the length, i.e. with

Eh? popmeserd@d rendvdingase, ofherlee wplkksbeta iutdrerfdry, the

h@gﬁtggfor%ﬂgg%t gugéegukékqu I%ﬂqhui £5ﬁH§l§8derror

atl on s
wheni tmmt@mﬁe@nmﬁwn@edl nntparhufctulr@r stgms “abut” each

BQHBQ' ngs d. e%ér?dtmré hes byt ts%fdah%tna%ef@yfﬁﬁst a first
onbi ned with t he roundings o e first liftin

gﬁéﬁ@ dfs tie h%l FoBRRedsi 5ﬁgﬁtppﬁtWﬁ&hcdhc%$%r$ovaluer and
educehet R AAUNHMG LIS Of irst 2dotation is then again to be

rotated with a second wvalue.

A further case of application of the inventive concept for
reducing the rounding error exists when a lifting stage of
a - muiti-dimensional 1lifting -concept 1s ©preceded by
butterflies, such as it oc¢curs when an N-point DCT is split
into two DCTs having half the length, i.e. with N/2 points.
In-this case, there will be a butterfly stage before the
actual multi-dimensional 1lifting and there will be a

rotation stage after the multi-dimensional 1ifting.  1In

. particular, the roundings reguired by the butterfly stage

may be combined with the roundings of the first lifting
stage of the multi-dimensional lifting concept to reduce
the rounding error.
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Si nce the nunber of rounding stages in the integer
MDCT w th integer w ndow ng/ pre-processing and
mul ti-di mensional lifting processing for the
transformis already signifiZdantly reduced as
conpared to prior art without 5 applying the
invention, particularly in this situation, the

BﬂM@BtHMﬁaC@@ﬁE@i %Qntféﬁhﬁﬁﬁgt@tagébgﬁjflEﬁat1nteger MDCT
mai,ni ng, al t hough al read

gﬁctl n of g re i ng
dirh eg?Fonn AFENI/BERTPECPRSSHEP axdnpetigdimensional
ipétungn1npmohasshggonlyoa smahé deyaﬁbfoanAths already

g%ge&% cggt§9 'f%ﬁﬂc el UL ie ho | i fe ;AP St without

sen nom1nuc oundl ng error
aﬁpﬂweagath9 #ﬁvﬁhélebntEﬁrtéﬁuﬂ@SéYess this situation, the

Eﬁgbﬂgﬁggceghegﬁt EBﬁtPEEﬁ%@E £8V§n5i€HLF§¥aQ@ reduction of
nmbi ned e Ssp ectral shapi n t he round |n

EPPOFEMGABLRIN ﬁﬁéhgﬁgh|a#éﬁﬁﬁﬁ. @ai%rréﬂﬁﬂﬁh@ge?FBPf This
tés&ﬁ&é#ﬁﬁl|YOShQQQﬁpidﬁpatEpéctkumsnowa%§@ﬂﬂ@géﬁﬁﬁ a small
I,n t regu y_range, o t he si to e code I n

HRv L AERE RS TR 85 Mgt G ot o Wy uen ke the
thaf | aseaenbnsquenoe ntihe redndedgreundingsenodr.

present in ranges in which the signal has no energy

anyway. 20 While, in prior art, a rounding error was
BrstirBlesdywhin ethacresatie efit ilesshmas r aaddnaf fecoding,

%h@nﬁméébﬂﬁsihﬁéﬁtﬁgﬁ'ﬁhyaﬁg Rﬁﬁ%ﬁﬂé&"%Ythnthe spectral
Fﬁssless %odlng on t basis of integer _algori

8PLBEnaing e retn Qﬂuﬁﬁ??ﬁﬂxﬂﬁ??ﬁﬁqrﬁp?d%%}il remaining
spendﬁug1lertbe fm5n1eﬁeptmhlmglsehape& sueh thaktthet is

gy -du he roundi ng is resent whe
%cggﬁﬁgdgﬁgﬁ % % % S ue&%%afge%ergy a%ﬁmflgn&i to be
Fﬁdﬁdth@sWhﬂ@@-ﬁ@ﬁs@hﬂﬂﬁhcﬁ&#uﬁthWMIﬁgg@aloenhagy anyway,

ahao £E$ELeeﬂ! SVe@on§Q&§@$c@neﬁﬂ¥a“@SﬁﬁdﬁﬁgsséﬁHE4 L not

be coded has no energy .itself. Thus the wofst case is
RV6°88E, IPnTRAPER £Re"BOCROGRGI RgIBRALORRGhREhSRETEY anyway.

?ﬁ@@é&fﬁhcpﬁﬁgFaEr@gdai§8hgu§ngdbE?bQthst@i@@@@buhég white

e only.signal to be coded i.n requency range an

BHASSGnBEeSaar Py SPREF84TCS Tt FESHPIOTFAL &7 355WhER° coding
aodspdemuuglamlaudholssgmaBS|noﬂhhghothhenbagysisflmnteger

gﬁgoEQ%%EEeqHﬁ@°¥ohﬁ8§ﬁg ?ogeﬁgssﬁggraﬁ g%agthFhe ideal
esi p r.a

fo achi eve a ass
?ﬁécgéﬁ@ra%dthﬁouﬁwﬁlﬁgoérrmﬂ%uéﬁlﬁﬁat i hsgﬁh that the

hoeguenshesgPf dite €8deghe rounding is present where the
signal has its highest signal energy anyway, and that thus
the noise due to the rounding error has also little or even
absent energy where the signal to be coded has no energy
itself. Thus the worst case is avoided, in which the
rounding error which ‘is a stochastic signal and is thus
difficult to code, is the only signal to be coded in a
frequency range and thus unnecessarily increases the bit
rate.

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

rounding error such that, at high frequencies of the coded




10

15

20

25

30

35

- 22 signal, there is neither signal energy nor noise
energy, while the rounding error is nmapped into the
range where the signal has a | ot of energy anyway. 5
Particularly for |ossless coditdhg applications, this is
in contrast to prior art where a rounding error is
spectrally high-pass filtered to get the rounding

8L HAL1OULSIde Of st heitaud bl&d-ANdenedb SnBkSQicise energy,
corresponds to the case where the speCtral range in

WAL LR the FBHHQFH@ EFFOF 8§ B?EgﬁﬁthEoléh?lF?%?%dw%%¥e the

eiyhel rheckrootcakl ynerghyahbeagar itself to

elimnate the rounding error. For | ossless

codi ng/ decodi ng, however, the rounding error is
Bbsblianéhylyeduir ecbssladre cdécoderppbécatsenet heémissels in

EBStEEQ?rthg&H%%d Jx9%§99§£n%%M%CQ&£§r'f¥e£§8ctra11y

ossl ess co gorlt m ener at es
Bﬂgbopﬁﬁ§n§ll¢ﬁéeéoﬁ@esﬁtoﬁhﬁhéogpééﬂgaﬁr§ﬁappﬁesbde of the

bﬁéleénQbﬁgeefﬁ%&sldidﬂ*ﬁdﬂfﬂépbd&ﬁﬁkdftﬂ@3§é§§3where the
Egllcaﬁlons W th E gg npll rate, becauyse, ¢

PRFEFED aH%FQ%1%%e a rEP YWpcPFRor 1s present is
fheoeetdcalkty edxthend dleay drd auirle thamnAGhdze{fuetself to
%2%8Xﬁ%g%nph%n9%Unhgg S%Q@oﬁlt% t'gggﬁieggh Sﬁegg(aecpdlng,

requency r nge
éﬁ@ﬁgyr,aﬁ%Wawxmndanqnemh®thleo@&@@lm§¢lWenﬁﬁu;m@ﬂyln the

QEEbab§nt|Beca§§e'”th@r%@%@ Ot pd nQ@ng&%Hﬁr GQQangln the
n whi ch the signal 25 energ ¥Bls also zero in the

HP@HdFFeqHEHEP F&ngBVeAseatPrarge hafBépssf coeipg pdgorithm,
gededaversydektbetenhky and the rounding error, which

is problematic to code, is shifted to the range which

is typically coded very finely 30 anyway, the overal

fata cuatcepdf dthetlse gapecisalhshapédgced t@se conpadedg error

h e Rdi.ng [
SR TR ALY thEE] L1° 160818500 Sinfledtions uith g bieh
ﬁam@élngurxm@¢nnb@cawﬁ@rco@aﬁ@1@@1¢@lﬁaﬁée thandaracewhere

apbsetrhhendeceding1ner Eorenace o upStbnﬁe%@S%ﬁanba@a%ﬁ% (due
no 35 coggutlng time has to be spent for, the codin

&ARd Wﬁ}lQﬂ Théhﬁ(ﬁ?m?eﬁﬁéﬁé§lpgng§3 ?ﬁ@l@&ﬁ%epvl the
hiigh alrsepdwsct heangesulih thatca tlester isi gral signal energy

S|ng TRy be achi eved. on art_of the cader. .
gh&%%& o "t He pa #ht%ezﬂg%éﬁ%¥ebg done’ very e%%lClentiy’
as in the case of a non-integer coding, in which the signal

energy is also zero in the high frequency range.

As a large number cf zeros 1is coded very efficlently and
the rounding error, which 1is problematic to code, is
shifted to the range which is typically coded very finely
anyway, the overall data rate of the signal is thus reduced
as compared to the case in which the rounding error is
distributed as white noise across the entire frequency
range. Furthermore, the coding performance - and hence also
the decoding performance - 1is increased, because no
computing time has to be spent for the coding and decoding
of the high fregquency range. The concept thus alsoc has the
result that a faster signal processing may be achieved on
the part of the coder and/or on the part of the decoder.
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- 23 In an enbodi nent, the concept of
shapi ng/ reduci ng the approxinmation error is applied
to invertible integer transforms, particularly the
Int MDCT. There are two areas Z3 of application, nanely,
on the one hand, multidinmensional [ifting, with which
the MDCT is considerably sinplified wth respect to
the required rounding steps, and, on the other hand,
the roundi ng operations required in _integer ,

i nddhi righe Hy t HéYF oCEMCSRT t Ré p?ega%aég%w@lng the
appﬁbx1ﬁ?tionhheractuahsDCEppwléﬂramnLaamﬁﬂ%?hxwmepﬁteger
or the ect t roundi ng
F el Bl PR T RE Poada g el TeUOL SR ed g ife areas
ﬁfe@@@ﬂ@yata@geinamﬁﬁx#u@hethegmme Heimd) ﬂﬁubtndege@ﬂlonal
hagcthe Nlahest yaigRalushei@ts FL UM RIARALS o1 @0 £ied

partlcu[ar or video signals IS W
fﬁéﬁﬁéﬁﬁy'W%néée §§QW%ﬁ¢QFﬁ9Qﬂ¢kﬂgf%%@%%cka§9$téﬁi the

B@ﬁeraltﬁMﬂpa@ﬁeprﬁ&&ﬂ&ihgfn@ﬁér%Qi%hbs féhﬁfﬁ@ﬂ 1n integer
roundi ng error i n the upper frequency range,
UAPCRYEREr e *4F8 56

PERVETHEr e SHFE F6T nHITY 26CFEWER & a‘Pr%&ﬁRﬁﬁs?ﬁJs“g prior
tn pheoscand] DOE.rounding errors prevail in the
upper range, which nust then be coded and thus
i ncrease the nunber of bits required for coding.
Pneesirabl yecdhpskr cpndiend dry orséd fanluded $wpecheal shaping

Birghete fURGWERE e8rrWhi chidi regtdny ﬁﬁquﬁﬁnkﬂ_éPu@Q%%r is
its 25 required for coding. Preferred ment s

ahlgia@dprt@setme i AGRAPEBAY arf@ e piai HBHCT n thSr & ta | being

aﬁbaﬁsmghgasspﬁét highthe sagﬁampaﬁyr@gddmw aga%ol ﬁlgnals,
I.CN.: clrgult I a m o t

SR Bartictidn b SIE0 AP Peel Fibhni s Sl tid ibe the
abscfeaauemayuesnwethsspeﬂEﬁMthﬂuﬂmrmFcﬁe@dhambuaﬂsngm has
erlggahgégs':ﬁgopﬁgtgho%l% KNAWN (GONGEPEf o PLGRaPRSSerrors

spectr quantlzatlon error

in the upper frequency range, in which there are normally
fewer signal components. In prior-art, the rounding errors
prevail in the upper range, which must then be coded and
thus increase the number of bits required for coding.
Preferably, this rounding error is reduced in the higher
frequencies, which directly reduces the number of bits

regquired for coding.

Preferred embodiments of the - present invention are:
explained in more detail below with respect to the

accompanying drawings, in which:

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

error;

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

- “shaping a quantization error; .-
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Fig. 2b shows a concept for | ow pass shaping the

rounding error; 5 10 15 20 Fig. 2c shows a bl ock

circuit diagramaccording to an enbodinment for the
spectral shaping/rounding -bl2dck; Fig. 3 shows a bl ock
circuit diagramof a preferred neans for processing
time-discrete audio sanples to obtain integer val ues
&EQ”‘E@'Chsh@%§g§rco§@§§ﬁr?&rvﬁeﬁ a@@ysﬁﬁpgﬁéefﬁﬁr¥%hndlng
Fig. 4 is a schematic illustration of th

deconposi t¥bh°fof an MDCT and an inverse NDCT into

Gvens rotations and two DCT-1V operations; Fig. 5 is

?n il ustraélon for ill stratlnq:tg deco 05|t on ot
WER B0 ePLit overtHy PRfETRBt &t J:ﬂn% 0 an

DCT- | V opesmtodimsenti gfoba sﬁmms epemmmﬂhtlsh@pnng/roundlng

circuit di@ﬂ% E1of a known coder with MDCT and 50

percent overlap; Fig. 6b shows a block circuit diagram

of a known decoder 25 for decoding the val ues

geper ated byolrs 9.2 1030k Jcifchsranaiddmstrald og referred
t he I|ft|n in window ng according to Fig. 3; 30

8is a %??%dfoFlﬁﬁﬂﬁﬁﬂﬁ%EQ(ﬁlWQMQH%Qquﬁ;%ﬁdl¢4§amples
7 for mnndbmnn@bpainr intéheractyphest ranshorahidhg. ifteger

shows an ap atjon_of the spectral shaping for 35
mﬁndomﬁng,a@%%?d%%gv fuee 152Y 7d%ﬁﬁf¥ﬂ£-£25 Fig. 10
shows a bl ock circuit dlagrans of a device for

gogvegt i ng; acgor @h%&a%@ca @%ﬁéﬁf&%&&ﬂﬂ3¥“Eﬁ@tdgéomﬁletlon

présent invention, 5 Fig. shows a device for
i nver se coftferd® nd"l%{%%or%?%g an o igvgrseer MOT into Givens

enbodi ment refathenpr&s@ntwo DCT-IV operations;

Fig. 5 is an illustration for illustrating the
decompeosition of the MDCT with 50 percent overlap

inte rotations and DCT-IV operations:

Fig. 6a shows a schematic block circuit diagram of a

known coder with MDCT and 50 percent overlap:

Fig. 6b shows a block circuit diagram of a known decoder

for decoding the values generated by Fig. 10a:

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

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

Fig. 9 shows an application of the spectral shaping for

windowing according to Figs. 3, 7 and 8;
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invention; Fig. 12 is an illustration of the
transformati on of two 10 subsequent bl ocks of val ues,
as it is useable for the present invention; 15 20
Fig. 13 is a detailed illustati-on of a

mul tidinensional lifting step with a forward

transformmatrix; Fig. 14 is an illustration of
&t'ﬁbnen§H@@§|a'QM§ﬂ§§ ciké&i@gdﬁkﬁBaWthﬁ? Qa%%WQQQ for

transforn1natr|x Fig. 15 is an illustration_of

present | nWhY?%WIf%rac‘f%lédHé%o%o%lfﬁ%?ﬁ%?e% W@V‘ent of

of the | enghd Neddt® iveDGlod Vs of the length N 2;

Fig. 16 shows an application of the inventive concept
within the transformwi th nultidinensional 25 lifting
Bigki 91 10shdivg. aldewican fétrusthwatben awhvemring according

successi ve. %lf%]n%% €£59§%%ore%@%dl vent i vee royn '?ﬁ%resent

error reduction is an | ustration 0
i nventive b@ﬁ%@@%ombr reduci ng the rounding error in
two successive lifting steps of Fig. 17; and Fig 19

shows_a preferred _conbi nation of the concept of
Eig: 18 with PRe ddicepitdrriyt e ﬁ|r6n5f°§ﬁ16‘%sl°§ of two
devi ce fors@b@@@@éﬂmgbbo@kgn@f Wavheg, aas SEgUEnNCEsOible for
di screte Vﬁhues ich is input to neans 202 for - 26

g

mani pul at i v?%?%?%?gh% °f b%? 200. The signal is
typically forned to have a flrst frequency range in

P@bChl3thel§'gn@£tg§§e@ W é%%%ﬂxéﬁ“Hth H@Y@l@lmen51onal

second frequency range in mhlc t he signal
conpar at i vel§tiow eher gylits ¢ f feRea¥q r%lfarﬁw m%tw
audio signal, it will have the hlgh energy in the

LISt frequenc ange, .i.e. int w,. fre uency .
Fhfe e A [ 09 s hsa R ahonh ot i SHag Al inverse
frequency rLafgengl $teponeviera b@eksag@a&ramsfommxmmmrix;
signal, it will also have the high energy in the |ow

range, 'and 10 wi Il have the | ow energy in the high
Fagge15ln tonenastt iustration of the present invention for

the decomposition of a DCT-IV of the length N
into two DCT-IVs of the length N/2; '

Fig. 16 shows an application of the inventive concept
within the transform with multidimensional
lifting of Fig. 10;

Fig. 17 is an 1llustration of two successive 1lifting

steps for the inventive rounding error reduction;

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

lifting steps of Fig. 17; and

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

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

sequence of discrete values which is input to means 202 for
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the audio signal, the frequency range in the video
signal is a spatial frequency range, unless
successive video frames are considered in which there
al so exists a tenporal frequeéney, for exanple rel ated
to a selected image area, in 15 successive franes.
The nmeans 202 for manipulating is generally forned to

Hﬁﬁiﬁtﬂé’éfn(ﬁhev§§qugnc%l%fnaq| sanghe valges sod haglgehal is
sequence of “mani pul ated values 1S obtained in which

byrteasty oherRaAi pR St val GerPs ASEINRNEYe A sln Whlch
sagugﬁggilgﬁa@oa hm%ﬁg@ﬁe6g§0éﬁ@&aamar?§ ehssé@lﬁindofdrequency
nmeans ar unal n e Sequence (0] ni pu te
PRR0R. 3h0 wonn e L ithahonss i Rl Y AY S eneray.
val ués. fmn5UHﬁu§naD4léomnlanﬂmbnglgsaiormedwﬁdl have the
c h 0 LAg error ;
By s SR S nS LEEH e hedpenchPaafliBy BEdl in che low
Feguency F’Céﬁgé; jangl winlk heave eahu@néywr @@@ég\merne the high

EB@qQéthnﬁén§égn§E hﬁ§w@v@kﬁht§@e§9¥na§ §Qe§tﬁ§aé¥ signal,
ape round |n%gerr0r al so as a energ

%Faﬁl%%1?¥ﬁ9 g 8ndj?%é%h%%c§nﬁéﬁ§elq hej ﬁbﬁhéange' and

fiequaacy ta@geo\nﬁw@mr@@ tihe thel gun;gi gl hascentesst to
r the s trall roundi ng .err.or

s o By tnEr aRRS ol no gRardy OF ThETeo Signal

é@ec@rﬁpq’ts&fape‘ttercommg remgsr, | mnflkesf i ptcessive video

EESH@S”8¥eréBﬂglaéréHU§nhhﬁhéﬁ EHéPet9938”8£9¥t9f tPEmporal

spectrally aped rounding error int secon

fregueney- 3§0Faﬁ§émpiﬁmé92ﬁte@héosﬁeéeiﬁFteﬁabWﬁge area, in
pueterably deemsepot change anything in the overal

energy of the rounding error. - 27 Preferably, the

device for generating the error- containing sequence

Gher oueatesl ra(# pdlcat emamapuéathsgcom)l e;brtefra'ﬂﬂa,ns fo2@ed to

Qﬁlggﬁ‘c{%ét | E‘ﬂet Os %@E&ér resenLation %‘ o hesg that a

y or via fUF mani uIa I'on or roun
E6AbBENEGLI o@% rendPuleheder veruedntis nphgasetadentre ofhich at

E@Hgge@n%amdﬂﬁﬁﬂf§¥é6“M§§u@HYob%dEGQﬂ¥é§gE|yThPéosequencex
nmeans 206 for converting to a spectral

Péprfé%fén%fhﬁ‘?ﬁfftélsgéﬁutévev WY edf s%%(étrtlﬂn%?a{lﬁe 204 for .
ebtuadingonited nkagusageens®e mahipounded nEdliysH ated obtain a

g%huenceH% \“Hun&edaﬁanlpogaged Yalues. The means 204 for
rounding is formed to effect a spectral shaping of a
rounding error generated by the rounding so that, in the
first frequency range, i.e. in the frequency range where
the original signal has a high energy, a spectrally shaped

rounding error also has a high energy, and that, in the
second frequency range, i.e. in the fregquency range where
the original signal has a low energy, the spectrally shaped
rounding error also has a low or no energy. Generally, the
energy of the spectrally shaped rounding error in the first
frequency range 1s thus higher than the energy of the
spectrally shaped rounding error in the second frequency
range., However, the spectral shaping preferably does not
change anything in the overall energy of the rounding.
error.
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10 the neans for manipulating is a lifting step and/or

a lifting mtrix, and the nmeans for rounding is

formed to round the non-integer results of a lifting

step. In this case, the nearis’ 204 is followed by a

further nmeans for manipulating performng the second
lifting step, which, in 15 turn, is followed by neans

boE FEQHRAL NG NIl dd AW NyerSraf Old OMRL BYr8-LBbf6aining
means for mani pul ati ng anlenentln%_t e . third Jifting
SEEPSTGRefei ik OMRERS e Qud advst el Usfant HuUFSHEifl slg° means
that abt tdureeddifidd Nn@ost @pSspd € rACCoRPlricshedatThus, either
an_error-containin SE%P ce of round dt20 mani U|a£§9ndin
varues-deriVed f¥om t he'ortdi nal™ &y Fer="¢6ht ai A ng g
segbénetiohsr ouridess ,mantipel akedovralcoesaaninhe sagumutce of
quﬁﬁeas 4i§§legceék?r§F§gesmﬁa§1 ba. tﬂ']aq{] EI_'L?@E{Z%Y into the
converted to ‘a spectral representation, preferabfy
Br385hy Oanf pht 6§8VeEitangf ordm 2ashectiral] | TerRtesRER byon to

Bl-0¢kv206. da&eﬂtf %}ammficg{la&?% lekhgr;ggﬁ%a@mng sequence
representarion a e ou u (0] oC ] as now a .,
gg wﬁ%iw}lw%ﬁﬁrg@ Ueo HPFEVCSLrt fTHo¥: REPCdiment,

ltargene iy e faaxv\h;ntaaighitaltiibqt etls roundifagner rotep buthddor a
! , . . .z
QU0 BLrE Shae SRECERL Y con - Syl oLel Wihed to

i Ng error enéergy
goetndl thesehoh-Speeyeunirehasta hifghasighslingersdregy, In this

Whkke even hBahBe hest jcasfingf& i Bynoy r eURdhBY means for
error energy in the frequency ranges’ in which there is ,
AGT1BPGAEI NEN EEFY O 185 I Bhitd & et $ st Heh Stppt i B@tch, in
torAeans Z@&lb@@$ﬁﬁyrm@ﬁns?@d&ngoqhd&hg,sgg@bhalin turn, is
represent ation, means f.or _entropy-coding _can .
SGRACIER By ScShtAg MerRsa fO5 R AETAAtEOSt AR IERERREDY the
ahiam1ﬂﬁﬁﬁﬁin@odshgp,etoﬂmﬁsﬁ&niathgnfomherzs todi pgother
fahdbagnugher of SReghral dines IOl aiecRho Ahps  are
order on each other, a run I'ength coding I's al so

ggiceapllé shehi-cAhush edsuesEorcernsaibangppeegnce pifi spunded

abhipheeadse -hEnGE AN astuably ¢eber MyHsStigrsboRadl  error-
nmust he .coded in such frequency ranges whi

RO Far i Ra o 45 SheC TGt aT= T RS [# ECBapidigs 2t the
anfcpver abf embansampOki ne efercaditgl, te¥hish Hecatisent Henaliy
E%%%%E%%%lt%P%ftgg%cg?gfeéeg{géentation, preferably also by
an integer transform, as it is illustrated by block 206.
The output signal of the spectral representation at the
output of block 206 has now a spectrum which, in contrast
to prior art, does no longer have a white distributed
rounding error, but a rounding errcr shaped spectrally,
i.e. so that there is also a high rounding error energy
where the actual “useful gpectrum” has a high signal
energy, while even 1n the best case there is no rounding
error energy in the fregquency ranges in which there is no
signal energy.

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

Euffman coding, an arithmetic coding, etc. Especially for
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conpl etely uncorrelated to each other. 10

Subsequently, a preferred enbodi nent of the neans 204

for rounding with spectral shaping is discussed with
respect to Figs. 2a, 2b, 2c.Z28Fi-g. 2a shows a known

error feedback systemfor the 15 spectral shaping of

a quantization error, as it is described in the

§B§§h§|hsﬁa9$ Qb@ktékesp@5$ﬂ§$ QH@E%ﬁﬁﬁﬁhﬁtﬁﬂﬂg zero and
U. Zoel zer r-Verl ag, Stuttgart 1997. An ut

@SFﬂﬁrx?P)eﬁ§ 386 Fifed % & Wh 190854t Qe el %% uiltable

®Hi pHf sfgmﬁuﬂﬁéﬂlﬁhﬁhﬂﬁﬁ%e2&ﬁpl$3801&U@MHdﬂjdﬁte&because
uant i zer antijze ut put . valu

g e crati o Y e el S PPt bbb ¥ S (1A sucn

§eeqndnsunwamgzs4whﬂﬁhﬁhﬁ¢%ﬂmﬁme b@$m@emhﬂﬁ€\ﬂﬂ&ﬂirum and

ahher 1§r“%épgﬂléfﬁ %%%a@%%abﬁg Vf&ﬁeegﬁéomﬁrﬁpeof coding

quanti zer term ne ndi ng error
BPPY S, ThRAPIR s.t@ﬁal prdavidnel sectirftsisier vaigeps are
teflpletar dehayorpanst2dbero ThechestREre(i) del ayed by

one tinme unit is then subtracted from the input val ue

by neans of the adder 210. This results in a
Rupghepasstéyal vatprafafrddhesmsodlineait esfothei grains 204 for

| gépégiﬁga%gtg:%pgggrglzs% aiéqg§sddégéﬁgggd %ﬁ£ﬁereﬁ??ct to

ésignat e
F698.séeondberder hi gh-pass evaluatlon In certain

enbodi nents, such spectral shapings of the

yanti zation error are used to "mask out" the
gagntu%%tu%%O%tro@ R h& PF&ceptienPe ckangasteme, for  the

%péCBEaexaﬁnbglhgonbEhed(mmuantijﬁﬂmyhcﬁeﬁf&xﬁlgﬂ@l it is
o .t hat t e q antlzatlon enror is “
éé?%g g%%mn i RPECGEL2ET a Igﬁ?ﬁ%ss bigitale

éuahqaugoalvsrpebémtneg”,insUead Fochehreve aespeetrﬁerlag,
shaping gf t £rr n ut si t ange
percegtFon {F? exg%tljglﬁ %?o%%%g%ré%?%f q% per%
F@Puﬁhﬁ§mmﬁﬁe%ﬁﬁpu?hglgﬁépwﬁ ﬁ#ﬁ?%ﬁd@f $h21@um%$r 210 is
§U9‘F§@1éﬂ M. a 2Buang if-e¢ tora ﬁ@é‘ﬁgaﬂﬂgmao%ézﬂ-&zed output
ng ene Qt %ﬁ one roundi ng. function which m d

B3LHEI & L1y ok P oSl HeE dorELFnahaging device. At
brsecahdngummemndﬂng upér dundengndewnet@actbhetnexwvalue after

tﬂ% gSEntﬁEe%h2&59aHSXEh8“%a9B8 bg%orebgketggahtizer 212 1is

determined, i.e. the rounding error e{(i). The output signal

%lled to an

of the second summer 214 is fed to a delay means 216. The
error e({i) delayed by one time unit is then subtracted from
the input wvalue by means of the adder 210. This results in
a high-pass evaluation of the original error signal e{n).
If z! (-2 + z') is used instead of the delay means z !
designated 216 in Fig. 2a, the result is a second order
high-pass evaluation. In certain embodiments, such spectral
shapings of the quantization error are used to “mask out”
the quantization errcor from the perceptible range, i.e. for
example from the low-pass range of the signal x(n), so that

the gquantization error is not perceived.
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10 error feedback path, i.e. between the adder 214 and
the adder 210, there is now a further feedback bl ock
220 with an inpul se response h(n) and/or a transfer
function H(z) in addition-t@%he del ay nenber 216.
The z-transform of the output sequence, i.e. Y(z), is
related to the input 15 sequence X(z) via the

gguaticem i1k ugtgat ed, i ngFigy, 20 - £(8)aFuXt 16A) is Yﬁé‘ﬁformed
In the above equation, x(n) IS_the input signal to the

S hEder t?loacghav?(rﬁ PEeFR&E2bUtTAPIGnal firiin £RECr 1ot
poundiagthndl peKg@18f BSrfupt her mopetr éi@cﬁpjzlmwgthe range

uati on = r.qun X I n the e
SO SRt oSfor Lo g M b Btk s e T a8 adder
Ehﬁleapnm@¢M@/imerQOCszlasIﬁﬂdhEmnar@oummang block 218
i . u | re
HIBLGHLROLE M GED SRR | Tetcibn " wpl SR CRED Spe,  fox
eranple) 35r9wndirg Z- rdhge, ItCWé):déflgs t Hewhel | owaﬁgdlng by
EEﬁHE&tiX&Z) rou}ﬂdlﬁé_j) uJ‘p/EL( c?ing( Zdown XC&) the next integer
E(z)z- 1Hz ﬂ(- igi + (1 - 1H(z))E(z i
Fnde E‘Elﬁ &% heb‘ﬁ)u dFfng n@ﬁ'torbuh "8 spe PF39F§ I_n the
shaped fdayd=ha fpatier (@1e. Zbdt&HéeZﬁ)thACGﬂidtlrl’nglL@ tdiel the
i nt i , .how a | ow pass-|l.ike,transfe n t [
ﬁgégF ?ﬁ@ thq &sttB ?OM/aagngPﬁe &?aﬁ%ﬁe% %ﬁn({k 220 with
aanimeubSEarﬁegomhenh(sétandgcrf@rteaaﬁﬁee fHigyien- ﬂ( ) in
LBALBE 8n SIEP! & EXGERLE: mehfbe.r! MUl NGHET Lk Bhclliem of the

previous rounding operation i s thus SIHP é

PHEPYRI UBSEBEBESY ouhdBd béfBle the HRekRte unEIPngthe input
epehahtenxis) appki ede dhustiansinphetlovepass 20g. 2b.
filtering of the rounding error, which is very

efficient for the present invention and is thus

preferred, is achieeéd) Anxiitp)eneptation is

illustrated in Fig. 2c. In particular,

In the above equation, =x(n) .is the input signal to the.

adder 210, and y(n) is the output signal from the rounding.
block 218. ! '

Furthermore, the following equation applies:
y(n} = round (x’' (n})

In the above equation, ,round“ represents the rounding:-

function implemented by the block 218. Furthermore, the

following eguation applies, in which ,*% represents the

convolution operation:
x'{n) = %x(n) - hin) * e{n - 1)
In the Z-range, there is the following result:
Y(z) = X' (z) + E(z)

X' (z) = X{z) - E(z)z 'H(z)
Y(z) = X(z) + (1 - z" H(z))E(z)
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15 the neans 202 for manipul ating an origi nal sequence

of integer discrete values is illustrated which

provi des the sequence of non-integer discrete val ues

yo, Y1, Y2, yl on the output30si-de. Now, in contrast

to prior art, each value is no |onger rounded for

itself, as illustrated, for 20 exanple, with respect

to blocks 20, 24, 28 in Fig. 3 or wth respect to

bl ocks 104 110, 142 in Fig. 10 or 126, 132, 150 in

%F§091¥ Pn§€eéﬂ“3tﬁ%u%%hngn?é§@F ditécrist SPaAfi s ofshaped

bﬁet&%quﬁmﬂﬁﬂyo(lYl ZNQ HY@) Ac@b@dih@tebedjma invention,
end pass charac% Stic

0

RPtRo 08 PRafbatkSbr aRRR B D boueprss chaagtertal!gingcar
ED@- Pesssbikhat trahefeesuftnesitohe descrb@edobp@cme@l when

ing. Fig._2c and i
?Pﬁggﬁgétgg €£L EEe salflnég)referencglqnur%r%rgalEpzs'lk;lﬂ exémplé’
Fbet ﬁéwml@g FRE-oRcoshdls arpay hbiel rpﬁpﬂéﬁgntomr@ﬁon is

th8s SABRJIP| ea@ad athonHd vwhigh the wal !ﬂ@ﬁnﬁ@db@)efore the
rounded are provided in parallel. O course,  thi

PEERSEPRETLRT QP%F‘WO%cﬁ%nﬁ??%le%eT%Fue% %mpﬁ low-pass
y2}teringayfbetlps ovbdadingequentd,al byitlo tiberveaht aéfficient

ggqueppLal output velyes. 38 vherel n, 1puLhis case, 8y, s

Ie| mmn on O
ébéﬁéﬁeé 210 214, 216, 218, 220 is sufficient. The
repeating structures of the elenents 214, 218, 210,

220 are illustrated onIX for the sake of clarity. - 31
FReiMBARBSROATEOR LEuAdiRGTEABRA iR Fig: 2€-thpsparticular,

@l@@f ahetns t @0l r sbrcalali@tiendiiey r aundedi yahae [s¥Quence of
cal cul at.ed. .Then, the

th
TBERAP R HEREETS 1Tkt Snt e UFFPE o i) BiEbiides the
22uenth bfienbnanstegerf diastireneHfzlueki ¢b, i 81, vz, -, yi on

?E?I %h@g'@é s{ anGidys figd 44y e&ﬁotc?ﬂ{gle{ogl% Thééch value

ere roun I Ng errfor is a nex value
ftHe Bequepkeey rw@@djp&pn hd bseshfit @ théluéaeférced for

%%Qm]pier oyded té‘sﬁé@@kt%l%ltdb}%bt@@n bhe roundgd gkQ, 3 or
ubsequent|ly, the rounding _error, is

next val ue
ek i Lo PGSR T 1505 TR EE g o 126,

neandetsvalive Fiyl] Bnd tTheterdgi nahevaidie-lyitegmer giiBcrete

th S obta ned . roundln error it is_again flltered in
8%5226 t & Ber PEARSITE T Yoo Vis Y2y Y3 e re filtered

dependlng on each other with low-pass characteristic in the
feedback branch by the “network” shown in Fig. 2c¢, so that
the result is the described spectral shaping. Like elements
in Fig. 2c and Fig. 2b are illustrated with the same
reference numerals.

Furthermore, Fig. 2c shows a parallel implementation, i.e.
an implementation in which the wvalues to be rounded are
provided in parallel. Of course, this illustration is only
schematic. The wvalues vy, Vi, V2, .. may _be provided
sequentially to then obtain sequential output values,
wherein, 1in this case, a single implementation of the
structure of the elements 210, 214, 216, 218, 220 is
sufficient. The repeating structures of the elements 214,
218, 210, 220 are illustrated only for the sake of clarity.




10

15

20

25

30

35

the same procedure for the next value y2 of the

sequence. 15 At this point it is to be noted that the
direction is irrelevant. This nmeans that it is also
possible to proceed fromw 3 th larger indices to yi

with smaller indices, 1i.e. in the opposite direction

W th respect to that 20 synbolized particularly by the
arrows in Fig. 2c extending fromblock 220 to the

adder 210. The order, i.e. whether the procedure
DhecBeasst 2o ITW tePHIGH IS etlieide inndildes 26t tHyoreperates

hgggﬂgstorvcgl@au@ae@hl Hﬂéce&}ouhae&hufiaﬁgé |'[fEQItanl‘hen the
[tICU arlr I n.the cat on_case t I N

RRRTILEPERBED 1o HE SHoLrT ot Shap RGof TPhe Tutidi g XXoF
2§ r o5 mglthaHErabdyth@ﬂ wbyh bespeci 220 efifLtbi eniey atansfer
?Lﬁ&g%HE%t 'z”g wzﬁ*&%f 'tionénd395 fad into the

roundi ng err 'S add%d ¥gsever j acent “val ues
pHdeperdént %ﬁl%aéhlétew@d W@u}%c@mﬁomluﬁesad@l@d(m the

hBﬁtbRrQQQ%Sbfsec@%e)sédd@lces'ﬁna|m§1é&@u9bnart@1é a}eeéult of the
converte to a spectral 35 representatlon by

BHARET oril 5 e FOWRPEH are %Pﬁﬁs@é@réﬁthbFﬁén the rounded
ﬁégqueagmedqryql]n Sub&%qubﬂtllbe ft@llel cmmgimgh&rza:dxs Bs again
ED%G de%ail %§I0n2;ﬁ %arts f the ded value
ntEget sp% Fal apﬁna ofu the T oundi vy

éytbrEhsipﬁé&erabhgluséd.valWhe Vi,r swherefier r édlis obtained
EHQHQF.H?nEIQ??ShSt?SIQg%%? I‘Qé’%@gm%wékt@zéh@o perform

act ua rans e roundi ng ecif in
Fb@ SBmByPFﬁ§96P5@k§020th24ne§8 V?ﬁ@elviﬂ? &he Sequence

operatlon as experienced by each individual origina

BP ot 1601Rt LSt atdd by Dhe BPSE adTGovinPn Gption is

Hereletvhet . afjplisc aiaoss tofatt hier tiy eeiso fpongilnke rtoeproceed

ErSm L\P w{&?pel%? Si>a 2%1%18& cq og bégéﬁgsﬁat‘ﬁ;le&oriﬁdices,

il Idstrat sanpevms .
rle@ultlns th@ segpenéte "fligactopnt owbéhtoﬁﬁspeﬁtor‘rtc that

Bo hb@ﬂh&@dt%@rtQQQlaEﬁ9”E®O&Hé)aéébﬁgniﬁnfl%vvﬁg extendlng
réespect. to the notation in Flg is to be noted

from block 220 to the adder "210. The rorder, i.e. whether
the procedure proceeds from low to high sequence indices ox

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

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

the fellowing conditions:

- A rounding error is added at several adjacent values

independent of each other.

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

transferred to the frequency domain.
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that, when an arrow neets a horizontal |ine, an

addition is perforned there. Such an addition is

shown, for exanple, at 20 27 in Fig. 7. Wen Fig. 4 is
conpared to Fig. 7, the onlvy 32ifference is that x(0)

in Fig. 4 corresponds to xI of Fig:. 7. In this

respect, xNin Fig. 7 corresponds to x(N-1) in Fig.

f‘n 'ﬂ%\ée%l'ld\(n(ll}ygz he FiQ a’ m%‘%"ef egRondsd e xXNahffion in

. Furthernore, x(N 2) Fig. 4 corresponds. to
%Nﬂ?hlpéStéfoflEhe71n§%g?ﬁaWD@ﬂetFﬁsﬁP%c%¥%lt%%aplng of the
botiheihlyi esrshows pRefELgb12 B¥edhi ch al ways one val ue
fromthe first quarter of a windowis weighted with
one value fromthe second quarter of the w ndow
Eheodwnu;tpréﬁertédtbm@oﬁﬂm@at\Mﬁﬂsnsmmahngmha3mindowing

a I ugy, [ of. the do 0 j :
g%%ggssgg W|t va %i]e o%atq}]%afr(%rg{jrth té?uar e? o*‘%% tSunding
ghAadoRipg the E'u@ovwﬁ Up¥ dobvd by sceat 20as 44, ust raTke%l iafting

Ebgraz1oﬁh§Eeek§e§1§95é5599ngbeﬁ QﬁQE€95ﬁ§lfQ£l§D§al sample
pai r of val ues XN/ 2 xN 2+1 There is_again a

down-trp- d%mna§€qu%ﬂE%ln9ﬁer%ﬁ$P% O Eiep Foampy also be
fiolhevedtby afy uphst egi29bam Whed iim tBEig, iB. Here, the
followed.by a down _step,29c. -.33..Fig._7 thus shows
ERRLENRELE s Row: G bYRFEP; MGTCHAPS MEGFCURRe | ohoer  the
megraksovbe mekdiplicasiorn edbywi & hdisctchangpng at lsemple, 1is
agiugkraeéd'ggmiﬁgaagge'n g gpaﬁ tEQU§eseit09gr§ﬁe egauence
downwar d ste ger ormed first
?ﬁéﬁm5tap|tepha €°§tepsf529b¥0ﬁﬁ9mb§0p PPYr ABE {Brom top to
boRabhy .perform all downward steps 29c, so that the
result is a downward block 31la, an upmard bl ock 31b
and again a downward block 31c. It is to be noted
Wmah Eb@pe&tcdk;eﬁppn@st&ni&ﬁgin?Figbuﬂ,iﬁtamaihem be noted
éHSt OQnWEE%Hw'ﬁeg?ge SHbE?QEStEEFli%g, an addition is
ng i g now shows

efs € present Invenfion.

Pﬁéf@émédptth'ﬁﬁev\lhﬁ@ﬁht Re RJdAdLRg iLs Spewher fied wkemple, at
20 ¢

| Fiﬁééﬁr@apﬁeésxfhakl\lﬂi Op egeddft- ﬁhéoérliegﬁpﬁé’idssé@éﬁqcef Fig.
. of. Imteger desssete val ugsray.the ddlmgs;zﬁﬁis The x(N-1) in

specty & ghapi Ngnedhpili fuin L ld cepl th 1
shomn |ﬁ&§ c%rreé%onds %OQ%%&%ll in tH%?fth t © onYy

val uat bl ocks csk in the
gﬁgck%3lgﬂ?% ?%@rx?@}%1f§ bf’ Fiyg. correspongw]to Xys2 ©OF
Fig. . Furthermore, x(N/2) in Fig. 4 corresponds to XHy/+

of Fig. 7, so that the result are the butterfiies shown in

Fig. 2 by which always one value from the first quarter of

- a window 1s weighted with one value from the second guarter

of the window according to the 1lifting steps, while
analogously also a value of the third quarter of the window
is processed with a wvalue of the fourth quarter of the
window by the “down-up-down system”, as illustrated in Fig.
7.

There 1s a corresponding procedure for the pair of wvalues
Xns2 and Xys+1. There 1is again a down-up-down sequence,
wherein a down step 2%a is followed by an up step 29%b,
which, in turn, is followed by a down step 2%c.
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the neans 202 for manipul ati ng. The bl ock desi gnat ed
[.]/ Noi seShapi ng represents the neans 204 for rounding
of 20 Fig. 1. The error-containing sequence of rounded
mani pul ated val ues now resH 38 at the output of this
bl ock 204. In the enbodi nent shown in Fig. 9, the
sequence of error- 25 containing rounded nmani pul at ed

¥abiles | saddedolo %hfeurltrh%gegﬁeqwfﬁggwi(m% 263 MM This
aln a new sequence of I nteger di screte va ues,

GRi-ERLAE RORUPRY asl%r#%uraﬁ@alyb;reﬁﬁéte@ SE R Ehanging

tRet Resupthl @@t 1%1la)st§c@tttﬁaerinagfaugt1 %Zlbm ,aoff Stt:lﬁﬁsﬁg, all
OC e men

B s PeE S BTD SYeb e el Rk P sBen  Caled 1 FEL © Then

downuplveckd 3tapsi .(@9bas may thee pms@:mrted heo afdxtmlmaaerform

591 oRLRALA ‘dhes%ga%sf%e”% é‘ YLDy ¢! c?]&wnward

mani puI at or erern e ou SI gha
hﬁﬁf?buﬁéﬁ@r 220 230War hol ¢ #i eééb and |a§arl@ur@déaowrrwaard block

Burther 33 rounder,204¢ ﬁﬁa@eﬁ@de@ ddrAddbnddy & Fig. 7,

further adder 205c¢ i.e. to the sequence fed to.the

RBhRi ptt aPER 562D, 1lleatrahieone “E}Ft%ﬂu ﬁéntm%lfﬁ)mﬁunlﬁable for
Ehger9tahbiéngeshkt poaséhe ontventioside is a bl ock of

wi ndowed sanpl es which, according to the systematic

schene as illustrated Mﬁth respect to Fig. 4, are fed
Fogcor? espondsingly dinef t ednDEPL| bl wblksh THese ®unding is

ﬁ@k%5§ﬁegcuf%ﬁmgﬁeeEQXEd%H%ﬂ ﬁHBf@ﬁg]Hﬂf%%ﬁgﬂéaﬁgulatlon

error- containing sequence of rounded mani pul
QQPGQEttéhQWHS&&nE%ﬂ repFesERERPTEA. t?h519CTh\}n that the

?%pgks Jal . x4, t Rys, 1f@piﬁ§«|€_eﬂt &Ihld n@k@gmaat E@f@f@nce of
neans . ogous CKS TO .
SEEPOER S 1R LTS neboar A oL BeRt | ¥ 0Pap ieng v aruation

ahat-g@gous, neass, f.or convertimg dowm biecpobds together form

tHR S g\%%@t'%z SEP:?GQMSHEFM%EE‘ ppghgat 9881 8Q§tﬁ_gnated

I 'nensi onal respec
hé/ﬁpg§esm@p@aglaeme§@rm6esiém mRanpt égér for roundlng of

FﬁE'e”Eﬂtat'@HeOf d e MBS M inFONRIGddidd 0 bFe  rounded
spéectral representation 206 of Fig. 10a and/or_an

&ﬁaﬂa@%%eﬁnﬁ@éé@sl ﬁﬁ’lweﬁ?&?tua]tﬁsorﬁfoftkf‘%ewm%? sef: this block
comversion (for a decoder). The concept of the

In the embodiment shown in Fig. 9, the seguence of error-
containing rounded manipulated values is added to a further
sequence Xys2+1 tO Xy to obtain a new sequence of integer
discrete values, which, in turn, is manipulated (by the
blocks s;, sk in the up block 31b} to then again achieve a
rounding in the up block 31b by the element 204b. Then
there is again provided a value-wise adder 205b, as in the
down block 31la, i.e. as in the case of the adder 205a, to
obtain the new sequence which, in turn, 1is fed to a
manipulator 202c, wherein the output signal of the
manipulator 202c is non-integer and is rounded in a further
rounder 204c¢ to be added, in turn, by a further adder 20>Lc,

i.e. to the sequence fed toc the manipulator Z20Zb.




10

15

20

25

30

35

mul tidinmensional lifting is presented;.in the German
patent 20 application having the off|C|aI reference

. number 10331803.8. Fig. 10a shows a device for

converting discrete val ues -t @&4a- transforned
representation wth integer values. The 25 discrete
values are fed to the device via a first input 100a

@HdtMéaeﬁbééEﬁgﬁt'QRH&n19QbF1@ férSEh@|P&§uPE Qﬁs§ﬁét@htput
val ues 1s supplied via the input whil e a second

pieekisof Hi@@ke@é Véﬁ@%@e@ss%%ﬁb??eﬂh%?% t RECPRPLRS To the
308bemdbec @cﬁh@ﬁ@t&ayahmeasteat@aemltaudi@s@@é@ @b Fig. 4,

|nag data and/ or 30 v dat W,

PRE e BBl G R eTE SR e TR skdgrS. These

bhmékedfDdebRetEsvptuesda&y actnafbym toctodeetiwoan error-
e 0 a h

%IFS hgthe %@%% b OCE%EPﬁggsgﬂéﬁ%ﬁﬁf?%gg §g§'as oto a

Eﬁépuééit WE PireRgas ardpnes diitee DBy~ BV sktecksvahudsg. 4 thus

a8 é@éeﬁ@ fﬁ'%ﬁiezﬂ@ﬂnﬂ&&@ﬁt%& A i e%’eﬁh‘somﬁ of Fig. 1.
difference val ues. in di fference codin et c.

%PF%PHQPF%?thﬁoWé\?S?‘S tﬁ?éf REF T BIHAG '0fe dtResete integer
pafruey neyphavenbeeanalbpeasedmtanpr efopr ocessenging to a
ﬁucho%g |n the g geg i npl enentation of the - 35

, rePthe P Fst°brock and the second bl ock of
di screte val ues have been generated by G vens

é%@éhﬁ@ﬁtlﬁ;r Omt‘ﬁ%t U%Jﬂﬁil‘%ﬂ%‘éﬁd SRMPLES - Ehftiam&nsmnal

and t he se di screte val ues may thus
deffried ﬂﬁoﬁl@ﬂu@ﬁﬁﬁ wst%ﬁudqe@p&a?ttat@ Gl gl Sat al%yto 15 to

§@€§eﬁtoceﬁﬁlrihté$§ a§mpl@h@ht@ﬁ§onDGBEUt&ﬂk@nSmeans for

I / tt
BPREETLAHS: A6 SHeonter bok of CrEerBETi0h 005 ot aFto- 10
andvori rafnoratml@gnmdintegﬁﬂgampﬂfememaltmnn ol thhoeighnverse

EBSYze%% pot ‘E'S;EECHEY 1ot Anp! ed of, di gef %te?zted of? the

ge val ues. rst of " di screte Val
méélt@dlméaﬁgomai ﬂélftlﬁgoéésﬁl?ﬂgsqfﬁ@cfllrsﬂm oErrpan patent

Qbﬁ@&%b%l%ﬁ'ue%a%§h@9 a fHd st otfansform ruker¥h@et henumber
ut 100a to obtain a first block 15 of transforned

998§é§ Oat San out put of the neans 102, as shown in
Fig. 10a. This first block of transfornmed values wll

FYB'. cqbhy sA9LsPE 14ALSE8 £ RULMLL LRS! Hdg LLRAtLAG es 1o
transformed representation with integer wvalues. The
discrete values are fed to the device via a first input
100a and via a second input 100b. A first block of discrete
values is supplied via the input 100a, while a second block
of discrete values 1is supplied via  the input 100b. The
discrete wvalues represent audio data or image data and/or
video data. As discussed below, the first block of discrete
values and the second block of discrete values may actually
include two temporally successive blocks of audio samples.
The first and the second block of discrete values may also
inciude two images represented by discrete wvalues and/or
residual values after a prediction or difference wvalues in
a difference coding, etc. Alternatively, however, the two
blocks of discrete wvalues may have been subjected to pre-

processing, such as 1in the integer implementation of the
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poi nt values, as they are typically obtained by sone
transformrule, such as a. Fourier transform a

Lapl ace 20 transform an FFT, a DCT, a DST, an MDCT,
an MDST or some other transf3& m such as a wavel et
transformw th any basis functions. The first bl ock
of transforned values is fed to nmeans 104 for

MQ@ﬂd'nﬁhéPé fﬁﬂét 0 06K Qﬁxkﬂ@n%ﬁﬁﬁnﬁﬂe V§E88§dt0block of
obfain a first bl ock of rounded transforned 25 val ues

ghsEhetButputes dl’r}aV?héoer&fangeil@AfaFSﬂ Bungitignss rotations
femﬂedldt@aa&@f OF 1A oy I edngi ag. fm@t lmsi,SU@hda&he second

t di d/ di .
RERAR B2 2eperra: edvaspamit g n e et A0 o Sainal
vaflue, é&dfta 3ﬁ:Thmag@undang rhYesnnpiem&nteasbmgthesuch as
FSE‘Q Q%‘faﬁsgﬁﬂ%aaﬁﬁgon Mse/n{l‘?{ust %éﬂééﬂll%ﬁo‘?ks%lmgs,

roun ormed val'ués agaln comprising on
Eht:egegrtlxﬂéll ueshehosiersiec Qﬂdcythﬁ? s sgeradni ey Otfhedlscre‘Ce

ﬁQyﬁgbn%Uﬂﬁﬁ%lﬁﬁﬁh@ylﬁhgrﬂﬁﬁﬂ§n1Qﬁd/oIh%ﬂH étl@f@ﬁﬁatlon,
rounded transforned val ues, just as the second

BFBERUSF ahe¥rafe HaFudiTappl et Ot ARTRERDNAT | %%‘freuzed
iA8be ts1gsepplied to nmeans 106 for summing to obtain a
second bl ock of summed val ues. \Wen the audi o signa

exanple is considered, it is apparent that spectra
Vakbugsrst3blofkomtt g sfanedte biadolesofis oigrtleh means 102 for

bE@BéEQEH&dtM@ E?%s@rﬁloéﬂd% HQsEkQ‘é‘eV@éPEésfﬁQﬂ%h& first

second di screte  values by the nmeans
Fﬁénaﬁgémeﬁglﬁmﬁkﬁs%heth%Pu%eéBHa Bocietarid q(ﬁlISt block

@xar@ae;sﬁ@nte@gevy@h@@sﬁltl tan Sobhtpaeomrentes tnaahst ez, as

L5t Bad e T Phiedhop 20552 TR DATTH AR G0 Fares
Vllnnﬂyprrakﬁﬁ nowo bmtlﬂﬂﬁﬂﬂﬁﬂmbatewudlban@ﬁqﬁmtéﬂoatlng
BB Ped IR ot IR arf i RIS op e sily By some
bsapefpesmmeli i 1 h stied f assta bFoskiel rovageborm, a Laplace

t:ﬁ_»aﬂéﬁ:@medanvq*ws Angepr W bBrt hepsespnd RIPAOF or some
di screte values i'n that both the first block of

PoliRdc G RPSASEBr mElChaPGed YAGCL1Ehe tEEREAATHI Yikhopny basis
guserebasvalrues faret frodxaplerandfvihe@ssvalbes is fed to

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 1is
formed to perform some rcunding function, such as rounding
by truncating or rounding up and/or rounding down to be

performed depending on the floating point value, etc.

The rounding rule implemented by the means 104 1s thus
responsible for the first block of rounded  transformed
values again comprising only integer values whose accuracy
1s determined by the rounding rule used by the means.104.
The first block of rounded transformed values, just as the
second block of discrete values applied to the second input
100b, is supplied to means 106 for summing to obtain a
second  Dblock of summed wvalues. When the audic signal

example is considered, it is apparent that spectral values
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The second bl ock of summed val ues is supplied to neans
108 for processing the second bl ock of summed val ues
using a second transformrule to obtain a second

bl ock of transforned values.3df the transformrule
used in the neans 20 102 is, for exanple, a
time-frequency transformrule, then the second

Eranstaldn Rf%%tusﬁﬁoéﬂ @Pckoéﬂéeu&tﬁé’f{sfﬁ%ﬁg" falBles are
frequency-tinme transformrul e. However, these

ﬁ@ﬂﬁ@ldﬁ% ﬁ&?eaﬁ§815€5r@%@ﬁsé@@esﬁeFﬁétit¢k9$¥r§ﬁ'dﬁﬁscrete
theuesegondrhbocle0fs disel etrer vahdesiiaicetfeOl v&X@®P| &f the
ectral §5 %alues so that ti vaIUﬁ%Fare obt ai ned i .
509% MRANSE 102 1 ort Pr o CEEIRHG und&L TRHE « YahdFdrm 1t 1S
rabepmahileé spedtrahe valwes aleckgarh abtaideed byanstormed
far, pro rs
R A L i T
wétbndher amsftora rin etl’ma%/ t:hag, baoa uBd tf muedlener are to be
bapkwacrd Pﬁ@n%kgf”%uﬁ&§thH9erﬂﬁkﬂﬁﬁ the i@V%bi%rﬁnt for

transform.rule is the backward transformrule of
FBPREr ¢ Rtrafsh dr“m‘i*&f? eaTt edpatt iV YN ih N LERBHE B ks may
Bt tpeatsfratatede vieth uesel Eifred tiol sRRNS FlLburdted Otransformed

roundin s_sha i,n _Fig. to obtain a secon
KRBk oA Rade th st bl Bl A rparpyuess in
tedtt botheahs Ilzstoblsubtpéctpngded subthpéctmetevalues and
%ﬁ@ong%?59 kEﬁocﬁo%ﬂﬁeglgg§eﬁgor9§9u¥§| ergEthgxample,
first of discrete - val ues supplied via th
ppi&deEAput 108a to obtain a block of integer output
val ues of the transformed representation which nay be
tput at an _output_ 114, ocessj ng the bl o
DS Sh6k B MBS B T Tir 1 bt ica 68 feans 108
Eemrq&mﬁaﬁsungLEM@gsanynumhmdeameenmmedlwaMmaﬁtuszng a
l's ed he a or, Whi g ff
P Phe Ceted oG B P boslueRP P alinding B-FR B baR°  °f
ofransinshesnwd lusat puftf tzaleuégan@f@@tnamla beedkiof the means

Regnded Fﬂfﬁ“ﬁ%HﬂB%% Ut PLhe N@%&@é@n@@dtP¥n§PQ§£QHSPE then
summ ng of the block of 10 rounded t ransf.or med _qut put

FarPue8®gARIt hEr 3BREEAE DI Beke of UsUnmE WAARds, 188  is, for

febtétnb&é bl ockrefjueAtggeimeut Pihinyed LS rofle .t Owever, these
f or med representation nay . be obtaine roviding a
SRt PR, PSP s ehPESBArar: 67 GRneH (ot shaafd the
Bbeond bilock of discrete values are, for example, spectral

values, so that time wvalues are obtained by the means 102

.for processing under the transform rule, while spectral

values are again obtained by the means for processing by
means of the inverse transform rule, i.e. the means 108.
The first and the second transform rule may thus he a
forward or a backward transform rule, wherein then the
inverse transform rule is the backward transform rule or

the forward transform rule, respectively.

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

rounded transformed wvalues from the first block of discrete
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second bl ock of discrete values with the bl ock of

i nteger 15 output values applied to the output 114.
However, even wi thout the |ast three steps of
processing, rounding and sunding, in which the bl ock
of integer output values of the transforned
representation at the output 114 20 is used, part of

%Q@u@@oh%pbﬂa%%f%ﬁ%ﬁqjﬁﬁpfﬁéﬁ@tfﬁﬂ&ﬁ‘I@@b @%réﬁ@ngea block
ohtained, i1.e. for exanple the first half which

Shb[OCEEE Tt SHTRNT A p?%c‘é%%. ﬁaanaﬁpm@darﬁaéﬁsentatlon

ealcul aﬁa;onbef dd’t@)uf‘d r@t aﬂd dnesecond. b|B(_9/Cka@c5cess:Lng the
val. ues to be. noted t

hscr [
gﬁgF deopfendnlﬁ e%ﬁrt he “ttpr”a‘iwsf‘é?%ﬁ“?%l e theq?ef rsgraPﬁéormd
gsepordecandttibe thsinh tmanstbimir Wrensfforanyrubay wech has

i ti C This | f-ar | i e
RISE) LRt S L7 LRE RS 102 WM HifddOrron che
gale, afe byFERLsgRiLERti sonpdingenti c¢he béockhefFETansformed

eoubdtbeyaiseds ax d hepeasand (iyivensed st nansfrdn ts_»ah%formed
For calculating reasons it is preferred, to provide

S5 PRAn ST YRl %n?lnbtyhe‘s‘i‘k?ﬁerﬁ‘%ﬁnta RIS R dHe |]?l°Ck of
tbanﬂ&db&maﬁsﬁhﬁmmft@uwﬁmweﬁamﬁekhenﬂl@ﬂelﬁémdhdSblock of

t n f di.s e alues of the secon
%ﬂ%ﬁﬁd %al%%%qughrﬁqré% fb% % }?t?%%rnaﬁggP%oyagues of
dhec teraafainres! ofeprgEnttdta dr mey heockbbhatnefieproviding a
RerReLaf @fa%s:gfaﬁné@l Q@ﬁr@gehgﬁtléﬁcw Pﬁ&clﬁrsltmand the

respectively, 1s N, In one enbodi nent, the neans

SREC1E0 bfl(?er( RindPRECERES BafBered ity rfchﬁmbla%lér @f ngnteger

bataputowadiueg bppatiean tpr evkediongpieunded results whose
accuracy is less than a machine accuracy inherent to

a conmputer performng the functionalities shown in
Fogevi@a. alNarh wesipeet tbet Hestr dindiengsfamet bbnprickessing,

r%uhglgg %Qkﬁqﬂhﬂéﬁg%a:ﬁg f&ﬁoyhéob%géﬁggk QHqgggrt%utput

he next larger or eger
yedtesr ef é?hﬁadﬁl@?ﬁfom@i r@@mﬁeﬁwwmm oat nﬁyeapgbput 114

MBP (D Obher bRt YR Syh &L £Ees AYARES %g?ZeE@rﬂ:E@J_on may
Iagrrber 10 or to the nunber_ 20, as lon

6ﬁ&ﬁﬁgbﬁumﬁﬁ%ﬁ?6 , l.e. for example %he first half which,

when subjected to the inverse processing, allows a back
calculation of the first and the second block of discrete

values.

It is to be noted at this point that, depending on the
transform rule, the first, the second and the <third
transform rule, if any, méy be identical. This is the case,
for example, with the DCT-IV. If an FFT was used as the
first transform rule, the IFFT, which is not identical to
the FET, ccould be used as the second (inverse) transform
rule.

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

quadratic NxN matrix, if the number of discrete values of
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effects a reduction of the accuracy of the nunber to
be 15 rounded. In the above exanple, the unrounded
nunber is a nunber with one digit behind the comm,
whil e the rounded nunber i-s38 runber which does no

| onger have a digit behind the comma. 20 Although, in
Fig. 10a, the nmeans 102 for processing using the

Ehéstfltrrs%nsfp;rdn rahe and thenjmanse 188sE0E+Pr 96888LNGF the
u5|ng the second transforn1ru|e are shown as separate

RESAEY PLOFEs t BEBReABL LY hatS ¥n a concrete

inplenentatlon there may exi st only one transform

unction contro db ecial flo
T e PR ikt i FOMA LT Rl R P G i tng are
ﬁbsmeéteovabue§ angarivemyg it er sebynd rramsfuneosiomeproviding
bI I e di
§SGHHQ %orWV%c%%ﬁa@g ihe Jﬁé’éé RO 09 pychine

tine o In this Case, first and
ﬁﬁ@u§é§ﬁnd ﬂﬁ&ﬁ§ﬁ6ﬁw1r@PES WDuIcPQﬂPHﬁﬁﬁﬂl(ﬁ#erKmqm% the

$aABtapRhiesite tRWMO iReansy 104,02110yk 6h raiAg. to the

They al so do not have to be provided as se arate
FEHAE IR £ UDGdy OB ﬁFpl%?reﬁPec?%WQﬁ?éﬂ oAb hg maps a non-

ﬁnnegeonnumbmetdﬂtheagakﬂ QamgeeHdajdmalﬂurfimwwger only

8”55? F%ége éte&88§9§ﬁ£9e T£5r§5Pﬁ&9§§ ggggﬁaoglmaK also

rans ues an en’r ounds
@ﬁptpahgf@th@d vatagerSdepeqduhgeonumh@r téqui renehe number
oh EﬂetﬁlQQBétHﬁhbers%O IQManoﬁgbgg' ’réﬁﬁﬁ{ﬁésfunction
bl ock of discrete values and the second bl ock of

8EEEFEPe AvaFedechient RE iHiRgeFCURRRdowdd Shppnegbegs to be
irbaydade abt afmedaBbvthexeuipu, cﬁhebhﬁﬁkuﬁaedndamber is a

3. The integer n_b] ock f Fi i

SRS e e %’fe%aﬁlgﬁigs b e CRaw L e founded
suchethat ahsumbamstnuhddpepresembagemnhhnethedlgit behind
exameLge,,0f the audio signal to which Fig. 3 relates

represents the integer spectral values at the output
30 of the device shown in Fig. 3. 10 Subsequently, °

K@@ﬂ%u&ﬁr hﬁNQ@ﬁf'yl@QnV€5E|ﬁﬁa%%rﬁﬁﬁpQ@ﬁHnﬂro&@sgiﬁg using
aisillustrated wt resgect to FI

FeH 115&si R b Heke of ?n??&e@%ﬁﬂﬁn&o%a%ﬁ%spéPceSSlng

iBéng the second transform rule are shown as separate
means, it is to be noted that, in a concrete
implementation, there may exist only one transform function
unit which, contrclled by a special flow controller, first
transforms the first block of discrete wvalues and then
inversely transforms the second block of summed values at
the corresponding time of the algerithm. In this case, the
first and the second transform rules would be identical.
The same applies to the two means 104, 110 for rounding.
They also do not have to be provided as separate means, but
may be implemented by one rounding function unit which,
again controlled by the flow controller, first rounds the
first block of transformed wvalues and then rounds the
second block of transformed values, depending on the
requirement of the algorithm,
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out put of block 112 of Fig. 10a, there is al so used

the 15 second bl ock of sumred val ues at the output of
the neans 106 of Fig. 10a. Wth respect to Fig. 11,

which will be explained ir B8re detail below, this

corresponds to the <case that there are only the

bl ocks 150 and 130, but not the transform bl ock 124.

2Q Eh% e%@%dymgﬁ% atﬁﬁylffré@rbmaaﬁr%%lxu299¥ﬁ%élqgi&gs and
bl ock |nte er outEut val ues of the transfornmed

FBpr e§%ﬁ?léfiu olﬁ °g% obt afhedratet heabdtputaia4 bhe Fiptegsr
t9adorsd tden @‘sqndasbrt@@& @r@uﬂ%@ﬁlﬁélﬂu%ﬁ: dhe output of

336881 Bhe e Tor havb eereT PoRvert PG Endun 5 F1-
ESgthéﬁbimﬁﬁembhmeH bfy mMﬁnﬂnnﬂﬁanﬁﬁkﬁorIﬁﬁ? showntin Fig
%2%'&%}0 d reps eﬁfﬁh@%b?ﬂehs y%?e%%n"f} LYER 361 1%peu example

deVI ce I nver se conver I ng.

8écthé @Iudér@ Silosgdmde wHliEs Fig f el rolapahsrdloeseorts the

[%96 é%' Nghddti 15 1 %Kueé' ng: t heesesensht r ansf of mt'h‘é' Cdevice
he transformrule used last in coding was the
§Q€Uﬁdlnt Fafsformrule. The means 130 provides a first

bl ock of transforned values on the output si de vvhi ch

35 132 f di ,
BpEBBEhElyt crtanfr Al Hiie ook i 1o lrsFPagending

val LF@SJ .onlfhe isutbutusitetedheithi mstspggdcackt of Figunddh, in
Rh§85f0®@§1&@§L%ﬁe'ﬁlBEE”of“&%{é§éPdoﬁEBH£tQ%l%%%d%t the

ouf put_val ues transf or med
P@EPé*éer?tfat}Pb‘hC%y 1%@ar%f oFlﬁeaﬁgamlﬂ:bﬁf%b%%\l Alsphgised the

fs}l;b&hdml:ﬂ@t:kpfoﬂ:: §%ﬁ1ﬁé@lgf%|lhhg%_r%tt atfﬁder@htfutﬁléiff 149 means
evli C O IS r st ocC Q

IDgrds F i Lo | FREPEEE Eand 1950 f or Which will be
prptessedg irhi mobleocr:kem]ngbtehewtl rgtid r anstespondsal eo the

bt a| n I t al.ues t
‘ggts% tt%a]& a%ﬁ&lcé) Qgg ggl'inhlhser 32%%%@3?55 awf?i o '8t not
$h§n§ﬁ@ﬁﬁﬁérmsbﬁpﬁ§cﬁéd values is, in turn, rounded in
the means 152 to 10 obtain a second bl ock of rounded

transformed val ues. This _second bl ock of rounded
ElanstBPMBHOVEl BeSeVaC8ubPracPBET SPLENTPRECEE BAIR bLock of

bheelgeof csupned vealiees ofif eviededagBfbRfied representation, as
obtained at the output 114 of Fig. 10a, and the second
block of summed values. The second block of summed wvalues
is fed to an input 120 of the device for inversely
converting shown in Fig. 10k. The block of output values of
the transformed representation is fed to a further input

122 of the device for inversely converting.

The second block of summed values is fed to means 130 for
processing this block using the second transform rule, if
the transform rule used last in coding was the second
transform rule. The means 130 provides a first block of
transformed values on the output side, which is supplied to
means 132 for rounding, which, in turn, generates a first
block of rounded transformed values on the output side. The
first block of rounded transformed :values 1s then
subtracted from the block of output values of the
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i nput side, which was input via the input 120, to
obtain a second bl ock of discrete values at an out put
136 on the 15 output side. Wth respect to the
relation of the first, the sdfond and the third
transformrule and with respect to the speci al

i npl ementati on of the individual function blocks in

Ergns20rh®b bypeeswnnat tibat benmeAnks cdNtheins 134 to obtain
grr%zgogdﬁg % 8§;g%g$%é %L?é %%ggg ngl%ifgt output 149 of
Bhbsdquent| 9yf BEiprelebred enbodi nent of the device for

25 converting to a transforned representation

generally illustrated in Fig. 10a is described with
Bépedtired mkpck 10€. dikeremsodiaerts i hs Fisgppridgd to means

L] Lﬂiﬁs Brivetben ttrra_rssfgwékomcydag 88c CFMRAed tOnsform

# enerate the further bl ock of integer
S50 bRl B e gl o DA Dmadfdthes at the

vakpes. oftheHd mdansipus0 100aisncleudes Nidyutof i B€Snsformed
1.for |nputt|n N value first

f, t
ﬁbt aCF %lgg%gfe valruéd t e TS éP rE%%IRﬁF%ﬁsﬁéz to
phthides Mddarel bbWCknpﬁthnngE ﬂh@ﬂﬂﬁuﬁm&&;@@iues This

secon&zmd%dy &Per%%ﬁggﬁ w: Al rgligcys SesV%jye§ubtracted

The neans P is drawn as
ﬁF@ﬁsftd}%reﬁePﬁnFludo qfd’e theswre@rérﬁéﬁl@ﬁne?rmd% on the

ﬁﬁFﬁEd51H@ g%ﬁ?bﬁt%aH Qwﬁﬁf @ﬁﬂ;?ﬁéffﬂﬁqfiEZUHH?ﬁ obtain a
val ues, .each o ch is then rounde t
¢St g Pt Obs FRAEBA® A i by AfbaictAba fRe on the
BugputOsid&he neans 106 for summing is illustrated

such that there is a value-wise summtion. This neans

that the output value of the neans 5 102 with the

Wagkx resipecsurhredtvit t helakienr of Gakudigfsithethecomeond and

Eh@ckﬂﬁidﬂé¥5ﬁ%fbﬁﬁ|H§§eh%ﬂdmhfﬂﬁ £B9BXcN to the special
rallﬁ@HlQG val ue of the first block of rounded

Hﬂaﬁaﬂsp Bl (s BRSt HEGtoHE Lof T¥HeE FoRunBil R kfedds Fig-

101@ myt Feaanaat dlﬂmalctn@mfoennutss s 4 n@ﬂo\ﬁr@@@loh)ﬁing flow
he dlscretg]r ue of the second

&% E%Fus Ihgt RESn G CURTHsat %‘fenme{:%. hespect

t0|§la r bAai ng i ndex extendlng fromO to N 1.

Subsequently, a preferred embodiment of the device for
converting to a transformed representation generally
illustrated in Fig. 10a is described with respect to Fig.
10c. The embodiment in Fig.. 10a includes a further
transform/rounding as compared to Fig. 10a to generate the
further block of integer output wvalues from the second
block of summed values.

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

to generate N output values from N input wvalues, each of
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The neans 108 for processing using the second
transform 15 rule is also drawn as DCT-1V
transforner. In the preferred enbodi mrent shown in Fig.
10c, the means 112 for subtrddting is also forned to
perform a val ue-wi se subtraction, i.e. such that the
out put val ues of the rounder 110, i.e. the values of

vhecsecond thleack refuincednded trlansfreuikd nval vase 2@ gnhated
' lyldualg¥ sub racted fromthe firs

bl ock of
Y o 80V RE BY R RGS chiB i HoRt o sholn: | [ BE2Bcl06 for
Bummsngpn&fenﬂé@stmapedf0$w¢h ddratespbadengis a value-wise
on 1§ h of e bl.ac
SHRhREEbhol TSN ddile BB R ol SER DS Pl e means
v8Eueigh the ﬂmd@tx 9 dek swimted el 25 tdradi fhiaf sthurbese jof the

whepgHN bl@gﬁinofun§1§59€tg t@aﬁhés Rhterpatingl Yingex W.
howeve al so be perforned other

gﬁﬁﬁﬁﬁﬁ%ﬁs/sEgFragﬁﬁHﬁs dycHinattisgr Sxkiff e, oh rounded
vahtierofmed bhookswiath thiae cﬁwaﬂjutalomtﬁmerr@indmg IBeans 104

ract ed th value of he ot h b with t
% g%na nuﬁL Iﬂﬂn 30 fong astih3§me1Aué¥iy Summeg with
Ebﬁr@b@@ﬂﬁ@@lyalake@ﬁrﬂheaaeo@nﬂ|hﬂ¢mb of nwertgeit values

GoeMensl A-qitle NneaRse 14 hor (Jibtd;act] ngg alr%ﬁ%&;ng index

provi des a block of |ntegéel output values of
?F5ﬁ§ﬁ69ﬁe3r9@ppe§@nﬂa@ron on 35 the output side, i.e.
the integer output values yo to yN 1 of the
# ansf or med ggpﬁfsentatlon In order to obt ai n al so

& PSS A% MBgeP BHEREL Taltien %f Chfie TRt of RRRSTOT™
repeesentdsicomirawre.as METUI herad GokugmMN t Dn y2he 1preferred

Eﬁbédlméﬁ Eﬁo%ﬁtiﬂnghby ?Sg'rﬁﬂ h0g,0! 9¢ ?EriEE89§5cting

out put values of th ranstormed réprésen
applalee teoxmed olipirenirm i g Q’@Bp@cwe@et cwltragisiormi.e.

YSEAQ thiae tdhd doh&%ﬁﬁf @Mamu@él &£ bynd heLiarwar Cilo i.e. the
transfornmer 140 erejn the output values 5 of ‘he

t
¥anBear &taddit ?%%wafédblagk. Aty stadas bfyr%%@m@d values,
aeans 1hd2vitiaanaw p@umrrmoa;@dadcﬂrtdnon e t hEBEstval BBSck  of

Lth, th d f d t t t ...

P ret R RER R Lo e B R el "t Re Pef apenalls it is
nuséeaked4zoi rperFﬂogcm 0oz o Mites murt ity vammr@sacommesuch that
ﬁquﬁﬁel%%tﬁﬁg'§€u5§@r§§ggﬁ ﬁlEHr%. dg&h_%%%ﬁ%r of N+i

I nt eger out put val ues o trans orrre
FEpraRdiiatticsh WAPEh aar Baddsi gnfat ey Nt block with the

crdinal number i, wherein 1 again runs from 0 to N-1.

Alternatively, however, there may also be performed other
summations/subtractions, such that, for example, a value of
a block with the ordinal number of N-1 is subtracted from
the value of the other block with the ordinal number N, as
long as this is correspondingly taken into account in the

inverse conversion.

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

representation, i.e. the further block yx to yas1, 1f this
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Y2N-1. Subsequently, a device for inversely converting
the 15 transfornmed representati on according to an
enbodi ment is discussed with respect to Fig. 11. It is
to be noted that the operatid¥ns perforned by the
device illustrated in Fig. 10c are |osslessly
reversed by the device illustrated in Fig. 11.;Fig.

i3 eggrcﬁatsmmgs Cte%lElefQi Li?be%ﬂabckh@fe&@l%efin &&;?ft values
| ON NSt or rounagl n a (0] era
bRt Rg L B A P L L R O O 2P Pr e 5P S fepue 114
nhesubpatted2®olm ﬁhﬁmﬂﬂhﬂmlﬁﬁnhmﬁhﬂmm i fd gtrdn®borm rule
h t f t .
PYOTRL] et e Ol {18051 PIRE ALY SRR vatues
@évéh§e§at§ye tarﬂéef@@@moﬁoaﬁdzg,s@lst raddtuatgrated by rounding

ﬁ@éﬁgcqwel Yo lntowl %ae&%ﬂwaﬁ Oackaﬁﬂ%ﬁ%f h@des@nvalues with
adder/ sub fract pair (144 o Oc and 128 in Fi

g.
1§ mEFASo Becbrm déammﬁfih mes qhntig equtput Of the
boMeetedoew bB riaspectrated hgy sign, remeddrade timéral 144 in

£ ou uaptities is provided with a nega e
RGP aOeommabea PRPEhE L niakishn thectnt hetulnBF 1Y ® then
thpneaenUablﬁqmﬁﬁarrhchksmbﬁraétﬁ@me@perauﬁmmtzmalues of

t
‘EH gtal% t}’osrn{fz%s %%&@a P&r? chh” Lhe & -y, to

8 1n en actually perform
am-addi ti on operation. 35 The subtracter 128 shown in
Fig. 11, the adder 134 and the further subtracter 154

re again forned to erforn1an i.ndi vi dual val ue-w se
T g R LR AR G S L2 RS S
nmnbelfopmedegsamsaqumd)rasadescdnhgd to 43n wribodiment is

F di nal
FESREChln Tkl il PROHIET S0 BP0 TR In¢Pforea chac
thﬁe@peurmt@oa@cmfoar@ﬁdeépomnmgﬂ@vme Fhludiragedtin Fig.

tlh% %&teouio%léé‘&?m%'b%%%ﬁ ]i%ﬂ tBQeB%v'l%ea| {eAdY td¥&q in

first block of discrete values 136 designated xo to
?Ngl.lﬂn Fégdeﬂlt8°§F§§PSBﬁélﬁotﬁégreép oVifRethe exception

backhler ansfiaringd 1 r@ﬁrﬁﬁﬁiﬂn@tﬂﬁhdﬁr@e didgd Hbogknétate the
di screte .values_is lied tot transf r. 150 :

SBEPAE g W't 10T haFRFEL V20 EranstbiTh r i e Loihdge Che Laput
&aDu@$(nharmmhmm;mEnsldhoanelnown@edlan4tfmpmoUhdefurther
ﬂ)?ﬂ%c@ngfaﬁ:%a%%ﬁ%tdeqm{gﬂg t%%@eesc.orpc bié)c%o be noted that
the function of adding is reversed by the functicn of
subtracting, respectively. It is further to be noted that
an adder/subtracter pair (144 of Fig. 10c and 128 in Fig.
11) may also be provided with input guantities inverted
with respect to the sign, so that, if a group cof input
quantities is provided with a negative sign as compared to
the shown case, the adder 144 then actually performs a
subtraction operation, as long as this is taken into
account in the counterpart (128 in Fig. 11), which would

then actually perform an addition operation.

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

the same ordinal number processing is used as described
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of subtracted values at the output of the subtracter

128 to finally also obtain the second bl ock of

di screte values 156 designated xN, ..., x2N 1. 15

Subsequent |y, the mat hematictdl3 background for the

devices, as they were described with respect to the

Figs. 10a, 10b, 10c and 11, is discussed with respect

mthhe:e‘ap@s;t 120t @igl5. 1@y. t he idddtsidat edadeyi ceni®er use
nver and/ or_f [

EP R rbP e EFvET 1B dines Wit oEhom Ny utfe 5 taken

pnb0|dedountmhbchespendapgleLMHFl@n Bfror is reduced

In addition, the calculation effort is also taken
into account in that the basis is no |onger the known
&ppitbacRusitWpptlyi Hee t RebRBarteri Agdschdwwmet g seaxkready the

§h¥§BSbE@Eﬁtb@nd1§6§é€bnvhhﬁég 1@%“@¥§1898Hédt&bV&@JxN1 In
g%g ference butterflies here. The consi der abl y
a

<Ot o XonBBERLG ef R8r 1Eo&" cOpalBd tBAC kRerans formed

ﬁéngBahtﬂBMOHpteghé vfﬂﬁﬁﬁn1ﬂﬂodﬁuadﬁraﬂsEa&@tbo belues is
3 Lifti schene is used,t .
SRPaFRedn vl rvir 1 FBPRSERFRGEr "abr GRTRALIOR Bf g the first
Exaeﬁéor@taulen.Wboseavalsﬁa an shaaoCosat)sB8de Casa rounded
%ﬁséhé §bﬁn§er11§2(5n8)aré'Quﬁt}ﬁ&tédsf oft tfe séconé4block

IS Integer approxinmation 1s achieved by using
pguﬁapﬁéacted values at the output of the subtracter 128 to

finally also obtain the second block of discrete values 156

designated Xy, .., Xon-1-

Subsequently, the mathematical background for the devices,
as they were described with respect to the Figs. 10a, 10b,
10c and 11, is discussed with respect to the Figs. 12 to

- 15. By the illustrated device for converting and/or for

inversely converting, integer transform methods for a

. lossless audio coding are provided in which the

. approximation error is reduced. In addition, the

calculation effort is also taken into account in that the
basis is no longer the known approach of applying the
lifting scheme to each Givens rotation, wherein there
always occur trivial sum~difference butterflies here. They
considerably increase the computing effort as compared to
the original non-integer version of the transform to be
copied.

Normally, the 1lifting scheme is used to obtain an

invertible integer approximation of a Givens rotation.

coso — sin o 1—6050{_1 1 0 1——————--—005(}‘“":L
. = sin o ) 1 sin o
sin o cos o 0 1 s5in o 0 1
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function after each addition, i.e. after each lifting
step. The lifting schene may al so be used for an
invertible 5 integer approximation of certain scaling
operations. In the specialisti4uablication R GCeiger
and G Schuller, "Integer |ow delay and MDCT filter
banks" Proc. of the Asilomar Conf. on Signals,

By eﬂﬁté@droaﬁpha‘bgliﬁlatzaﬂzast ﬁ%hlfe@eldg\giynglsilirfd igrounding
€co OSIt scaling. matri W t
SEEPRPRant “Bauar O o G PETlh o Choecr B e Bty ter-
C00 11 d dOl) (d1110 1d) 1d This lifting
mﬁgoﬁﬂ_ scW%h%h héy Q%. %SIQQ fgf3 anlslnvertlble
2x2 sca I'S

Ich on y el ates i ng r|x
é&t@ﬁ@lédaper@ﬁémﬁm@nd@ﬁeﬁgrbﬁan @@\@bm%pémwéww In the

abécyakys-@ ﬁﬁgmchhgoab@ve@%@tﬂ %@r@ ssthgtl 1t ed Byreger
%W gg;rlces nmber of _di screte
u

151y aaBFloéﬂ(DC? sflléFﬁér b"t‘W‘é‘h o?ré’&ual °% o t2¢ Thuklomar
thefresoht isidrls, f osyatymaxnag@ matmipatErswhi Adt02, the
ggfﬂng j Hr ef erfanblr{gobgnl Qvgrﬁtsl% logE tohfr Iaf Oé}lcé)ws%%ling matrix

ecorrpos tion in ces IS

poski bl deteheieint E2adescrpbésis hélpcwspedingnd nde ¢ xibed:

~T En En, O™ Enl/\En T 1J 25 In addition to sinple

oper ations, such  as rmut ati o [tiplications
by -1, all three B S_ of ~ tthifg( 1 ﬁboél i on have
the follow ng geheral str Ugttur eo 3@ IJQH_ En - 45
For this 2n x 2n"bl oc rix, genéralized lifting
schenme nay be used mhlch IS subsequently al so

referred to as nul tidinensional I|ft|ng 5 For a )
vBEP ol 161 1Rfe ApAIog@e S td oo, which igopuqyjdimeppional, i.e.

@H@EhC@BEQnr%&aE%%StQJ%P%bﬂ?l§é3ifHéﬂﬁé¥¥ﬁ§r] is extended to

[ ow ng~ equati on:
the multidimensional case. Specifically, all wvalues from

the above equation:are substituted by nxn matrices, wherein
n, i.e. the number of discrete values of a block, is larger
than or equal to 2. Thus the result is that, for any nxn
matrix T, which should preferably be invertible, the
fellowing decomposition into 2n x 2n block matrices is

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

T 0 -E, 0 YE, - TYC &,
or') (r* B )0 E, \E T

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

decomposition have the following general structure:

E, O
A E,
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En O (I 11 AEn)(x0, ..., X2n-1) = ((X0, ... ,
X~ t), (X~ ..., X2n-1) + A- (X0, 10 It is to be
noted that, on the right-hand side of the above
equation, there is a vector- viHose di mension, i.e.
whose nunber of l|ines, equals 2n. The first n
conponents, i.e. the conponents fromO to n-1,
Eerr 658psndnt 8 X0 bdogh- DatThE, 18 gevendlhzednpofibhng, scheme
I . €. e nd- hal f t V. f e [
g B Ran el angfh, nbf e Bl T RS o o
suitdfiinhassenahdlblifodkgof di screte val ues, i Xn

., X2n-1, but now sumred with the rmultiplication of
the matrix A corresponding to the transformmatri x of
FbgS. 220,d0%r 10 10 apdidds apd thefirst block qf , the
di screte values x0, ..., xn-1. The transformmatrix
ppplésentont et fhist , bibeksevdmdzandrohedesi ridhe following
%rag§§8 mrule, respectively. 25 Simlarly to the
cSmiron ifting scheme with 2 x 2 matrices of the form
30 these 2n x 2n matrices may be used for invertible
inteéi; approxi mations of the transformT in the

Bh1Gw ng way. Rpr i nteger ipput val yes \(xQ, (. -, ‘
2nE1 ’,‘O't'hé'%éfno@f Tn(éx%or htX“*éEK%Ut' VAl ties f%b (o7 * S =)

n-1) = A (x0, ..., xn-1) are rounded, nanely to
i nteger val ues, before they are added to - 46 the
i nteger values (xn, ..., x2"_1). The inverse of the

BodR Hat Pexnpésdl tdass Pol thRsright-hand EAJeERA Ehepabove

2qhRYS onl hi ShPFOCRSS MY che JrnVigd &0 WikhBRUL RN TOf DY whose

S|%gl¥ %glng the same_matri x A and . the sane roundln% .

PURCELoPT antehy AOWALGbtTHct TRY LAESFedul P RCVEPLes 1-©-

thet eathpohehe faddi Mg to hhe, f oovasdppr@cesskpgroThg:. The
rmaﬁdrprocesshggtls 10 |Ilgﬁtrated i

foco COMpo S, 1.e, el Flg .1%' élgector
e bacKward Brocessrng (S Fust§atéa ?% %I&. 1271t

resud thegnenedhehat ghtehand side of the above eguation, are
equal to?a sum of the second block of discrete values, i.e.
Xny s Xop-1y but now summed with the multiplication c¢f the
matrix A corresponding to the transform matrix of Figs.
10a, 10b, 10c and 11, and the first block of discrete
values =Xo, .., Xp-:. The transform matrix represents the
first, the second and the third transform rule,

respectively.

Similarly to the common lifting scheme with 2 % 2 matrices

o)

these 2n x Z2n matrices may be used for invertible integer

of the form

approximations of the transform T in the following way. For
integer input wvalues (%3, ..., Xzn-1), .the floating point
output wvalues (vo, ey Yn-1) = A+ (Xa, e+ss Xpn-1) are

rounded, namely to integer wvalues, before they are added to
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transformmatrix in Fig. 13 is identical to the
transform matrix in Fig. 14, which is preferred for
sinplicity of the inplenmentation. 15 Since the val ues

(x0, ..., xn_1) are not nodifi%ed in the forward step
shown in Fig. 13, they are still present for the
inverse step, i.e. for the backward step in Fig. 14.

the imntegde ratleeédst hak,there,are, ng spegefithverse of the

ictiaons for t he ix A Therefore, it does
REPEReBRtEnR: Foonioa' 05 BRLLPHORr tibie. In order o
obtain an invertible integer approximtion of the

known NMDCT, the MDCI &f & conposed i$ o Gvens 25
rotations in a first [stage| wherein is stage is the
wi ndow ng stage, and Em DjLubs quents -1V stage.

This deconposition is discussed in Fig. 3, which wll

be explained in the follow ng, and described in

detail in DE 10129240 Al. 30 In contrast to prior _
ARPS. | RhdAi EROCKRE SDORY P& siiferidrfsbsethqt oo sevieriay simply
skaggsthE ChMenpatetiat hopnd the thaBstenAyihgSehfict$on, and
eft unchag&ed nd suﬁsequently rounde

fFGs i ht

. 35t iIs
Howh 't h&tH BgereHppr'dyd wﬁFSBﬁsofl%‘éeﬁ‘jtT-Of the
bWdisgpénf ohaedobyasdvetrakbestaggs 0hel fbkwagdbpsedessing is

; - rotation The. | 0 i rotations .
%gxgg?g?ﬁéﬁedfbyﬁiéheﬁgﬁder:gﬁgggggs%agﬁgaﬁ% r#é%éﬁflng 1S
Thaystrréedunber Bi9. G Vens Fot atd orfe | Hegi netedy OhgN the

keanbfolr matiiiansform of 18he sl engidh M. 1The, Wwndowtags corm
sta%e of each MDCT 5 deconposition onl¥ consi sts of

NP TERVeRs Bt at fon¥héFNof S BRPESFEGHRIIAY SLBRSICTRYsOE the
papfleeghankyohor transform |engths which are high,

such as they are used in audio coding applications

(for exanple 1,024), the integer approximtion of the
BCRckV Provivedsigshe (Aad n..conggiibutdmon nd@ twodhéied in the
2BRLAXEMALION KILAY - 1 The; gPPRaac & r}
nuItLdinen§¥3ﬁ§f“ﬁ{f%%kglagcEgﬁe&h%ﬁﬁé?k?HgQﬁgﬁb%?g%?nt tor
F@@napﬁ§r§pe§§epﬂ EhE- Fythe backward step in Fig. 14. It
is to be noted that there are no specific restrictions for
the matrix A. Therefore, it does not necessarily have to be

invertible.

In order to obtain an invertible integer approximation of
the known MDCT, the MDCT is decomposed into Givens
rotations in a first stage, wherein this stage is the
windowing stage, and in a subsequent DCT-IV stage. This
decomposition is discussed in Fig. 3, which will be

explained in the following, and described in detail in DE
10129240 Al.

In contrast to prior art, in which the DCT-IV is decomposed
into several stages of Givens rotations, the transform

itself is left unchanged and subsequently rounded.

It is known that thus the'integer approximation of the DCT-. -

IV is performed by several stages of lifting-based Givens
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reduced to 3NV2, i.e. rendered equal to the nunber of

15 rounding steps in the window ng stage, i.e. in
conmpari son to about 2N 1092 N roundi ng steps in the
conventional |ifting-based #@proach. The DCT-1V is

applied to two bl ocks of signals at the sanme 20 tine.
One possibility for this is illustrated in Fig. 12,

Wbeae;toher etqarrmtmtbetrvmﬂ g}ﬁpfmaddltyotsat@miy@ %@@kﬁined by
al e I u ed to.a 1V et
%F]ocks %Jhngar ga §ubj e%{ édlettc%“tﬁg fim%:uasrfsftéli)?rs er of

Rowever rotaksonbeisagpies bff OwdNchagnklsfof a transform of

ti | 5 f t
AUk I&P%Q%@%OHa na ?tl The, J56 Osgkggg rom the op  wper

mul ti ng equati descri bed above is
gpprmeasiéiehe Otrtlafns%tsmstttﬁ eof wh¥ éh Giepngl stigeions or of

QNVQ'deﬁﬂdﬁﬁgN ét@pgﬁtrTﬁusAS bE@tleYﬁ&i%ﬁTfor transform

articul arl ain 30
ﬁﬁ@gFg§uﬂf ?éhtﬁé §FE§% ngud 6H%O§Pﬁyoﬁ“%bruﬁﬁ€ in audio
cordept a@lpxi\lm:altrioﬁlsg (ir DEHahfl &N D, (ENI)— DGEl']ha/ Ointeger

g@lp%ﬁ%%g}ﬁgno%} the rru%ﬁll( %\ﬁ %Itgj{r:l%eD%}é\% maln contrlbutlon

&xt thet egricardémdicgspnnerrbirock matri ces, so that the

result is the following: - 48 (DCTIVO 1 - r- ENO

1r ENO )(EN - DCTIV)\ENO /\O EN O DCTIV J Il 0 EN
JrecHRPENSR 9SER Odit vAERCERDPEDS mpkisidinpgnsional 1lifting

appkmeat iMomsQf thd rr@?ﬁiﬁ(ﬁj@f m £ Orbﬁ@?DhQC%SeQEb i% ¢ DCTry is

L.e. t t Wwo S O | screte v ues e

Shacks TRt P oRagty TR Sa) BiTonEondpe number of

robnidngy sttepss 10 EfxbOwENdowﬁ)ﬁ?ﬁl HiENa) DGCT] ViENcOmBNrison

%ODCJ$5uE Tth%bO%@ 'gtg gph a@ﬁ% conventional
. 100 ase ?

['lustrated I n Fl on a od nment .
ﬂﬁ¢§#§é bafPEr ePRgoRsh - 15 correspondlngly |IIustrated
in Fig. 11, as discussed.

The DCT-IV is applied to two blocks of signals at the same
time. One possibility for this is illustrated in Fig. 12,
where, for example, two temporally successive blocks of
samples are simply subijected to a DCT-IV. The two blocks
which are subjected to the two transforms may, however,

also be samples of two channels of a multichannel signal.

The decomposition from the multidimensional lifting
equation described above is applied to the transform rule
which may also be considered as N x N matrix. As the
inverse, particularly for the DCT-IV, is again the DCT-TV,
the result is the following decomposition for the concept
shown in Fig. 12:

DCT, O - E, OYE, - DCT,Y0 E,
0 DCT,) \DCT, E,\O E, M\B, DCT,

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

is the following:
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Wth the approach, two DCT-1V transforns of the |ength
N may be inplenented in an invertible manner, wherein

only 3N rounding steps are required, i.e. 3N 2
roundi ng steps per 20 tramsfddrm The DCT-1V in the
three multidimensional lifting steps may have any

i npl ementation, i.e., for exanple, a floating point

based or a fixed point based inplenentation. It does
25 not even have to be invertible. It only has to be

pe formed i ex ctly t sane in the forward
i 10" e batkward { pFecesy. BFas alreBul t,P4Thi E@onCthQS
s i t@bl epfor h()tr@n gujnlﬁn bhs, sych astl, 824.F, 0

as t hey are used in clftent audi'o coding

applications. 30 The overall conputing conplexity is

equal to 1.5 tinmes the conputing conplexity of the

non-i ntegral inplenentation of the two DCT-1V

thURsT orhe. 2P @Smpht i A compirexisfpris tetittyo blocks of
signbfiscant Jey. Ie\aert»tdnamfoencscO@ﬂeraitllsmertel I\fréllﬁ\@s,'35may be

HBES Lot B0 o SO | oRoieDCRUM U CBRANLE FhookifELng

stﬂgs |nplenentat|ons have to use the trivia
plus/mnus butterflies based on the used lifting

schene to achlev ene cons s.descri bed
in R Ceiger, §borep R§$¥e and %
Br andenbur g, "Au @ baséq DET},ntEeger

Transforns" in 111th AES Convention, New York, 2001.
The illustrated approach will calculate at |east two
DEe- laYovier anpiaorinm atst heaphtrealige,ildastaaspelakin iFBy. 10c

WLLALN Qe 19n°°%¥r‘r‘t‘>;ﬁ %%T} Thi TR ﬁv%%@' eve nJe ting is

exanpl e, cal ranstorm

.sgeeesepvdlbgéwkslleﬁtrheedudnoFsggnéﬂ,oaStdmscussed

successive inmages of an inmage signal. In the case of
a . two-channel stereo signal, this

g al so be
HihheJd® bJPREPR I at FHE the BOT-FRARTLeHRS | oft the akenoth N

hhe bbgﬂhpQEmEﬁebdlmnaaﬁomm&e&tﬁbléchbﬁﬁe@nd&ﬁérein only 3N
i nver.se %nver sion action. .The f r§§e{\éers

FREPOGHEeS TaRS atfdi ¢ F oRat *udt ay - 6t bl%oc%?lrﬂ% thees per
tysneforiihe second

The DCT-IV in the three multidimensional lifting steps may
have any implementation, i.e., for example, a flecating
point based or a fixed point based implementation. It does
not even have to be invertible. It only has to be performed
in exactly the same way in the forward and in the backward
process. As a result, this concept 1is suitable for high
transform 1lengths, such as 1,024, as they are used in

current audio coding applications.

The overall computing complexity is egqual to 1.5 times the
computing complexity of the non-integral implementation of
the two DCT-IV transforms. This computing complexity is
still significantly lower than for conventional lifting-
based integral implementations which are about twice as

complex as the conventional PCT-1IV, because these
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version is possible for stereo channels and/or,
generally speaking, for nulti-channel signals. 20
Alternatively, if both options are not desired, but if
a normal block processing-dfgth of Nvalues is to be
mai nt ai ned, the DCT-1V of the length N may al so be
deconposed into two DCT-1V transforns of the | ength

b%gleh8n25tlbh§ Contwext , t§ee nhe Zeﬂﬂe GtBiviand Zplus/minus
% E %E ger Si u50|g§£ tran f Jbased on liftin g hi

uekeF oP2S§% Opy e | A ting, spamepso Fchieve
éndBiv- chniBiyvawtheneg tbi siescdn&ti@mdo&rt iFon GesighiscuBsetiborer,

i RgLLeen d9athe uA AL ST SRl ERBRiKENGENed on

several additio ages “df vens ro
5ﬂ§GQQQU|T@§nSﬁ¢rm$ﬁsﬂa1géﬂﬂthn]AE$mHQan£nﬁmmiheNew York,
apphied a block matrix ENi2 - EM2 EN2 EN2 35 i.e.
N 2 plus/mnus butterflies,, a block diagonal natrix
with V2 Gvens rotations and further sonme pernutation

Th501lmabtk§68d Yepnrgathegel addht banatestagesaof @ pCT-1v
rota ns the nmul tidi nen |onaI I|ft|n

B H P ReR Rog 08 T o bt or T CoBREA Mt | or B one
onBvEEFibYy. ofﬂﬁus | eagt hbN. Thehbased, st foct urexzofple, by

%Qhé §5Q9Egtﬁﬁb'%d%'zv %?éﬁgfgid'kéﬁgkw&S 11 §§§Hve blocks

esli es t act ual conver si on Stage I n |1 C
Béth@t%%ﬁ%@oﬁhﬁnﬂitﬁqtﬁwo|%%@@ﬁ8%¥V%vzm39@Su§&jan image

bmgﬁalls:mir@ﬁeacbgbteﬁﬁly sy8genbAnctalstdate éighal this
first and the second 2}ock of dlscretglvalues

Ao O4e0" Row s e P8 ditgtit oy e Siarery hofhe 1eft

fort hee pighkdetaanedt ahi encshagesannt hetduhpahdgbdeinverse

nv QE IOH tlge ll'gI’PUt ¥g| ue Jyro kY r¥§|e frlq{pllo%ces an
PovRref RS andpEPie

outpu val ues of t
ﬁésnés@naétﬁ@ﬁamupﬁrmmefhl@hér1b¢@cwhﬁ TigtrEn. VAheegecond

Qfartstﬂgnt rl%nsggﬁé"ﬁgle r f@fe%%@ztr@o' UhaM 16, a RSV el generally
now only have N2 val ues 15 each, wherein the former

gpeakdngr ﬁ@rtWElE&rEBFnOSﬂuéégaﬁlsa DCT- 1V operati on
of Fig. 12, as becones apparent in a conparison of

hﬁ%e%ﬂgkﬁgélg? EH? gg@ﬁto%%g%n%nQMgp %gt desired, but if a
normal block processing length of N wvalues is to be
maintained, the DCT-IV of the 1length N may also be
decomposed into two DCT-IV transforms of the length N/2. In
this context, see Y. Zeng, G. Bi and Z. Lin, ,Integer
sinusoidal transforms based on 1lifting factorization™, in
Proc. ICASSP’01, May 2001, pp. 1.181 - 1.184, where this
decomposition is discussed. In addition to the two DCT
transforms of the length N/2, several additicnal stages of
Givens rotations are required. In this algorithm, there is
further applied a block matrix

(Enfz - EN/ZJ
r
EN/Z EN/Z

i.e. N/2 plus/minus butteérflies, a block diagonal matrix -+

with N/2 Givens rotations and further some permutation
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out put side of Fig. 15 and Fig. 12. 20 Up to now,
there was only discussed the application of the
mul ti.di mensional lifting to block matrices of the
following form T O O T-r 2% However, it is also
possi bl e to deconpose other block matrices into
mul tidinmensional lifting steps. For exanple, the

%gtk@ﬁ%sg d@@ﬂﬁ@os&mé@@ ﬁﬁxhhﬁxﬂﬁﬂd @Qa@§@|F6E?tNVﬁe Givens

conbi nati_on Lze us

BEEEP PP os Tk Ve 1 DL S CT O (P anaPBr e Chy ey also

bhr esedt éps oth¢ heahduliediimensodnainlly f bneg:DET-5IV  $2 the
e 1 : ( EN - i

LR\ Ry BT DoRe R FEN R v BT

ENlpENrateidzD@nvEN; | t 1decomerppar baeifleam the actual

abaveregyat Is%grehatlrr henfdl stwot mRASHEr rerralﬂsefor\ﬁ{y Ghith the
used in the | eft-hand brackets of 5 the abov

éaﬂngoﬁf Hﬁa fRE YEEBndTLFARAsESr ALFiEFed RHFEﬁrf%Y stage to
usedu&atéhEhéenﬁeBtbaadkehs ekcbhe Bbeue eﬂualscﬁetandalues

e . third transformrul.e, .whi ch | t fi

racEét SOV S e a%ovonlé’ua}%%%% d q‘n Ve F’ZZ Mlere is
fdehhﬁcwprowaﬁadmannm@aummbe@bﬂws appaﬂentoﬁtpntthade to
@B@X@neq@@é' %t tht h@%lﬁ@é y b! 0 _ma'f&bfﬁestﬁ@ é‘)lock of

which only t |agon Yol 'éhent's are occupi e
REYPBE d‘é?t]diﬁ)%sé’é Tolﬂﬁ ttﬁé‘tlmfé%r%df uFFpregepreon and the

rakthees MAde precesseputFurddiBliedt ofs thde BehBLIformed
EQ%resen&gtagn?o‘hﬁfﬁ{lCﬁéggvép?tr&ﬂﬁ only have N/2 values
each, wherein the former are equal to the output values of
a DCT-IV operation of Fig. 12, as becomes apparent in a
comparison of the indices on the input side and on the

output side of Fig. 15 and Fig. 12.

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

form.

T 0
(O

However, it 1is also possible to decompose other block
matrices into multidimensional lifting steps. For example,
the feollowing decomposition may be used to implement the
combination of a stage with normalized plus/minus
butterflies and two blocks of DCT-IV transforms by three
steps of the multidimensional lifting:
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transformrules used in converting to a transforned 15
representation have to be identical.: or even have to
have any relation to each other, such that, for
exanpl e, the second transforfh rule i s the backward
transformrule to the first transformrule

Basically, there mght also be used three nutually

different transformrules, as | nglagm%h|sl %8 i's
, _ . T ||

t aken |ngq; ccomp% IJhajlnzer Senyat 1 of.
this co Oclggg = eferred, to agais.
In the“co vé%s 0 h fscr ng%abg@ BCT,,
transforned representation, @ns 102~izay be

formed to inplenment 25 any Iransf rmrule 1.
Furt her e, the meafs) EQ8 QCEL @& be f or med Qﬂ use

any otheg or rSa ran ormr fed tof as
transfo ﬁ1ruﬁgB VTﬁg ans 14& Wtut S¢1Vbéi¥orned

to generally use any transformrule 3 which does not
necessarily have to be the sane as the first or the
30 Secomdstﬁ@pa&@mmlﬁﬂmn1jm5kbdvetéqudeﬁr§&mt the first

gggxgkgkanﬁaﬁet, henlilansfonmd, 6 ep{ﬁéef%ﬁ% 'k?é‘nctl JLrackets of

has to be found ah adaptation
thansbeFm eahasiony oaBddtbBeussednintFrgsfomgcrusgchwhich is

Lbab Ehetkbf%kn&%%n%u%%%éBE SONMEL tANG, H083, 00109, and the
gﬁec e any transfaormrule, but the transforn1ru|e 3

FEersfectt daisr brvk® 149 8pehi g0 e final brackets
66r r espongdbage y, ediet i reansdd 3Gdth Hagre 1tohabet Oidentical.

t f e 2 _whi te
BUPEHLERbOS, | T0n PRCRREY Sppartienarot PRE® B Efuation
@héFlgnOll QEEYtObe@bLHMﬁﬁﬁKEQH) timansfdoi r gindyl the main
Mageng@s quﬁl@n%ée%%e%&w&% %@P%el%c&@g&é&d, 19Gr thnat

0 er IS obtal ned.

hat a | ossless i nverse conv

S
FL§O L6 1dMoVRCHRARA fRRREL SRS oMY hdec aRagRs W erPbeher it

kB 46 K. ndleqs | phaer tinddar jst hfor oM POStidh t RBat  the
glenegts 104, .110, 142 for the forward transform or

[
RENGFERBnt $U158 ' UESS  18n (SPRYRF butkward tfanSFOPATormed
aepraschoageépnexecut edo banpldentdisel bot sueh teate to have

LAGT & d %A P AatNaRENG, OF s e L undi By eror,, 20

second transform rule is the backward transform rule to the
first transform rule. Basically, there might also be used
three mutually different transform rules, as long as this

is taken into account in the inverse representation.

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

second transform rule.
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When conparing Fig. 10c to Fig. 16, it is apparent

that it 1is preferred to substitute only block 104 by

bl ock 204a, and to use block 204b instead of the

roundi ng bl ock 110. This is 3%he case because the

concept is especially 25 advantageous when there is a
subsequent transformation into the frequency range

wher e e \/\hhheemabse afortwher giundi ngf errdfe i s transformed

robl ematic.when ectral shapi is erfo
% cet é?gan’ ﬁ%ﬁcy Y?%ﬁ% t|o © af 8r tQand an
adandahgom4zo §mec¢man sstoapi ngnliers dldnk 3142i swuwd sedoin Fig.

h@@gepu%ﬂ E%%Ql H%Jﬂqugﬁﬂgf 1fpmﬁyfrcoﬁ$%§ti§%F£@%s not

case for the bloc 204a ecause there Is again
?ﬁ@&&éﬁc@n&bﬁﬁﬁﬂﬁﬁﬁimkﬁﬂl%e Prhnsher rariamsdiossk rdg 3 that

%ag &Fe@htah §haan69klm4obb@CklaO4@obs t?9§e§F§§d§ﬁ@l§ the
advan ous, becau i's a ain ransf orm

f“ﬁénlsagg%olldﬁk ¥3d0. ﬁlob()é’\?e to agxf u§% & 5ar%ﬁn%qrﬁy rule 2
wadpbctwi®o Rilgo 16xet'h*6e00|}:8_,e shapeasi swindiong ierFdky. 10c.

s the ou t b 114, so_that, in
%F Eggo {ﬁ%here couﬁgﬁals% alr ad%lbehperfor msgegute the

Géﬁﬁﬁﬁormszuhanmuwm@phasaﬁlamgbrame@ubﬁdtﬁafUﬂuzhseans 102
X0 kg Fi 9.0d,0Cg, '9§$@aQ1oﬁogQ§e§Beciﬁééf§@a9kﬁ&e951on is

the rounding error. It depends on the individual case
8Ptappefcati on whether 5 there will be spectra
shapi ng roundi ng or comon rounding, i.e. with a

ound| rror havin ite spec dlstrlb tion,
20 TS B A P PREERE! et MMdOMiped i
tignsflécm I88pat@iThéairndépendenthdioyrdingtbk alements 104,
t ai{n N r u
%@b 1@5 yher.  of fJf%ar Spectr$§ 5%l£§ £ﬁemgf§ﬂents 126,

repl ace roundi ng mnt api ng,
aPso 6é2rewbrﬁ%@ bé6§§arddé§éﬁ@é@ﬁmr@umﬂung"longertexecuted

I@gﬁgqeswaeear eic T tHea@boMerdi SeUSSI QM 41 shaping of
gs pect to FI% 16 that the spectral shaping of the
FBGndPHEIEPPORT A&y al so be used in the integer DCT
required for the |ntMDCT. However, it has to be

| ered her e, us t t he. spectra ..
GA08, AL IRE e 4 SR R L0 B ARL g chc i
aévanﬁdgenusimh@nsuhetvabuescndqbebl®©bndéd dre tloek 204a,
shanals whichi1arg s eiL8bL 4 00kN8 he rounding block 110.

This 1is the case because the <concept 1s especially
advantageous when there is a subsequent transformation into
the frequency range where the white noise of the rounding
error is problematic when no spectral shaping is performed.
Since there 1is no frequency transformation after the
rounding 142, spectral shaping in block 142 would no longer
invelve the advantage. However, this is the case for the
block 204a, because there is again a frequency conversion
by the transform in block 108. The spectral shaping in
block 204b is thus also still advantageous, because . there
is again a transform by the last block 140. However, as is
apparent with respect to Fig. 16, the noise-shaped rounding
error already enters the output block 114, so that, in

block 204b, there could also already be performed a common
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frequency domain by a further transform step.
Therefore, as illustrated with respect to the

mul tidi mensional lifting of Fig. 16, the spectra
shaping i s advantageous inthHe first 25 two steps, but
is no | onger necessarily advantageous in the third
step. It is to be noted that Fig. 16 shows the case in

goﬁﬁgEﬁg,CQﬁJeSDDﬂﬁtg@té@ E@gﬁjMQCglEE@sfaﬁﬂ%iﬂntmﬁg. 10¢,
ecoder, rresponarng to rlg. results qairect
R e cBmpaRr o onEehr =B ghen b et FrBS “HaiiedRd deteder

directly corresponding to Fig. 16 results from Fig.

12 B o PR R, LSt d nene

Fb@re1w1lﬂhé@eSP@@tréénahﬁ@lbgoéﬂgn@p@@a@é @emBsn rounding,

i ndepengdent @ou%mlmgocke%@ld woli}ich pe subgtitat egpectral
i.n _the decoder P:r)é\?dependent roundi ng bl ocks_ 204a,

J6aAbTLRRFCAT aPE FAfFe e At (it (TRFSHOWE A 1 FP s pbck - the
toakbgor@cloBor exanple. In particular, it is to be

noted that exactly the - 54 sane spectral shaping

rounding algorithmis to be used in the decoder as in

The codeepelientoncepidind ustf ateed dewrtRiigs. n2mbamd 2€, for
Baeibeul arky va1hok H62) Fhus! "repBabugtng akégndln% with

especially suitable to achieve an Inventive reductio
PeFREALoURBRRGEr r o DARE  PEML | IS | P reRftREFh ofo  as
rhepenyadtngoghB@hgi’n i nteger transfornms. 10

According to the invention, such a reduction of the
roundi ng error i s possible whenever two floating point

val besocaees ropadedtaftcaddddt: tabdhe Shwreuyval e whsh eadspect

di,f f greent, val n sid vag.j i
O, bt S5 IR BN BRI orvon
TBYI|¢¥$%91§ieHSWﬁthl@ §@ﬁhen@§e§ﬁrdoRﬁTLuﬁQwawed for the

batween, th?[ow%'vfefr' ng l@ar tHaG Pay s pd a&@n%f‘deﬂ_@@r enkse, as
further 8 thgtsequence with the known

SegtBREedof Tt SRBRLAPL BYt RETGT t Ferback is

panylcpaaﬁ&euxarayd aavahaagaaﬁslcuhaﬁ, the vahmanS to be
bt ai.ned in the first. I|ft|n operation is.used

SHOREES Al (T paeekEr noeRen Sebond TTISIHY St epo b

dsefpuensyagpapént biyr enfBirghei7trhpsfsrm step. Therefore, as
illustrated with respect to the multidimensional lifting of

Fig. 16, the spectral shaping is advantageous in the first

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

It is to be noted that Fig. 16 shows the case in a coder
corresponding to Fig. 10c. The case 1in the decoder
corresponding to Fig. 16 results directly from a comparison
of Fig. 16 and Fig. 1l1. The decoder directly corresponding
to Fig. 16 results from Fig. 11 in that all blocks operate
identically, with the exception of the two rounding blocks
132, 152. In Pig. 11, these two rounding blocks operate as
independent rounding blocks and would be substituted, in
the decoder, by dependent rounding blocks 204a, 204b, which
all have the structure shown with respect to Fig. 2¢, for

example. In particular, it is to be noted that exactly the
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again to be noted that, when an arrow arrives at a
hori zontal line, this represents an addition. In other
wor ds, a val ue which has just been rounded is thus
added to 25 the val ue corresponding to the horizontal
line. Specifically, in the exanple showm in Fig. 17,
the value xI is first weighted (bl ock 250) and then

saﬂeveg@alt&mr eurgathg (Rhotdi @b231godhEn®Ui PUkoSik@Nalsed in
addegi to,x3 30 (block 254). Then, the

g% 252 is
%uP?C8? 5dﬁ?nbﬁ2%ﬁe S°4Ghi n  wei ghted (bl ock 256)
and agai n rounded (bl ock 258) The result of this

fﬁgngga%e%és:%%Hﬂ?@%@@gfd Bo Q%%lanéhggageﬁgiéléhlarly

Itron IS agaln wei g
Foeunded)(bfocCk1J64)is ofbétéareteoalt@tﬁép@gméhy walifeble to

8En38v¥3 ot 011%&&9&(1?@6Eed@ef:ﬁgﬁp(2ﬁd'ﬂ%yroﬁﬂﬁl}ﬂal lé@rr)&z: and

d 270 _and is then rounded
BPBERC?g%rlyTﬁeQRQﬁﬂquﬁ oERez¥2upglaad@&r@z74¥1tbnteger
thenpowresrrent value of x3. Then there is again
wei ghting (276) and - 55 rounding (278) to add (280)
the result of block 278 again to the current val ue of
RecoTHeéngestpt bhet hisveddithpn 286h is ageduncteightedl the

8 d e [ d S ou
B ek 800 T L hGn B Checr ebaTt o6t t R otndrAd"g Poine
BROBRS 28X eadaivndes taied neddedr Eenthealsgaeofvaddiq biwgkead of

aaﬁfer&ﬂtobt@apu@sreSL&&cwaJuﬁlfO@xé%plb&yls g@ﬁ@ﬁembn is

17, t hat, f|r a first valu i
FiEHFF %Feﬂloﬁﬂ ﬁ? ‘r otifii€d a ef%eﬂ¢hd§§§sFo g3 first
me&ddgthapews@@oadseqnaﬁneioé dbke-nesdbtmofodilwaedn the

219c1hs 8hs9i-qunded ( 1 27129@9@0' hen added 4 9second
P B3R FIHAERY, )

e va there® s the “Situat ion
ihétlmo sElayEnicey ‘rpidifntthal ﬂ;@@war eaananded obndowhtep-down,

bb% ohbgr fpghadged tﬁlfbfnga ay@iyfpaﬂ§éea£20%%d e In

ferent values. In the exanple shovwn in Fig

PREEEEOORTL ne i P LA Khe RBALERA T 1E nghat diiss  lifting

aﬁéeatwnlaé hessanetyal $l@rvé &s X3ddseibhe i Sn  the
csl

Fe08al) 155t oy REEEF, 8% off r AB S (rol Biep 1A It is

agamd|n90|sbéed¢ot$mo theet f owtidn | it | pg retwepartriees at a
ﬁBEQEoH&aihelfﬁgf(jfﬁfﬁj represents an addition. In other
words, a value which has just been rounded is thus added to

the value corresponding to the horizontal line.

Specifically, in the example shown in Fig. 17, the value x;
is first weighted (block 250) and then individually rounded
(block 252). The output signal of block 252 is added to =x3
(block 254). Then, the result of adding 254 1is again
weighted (block 256) and again rounded ({(block 258). The
result of this rounding 258 is now added to x; (260). The
result of the addition 260 is again weighted (block 262)
and rounded (block 264) to be added to the current value of
X3 {to block 266). Correspondingly, the wvalue x, 1is
weighted by a block 270 and is then rounded by a block 272.
The result of block 272 is added (274) to the now current

value of x3. Then there is again weighting (276) and
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may be used in this case and only one rounding error

is generated instead of two rounding errors. Wth

respect to calculation, this results fromthe

following: 25 [xlcsl] + [x2ce2 ¥ (xlcsl - [xlcsi])]

[xIcsl] + [x2cs2 + xl'csl] - [xlesl] _ [x2 cs2 +

[xI" cs1l] 30 Wth respect to cal cul ation, feeding the

rgundmg QQZGB tiontaaid h(EQEﬂ@)XtEhéJUBdiaﬁgtSbep Hllsadmws?si Megain
i s,.case_identic ition e .val ue

L EbE s BeRt  otalrg® 3 ot A eafl i e S fon 280

ibl agedat e ligh tEidy. Hlncwm%$%]n Eng tme wediohésgondssult is

h ot

%gﬂﬁ 2 %%ﬂogg 5234 Q%sz and e tmo sep§3%?€§§ﬂﬁ% gounding
%eck @ 4 apeins s thineutnay b’yﬂa‘—'%foc‘ka]%% $BrFed lﬂpck 286)
topbereah thereaboveygnuat kgp. x1heref gse g QernQSLﬁﬁc%n Fig.

bl ocks.. 262 and 270 are first a
g&n %Eﬁ&egDFéFnﬁaﬁ&rﬂ%ﬁ’ rl”@e I-Sunde® HSPY &%Q@Je%k 262,
tasesyurtdeai randdltr‘@rer BdHfeds ttchuszg up Int Oacﬂk&it/ﬂdm Az second

5Q?u8UtEué OE éhg ﬁko%Gg ge% nOM/ sulgguogé (block
ne singlé’ va 43z %3 %
2@@) SnA @ﬁﬁmlﬁﬂdqﬁltw rbduveilor and(@ﬂdpmn§%ﬁ trﬁp there

FQupding; « 8EE Ohn MY 2 8l §Qo°§§85t1£8fp§fﬁffmr§lﬁ\€‘§” e SELunded
of Gvens rotations and a nujtidinensional lifting

QP@paFEBFFo%h§aé’ﬁheétﬁé¥d agdgd |Gt etpneh *F#Jgue 19nstead of
&EfEerEMtWabeleesﬁxamm ecHd embypleheshast sheprpDg. al7, the

0 S e f.or, seyera es is,_perfor
SReD LDl e e R R ny Pt nB oYL R bR Y EHE Rg B §t§§g6d to
Bhe ofanis gvaEue,Th@se vatguesscarEhaowddanlge isddedet ovith the
98 58§H§”9hHStY8 u%s to which al so the rounded

ues .e. the val ues at the output of
block 15 204a are to be added. In this case, it is
preferred to add therunreynded yvalues first, nanely
by the adders 203 shomn in Fig. 19, to then round the
added values in block 204 in Fig. 19 and
$Enmhbamﬁamsjyxsubmecthihenuﬁﬁtmﬁgsetebamnuxounuﬂhg is fed

EH%E E%%nfgﬂ f%&ﬁ%rg QSE”%hSrE%EoESo téﬂgeghfgg step
may be used in this case and only one rounding error is
generated instead of two rounding errors. With respect to
calculation, this results from the following:

[®1-cs1] + [xorcsy + (x1-csy - [®1°¢cs1]) ] =
[%1-Cc8:] + [%Xo+C8s + x1°C8;] - [x1°cs1] =

[X2°C83 + [%X:-cs:]

With respect to calculation, feeding the rounding error
into the next rounding step is thus in this case identical

to an addition of the wvalues and a subseguent rounding.

~ This.-situation is illustrated .in Fig. 18, wherein Fig. 18.

corresponds to Fig. 17, while, however, the two separate
rounding blocks 264, 272 and the two separate adders 266,
274 are. substituted by a block 268 formed to implement the
above egquation. Therefore, the results of the two blocks

262 and 270 are first added in unrounded form and then
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20 the output values after the addition by the adders
106 contain less error. The situation is Fig. 19 thus
results when Fig. 9 is put to the left of Fig. 16,

and particularly when an' N 2%al ue DCT-1V is used
instead of an N value DCT IV. 25 According to the
invention, it is thus preferred to conbine the

redugédoninf roherepladicageer,r QheV\/irtdmﬂdh&gsgéaﬁidig i6f fthus up
he unding.error. In the c ft r.e ion

%ﬁe rouﬁg'ngierﬁg? LRl |ang vé?ﬁ% thggere now

peoeéssednand B r oimgkel UBQSEhwm;QMKW$Imdd®® toundedy an

gﬁgggszgge added to one value, while, in the case of

e spectral shaping of the rounding error, the
rounded val ues are rounded independently of each

|t hedmsind w@irch a@@‘edré@uc&?i/&{ aland e§ﬁ§1§ihg‘e|df dtﬁfeeh%ﬁndlng
other values, 35 It is fgrt er to_be noted that the

§Ffoht Y Iﬁl%?g OCfy Tyt Og) SEFGRdGr Wheh, 2asset of Givens
rbtasioatedndndﬁqmlﬂiﬂlm%ﬁbI&HSlaEEftMﬁ@dstH@rEbllow each

?&%g%tgggfgg%%%%X%rS|on St nglorpgrrégtof example

tHere exl sts the stage fe
bolver the $nage sitepriad. &UﬁOWHTuMﬁdﬂWHfﬂﬁquﬁnﬂe\&ﬁmmﬁﬁveral

%91&@5 XN %e%f%&%e@orJ@%nﬁ@%%’ el ght %d eand {]&ungfgmple,

be then added to the same val ues to
F/%Puéﬂgwaf STty 5istihge afe §P§éeadf@édleata¥% now to be

&dﬂéheﬁzlolt Q:cbﬂé‘tﬂ_:tcﬁﬁiﬁxﬁ‘@t thﬁes?O&\blelﬁ-Srhﬁh stage |tTheF|| %@unded
15.is illu rat e on y schematica et -

BReRe Pl B ars L rer oS CRP L G0h ndE SR8, e G p1ock
g0Bsi i dueetobyet addedonponents shsen in Fsgordbeired to add

Qﬁécﬁh‘fghn}igal %ggpggt 'fil'}’stlo ' ﬁ:ﬂelﬁ bF 9:he16ad&i%\¥£'210§ Sshown

witten I nstead 'S Wit
ipsFédd &P, xNp2 themd Ifuorurthila fdged tenlugasiredel @tk 204 in

ze Ny2- & gTharsg F*sﬂmul@aﬁ@@\ﬁ@l? Fglﬁfj%rdtedtﬂléml %emcﬁtgeonshapmg
or nonoa icatio i fo

élgﬁgak%%ﬁnaﬂnsza EE?PE% F%uPGlB% %Eﬁﬁf E%p%%ﬁ?hﬁed and
Ohet haitgiutcunellageess fidre itAvenddyer imt hog folie adders 106
contain less error. The situation is Fig. 19 thus ‘results
when Fig. 9 is put to the left of Fig. 16, and particularly
when an'N/2 value DCT-1IV is used instead of an N value DCT-
Iv.

According to the invention, it 1s thus preferred to combine
the reduction of the rounding error with the shaping of the
rounding error. In the case of the reduction of the
rounding error, several input values are thus processed and
rounded together, wherein the rounded values are added to
one value, while, in the case of the spectral shaping of
the reounding error, the rounded wvalues are rounded
independently of .each other and are added to several

respectively different other wvalues.

It is further to be noted that the situation in Fig. 19 may

‘also occur when, as illustrated in Fig. 15, N/2 DCTs are

"used. EHere, prior to the conversion stage, 1.e. prior to
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roundi ng may be inplenented in hardware or in

software. The 20 i nplenentati on nay be done on a

di gital storage nedi um part|cularly a floppy disk or

CD with control signals that >hay be read out

el ectronically, which may cooperate with a

progranmabl e conputer system so that the nethod is

paef emeedCTCarbs@its y, théeei @k&@tgomhtehtﬁ:aajesqmﬁé;:t Sto as

0 r.program.product ,w .0 cqde
brReBey GOTRULEr (R B TR Ot k" PP ABHLE 80085 2o to
ﬁaehln@r¢eaqabﬁepeadnneﬂy wWehierh tteive otrpubendpdogdroarhe then
BH@QHCttorulﬂ‘?eoﬁaﬁeCQ'g@Wé%r +d nth&lﬂe{h&/OR;giuetsh%f a DCT-IV

invention is thus also onput’er program Wt

Br8grPamiCodel Tor 2pdefor ditng & heurBifodtowken rtqteed 3phat the

@@Hﬁd&gﬁoﬁr ogﬁ@@@é UNsion @l@omuqsr B35 - ﬁa_us@r%'t@éi only
pro SSIn | east two in al ue

Vv
Esﬂﬁwﬁkﬁﬁa 8- means S 20 ﬁ“ﬁSO,D%%EEV254Pf%%%S ngilustrated
26Bema62yafldy  pnoviigng BBfiW@uLﬂomxin@a@emltmmuﬁ by the

n g€ ut valu
g@hﬁgngggg) ?gggcg |n2% n#ﬁ %IFS r?ﬁ%ﬁ ﬁmggemantatlon’
e SiecoRdgi npdt: value tusobrathea n@ﬁiﬁwkbg@f Kesul tand if

yakue and t«?&t&@Hndir[‘sg:ézﬁ? besull, vabyg torobtaina yritten
rounded result val ue. 15 2. Devi c¢e of cIa|n11 wher ei n

tRETRBENSLf &r/2ciombi ning is designed to forma sum or
a difference. 3. Device of claim1l or 2, wherein the

L rst dt d {
DL ER00 L o TR0E OB B UER OB PATECR B scutarty
iorDmnnnaHﬁlxnﬁixﬁHQMelpeeceﬂnngthéammseflmthhuch an N/2

g@@pﬁvs&ggtozgengggé (269) for coupling the result
value to a thi I nput val ue to obtain an out put

value 5. DEVICG of claim4, wherein the neans (269;
é)antj@hg CGHIPLhBY dis ARRHGNREAS EHETMEhRhtive method for
rou%&%%%e&ay be 1mplemented in hardware or in software. The
implementation may be done on a digital storage medium,
particularly a floppy disk or CD with control signals that
may be read out electronically, which may cooperate with a
programmable computer system so that the method 1is
performed. Generally, the invention thus also consists in a
computer program product with a program code for performing
the inventive method stored on a machine-readable carrier,
when the computer program product runs eon a computer. In
other words, the invention is thus also a computer program
with a program code for performing the method, when the

cemputer program runs on a computer.
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30 6. Device of claim4 or 5 wherein the third input
value 1is an integer input value so that the output
value is also an integer value. 35 7. Device of one
of the preceding clains, wrerdi m the neans for
providing is designed to generate the first input
value froma first original - 59 value and a third
value (x3) by a first and a1sgeend lifting step and a
subsequent weighting (262) and to generate the second
i nput val ue by weighting (270) froman origina
$econbevhpait fat uepokDsHRy bBavi deask ctabm ¥nput values,
furthgénggfé d to add the integer result value to a
third’i ue nodified by a lifting operation and
to performa second and a third lifting step of a

rot athom W tobhe 38y rdoispputoyal ugsEo @?ﬁif'ﬁgobyz%z for
lifting operatlon and t he second i npu val'ue.

Devi cRE®Y*dHeT of fhésﬁr%%%d%%66%¢%|h%puESV%h%?e@%dt%esecond
meansné o+ iproyedi Dot deshgneshdo weight a first

original value to obtain the first input value and to

cal cul ate the second input value by a transform from

a sequeace dR266ni giwal compuhiugl ués tHiwvdi chnphe value and
ori gi | % el

ol a|g Elgé %%{:?hd % gﬂzﬁﬁ%hu%né:%g%tf@% ];? ndk %&@ %i,r result
i nt eg‘é@luﬁpapdvaﬁ% r@uadmgt e mﬁﬁnlt vﬁah@emﬁpcwh@m a
part pHuRdseIyesserthaiubas been processed by a first
transformrule (102) to obtain a 25 value of a further
sequence that is to be processed by a second

Bransberihre ubg, cwhemeﬂn twhe fdinstt Ha amsfroy for ubemiahdling is

t he sggggg %& rglg ar trans%grn1ruées

defin a sécon TEdThehsTona

lifting step. 30

3. Device of c¢laim 1 or 2, wherein the first and the

second input values are : discrete wvalues including

audio and/or video information.

4. Device of one of the preceding claims, further

comprising:

means (269} for coupling the result value to a third

input value to obtain an output value.

5. Device of c¢laim 4, wherein the means (269; 104) for

coupling is designed as summer or subtracter.

G. Device of claim 4 or 5, wherein the third input value
is an integer input wvalue so that the output wvalue is
also an integer wvalue.

7. Device of cne of the preceding claims,

"wherein the means for providing is designed to

generate the first input wvalue from a first original
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11. Method for processing at |east two input val ues,
conprising: providing (202; 250, 252, 254, 256, 258,

260, 262) a 35 first non-integer input value and a

second non-integer input vallfe;” and - 60 conbi ning

(268) the first input value and the second i nput

value to obtain a non-integer result value, and

r oundiragu¢ hendesul th vad uealwe obkal nbp podrided resuld second

val ueq . 5.1 0 claiml11, erei.n, .after .t
step st PtiBaPRERo S o BiPh g s kB Buegabr ged: and o
coupl ¥aEer269) e sesahtl vilmet t vaduehiby Wetigdgéringl0(270)

| nput ¥ghugnt 9r PRI AL D §@c5ﬂ&e9§ﬁu9uéﬁyﬁ?v@§HQ' 13."
Comput er program having a program code tor ‘perform ng
the nmethod of claim 11, when the programruns on an

gonmpubevicdSof claim 7, further designed to add the integer
result wvalue to a third input value modified by a
lifting operation and to perform a second and a third
lifting step of a rotation with the third input value

modified by a lifting operation and the second input
value. '

9. Device of one of the preceding claims,

wherein the means for providing is designed to weight
a first original wvalue to obtain the first input value
and to calculate the second input value by a transform
from a sequence of original input values to which the
original first value (x;) belongs.

10. Device of claim 9, further including means (106) for
adding the integer input value to a further input
value which 1is part of a sequence that has been
processed by a first transform rule (102) to obtain a
value of a further sequence that is to be processed by
a second transform rule, wherein the first transform
rule and the second transform rule are transform rules
defining a first and a second multi-dimensiocnal

lifting step.

11. Method for processing at least two input values,
comprising:

providing (202; 250, 252, 254, 256, 258, 260, 262) a
first non-integer input value and a second non-integer
input value; and
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13.
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combining (268) the first input wvalue and the second
input value to obtain a non-integer result wvalue, and
rounding the result wvalue to obitain a rounded result

value.

Method of c¢laim 11, wherein, after the step of

combining, the following step is performed:

coupling (269) the result wvalue to a third integer

input value to obtain an integer output value.

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

computer,




