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1 Process and device for determ ning a transform ng
el ement for a given transformation function, nethod
waeasdespre for transformng a digital signal PCDEG200€000122
time domain into the frequency domain and vice versa
and conput er readabl e nmedi um Cross Reference to
Rel ated Applications This application clains the
Prodeersefand deviceofidy deéteiminig\va stransfopping stlawenip for
60/ 5Q7, filed 29 Setenber
a glﬁ‘freé’\/q%‘ %Prﬂﬁ H°6‘atfr‘8h TPB0/ *%‘%34(?“‘? ﬁg‘e‘ﬁl‘@ for
trandHraiRY a2@93i Hd1e SPULNISrah €RC el okBiebhto the
i ncorporated by reference inits entirety for all
frequensys domafigr ahel vide Yoisvand cumiiny readakile medium
applications are concurrently -filed herewith, and
herein incorporated in its entirety: "Method for
Crodie Refefeigea tDORE In tEdTdpl idd tivhof a Digital Signal

“fromthe Time Domain into the Fre uen%y Donmi n and
Thisy EEP%’éP%mnAtcﬂfal]Déck’é}ﬂe N T aRgioKetKodF oV-S-

Provi %%%f qr Moo fek gbhal nS WRtsd-promgd hefI'l@%ADQﬁm'sréptember

into equency Domain and Vi‘ce Versa
2003Docakrei tﬂms PROOY44.1icTEls Apwkitaoion ehat é§/1507a440 filed

5 BIERbRS Aoier By o cHE ALY B9, S oI oy

incoapdratéevbgertee ddgransfiaf Mg entdigitdalfst gnal Jurpvses.
the time domain into the frequency domai n and

Further, the following commonly-owned applications are

concurrently-filed herewith, and herein incorporated in its

entirety:

“Method for Performing a Domain Transformation of é
Digital Signal from the Time Domain into the Frequency Domain
and Vice Vexrsa,” Atty. Docket No. P100442, and

“Method for Transforming a Digital Signal form the Time
Domain into the Frequency Domain and Vice Versa," Atty.

Docket no. P100444.

This invention relates to a process and a device for
determining a transforming element for a given transformation
function, a method and a device for transforming a digital
signal from the time domain into the frequency domain and

vice versa and a computer readable medium.

Domain transformations, for example the discrete cosine
transform (DCT), are widely used in modern signal processing
industry. Recently, a variant of the DCT, called integer DCT,
has attracted a lot of research interests because of its

important role in lossless coding applications. The term
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vi ce versa and a conputer readable nedium Donmain
transformations, for exanple the discrete cosine
wo e@smsisem (DCT), are widely used in nodern siPBEEEG2004/000122

processing industry. Recently, a variant of the DCT,
call ed integer DCT, has attracted a lot of research
i nterests because of its inportant role in | ossless

"losHid I apriLatia@nsheThecbaer?cihogshesateneansxédiatcopy
t he decoder can generate an exact cogy of the source

of HWigyruigeorhihe ledcoBedBi FNCOPPEaR CTRETERT- i s a real
-val ued bl ock transform Even if the input bl ock
consists only of integers, the output block of the DCT

The aaﬁ'dﬂﬂpﬂinﬂahmmalubdtbgeckcbnpnsénrm. E@encbﬁvEMéeimput

the in ut bl o referred to. as or t he
bloq AR GuIeAd St BOEegReror Ener ok BT St el the e
can %rapﬂlrgeewn—q%m@e%nhamﬁbhehﬁscakbgdc@ﬂvémgxg@é the
vect or In contrast to t the int eger

inp\@kaﬂpéroettkeslswrafmré@ér touspuinpett Bectednaad tit egetout
block‘%g &”%lﬁ vec% rthﬁf %nﬁe EE§98§E§PQ$%EZ$§£§rinéégér

I'nt eger put vect or o nt eger
compmm@nxﬁ neftes st kalnedl aaut puegeectectot. DGT. cdiusadtheco

i nt eger DCT keeps_all the good grogerties of the DCT
the H‘FTsp&?ter df‘htgﬂﬁlryQFé“ IBRST AbBF t ARt 1 PFBRRF t §UgPut heector

fron RMLISFt el 1iSpheveestBili iy B§<¥95§1h@'i1'1£é/ dRaflhat
o t here eX|stslaﬁ i nt eger |nve¥se DCT (1 DCT) %o that if

vectdys ititeegerteDET gehenat wschar oaf punteger obCT rokesaly
approé%ﬁéeggnéﬁe rEalh8u£ §g$5c£5§jﬁfaﬁcf?cfygé gﬁgeinteger

DCT keeps all the good properties of the DCT in spectrum

analysis.

An important property of the integer DCT is reversibility.
Reversibility means that there exists an integer inverse DCT
(IDCT) so that if the integer DCT generates an output ?ector
y from an input vector x, the integer IDCT can recover the
vector x from the vector y. Sometimes the integer DCT is also
referred to as the forward transform, and the integer IDCT as

the backward or inverse transform.

A transform called integexr modified discrete cosine transform
(IntMDCT) is recently proposed and used in the ISO/IEC MPEG-4
audio compression. The IntMDCT can be derived from its
prototype — the modified discrete cosine transform (MDCT). In
[1], Malvar gave an efficient realization of MDCT by
cascading a bank of Givens rotations with a DCT-IV block. It
is well known that Givens rotation can be factorised into
three lifting steps for mapping integers to integers, see for

example IZ].
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vector x fromthe vector . Sonetines the integer DCT
is also referred to as the forward transform and the

WO pi0sgars91 DCT as the backward or inverse transPOr/8G2004/000122
transformcall ed i nteger nodified discrete cosine
transform (1 nt MDCT) is recepntly proposed and used in
the 1SO I EC MPEG - 4 audi o conpression. The | nt MDCT
can be derived fromits prototype - the nodified

di screte cosine transform ( , Mal var gave
Theppf@re i ct%trqaéa{aazfaqubrp%flmwéﬁlb>reéa§éaaﬁn@nae6 hRient
lmpﬁém&y%? g ]ﬂ: _aRCT - 1V block. It is well

vens rotatlon can be factorised into
three lifting steps for mapping integers to integers,

see for ex | e Therefore, the realization of
Int?%ﬂ/d‘fﬁal}%ﬁaqr;g%s (f%“lar]i’eef JrE Y iSPIVE Rfatt8R bheir
prot &t f9&s xg,CTre-ﬂl\écih{@t GRh tdla;ré%fsoma%aenbm%r %ﬁké¥

converted fromtheir prototypes by replacing each

llfGIW@r%temﬁ atfesrausiet Kt feeed [Liffitiing stepsthBeealseona
chI fti ste t her ;s .9n n peration,. the
rou?o% ?‘%%un % e % rou%%é%é %Pﬂgeg 8% 5 1?Ee%er

ng "nu er 0 ransformls
trathsi@sn the tEnens ineisatdhen Giummer rofathenphaihbéypef the

transform For discrete trigononetric transforms (for

ProeqlayRt & i 19 8r &9 IS el'F&F@PBPW?FBF‘F) tERNERRTMS
fo£)é§ﬁﬁﬂf%(%ﬁﬁ'ﬁiégngg‘Faﬁrﬁ@gThrhnskeﬁmnxﬁﬁﬁf Q£ the

G vens rotations involved is usually at V | evel,
Disqiete (oding HragisAeorgf (O8d)bl otks, numbert fé ﬁm@m of

rot%fa:gn?a]rﬁ y%n{vo%l%\%og gLI&U icli.%?uél Yy a%h ]\p 10g2 ' ltelrx]reeldI %Ihte?_”le N is

the size of the blocks, i.e. the amount of data symbols
included in each block, the digital signal is divided into.
Accordingly, the total rounding number is also at Nlog,N
level for the family of directly converted integer
transforms. Because of the roundings, an integer transform
only approximates its floating-point prototype. The
approximation error increases with the number of rounding

operations.

The invention solves the problem of determining a
transforming element for a given transformation function,
which transformation function comprises a transformation
matrix and corresponds to a transformation of a digital
signal from the time domain into the frequency domain or vice
versa, such that the number of roundings comprised by the
transforming element is significantly reduced. The invention
further provides a method for transforming a digital signal
from the time domain into the frequency domain or vice versa

according to the determined transforming element.
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Accordingly, the total rounding nunber is also at N Qg
N level for the famly of directly converted integer

wo e@nssseTs. Because of the roundi ngs, an i nt eBEr/SG2004/000122
transformonly approximtes its floating - point
prototype. The approximatign error increases with the
nunber of roundi ng operations. The invention solves

The th&uIabliamef wet efymaniprgcaskr anaf or akngcel egent for
a given transformation function, which transformation
detemigtingh ac dipmisSeymd ngr gAsPePfat PENanal veR Bhansformation

ar I espo t tyanst ornat i L Qi i
eon RESHONI LR, B o SEOATEL £8P, OLatafl ohil, &' oL
signedr Sons Wele thiale domadunbearootheofindyngsceodpmna sedobyvice

the transformng element is significantly reduced. The
ver§amart %o MtHTET 5P PdEsMERBRNBYLR oF NE r 5RRFBFRT ng a

accdl @ik S ignRal; nfdyonbatt crgifemain into the frequency
omal'n or vice versa according to the determn ned
transformng el enment.4 The problemis solved by a

rocess and a.device for., determning_a,transfornn
neci TGt o Gt e hant R FRut P cREFuRicf on DEORREE o
det M rA LW @8 ahn@if oirirangl el Bnagtardi ght @l veh goddnéF@Mation

the time domain into the frequency domain or vice
fungidrogn athdch dempelernaEéaqabfBFedPINT MR RLEP® Feat ures

trafflldon fhe .l BAEPeBdent 6haL Mo ACCALALAGHA AP of
, is provided a process for determning
a digyittrednsfigm@ing reirermbet tioe dogavenitntansifier feegesncy
domain or vice versa, wherein the transformation matrix is
decomposed into a rotation matrix and an auxiliary matrix
which, when multiplied with itself, equals a permutation
matrix multiplied with an integer diagonal matrix; the
rotation matrix and the auxiliary matrix are each decomposed
into a plurality of lifting matrices; and the transforming

element is determined to comprise of a plurality of lifting

stages which correspond to the lifting matrices.

Further, according to the invention there is provided a

device adapted to perform the process described above.

Further, according to the invention, there is provided a
method for transforming a digital signal from the time domain
into the frequency domain or vice versa using a transforming
element, wherein the transforming element corresponds to a
given transformation function, which transformation function .
comprises a transformation matrix wherein the transforming
element is determined by a process comprising decomposing the
transformation matrix into a rotation matrix and an auxiliary

matrix which, when multiplied with itself, equals a
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function, which transformati on function conprises a
transformation matri x and corresponds to a
wao e@nssiseTati on of a digital signal fromthe tPEESG2004/000122
domain into the frequency domain or vice versa,
wherein the transformationgmatrix is deconposed into a
rotation matrix and an auxiliary matrix which, when
permutatipn adtwikhmullseblic8quath anpentuwtyati ahag@iai x
multiplied with an integer diagonal matrix; the .
matGigtiatdies T RREAPY She TREARAURNI PaFYlFabPixthe e2wREW ALY

mat 30 UM GALLNE0 AR LY LY O £LihG! AG:PRLLS £ and
the trans orn1n5 element I's deterntned to conprise of
deteanpnimal ithy ¢frahsfbrngngt ajesenhi tb compespondf ta t he
liftin trices. Further, , according to the invention
plusaldry B higsiasdshoaes: tbiaiapPeHerBORR: For i notting
matflREYSSndestkirbed zhevRerFusther i FaeRQr Stige t@ihe ses
invention, there is provided a method for transform ng
the prgicgissangsicgnabbfr-béarkhect| e ddnal hal nsgndk by an
o e ' [ VI rsa ' sform ng
auni g R PR e S BB T HEh a8 BB o ponas

to a given transformation function, which
ransformation function conprises a transfornation
Furthede; CRREFAP FHeFPfaﬁ%?%gﬁ}‘ﬁ@ EPeRRnts | T UBt hiThed
devil% AdRHLEBSSCRERPELPININECROPROS HEsthEodd ansd Ry mati on
matrix into a rotation matrix and an auxiliary matrix
whi ch, when nultiplied wth itself, equals a5

Furt?rl%trrm‘”)?%tci g(@éﬁ%g‘é%tﬂg' 5}1%{1{3?0%{“ toh e 1 N ﬁgﬁ{xﬁi%leaog%”a'
; g the'rotatioh matrix a 2

compaiipeir ireabyable medium having a program recorded thereon,
wherein the program is adapted to make a computer perform a
process for determining a transforming element for a given
transformation function, which transformation function
comprises a transformation matrix and corresponds to a
transformation of a digital signal from the time domain'into
the frequency domain or vice versa, wherein the
transformation matrix is decomposed into a rotation matrix
and an auxiliary matrix which, when multiplied with itself,
equals a permutation matrix multiplied with an integer
diagonal matrix; the rotation matrix and the auxiliary matrix
are each decomposed into a plurality of lifting matrices; and
the transforming element is determined to comprise of a

plurality of lifting stages which correspond to the lifting

matrices.

Further, according to the invention, there is provided a
computer readable medium having a program recorded thereon,
wherein the program is adapted to make a computer perform a

method for transforming a digital signal from the time domain
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matri x each into a plurality of lifting matrices; and
determning the transform ng el enent to conprise of a
w@bwsabispy of |ifting stages which correspond POI/8GE04/000122

lifting matrices; and wherein further each lifting

stage conprises the procesgi ng of sub-blocks of the

digital signal by an auxiliary transformati on and by a
intor euadifRgquBhty Bumbhar oragtee diegsd oadirey i avierdrisfiorming

there is provided a device adapted to performthe
elemgathodhgssdpi bBE hbaEI Ui RBerlemRRbr i TP IRPI R to 2

givehQé?%h%%Brm&@?gﬁpkﬁneEgghgeghfcﬁ §¥oﬁﬁﬁ%ﬁ§l%ﬂnction

avi ng rogram recorded thereon, erein the
compptiegsam isaaddpredtionnmierax camoeier fper floransforming
rocess for dete%nbnin a transformng. el epent for, a
[

clemgnyod o AERSFBIREL BY fUREDFERS SHTCH Srith IS Gne the

trans¥Behh@RoEORREFS8Siatbr ANSH 0L FBEh A Bl i2n@Nth auxiliary
corresponds to a transformation of a digital signa
matriikowhihb,t WhendowhtApLaed vhiehfiegriehcye@bid @ or vice

versa, whereinp nsf, 0 i [X. 1 & osed
perm#§€§lgnrgﬁa{%énkﬁgFaﬁgggéd&gﬁﬁé%giﬁggéig%ngﬁﬁ q&ﬂ?ch,
matr\mﬁiendﬁbtbtn%)ﬂlsﬁlﬁd ghéhrbts’eién eftad s endertmitatiidiary

matrix multiplied with an integer diagonal matyrix; the
matrﬂétSPFBnlﬁEPrPxpéHHa%EEYaﬂﬁii+§F§n9ﬁﬂ$%§3%ﬁ%i rmining

the $86RERPBSRINLNEPeReREUES! EbNpPIsd id4 iang)lrﬁitaflii(iﬁﬁ ofand

~_the transformng elenment is determned to conprise of
liftanpl ekabiesywbfchi £prngseenadeto viHie hl iddrmes gorid it syhend
wherghgt%ﬂgtggkréggﬁ 1ifting stage comprises the processing
of sub-blocks of the digital signal by auxiliary

transformations and by a rounding unit.

In a preferred embodiment, the invention provides a process
and a method for realizing the integer type-IV DCT
transformation. The method according to the invention
requires a significantly reduced number of roundings compared
to prior art methods. As a result, the approximation error is
greatly reduced, in the case of DCT-IV it can be reduced from
the usual Nlog,N level to be as low as 2.5N, where N denotes
the block size of the digital signal. The method according to
the invention is low in computational complexity and modular

in structure.

The method and the device according to the invention can be
used for any types of digital signals, such as audio, image
or video signals. The digital signal, which is a digitised
signal, corresponds to a physical measured signal, may be
generated by scanning at least one characteristic feature of

a corresponding analog signal (for example, the luminance and
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Further, according to the invention, there is provided
a conputer readabl e nedi um having a program recorded
W0 bh@sesnrs97 wherein the programis adapted to nERET/&G2004/000122
conputer performa nmethod for transformng a digital
signal fromthe time donaif6 into the frequency domain
or vice versa using a transform ng el enent, wherein
chrorhe anfcenshairisng febetredéo cot grsppntlise t am@l Yi wée of an
transformation_function, which transfornptio Eunction
anahﬂ%ﬂﬁQ@@@SSégpﬁémspérﬁﬁ?i%ﬂa%ﬁgrﬁin%h%ge?hg?%ﬂ rom a

senston:ﬂ_gs.tl‘(?lremdqgi%lag”@ﬂ nh¥ ﬁ@l‘h}tgf{%@ dy By @ PTPEPSSE data
conpri sing deconposrng the transformation matrix into
symb@lFotamhomamatszbamd af Bbxi dialyabesgxe v ch, gohared
] mul.tiplied with itself, eguals a pernutation tri
ntonAlaATiy o bt oG PhPEbete i Agorar Tt i3 cadPLAdd
numbe8C YR Aot BhEeA HRtthX saplheg atxid i BF Ythe
matrix each into a plurality of lifting matrices;
corrgspendimongneledt saaBfbr M ng el ement to conprise of a
plurality of lifting stages which correspond to the
lifting matrices; and wherein further each lifting
The $led@@Cemdrsidsgt he phecesséngiofi csar-ix ocksd ofot he

di gital si | b ili f :
el ol B sy ey, (el 15810 DY 3 e

valdddVent i-oh RiPVidesgaaPr fEesE aNdo ardptdachiHrinteger
realizing the integer type - V DCT transformation. The
valuest.hdheadoandgifiogmesiohemehledt fopo¥éhd ries Bhe invention

is ARG ot MBS UGBS LTS SRS o
the &riQfinad input signal by performing the transformation
method according to the invention. Such a reversibility
property of the transformation according to the method of the
invention can be used in lossless coding in which the output

signal should be identical to the original input signal.

Such an integer transformation of signals according to the
invention can be used in many applications and systems such
as MPEG audio, image and video compression, JPEG2000 or

spectral analyzers (for analyzing Infrared, Ultra-violet or
Nuclear Magnetic Radiation signals). It can also be easily
implemented in hardware systems such as in a fixed-point

Digital Signal Processor (DSP), without having to consider
factors such as overflow in the case of a real-value signal

transformation.

According to the method according to the invention, the
digital signal is transformed to the frequency domain by a

transforming element, which is according to the process
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greatly reduced, in the case of DCT- IV it can be
reduced fromthe usual NNOg N level to be as I ow as
wQ2Blo3Mber e N denotes the bl ock size of the dp@i/s6t004/000122
signal. The nmethod according to the invention is | ow
in conmputational conplexity and nodular in structure.
The nmethod and the device according to the invention
accEadime wsathel anvany ibypestefrmdingidt g#orsaggabsn such as
audi o, image or video signals. The digital signal,
trappierngtsion divgictii®ad signal, corresponds to a physica
nmeasured signal, may be generated by scanning at | east
one characteristic feature of a correspondi ng anal og
Prefé$ﬁhﬂy(;the examplfermine lelsmeancecapd’sebranphangkity of
. _values of a video signal, the anplitude of an analo
LiftdRMFEYSial, or the anal og sensing signal froma °
sensor) . The digital signal conprises a plurality of
data symbols. The data symbols of the digital signa
The dreangfoupddd slemsnsckan wet AldachrbkedkPaasd ngh t Hee

ne. predef.i.ned.n er dat, S
noa it Mg P et t R oo ponding anaren St Mg e
siddrgd gk Hc et fort @ethe viingebhieobfcanoberases ébHrdata
transform ng an input digit i,gnal which represents

l, si.
symb?&%gé@Myépuggr@ocgﬁCQQFEQt%gﬁ%hgg ﬁﬁ?gﬁsa?g% provided

peth &R QGRS J RLGGeH1kakbUeS nathe 1lFaRsE0sfREL OPe8BIVOS 2
~according to the invention is reversible. The output
sigmaretl arey epel tidapstoemed ;back votpHesoni gigag!li dputhe

othgéggﬁl &Xn%%&f%QQ)”%i%h% %E%R%EQEHHEhQE. A rounding unit
is arranged at the output end. The lifting stages are
arranged between the side pieces in an alternating manner,
such that the output (or input) ends of adjacent lifting

stages are connected to the different side pieces.

It should be noted that although the transforming element is
described in the form of the lifting ladder model, it is only
to illustrate the transformation paths of the transforming
element. However, the invention shall not be limited to said

ladder model.

The number of lifting stages of the transforming element is
defined by the number of lifting matrices which is determined

by the process according to the invention.

Discrete cosine transforms, discrete sine transforms,
discrete Fourier transforms or discrete W transforms are
examples of transformation functions that may be used as the
transformation function according to the invention. The

number of 1lifting stages of the transforming element may be
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nmet hod according to the invention. Such a
reversibility property of the transformati on according

wao o005kz15aet hod of the invention can be used i nP€¢DSG6L004/800122
codi ng in which the output signal should be identica
to the original input signgl. Such an integer
transformati on of signals according to the invention

diffeerle Wee@ndindy, apel reatil ensfabHesysbeass sachoasding
MPEG audi 0, inage and vi deo COHETGSSIOH JPEG&000 or
to @@ﬁe&ﬁW@mt&@@I§P6r§eéﬁéﬂléﬁ§9yil ﬁaPﬁ?Pé?éﬂg elepent for

the reéﬂﬁgtfyé @%%E%%%IWEQQ%B'%ugggiéﬁ on signals) . It

so be easily inplenent ardmare syst ens
such as in a fixed -point Digital Signal Processor

. Wth havi ng to _consider factors such_as
TR FARPHETEREE 6 SEPoan V04t g6 SFgnatb atied below
witH rrehmmRl iken theAeakdngg, t 9nt iri8Rt hod according to

the invention, the digital signal is transforned to

the frequency domain by a transformng el ement, which

Figure %pC%%%gn% %Qa&%% @r%%%§§8 %ngrgugg t@né?&er according
v ent™ 60 Sdet er d tor tFanst or na
to dﬂﬂéMbdﬂimeBtebﬁr&hby;nwbﬁtﬁbansfOrn1ng el ement
conprises a plurality of lifting stages. The
transform ng el ement can be illustrated based on the

Flng¥“§ Bowd ekt ERgHiaddeltreThe LhfLbA% | 38868cAOSCEording
has two side pieces, each for receiving one of two

to agr empoddfnenidt @ fsyisoliavenhbonr wWoteh castbesPends f ¢ nghe
audi t%%%%ra%%o%rogld%qgure 1.

Figure 3 illustrates an embodiment of the process according
to the invention, wherein the transformation function is a

DCT-IV transformation function.

Figure 4 shows a flow chart of an embodiment of the method

according to the invention.

Figure 5 illustrates an embodiment of the method according to

the invention using DCT-IV as the transformation function.

Figure 6 illustrates the algorithm for the reverse
transformation according to the embodiment of the method

according to the invention illustrated in figure 5.

Figure 7 shows the architecture for an image archiving system

according to an embodiment of the invention.

Figure 8 illustrates an embodiment of the method according to

the invention using DWT-IV as the transformation function.
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between the two side pieces. Each lifting stage

receives a signal at one end (input end) , and outputs
W@ 2®5Q8Eb7 at t he ot her end (output end) via a BCURRGL04M00122

unit. A rounding unit is arranged at the output end.

The lifting stages are arpgnged between the side

pieces in an alternating manner, such that the out put

(or input) ends of adjacent lifting stages are
~ connected to the different side_pieces. It should be

Figuget 8didRastapERSUERet AEIPF HHET of PF nERRl BRERESE s

trang%gg&hgﬁgn'QFFB§d£H§nngtﬂQee$$§&iﬁ&h{aggefh hod t

s onlfy to rffustrate the transtormation paths of the

accotrdangf aprichg éheaebionHohkverratdd imvEnduom &hal | not
be limted to said | adder nodel. The nunber of lifting
stages of the transformng elenent is defined by the

Figutdmiesnels! ikhbi AYcABLELE€Se W Chin | Suded esmddesk byod he
process according to the invention. Discrete cosine

accordangf sensn dinbedémenti @ thankivemeioni screte Fourier
transforns or discrete Wtransforns are exanpl es of
transformati on functions that nmay be used as the
The Gh@nsi ehddtieen1dUncbnoni e ditgvént i deal nventémal
The nunber of Iiftin% stages of, the transformn
r

baseglgight CREGTHBISETf PRI BRE, Merdbehef nit e He ¢ g of

+ransBe R QMees)agrar di D8st Pe b hechnyebthont f &sa&etid8dNidrg
a transformng elenent for the respective

the tindegeor metidncfudtscoate ¢0$1ire raravel e ot HEHRE of
the invention are expl ai ned bel ow

An audio signal 109 which, for instance, is provided by a
microphone 110 and which is digitalized by a analog-to-
digital converter 111 is provided to the audio encoder 100.
The audio signal'109 comprises a plurality of data symbols.
The audio signal 109 is divided into a plurality of blocks,
wherein each block comprises a plurality of data symbols of
the digital signal and each block is transformed by a
modified discrete cosine transform (MDCT) device 101. The
MDCT coefficients provided by the MDCT device 101 are
guantized by a quantizer 103 with the help of a perceptual
model 102. The perceptual model controls the quantizer 103 in
such a way that the audible distortions resulting from the
quantization error are low. The output of the quantizer 103
is encoded by a bitstream encoder 104 which produces the
lossy perceptually coded output bitstream 112. The bitstream
encoder 104 losslessly compresses its input to produce an
output which has a lower average bit-rate than its input by
standard methods such as Huffman-Coding or Run-Length-Coding.
The input audio signal 109 is also fed into an IntMDCT device

105 which produces IntMDCT coefficients. The quantized MDCT
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with reference to the drawings, in which Figure 1
shows the architecture of an audi o encoder accordi ng

wao eooan3sabodi ment of the invention. Figure 2 sPOmSG200€000122
architecture of an audi o decoder according to an
enbodi ment of the inventiop; which corresponds to the
audi o coder shown in figure . Figure 3 illustrates an

coeBMhoidn®Nt wifi diherer eeesSuageer difnghtoghbetipyentddn, are
wherein the transformati on function is a DCT-

|V
used (g FGEdRE dher JREIDET. cpiediieisnsfowdha EVBN: LRed tMDCT
coefgl Q¥ﬁﬂp q%n%%%.qft%h%nnng%QS%C%ﬁﬁgiﬂge£olb@e nd the
ure § ? t he

i'nvention ill'ustrates an enbodi nent o
outpuﬂfuﬁiﬁhﬂxnnﬂangetQubhalm&meﬂwmoﬂsuﬁedglﬁfﬂ'albbwmdim@
transformati on function. ure 6 i.llustrate

th
unity) o idh Fﬁ@yié¥§r§8 ﬂsFSrﬁﬁ Fgﬁragﬁi?%?ﬁﬁn?othe

resfdﬁ%fﬂﬁﬂ¥ﬂd@¥“bd%Efﬁ@@eﬁ%%ho%ha%%oégbnghéOdihference
invention illustrated in gure 5. Flgure 7 shows the

be tvaeghihec (WL R0 o ieEganak ol WG 0%t enelatior BHHIPCT
Coe€€%?ﬁﬁ; nbo%x%?%%t%fg&ﬂgndgve%tlgg F9§£§C§oder 10

an “emo §C6F “hé e cordlng
whidHle draenrfduen tusithg BWEsthk¥éaas ehkederansd pr D®$$Da$tssly

function.1 O Figure 9 |IIustrates the algorithmfor
red%Qﬁ?rﬁ?ﬁu@ﬂ?qﬁQEnQFGrﬁéFﬁoﬁ fadksr dPRY Tt o hRT @WBO™TF rfent

loséﬁeéé“%ﬂﬂgﬂﬁg%e%gc%EQEQQeE%.ﬁh@ | pMeRhi opohlinst rated the

figure 8. Figure 1 shows thé archltecture of an
perqapnuakiyugmgedl@@tstream 112, carries the necessary

information to reconstruct the input audio signal 109

exactly.

Figure 2 shows the architecture of an audio decoder 200
comprising an embodiment of the invention, which corresponds

to the audio coder 100 shown in figure 1.

The perceptually coded bitstream 207 is decoded by a
bitstream decoder 201, which performs the inverse operations
to the operations of the bitstream encoder 104 of figure 1
and is fed to an inverse quantizer 202. To its output, the
inverse MDCT is applied by an inverse MDCT device 203. Thus,
the reconstructed perceptually coded audio signal 209 is
obtained. The lossless enhancement bitstream 208 is decoded
by an entropy decoder 204, which performs the inverse
operations to the operations of the entropy encoder 108 of
figure 1 and which produces the corresponding residual
IntMDCT coefficients. The output of the inverse quantizer 202
is rounded by a rounding device 205 and is added to the
residual IntMDCT coefficients, thus producing the IntMDCT

coefficients. Finally, the inverse IntMDCT is applied to the



10

15

20

25

30

according to an enbodi nent of the invention. The audio
encoder 100 conprises a conventional perceptual base
wo 2008103150der based on the nodified di screte coBCTIEG2004/000122
transform (MDCT) and a | ossl ess enhancenent coder
based on the integer nodifjged discrete cosine
transform (I nt MDCT) . An audi o signal 109 which, for
IntMDTSH ajvesf, fiicsi qartayv ikdednby naemiser GphdbET1d6vand @hbchoi s
digitalized by a anal og - godi ital cqnverter 111 |s
Proqityitded 1 trhe- isdisd gﬁé& @rssgéfo.co?ﬁ audi g §%§ﬂ%‘dll 210
109 conprises a plurality of data synbols. The audio
signal 109 is divided into a plurality of bl ocks,
As mwheriginedeadivovd ,0dk denphiowesia [pRur ahatythé dara of

ol s .of the digital signal and each. block is .
oo r R RAPIE ROUATPEG 0N ScrBLE Shol HES TP Angrol
codiPGhd agMicte i hscthenMBeE enpbliifbeot 6 proi dedelyion
. the MDCT device 101 are quantized by a quantizer 103
illugtnptate Helfi Bres gerdépfualSnBlelnteger THel -1V.

perceptual nodel controls the quantizer 103 in such a
way that the audible distortions resulting fromthe
Figupearl iiddhisarragrasora dlewkcbartThé eunt pubodimeme of the

uanti zer 103 i.s encoded by.a bitstream encoder 104
Proqui RIS e ol Bbi olat HAFFS Botbd out put
trar Al -8amMnl Rincthienbiikstr eam-encedens 10Anh ©56h e6shytion.
conpresses its input to produce an output which has a

| ower average bit -rate than its input by standard
Rt e U R
the lintWDER cdeVficoe determining a transforming element for a
DCT-IV transformation function is explained. The determined
transforming element is used in the encoder shown in figure 1
to implement IntMDCT and the according inverse transforming
element is used in the decoder shown in figure 2 to implement
inverse IntMDCT. For a description how to implement IntMDCT

and inverse IntMDCT with DCT-1IV, see [2].

The DCT-IV transformation function with a N-point real input

sequence x(n) is defined as follows (see [2]):

YWO=J%3§ﬂMamCm+V?g+ymﬂ)fmn=0¢~3N—1 (1)

Let CJ be the transformation matrix of DCT-IV, that is

cr - \/Z [COS((m+1/2)(n+1/2)n)] 2)
— N N m,n=0.,N~1
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20

105 whi ch produces | nt MDCT coefficients. The quantized
MDCT11 coefficients, which are the output of the
weeasnsser 103, are used to predict the | nt MDAICT/SG2004/000122
coefficients. The quanti zed MDCT coefficients are fed
into an inverse quantizer 1306 and the output of the
i nverse quantizer 106 is %ed into a rounding unit 107
Accob¥ingi €b theyemsed Imsrndeast tmrdad egercamtdiesy dand tihee
resi dual Int MDCT coefficients, which are the
invedtfbe; ehbe beinetorndieiqutmalriof €he ipudetempesid g
and the Int MDCT coefficients, are entropy coded by an
a roeatiopymebdix 08,2 wikithx artal dyousherd mhie imlisid edih

) coder 104, |osslessly reduces t aver hi.t -rate
ltsei? i Fguﬁiﬁu% %?‘fa“‘bi}%rdh%é@aa o8 sl%njheggﬂel%ehntan
integggsggggghgﬂgnang_h, together with the perceptually
coded bitstream 112, carries the necessary information
to reconstruct the input audio signal 109 exactly.
Figute 2 sh [ tect of an audi o decoder
For Egggégﬁpr&s%\%%ﬁ%{b% rrkgér:né% the invention, which
corresponds to the audi o coder 100 shown in figure 1.

The gerce tually coded bitstream 207 is decoded by a
In spppspPRa %I%c%%‘g‘?esz?)ll,s VI B Eer f or st he i nver se

operations to the operations of the bitstream encoder
104 of figure 1 and is fed to an inverse quanti zer

In spep. 393 the emmputof thee | WARSOWRET I BPHGER Bprafven
indibg\ée[a%%u%%r%%%aegﬁr&ggthgh&grwg g%gﬁfgﬁ@tfrﬂﬁt&% :

pPErCcCEep audi 0 si gha
y(m) = \/%jz_:x(n) cos((m + %)(n + %)—]7—:[—)
- ‘/% n;n x(n) cos((m + %)(n + %)-%) + \/% n;dx(n) cos((m + %)(n + %) —]757—)
= ‘[%2 x(2n) cos((m + %)(Zn + —;—)% + \/% Z x(2n + ‘1) cos((m + ~;—)(Zn +1+ é—) %)

N

- \/%le(n)cos (m+%)(n+%)(§—) + \/%jz—oxz(n)cos (m+%)(n+%) (2) ;

2 2

thus,

N
7

y(m) = \/%Zxxn)cos s ) g s

="

+ \/%Ez_ x,(n)cos| (m + %)(n +%)———+ %(m + %)———

ST
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obt ai ned. The | ossl ess enhancenent bitstream 208 is
decoded by an entropy decoder 204, which perforns the

WO poén3s9IDper ati ons to the operations of the ePCT/OE3004/000122
encoder 108 of figure 1 and which produces the
correspondi ng residual IntpCT coefficients. The
out put of the inverse quantizer 202 is rounded by a
roundi ng device 205 and is added to the residua
I nt MOCT coefficients, thus producing the I nt VMDCT

ffl ' he v I.nt [ lJ ed
anexfOF S, KAl d NE QEST LALVRCE S S0
deV|ce 206 to produce the reconstructed Iosslessl
vect@sd6TREAPHNG] ghal XFRd. WAShLBHED ohedl o vdf2 Wdth the
shown in [2] that the core}@f I nt MDCT, which plays an
comploffe@rtsant, () el K2n » 1) ogs:6ss,—audi ascadvagtandcehpehsisg
used in the enbodiment of the invention illustrated in
f r n integer DCT -1V. Figure 3
alli%(%zs??g%egag %Pdié grt of an enbodi nent of the
process according to the |nvent|on wherein the
t sformation functio transformation
The #%ﬁEPW6Hg Kot A bF%VFaﬁkﬁaS 3ﬁee%%% i ment of the
process according to the invention for determining a
tranéJornhng el ement for a DCT- IV transformation
tli.on xpl eda T eterm ned transform ng
@ er %ﬁﬂ? § %1%th% éﬂﬁdger shown in figure'l to (4)
|nplenent I and the according inverse
transformn l ement is used in the decoder shown in
figure 2 to inplenent inverse IntMDCT. For a

descri ption hom1to i mpl ement | nt MDCT
B, =tm+d) e+ m=0..N-1 (5)

4 2N 2" 2N
2

With equations (4) and (5), equation (3) can be written as

y(m)= \/' E xl(n)cos \/7 _E_ X, (n)cos + B, ) . (6)

n=0 n=0

In step 302, the following two addition theorems for the

cosine are applied:

cos(e.,,, - B,,) =cosa,, , “cos B, +sina,,, -sinf, (7)

cos(a,,, + B,,) = cosa,, , -cos B, —sina,, , -sin 8, (8)

With (7) and (8), equation (6) can be written as
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and inverse IntMDCT with DCT-1V, see [2]. The DCT- 1V

transformation function with a - point real input
waemsesise? x(n) is defined as foll ows (see [2])PCHSG20¥4/000122

, NI (1 Let be. the transformati onmatri x of

DCT-1V,that i s ( +]/2)+(;3 VN2> COS (2) [ VI\mn

=QX---,N |13 According to the enbodi nent of process

accerding to the wpvention, theltransfornatqu matri x
( s .deconposed oar matri x a matr i

ym) 5 % (RS £ 1 %@amnﬁ it S CORgFaNs — % (D)sing,,, s1nf3,
p ation matri X" multiplied th an integé&f diagona
matri x. For clarity, Nis assunmed to be even. In step
3 the process is started. kn step 301 the terns of
. nsf rnatl n ion f di ces, ar .

- LS el P griahior S%m%m('ﬁﬂaﬂ;esxz §155 Pebing,,,
x[1) cos +- )(n + Y- - x(n)cos\™ +- )(n +-)- + - > x

cos \ m+-)(n+)- " ZJ) VIiNVZ 2Z NJ) - x(2 )cos((mt
d&,) ) + -~JC(2 +1)cos @Ln+- )(2n+ +- )- 2 IV -1
2 cos B, sin

= (N_) 25 [x1 (n)+x, (n)]cosam,n + ’; 7 [x1 (n)—x, (n)]sin a,., (9)
2

for abbreviation, the two N/2-dimensional vectors x;' and X'

are defined to comprise the following components:

xl’(n)=%[xl(fz)+x2(n)] 7 =0,...,%-1 (10)
x,'(n) =:/1_2:[x1(n)—x2(n)] N =O,...,%—1 (11)

With (10) and .(11), equation (9) simplifies to

ﬁ._l -]!—1
2 2
y(m) = 2 Zcos B,.x,'(n)cosa,, , + gsin B,.x,'(n)sina,, , (12)

=)

In step 303, the wvector

y(©0)
REL.
y= :

y(N)

is divided into the two parts yp and y; wherein



- 1p+ )("+ ) - (n)cos + Xn +- ) 4 /JIV 2 2 thus, (
+- )( + )- -1 (+) . /Iv22(3) +J- (n)cos( +-
wWXeeosp3ts97 ( +- ) %V {N\ 4 JV 214 N where w t hP€TI8G2004/000122

conmponents x (n)=x ,n 0,..., 1 is a vector conprising
all x (n) with even indicesgand x with the N
conponents x ( = x(2n+ ,n =0,...,1 is a vector

ooy sjng all x(n) with odd indices. The follow ng

WO ﬁbb eviations are used: mn, =(m + )- - ,mn

YD N- 1 (4 B(m+) - m+)- ,mo,...,-N (5) (13)

Yo =Wth equations (4) and (5), equation (3) can be
ngLﬁy as 11 1 11 ( )= (") - ) +) (6)
2

YN ~1)]
y(N -2)
N

- YCEJ_

5 The vector y; comprises the components of y corresponding to

the indices from %g to N-1 in reverse order.

The components y,(m) of the vector y; fulfil the following
equation:

10
y1(m) = y(N -1-m)

N

—1 —_—

2 |3 ] .
= [ E cos By X' () COSQAy 1, T 2 sin By 1 pm¥a '(m)sinay ., .,
&

Ele

for nz=0w”££—1.
2

15 Note that

=
o |2
i

y(m+%r_)= 2 Zcosﬁmﬁxl'(n)cosam N +23in[3m+ﬂx2’(n)sinam N (16)
n= T 2

g .

2



In step 302, the following two addition theorens for
the cosine are applied: cos( - b ) = cos cos +sin b
W@ 700568157 cos cos/3 - sma sin (8) Wth (7) andP¢B}G2004/000122
equation (6) can be witten asl5 PU2 2 2 . + - | 2
(tm 2 COSBr , Sinr , . + -A[x (n)- x (")]smO)
for abbreviation, the two 2-di mensi onal vectors X'
and ' are defined to corrprise the follow ng

conponents: = + = i 0: (—") (") ") = -1 %EDT
In ste) 4dd X@lil)ldejjua&neor?a@y HORISSE] by § I)V P trix
"(n)sin (12) JV In step 303, the vector y(O)Nyy:
Cy and a DST-IV matrix SN , each of dimension 5
2 2

5 This is achieved in the following way:

1
For B, =(m+5)% the following equations hold:

1 N.=x 1.7 N =« T
=(m+—+—)——= )t =0, +— 17
By =(mo+ ) T AT (7
10 Byyr =(N-lomsD) TN med) 2" _p (18)
L PN 2" 2N 2N 272N 2 "
Further,
T .
COSﬂN—l—m =COS(—2——ﬁm)=Slan (19)
15 sinﬂN_l_m=sin(%—/3m)=cosBm (20)

For a,, =(m+%)(n+?12—)% the following equation holds:
2)
1 1, = 1 1, =
=(N-1-m+= )——=WN-m--)n+-)—-
=1 )04 ) he = Wmm= Y )
2 2

=N(n+l)—n——(m+%)(n+l)-—ﬂ—=27r(n+1)—am =2Tn+7mw -

S
2 2 (21)

20 oy

~1-m.n
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Y(N) is divided into the two parts and yi whereinl6
J(O XJV- (14) (- ) The vector conprises the
w@ovpossat s of corresponding t o JV the indi ceBCT/86mM04/000122

to JV - in reverse order. 2 The conponents of the
vector fulfil the follow ng;equation: y {rn) y{N \ -
ni) ( N+ (15 for m=0,...,JV Note that y(m+-) =

Furt®@x(16) +-,n +2 - ,n for = 0,J. V.., 1.17 In step
304, y and are each expressed by a DCT- IV matrix (tm

and a DST- IV natrix (tm , each of dinmension - . T
oS alm,fn L (Szos?fyp WS d alm,T) ! fégs(;ro_l olcm?n\y =ngcovélao?,/n:,, (22)
sinay__,, =sin(2r n+r-a, ,)=sin(z -a, )=sina,, (23)

With the equations (192), (20), (22) and (23) equation (15)

can be rewritten:

E._] E—-l
2 |3 QL .
YN -1-m)= |—- 2 €os By ¥, '(M)COSOUY_y ,, , + 2 Sin By 1%, (M)SINAY oy,
n n
N

2)

LA
2 2
= |— 2 sin B,,x,'(n)(-cosa,, ) + E cos B,.x,'(n)sine,, ,
2)
N N

N
2

= izsin B,.x,'(n)cosat,, , + - ——]%r—z cos B,,x,'(n)sina,, ,

(3)

)

20

(24)

for m= 0,...,-JY~——1 .
2

Since further equation (12) yields

N

N
5 5! 51
y(m) = |—— 2 cos B,,x,'(n)cosa,, , + Esin B.x, (n)sine,,,
n n

=)



For b = ( +-1) p the follow ng eqWuations hold: , 1 p
= (

p NnTHDhb +-+-) =m+-) + =Db + (17) 2 2 2iV 2iV
wQ2@Bslosse(N - | - m+- ) :N (m+- ) = (18) N ZnCRSQN0Z000122
Further, , b - - =( b) b (19) i sinb _ =s n(- - b
cosb (20) 1 1 For a - (m+ g)("+-) the follow ng
equation holds : = (/y- | - n+)( + )M = (JV- n- -
) ( ) - JV(n+) +)G"+) 32 ( +) - a" 2 4p - (21)18
Fur —~1( +p - ) cos( 5 _1— - cos (22) N-i-mn
— encp N 3 ations (19),-
CO?%O Zb@mgg@)” equ t"lo N%%Qﬁ%%f’ wWritten: 55
y( (I 2\7\ 11
the expressions for Yo and y; can be formed from (24) and
(25) =
5
. v 1 - : v 1 N
=dzag[cos,3m]-CN ‘X, +dzag[sm/3m]-SN "X, m=0,...,—2——1 (26)
z 2z
. . w ' . ‘ v | N
&=dzag[—sm/3m]-Cﬂ -El_+dzag[cosﬂm]-S£ X'y m=0,...,7—1 (27)

2 2

where dMg&hj denotes a N/2-by-N/2 diagonal matrix with a, in

10 the mth row, Cﬁ’ is the transformation matrix of the DCT-IV
2

transformation and §§ is the transformation matrix of the
2

discrete sine transformation of type four (DST-IV).

The- two equations (26) and (27) can be -expressed as a single

15 one in the following way:

yO (O) | I COoS ﬁl Sin ﬁl T [ xl '(0)
¥ e L
Yo (7 -1) _ cos B, sin 3, _% x? (5 -D
¥:(0) —sin B, cos B, STl %'
: . . 2 :
N ’ ' N
»(-1 —.sin 3, cos B, x,'(—=1)
A - "2 7
(28)

20 In the following, the —Jz\lx% -~ matrices
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2 T-, +- --JVJIL = sin® '"(n) cosmn '(n)sin (24)
JVn2for =0,...V, 1. Since further equation (12)

wQr@ba31597y(m) + n 2 .19 - 1 JL = V(") COSCCm nPCT/B6I094/000122
(25) the expressions for can be fornmed from (24 ) and
(25) : = diag[cos X '+ Jrg(&@inb] (tm x, =0,...,--
1(26) 1 1y =g9g[- sin]|] + 1 g[cos ,...,f - (27)
where denotes a N 2- by-N 2 diagonal matrix with a i n
the nth row, is the transformation matrix of the DCT-

INM transfo rfation and S V is the transformation

matri x of thp 2 discrete sine transformation of type

flour (lDST-IV

I, (29)
2
1-
and
1
1
Jy = 1 (30)
2z
1
are used.
One sees that
Y0, (0)
¥(0) N
N —_—
IR e (31)
: Ivll »©
Y -1 = s
nE -9
"2
which is abbreviated by
IN
7 Yo
== — (32
A |

One further sees that with the NxN -matrix R, defined as




The-two equations (26) and (27) can be expressed as a

single one in the followwng way: 1 sinj8 [ *i'<o)1l i
wWe@e®sN3150) - sin COS V X XO 2 - sinb , -9 (28PQT/6G20041€00122

following, the - - - matrices20 1 - (29) CS and 1]

(30) are used. One sees thay y ) Ny(2) (31) (N -

which is abbreviated by 2 ZI (32) 2

1, I
R =_1_{N_/2 _N_/z} (33)

IN/Z ‘Ile

the equation

5
%'(0) ] [ x,(0)
N N
%G1 %=1
' =R r (34)
x,'(0) £ x,(0)
v N
x,'(—-1 x,(—-1
* (2 | =G )J
holds.

10 Eguation (34) is abbreviated by

el
2R, |2 (35)
el X2

Further, let P, be an even-odd matrix, i.e., a permutation

15 matrix reordering the components of the vector

x(0)

xU&—D

by separating the components which correspond to even indices
20 from the components which correspond to odd indices, i.e.,

such that



One further sees that with the NxN matri x R defi ned
2

as21/ _ N2 /2 (33 ) N2 - IN2 the equation X (O
Equat i on ( 349CT1/SG2004/000122

wW0o-2q034315% (O X (O V(f-D holds .
|et P be an even-odd

abbrevi ated by RP (35) Further,
e., a pernutatiopomatrix reordering the

matrix, i.e.

conponents of the vector X = x(N-1) by separating the

E@ypgnent s whi ch correspond to even indices fromthe
i.e., such

cofmpgnent s whi ch correspond to odd i ndices,
WatZZ X (0O x(0)
xl(—é-_l) *0)
-P,| 36
x,0) |7 (36)
N
-xz(E—l)-
or shortly
%
5 [T|=F.x (37)
*2
holds.
By combining the equation (28) with the equations (31), (34)
10 and (36) one gets:
[ cospf, sin B,
¥(©) v
9 0
yo | __%_ cospf,, sinf, % x(.)
S Jy ||-sin cos SU el
| . P v (N 1)
YN -1 — - 2
i —.sinf, cosfi,,
(38)
15
with the above abbreviations and the abbreviations
(39)

cos f3,

C=
cos f3,,

20 and



=P, (36) X(JV- ) ( -i) or shortly X-, (37) holds. B
y conbi ning the equation (28) with the equations (31),

w@ 20b5/03a307 (36) one gets: U  x(0) 2 -sin / J BCMMSG2003/000122
2_ X(JV- (38 ) with the above abbreviations and the
abbreviations cos C = 39),¢£0sj8 and23 sinb S= sin
equation (38) canbe shortlywitten as |V

 [sinf,
S = (40)
sin B3,
equation (38) can be shortly written as
5
Iy Cy
) ¢ S} =z R P (41)
= |[— — X
z Ivil-8 € Sy [
_2 _2
In step 305 SY is expressed by C§ . This is done with the
2z _2
equation:
10
Sy =J,-C¥-D, (42)
2z 2 _2 _2
wherein D,, is a diagonal matrix of dimension N/2 given by
1
-1
15 D, = 1 (43)
2
-1
With equation (42) equation (41) can be written as
IN IN C;VV
y=|-=% ¢ Sz - R,P,x (44)
2 _2z 22

20



\ CSJ-SCrr/V( 41) In step 305 Sis expressed by
This is done with the equation: (42) wherein Dis a
waelr@gosab7 mat ri x of di mension N 2 given by = (BG)/S6€2004/000122
Wth equation (42) equation (41) can be witten as JV
\2CS~J-SCJCD(44)24 In step 306 the NxN
rotation matrix R is cal culated, which conprises the

In Jﬂéﬁt%déﬂtﬁ% Rk M C?@té’flgﬂl&%{ﬁk(ﬁ@ id SaldDatkda,s ¢

tiplication of the three mat+fces in equation

whléhfgoﬁﬂfyégé tho§1r§%nthéQeAﬁﬁtr1ces of equation (44):

1 1
R % € s —% (45)
P Ixvll-s € Jy
" _z
5
Multiplication of the three matrices in equation (45) yields
T .
cos—— sin —
4N 4N
3z . 3n
COS— sim—
AN ) 4N
N -1 N -
RCELINCE 3
R = (46)
po -1 -
‘ — sin (N )ﬂ 0s (N l)n:
4N
. 3 3
—sin— COS—
4N 4N
. T
—Sin—— COS——
4N 4N |
10 In step 307, the auxiliary matrix, which, when multiplied
with itself, equals a permutation matrix multiplied with an
integer diagonal matrix, is calculated.
The auxiliary matrix comprises the fourth and fifth matrices
15 of equation (44):

20

1

-5

v v
_ CN/Z CN/2

v
CN/Z N/2

i
CN/Z N/2

14
CN/Z

v
—CleDle

Note that

(47)
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3p 3p cos- sin- AN AN (iVcos '"- sin'- AN A (46) (N -

k (N- - s cos ANAN 3p 3p - SIII - cos- ANANp - sm
wWeo®s/0MWYAN | n step 307, the auxiliary matri X, P@BGI004/000122

when multiplied with itself, equals a pernutation

matrix multiplied with an bgteger diagonal matrix, is

cal cul ated. The auxiliary matrix conprises the fourth

apd fifth matrigces of equation (4#): JV 1 *-jgr/2 1 =
(47)0CDCD- C17 D/ 2I\Iotethat2§) 0 1
1 0 I, 1 0
_— 0 1 |3z 0 1
== 0 1 | Dxllo 1
-1 0 211 0
0 1 0 1
-1 O_ ] 1 0

(48)

I.e., T multiplied with itself equals a permutation matrix

multiplied with an integer diagonal matrix.

With equations (46) and (47), equation (44) simplifies to

(49)

Thus, the transformation matrix Cj is decomposed into a
rotation matrix Rm, into an auxiliary matrix 7T that, when

multiplied with itself, equals a permutation matrix

multiplied with an integer diagonal matrix and into an even-

odd matrix P, .

In step 308, R, and T are each factorised into a product of

po

lifting matrices. T is factorised in the following way:

T=TTT = £N_/2 . _D__N/Z & . INJ
T K Ly, Tvp| | & Iy

where
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O0TT=-1000(48) l.e., Tmultiplied with
itself equal sa pernutation matrix nultiplied with an
WO posgars9di agonal matrix. Wth equati ons (46) BemMSG206)/000122
equation (44) sinplifies to TP [49) Thus, the
transformation matrix is dggonposed into a rotation
matrix , into an auxiliary matrix T that, when
nphivi pl i e it hjktsel f, equals a permutation matrix
K, "mﬁﬂ gﬁ[ WA M2 i nt eger diagonal matrix and into a{r“?l)
e gn - odd matrix P . In step 308, R and T are each
aceorised into a product of lifting matrices. T |s 52)
__f$,t§tor|sed|nthefollovmng\/\/ay /12 - zX , K\I T(
TT=[50)1 .N2 N2 IN2 where2 6 JV K 2 N/2
=( v "N2 N2 N2 (53) And Ris factorised (53
K z;?g#ér#g%tﬁ”’ he fol | owi ng equati on: (53)

NN

And R, is factorised according to the following equation:

IN/Z IN/Z H, IN/Z
R, =RR,R, = |2 - — 17 (54)
S TREDTH, Ly, Lua| | Hs Lwp -
where
(N =D ]
-fap———m
SN
H,~H, - i | (55)
8N
T
—tan—
SN
and
. m
sSimm—
4N
S
&= - sm4N (56)
. N-Dn
s ————
4N

Thus, Equation (49) can be re-written as

CAIIV =R1R2R3TlT2T3‘Peo (37)
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N21 N2 N2 po=[54) HN2 N2"' N2 where (JV- 1
- tan 8V H=H- 3p 55) tan- 8N p - tan- 8N and sm

W@ 0458p1ssm  4JV (56) sin 4JV Thus , Equation (BC)/SGz104/000122
be r e-witten a s _

27
In step 309, the lifting matrices are aggregated as far as

possible. Matrix S is defined as the product of R; and T,

that is

Ty
S=RT = — {58)
- 2= l‘_I_{_if:__"_I_{_l_ IN/J

This aggregation is possible since § is also a lifting

matrix.

From (57) and (58), the final factorisation formula for DCT-

IV matrix is obtained as

CiIV =R1R2_S_ T2T3Peo (59)

Equation (59) indicates that the transforming element for the
integer DCT-IV transformation according to the invention

comprises five lifting stages.

Since the final factorisation formula is determined, the

process is stopped in step 310.

Figure 4 shows a flow chart 400 of an embodiment of the
method according to the invention using five lifting stages,
a first lifting stage 401, ‘a second lifting stage 402, a
third 1lifting stage 403, a fourth lifting stage 404 and a
fifth lifting stage 405. This method is preferably used in
the IntMDCT device 105 of figure 1 and the inverse IntMDCT
device 206 of figure 2 to implement IntMDCT and inverse
IntMDCT, respectively. In Fig.4, x; and x; are first and
second blocks of the digital signal, respectively. 2z, Z2, Z3

are intermediate signals, and y; and yz are output signals
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C=RRRTTTP(57)27 In step 309, the lifting
matrices are aggregated as far as possible. Matrix S
w0 g00de8i5aed as the product of R and T , that iBCT/RGHB8R00122
T (58) HK JN 2 This aggregation is possible since is
also a lifting matri x. Frog%§57) and (58), the fina
factorisation fornula for IV matrix i s obtained as
cortépaRith$ do THSFJrHguaid eddl) Wirdikeatfes Hehati gtite 1
transform ng elenment for the integer DCT- |V
signzhnsfoFRREtTbYfHécording to the invention conprises
five lifting stages. Since the final factorisation
formula is determ ned, the process is stopped in step
Figx&i@ 5 Blgawe a Showscheafd (mi Gmaremb4adii.meh taw fe rhed mehiod

f he rret%geg accordin the in en&;i on uysing five
aCC‘PJFCH%gt%t SR M g&TAfE I cameEdomnd
fundt £ NGs 4 ager-462, tlaartgwﬁ\alﬂlfotﬂ Fankaea . 403 a fourth

lifting stage 404 and a fifth lifting stage 405. This

tramefdioting pratarablsedisiad ﬁhﬁSt legblodil NBCT  devires P08 softo

f t he |nverse c Lqur
the Zécﬁggflrr%? e%g t It NDCT ané1 I nver éﬂg& Ih Mgtg&m&n%% %y
the respetinstel of [thdFigrocess allduXtaéeeﬁl tat fagdreecond

bl ocks of the digital signal, respectively.
The transforming element comprises five lifting stages which

correspond to the five lifting matrices of equation (59).

Further, the transforming element comprises a data shuffling

stage corresponding to the permutation matrix F, .

In figure 5, the input of the first lifting stage are the two
blocks of the digital signal x; and x2, z;, zZ, and z3 are
intermediate signals and y; and y, are output signals
corresponding to the first and second block of the digital

signal, respectively.
The input of the transforming element x and the two input

blocks of the first lifting stage of the transforming element

x; and xp fulfil the equation

(confer equation (37)).
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are internedi ate signals, and and are output signal s28
corresponding to the first and second bl ock of the
waele@snals9si gnal , respectively. Figure 5 shows BCT/BGW04/000122
chart of an enbodi nent of the nethod according to the
i nvention, wherein the trarsformation function is a
DCT- 1V transformation function. The transform ng
In tekementowsad,i shehfsrepboilfneng strgespoOhdsstexplreined,
_equation (59), i.e., is the one which is detfrfined by
whichhd sefBEdiliERENST SERGS pFOEERTPPIIHRY r &2 eBRE nl T gth e 3.
Theggransforning el ement conprises five lifting stages
matryxi dn-correspond to the five lifting matrices of
equation (59). Further, the transform ng el enent
conprises a data shuffling stage corresponding to the
rqrutation matrix P . In figure 5, the input of the
Let f[FBtbd ifid nehighageravtor e tie liasks 1dffttine ditgigeal for
vghal x and and are internediate signals and and are
out’put signals corresponding to the first_and second
the ek befingheithghtarosnghay, te ekpeR4¢VeV§lughe +rut
of the transform ng el enent x and the two i nput bl ocks
of the first lifting stage of the transform ng el ement

X x fulfil the equation X 60) (confer equation
(3 )—11
A2

h 29 (61)

Vy

Using the definition of T, provided by equation (50),

equation (61) is re-written as

Iy

i | 2 n (62)
Va K; Iy X o

2
Since in this embodiment, a reversible algorithm for integer
DCT-IV in this provided, there is included a rounding to
integer values. So, according to equation (62), in the first
step 506 of the first lifting stage 501, x; is multiplied by

K, . The result of this multiplication is rounded to integer

values in step 507. The rounded values are then added to Xz
in step 508. Thus, the intermediate signal z: fulfils the

equation
7= K rx (63)

where [ﬂ denotes rounding operation.
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In the followng, the first lifting stage 501 is
expl ained, which is the lifting stage corresponding to
wao b@sosfspT ng matrix T . Let be the output vectRPCT/o6G2008@00122

first lifting stage, for v, the tinme being wthout
rounding to integer valuesggi.e. (61) Using the
definition of T provided by equation (50), equation

sind®hd otteemwridiren idx M@ (tBed B02,2503]) SOAce506 of the
this enbodi ment, a reversible algorithmfor |n%eger

tramxﬁ°iT4“9|Q¥qmﬁQ$;ﬁﬁiﬂﬁiﬁftQQW ¥9Wrﬁclud881§
roundi t t I
COI](%%OI‘I({]QZ(% éll%nl €98l; V4 L@UG tﬁc%?tr dl g ?‘: %%Lﬂl%_t\ljeg.gé

IS wultl Iled by K.. syl. t
haV?nﬂQ?%%%(ﬁﬁl(ﬁF YSihdsd T8 ]Egéﬁlggﬁug Qk%ge 501
theiO?elehﬁlarﬁwaﬂe_@ \(ﬁﬂlltﬁfecarﬂtt rwﬂyacﬂlaed tbob® hbtstiephat in

508. Thus, the |nterned|ate Sl%ha| fulfils the

e@ﬂféltn%rﬁf(eﬁ%ﬁ%é)rfe Jff&&ﬁan §GeBpefari dn.ifo
aCC%lfé‘%f%tt[‘cf at;{g‘ﬂ ml%%rt 4 grSt ?ﬁgved5 flth50419 205

ng el emen +Hu
whi ch correspond to the matrices T , Rand R
respectively,

In the following, the lifting stages of the transforming
element of the reverse transformation are explained with

reference to figure 6.

Figure 6 illustrates the lifting stages of the transforming
element for the reverse transformation of the transformation

illustrated in figure 5.

In figure 6, the input of the first lifting stage are the'two
blocks of the digitéf:signal y: and ya, Zzi, Zz and z3 are T
intermediate signals and x; and x» are output signals

corresponding to’the first and second block of the digital

signal, respectively.

The last lifting stage 605 illustrated in figure 6 is inverse
to the first 1lifting stage 501 illustrated in figure 5. So,
in the first step 606 of the last 1lifting stage 605, x; is

multiplied by K, . The result of this multiplication is

rounded to integer values in step 607. The rounded values are
then subtracted from z; in step 608. Thus, the signal x;

fulfils the equation



10

15

20

25

30

have identical structures as the first lifting stage

501, their explanation is omtted. It only has to be
wooisdstshat in the adding step 509 of the secopdr/SG2004/000122

lifting step 502, X according to the definition of T,

multiplied with - D. In the followi ng, the lifting

stages of the transform ng el enent of the reverse

wheféanfeéHBEégnr@ﬁﬁd§ﬁ8|@%@Eﬁkﬂ@ﬁb reference to figure
6. gure 6 illustrates the lifting stages of the

transform ng el ement for the reverse transformation of
the transformation illustrated in figure 5 In figure

sings e WK rux nelfiing gtagieisn ¢ Odtagd2ar &08he 60 ©F the
trar?éf&ﬁf?ir? %P&n&@'%ﬂu& d g‘?ld f%lgur% ' €ywhich are

i nter medi at'e signal's an and X are output signals
inveods espartth Noi fioinidnesfdgest Sdd $SOdond O3l eckl 602t he

digital signal, respectively. The last |ifti .
respRti 19 Lot e 19075 Hagtiee 68 (h% RES red ting

staééfé@@,g Slege S8 dhd udd atednlift thlgurme 2n190hals toh®e
Irst step 606 of the last |lifting stage 605 Xis
noted| that jattdy the atdineaier 0% ifs thel fopitdatiidh ing

ro ed .t o integer [L,ues j 07Znol .
steg a%;l@g’s A THeh su {?ta}%:et ZaciJ Ogrn g}mes% e?)n %s(?tge 3%6 gﬂgﬁgé c d
witﬁhﬁlﬁbgn@é gebahéél g, the equation3l where | *J denotes

rOUﬁgrng operation.”Since the other four lifting
stages 601, 602, 603, 604 of the

It can be seen that the lifting stages 605, 604, 603, 602 and
601 of figure 6 are inverse to the lifting stages 501 to 505
of figure 5, respectively. Since also the permutation of the

input signal corresponding to the matrix P, can be reversed

and an according data shuffling stage is comprised by the
inverse transforming element, the provided method is
reversible, thus, if used in the audio encoder 100 and the
audio decoder 200 illustrated in figures 1 and 2, providing a

method and an apparatus for lossless audio coding.

An analysis of the number of roundings used in this
embodiment is given at the end of the description of the

invention.

Figure 7 shows the architecture for an image archiving system

according to an embodiment of the invention.

In figure 7 an image source 701, for instance a camera,
provides an analog image signal. The image signal is
processed by a analog-to-digital converter 702 to provide a
corresponding digital image signal. The digital image signal

is losslessy encoded by a lossless image encoder 703 which
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transformng elenment illustrated in figure 6, which
are inverse to the lifting stages 505, 504, 503 and
wGORsnESpeCct | vel y, have identical structures aBCT/b&2004/000122
last Iifting stage 605, their explanation is omtted.
It only has to be noted th after the adding step 609
of the fourth lifting step 604, the result of the
inc AUGE H 05 St £ih SOt i tirdnd etheWittihe dontadnpreedine |t
can be seen that the lifting stages 605, 604, 603, 602
frequeney 1defa i guire Hhif enbeddmeaty o thige Bime degiadtages
501 to. 505 af figure,. e [ 3ol al t he
cor]b%?%%? i%%qco € t%e ﬁdr%g{ftgesi%ggglte \c{?g%lr ?églsepc}%%l r?g tﬁ‘get he
los 8B &E XcRisanieyd evieyread iand tareacdor di rodae device
shuffling stage is conprised b%the I nverse ., .
704t rEos f FFMES & difedt At B Gvitd e r[?%]teﬁ‘o&%ies image 1s
ersi bl | foJuped he s 110 4 0 d
need @Y EAO Fopd bl ) (od iR infde i ﬁ%ﬂ??f%?ei‘ngr%f“ £he
stopagyi dévnira et kodl anbvdrleabpar at U sisdresisodskress dagafer

codj . .An anal ysi s of -t he.nunber .of. roundi. u in
705tWJsglgn‘E)%%‘?qaf°Esf1t essjéﬁlgelﬁs Y S eeﬁjg lg}agtehelgg%%r ?g i on
recOfsthgct e | O.gifiz0uriages kawhallher iamehitt eetyutietboloss.

an image archiving systemaccording to an embodi ment
of the invention. In figure 7 an i nage source 701, for

H n -. . .. .
s PLANFES & rAnPIOVides AR 13Ralhed jismageosikanal .
uC}l']l'he [ magsé si gna |nsdopr ocleségd bl??la anéLI 0g -%too-di gi tai)r
examphe er terti@2adse pried dédea images are error maps of
semiconductor wafers and have to be stored for later

analysis.

In the following, a further embodiment of the method for the
transformation of a digital signal from the time domain to
the frequency domain and vice versa according to the
invention is explained. This embodiment is preferably used in
the lossless image encoder 703 and the lossless image decoder

705 of the image archiving system illustrated in figure 7.

Figure 8 illustrates an embodiment of the method according to

the invention using DWT-IV as the transformation function.

The DWT-IV of a N-point real input sequence x(n) is defined

as follows:

y(m) = \/%Nz—lx(n)sin(%+ (m “/2)53”/2)2”) mn =01, N -1 (65)

n=0

The transformation matrix W,’ of DWT-IV is given by



corresponding digital image signal. The digital inmage

signal is |osslessy encoded by a | ossless inage
wep@snzrs9703 whi ch32 includes a transfornmati onPET/6G2008@00122

time domain to the frequency domain. In this

enbodi nent, the time domai gscorresponds to the

coordi nate space of the inage. The | ossl ess coded

[ si,gnaj) i or i nyja storage device 704, for
Wy ex gg(§+dﬁhazﬁiéiﬁﬁxﬁg VD. When the image is (66)
—n d, \#he | ossl¥ssly ¢ g, Ligage, gignal is fetched
fromthe storage device 704 and provided to a | ossless
i mge decoder 705 which decodes the | ossl essly coded
i mage signal and reconstructs the i gi.nal inage
Ao 1 (GUB AP SFa i RIS En G4 PaER AP TPRg T
1v ARG SRS de¥ 1R gt ioﬁ@bw@?ﬁ?”’@b@m:l n the
case that the imges are error maps of sem conduct or
5 waf ers and have to be stored for later analysis . In
the followng, a further enbodi nent of the nethod for
iy t heRfjramsf or mation of a digital signal fromthe timé67)
domain to the frequency domain and vice versa
according to the invention is explained. This
enbodineg} S referablg,u§§d in the | ossless imge
Ry dficaddY *Posrati e Takktes eﬁﬁmﬁiéﬁﬁcoder 705 of the
i mage archiving systemillustrated in figure 1
Figure 8 illustrates an enbodi nent of the nethod

accorgding o the invention using DM- |V as the
10 R _Lﬂaisgﬁinﬁbﬂéi function. The DW- |V of a -point reaks)

=i dplit Jspqubnge x(") is defined

I,,, is the identity matrix of order N/2 (confer equation

(29)). Jy,, is the counter identity matrix of order N/2

(confer equation (30)).

15

P, is a NxN permutation matrix

Iy
=== (69)
e [ JN/Z}

20 T is a NxNmatrix given by

v w
CN/Z ”‘CN/z

(70)
CI{IV/Z‘DN/Z C]IVV/2DN/2

™~

L
V2

where Cj,, is the DCT-IV matrix of order N/2

25



as follows: , (m+ 1/2) n+¥l]2)p2 " y(m=- mn X ,N -

| (65) The transformation matrix (tm of DW- IVis
w@ewsn3tsyB83 /Tr. (m+ 1/2)(n+y2)2p - s - + (66RCTIUME2044/D00122

,Nn 0,,1N,--- According to the process according to the

invention, the DWIIV matrix,s factorised into the

foIIovmng form RT % (67) R is a NXN rotation

fi (}l\ll )n2(68)-JI\V2N|2|is
ich$ N 2 (confer equation (71)
W/Z the coud/@) ideplty. wBLrix of order N2

(confer equation (30)). P s a NxN permutation matrix

r/l\V2(69) 2 Ti s aiWw Vmtrix given by JV _ v T-

(70) *-N2 N2 erelsthe IV matrlx of order
N/N/ »8an ?rqesg/zl)l qu@gnal matrix given

6]
>
2
]
Il
Ju—

(72)

According to the process according to the invention, R, and

T are further factorised into a product of 1lifting matrices:

Iy, Dy, K31 Hwr
10 T=TT,T,=|—" . N (73)
T =K INJ][ Iy | | K Iap
Voo -CluDun s K- "2 K, -2
where K;=W2Iy,;, -Cy,Dy,Cxp K, = 2 K, 2Cy 13 Dwss ~Lusa »
and
Iy, Iy, Hy| [Ty
15 R, =RR,R,=|-— — (74)
Ry =R Ii IN/Z] [ INJ Ei I,
where
-0414
-0414
H, =H; =-tan(z/8) ), = . (75)
-0414

20

and



10

15

20

25

C2=0C0s (71) ,- X,N2 -1 i is an order N 2 di agonal
matrix given by - 1 (72) - 1 According to the process
wW@ewsoshisny to the invention, R and T are furt hhBC€T/SG2004/000122
factorised into a product of lifting matrices: N |
DNN2 2 =T=(73) KI.N23/2 K N2 - AV N2 where K
| K=K?"2C* D- V2 IN2"' and N2 IN2 N2 R=RRR
(74 ) N2 21 N2 whepg0710.414 - 0.414 H=H = -
n( r{8) J 2 (75) g-709- 414 and35 0.707 0.707 H sn(p
i-@@ 707 . (76)

0.707

o

a
H, =siy\mf4
Thus, equation (67) can be written in the form

Wﬁv = R1RoR3Ty THhT3By (77)

According to the process according to the invention, the

lifting steps are aggregated as far as possible.

In this embodiment the lifting matrices R, and T, can be

aggregated to the lifting matrix §:

(78)

]NIZ ‘
S=RT; = [EQ“L& ]m}

From (77). and (78), the following factorisation formula for

the DWT-IV matrix is obtained:

Wﬁv = R1RpS TT3Ry (79)

Equation (79) indicates that the transforming element for the
integer DWT-IV transform according to the invention comprises

five lifting stages.

Further, the transforming element comprises a data shuffling

stage corresponding to the permutation matrix P, . The data

shuffling stage rearranges the components order in each input

data block. According to P, , the input data vector is

rearranged in the following way: the first half of wvector



Thus, equation (67) can be witten in the form., NV =
(77] According to the process according to the
w0 pooensison, the lifting steps are aggregated aRCT/86200$/000122
possible. In this enbodinment the Iifting matrices R
and T can be aggregated toqsghe lifting matrix : r/ N2
SSR T (78 HK N2 From (7 §. and (78), the follow ng
remd B¢d Qi Gatriqay f ahaulsadovid hiae fDWE vekb¥omratisi X1igped,

_ Obtained: = RRSTT (79) Equation (79) indicates
1.€ethat the transformng elenent for the integer DV - 1V
transform according to the invention conprises five

lifting stages. Further, the transform ng el ement
conpri,ses g qgt shuffling stage corresponding to the
pernutétior matfi x P . The data shuffling stage
reafr &ngées |t He ¢onponents order in each input data
bl ogk.: Agcqrding to P, the input data vector is
reanranged|in the followi ng way: the first half of

P zuegtd%@ﬁ edrfi’hs unchanged; the second hal f of vect ¢80)
i s ffvpped,| fref: X X X X P N2 N2 (80) N2+ X

Xya

X N1

Y | XN /24 |

In figure 8, the input of the first lifting stage are the two
blocks of the digital signal x; and x», zi, 2z and z3; are
intermediate signals and y; and y» are output signals
corresponding to the first and second block of the digital

10 signal, respectively.

The input of the transforming element x and the two input
blocks of the first lifting stage of the transforming element

x; and Xz fulfil the equation

[ﬁ]= % (81)
o |~ B

In the following, the first lifting stage 801 is explained,

15

which is the lifting stage corresponding to the lifting

20 matrix T .

Va

v N L3 3
Let {l] be the output vector of the first lifting stage, for

the time being without rounding to integer values, i.e.
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N1N 1 XN2+4 In figure 8, the input of the first
lifting stage are the two bl ocks of the digital signa
wW@nwsX¥31597 , Z are internmedi ate signals and anPCES&2004/000122
out put signals corresponding to the first and second
bl ock of the digital signaky respectively. The input
of the transform ng elenent x and the two i nput bl ocks
».10f theg first lifting stage of the transform ng el ement
—|Xmpd|X fulfil the eguation X | =P x [81) In the (82)
fotlewi ng, the first Iifting stage 801 is expl ai ned,
which'is the lifting stage corresponding to the
lifting matrix . Let be the output vector of the first

clifting. stage,, for time being without ro ing to
Ui oS on o 25 Rov kDY) casrhgopnd 1)

definition of T pravided by equation (73), equation
equalghyn | S4)e Ait A& & H e (a%) KJ2LJSincein this

enbodi nent, a reversible algorithmfor integer

Y2

Iy

Wi 1 2 *1
oA

T 2

Since in this embodiment, a reversible algorithm for integer
DWT-IV in this provided, there is included a rounding to
integer values. So, according to equation (83), in the first

step 806 of the first lifting stage 801, x; is multiplied by

K, . The result of this multiplication is rounded to integer

values in step 807. The rounded values are then added to x;

in step 808. Thus, the intermediate signal z; fulfils the

equation
5=k xn[rn ' - ' (84)

where |*| denotes rounding operation.

Since the other four lifting stages 802, 803, 804, 805 of the

transforming element illustrated in figure 8, which
correspond to the matrices T,, S, R, and R, respectively,
have identical structures as the first lifting stage 801,

their explanation is omitted. It only has to be noted that in

the adding step 809 of the second lifting step 802, x;is,

according to the definition of T,, multiplied with Dy, .
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DW- IVin this provided, there is included a rounding
to integer values. So, according to equation (83), in

W b®s/03¥58t step 806 of the first lifting stageP@D3G200$000122
multiplied by K. The result of this nultiplication is
rounded to integer val ues)gi step 807. The rounded
val ues are then added to In step 808. Thus, the

In HHY erdIEdiwviley Sitgralliffelibigl sthlbeseaiathent84xroaiag
1*1 denotes roundi ng operation. Since the_other four
elenqgnit gy tsheagreegfes@@ gensfgmmatdoy gfret REPLraRSHoATRg

refet%{]ewttd stqflrreatﬁd in figure 8, which correspond to

matrice R and R respectively, have
identical structures as the first lifting stage 801,

t hei r expl anation is ted. It only _has t ot ed
PO (L g Fet Op CB0850F LERESs BEoRiS! FFRNAGOSToRY

elen?é}% ﬂo%o tARE PHidiG el Qrbhgfe%brahbhoafoﬁhz t rBHkbRhhdon
Wi th .38 In the following, the |ifting stages of the

111&3‘@@6@# mimnd igvateet: of the reverse transformation are
explained with reference to figure 9. Figure 9
illustrates the lifting stages of the transform ng

In flgmento,f ahd helpﬁﬁveffsehtar ansker MftOngokthbe are the two
transformatjon illustrated in figure . In figure 9,

bloghfe 9infite A& Y SEorati £t i3RF stagdar 82 tHE t5p are
int Ul dikgAiYiahal ﬁ'mlgﬂ%@ea%t%% signals

corresponding to the first and second block of the digital

signal, respectively.

The last 1lifting stage 905 illustrated in figure 9 is inverse
to the first 1lifting stage 801 illustrated in figure 8. So,
in the first step 906 of the last lifting stage 905, x; is
multiplied by K;. The result of this multiplication is

rounded to integer values in step 907. The rounded values are
then subtracted from z; in step 908. Thus, the signal x»

fulfils the eguation

x =5 |K; x| (85)

where rﬂ denotes rounding operation.

Since the other four lifting stages 901, 902, 903, 904 of the
transforming element illustrated in figure 9, which are
inverse to the lifting stages 805, 804, 803 and 802
respectively, have identical structures as the last lifting
stage 905, their explanation is omitted. It only has to be
noted that after the adding step 909 of the fourth lifting
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internedi ate signals and X and X are output signals
corresponding to the first and second bl ock of the

waele@shals9si gnal , respectively. The last |ifti nPCEHSGLO4/000122
905 illustrated in figure 9 is inverse to the first
lifting stage 801 illustrafged in figure 8. So, in the
first step 906 of the last |lifting stage 905,

stegdo4, pkhedrbyukt. ofheheeadtiingf stbpsO0®l 1 phukatpbied s
rounded to integer values in step 907. The rounded
wiUngM@starprDﬁeﬂesﬁbtracted fromin step 908. Thus, the
signal X fulfils the equation where 1*1 denotes
roundi ng operation. Since the ot her four lifting

st ages 901, 90 f
TE G 06 FRP0ATRRC T bL0C 0 Shedre Pover ai @ The o and

901 |df tdiRerst 80ase80hve864, t808han1ﬂ1862nges’pa3@és v&my to 805
have identical structures as the last liftin

of ﬂmlret r$e. resrpraANelyn PN6Ri pLER. the BRATHH "9 gp the
at_aft t d
oy} 194590 “GLER CBOR e Pogiit TR Lt Re Addrag et 65 §68°

is multiplied th d I
and i g PR oo payes BH8 UE84° 4557880 2 BT
invd it GUre SsEFoemiAgeedembatt hehki Whohg Btag's@e@(m_etlmo@oﬁs
of figure 8, respectively. Si

h
reVQ#S%Q%?n ﬁﬁ@?'sFénHFeQOFPe§BSn3Pﬁ§??%gt%%g f%£¥£% Oﬂ%

andr@¥§ﬁ§%%l%%g @ﬁa@%caéébagrdabg shutiktiagest Bgefigure 7,
conprised by t

providing a method and an apparatus for lossless image

coding.

Although in the explained embodiments, the method according
to the invention for DCT-IV was used for audio coding and the
method according to the invention for DWT-IV was used for
image coding, the method éccording to the invention for DCT-
IV can as well be used for image coding, the method according
to the invention for DWT-IV can as well be used audio coding
and both can be used as well for the coding of other digital

signals, such as video signals.

Considering the equations (63) and (64) one sees that there
are N/2 roundings in each lifting stage. Therefore,
considering equation (59), one sees that the total rounding
number for the transforming element for the DCT-IV algorithm
according to the invention is five times N/2, that is 2.5N,
which is significantly lower than NlogpN according to the

state of the art.

Again considering equation (59), one sees that the majority

of computation power is used in the four N/2 point DCT-IV



i nverse transform ng el ement, the whol e provided
method is reversible, thus, if used in the |ossless

w0 page3sacoder 703 and the | ossl ess i nage decoPEr/SGRH4/000122
illustrated in figure 7, providing a nmethod and an
apparatus for |ossless ingge coding. Although in the
expl ai ned enbodi nents, the nmethod according to the

I50 V. Pl caudh &pghng”and h
suorpRYSRLL 5L T by ceng waeciipredunb gk ngind nen

N 1su%eq.afr%% '\7??9@ ng'gngN the opet h@é’c%@rﬁﬁé‘gfié’a’@ﬂeg -point
i nvention can as well be used for inage
DCT—demag,beheameuhadedcoendgnQW©ohal@rl¢nqﬁh|Qﬁﬂftﬁ ENMS

- 1V can, as . be use udi o, codi ng_and, bot h
bre— gl BESarPrbionRe SEOHF Y B 6y et GG LA hD) i
5 49)SU%'Px@%r‘i'tﬁﬁ@tibgﬁéhﬁle@l‘l?l gdertmng ;Bﬂ@p@%l@ti@t]égéﬁajCT—
(64) one sees that there are N2 roundings in each

Iv 1|s. frplu@@léit ggéimThedetor be EVhSE derd Pt i BhoF B9~
QNe-3e8s that the total rounding nunber for the
transf orm ng el ement for the DCT- |1V algorithm
according to the |nvent|on is five times NN2, that is
2.5N, which is signifjcant wer_t han

n sigidararRgeloine SR ool TENR S9T CIgaTH SUns! MEFTHY

10 tran%%%a@'io“sg)meﬁ@oﬁees that the majority of
conmputation power is used in the four N2 point DCT -

I VA0 subroutines corresponding to a nmultiplication

it when N | Lar L e 9. = ﬂgg&. Bef
: : T GHP S&ch
In tﬁ%et%ﬂl%gf”ﬁﬁ agllo%{le§ %%bééé&ﬁ{&nt 19 e% a W e
transformation is a discrete Fourier transformation.

poi

15 The transformation matrix Ey, which is the transformation

matrix of the normalized FFT of order N is given by:

[ —j2mmn
== E[exp( N ) (86)

mn-=20,1,--,N -1
20 where transform size N is even .

Following the decimation-in-time radix-2 FFT algorithm, Ey

can be decomposed in the following way:

25 By = /Z]Eeo (87)

In/2/N2 Iny2/N2 [ lN/zH N
v/ 2/N2 -Iny2/2 By /2

Where Byo is, as above, an even-odd matrix, i.e, a

permutation matrix reordering the components of a vector
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10

15

DCT- |1V can be cal cul ated using two hal f-Iength DCT-
IV plus pre - and post -rotations according to the

weuwansses (47) and (49), the arithnetic conpl BXI/$§2004/000122

t he proposed integer DCTIV is roughly estimated to be
twice that of the floatingpoint DCT-1V. A simlar
concl usion can be drawn for the integer DWM- |V

t r ansf rg@’i n function. In the foll ow ng, another
enbodijment " i § expl ained wherein the transformation is
a #issdrete Fqurier transformation. The transformation
matri X ppichyjis the transformation matrix of the

nor malt zed T of order JVis given by: 1 /-j2 m (86)
mn =0,1, ,N- 1 where transformsize Nis even .
Fol l owi ng the decimation - in-tinme radix- 2 FFT

by senpordtimng tden CHEraeesipoYBAChnCPRESFBPREW AgSHRY : T ces
fron Whd '}l,/o%lplowe%tlg T Zéggrésb%é 26Vaqw L hG2-Mberguds,
as §%ove, 88 mat r e

an even-o IX, 1.e, a pernutation

thatmatri x reordering the conponents of a vector4l c(0) 1

X = X(N - 1)

x(N - D.

Let Fy /2 be the transform matrix of the normalized FFT of

order N/2.

Let further W be a diagonal matrix given by

1=

where Wy =

g
Wy

/ 2-1

iy

o—J2m /N

Iy /2 denotes, as above, the identity matrix of orderN/2.



10

15

20

25

30

by separating the conponents which correspond to even
i ndi ces fromthe conponents which correspond to odd

w0 paso81597 such that x(0) x(2) x(0) x(N - 2) (330T/3G104/000122

X(N - 1) x(3) x(N- 1) Let / 2 the transform matrix of
the normalized FFT of ordef, JV/ 2. Let further Whbe a
di agonal matrix given by W= where W- / 2 denotes, as
In Fapemdont (@7)denhit ¥imatr mstet xofden J1&fR42s| an BEquahi-odd
(87), the first matrix fromleft is an even -odd
mat rdgg rBew -, WRHICEH OBAY rEeFE8EEs thReCEBRPBABRE siPnthReinput
i nput vector. In Equation (87), the second matrix from
Vechodit can be factorized into three Iifting matrices in
the followng way: Ik / 21 / 2 - 1k / 2 GV

In Equation (87), the second matrix from left can be

factorized into three lifting matrices in the following way:

B2l _[ /2 -Q /21 [N/ 2
2 Iny/2

[EN/z -Q By / In/s2f|By/2 lN/z]

where Q is an order-N/2 permutation matrix given by

SN
= [0 QN/z—l]

and Jy /2-1 1s the order N/2-1 counter. index matrix.

In Equation (87), the third matrix from left is a counter-
diagonal matrix, which merely multiplies half of the
components in the input vector by a complex number residing

on the unit circle.

This can be interpreted as a rotation on the complex plane.
Let x=x, + jx; be such a component in the input vector.

Let further

i = oI /N

complex number, i.e. the component of W, which is multiplied

= cos (2km / N) - §sin(2kn / N) = cx — jsg be the

with x when the input vector, after it has been multiplied
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Ik / 2-Ql / 2IN/ 21/ 21/ 21/ 2 where Qis an
order -iV72 pernutation matrix given by 1 0 Q/ 2- 1

w@pas031397 1 order /2- 1 counter index matri Xx. PEI/SG2004/000122

Equation (87), the third matrix fromleft is a counter

- diagonal matrix, which ggrely multiplies half of the

conponents in the input vector by a conpl ex nunber
withrelsé dfilgsbnnet’rheimrﬁﬂonciﬁhﬂ e:idfti sarchrthee siecbedpmetedx on

as rotation on t conpl ex pl.ane = X + X be
the %b‘é}ﬁt ]%: &67( e %srwﬁ‘mlq'v‘égtlcﬁ&w%@t Weurther = e

= cos (2k I'N - S|n(2kp I NN =c - |js be the conpl ex

nunber, i.e. the component of W, which is multiplied
The weshlk isen the input vector, after it has been

mul tiplied4d3 with the first matrix fromthe right and
= yhet+spgond Wiyet = ¥cie tthexxi gt i thlequakxph, (W8A)ch iegjuals
multiplied with W. Theresultlsy jy- =+ + -
x rojpiten équatgrxc%@tzbwze@ie clovin2kF /N clr@&ws@nbyhzkspwlex
0 I t a
plang 2ot A AR SR B0 R TR e SPPEeE M iy
stepd as follows:

In Equation (87), the fourth from the right can be factorized

into three lifting matrices in the following way:

Iy / 2/2 lN/z/ﬁ] ]
_lN/2/~/5 Iy / 2/V2

(V2 -1)mw/2 W/2)[n/2 -NZIn/o]| W2
Inv2 In/2 (ﬁ-l)lN/z N/2

(91)

The decimation-in-frequency radix-2 FFT algorithm is merely a
transposition of the decimation-in-time radix-2 algorithm in

Equation (87).

Thus, the above procedures also apply to factorising the FET

matrix Fy in the decimation-in-frequency way.

Using the factorisation of the right hand side of equation
(87) in lifting matrices by generating a lifting stage
corresponding to each lifting matrix a transforming element

is determined.



C-11C-1XU(9) SLOJi In Equation (87), the
fourth fromthe right can be factorized into three
wo pdosiosigomatrices in the following way: | / / PCT/SG2004/800122

=)y LN 20 -1 /V2 1 2N 201 2 (L2- )11 1/

2 (91) The decimation -in-,frequency radix - 2 FFT

algorithmis nerely a transposition of the deci mation

- int-ime radix- 2 algorithmin Equation (87). Thus,

t he above procedures also afply to factorising the FFT
Sincgatiti RaE prerhelgeeriadrballed npbeegueieyl Wal i nUstrrpes
are pRBCLARLALORLLAT G cbNE: FLORY hanf: sldoapl afualion

I'n I|Ft|ng matrices by generating a [ifting stage
embocidimeaspahndisngotriseachlbgbtishy batabave, trienséxpamgtion
, el enment is determ ned.44 Since it has been already
is ogéitdereleEBove how |ifting stages are generated

according to lifting matrices and in this enbodi nent
this works anal ogously to above, the explanation is
omtted here.45 In this docunent, the follow ng
docunents are herein



10

i ncorporated by reference: [1] H. S . Mlvar, "Signal
Processing with Lapped Transfornms" Artech House, 1992
W 2josm3159CGei ger, T . Sporer, J . Roller, . BrardEsGogpo0122

"Audi o Codi ng based on Integer Transforns” AES th
Convention, New York, USA ,Sept. 200146 Cains: 1. A
process for determning a transformng elenent for a

In ghienddaarsigr e @ lflendinorocicl st baasheraRhi on

., _function conprises a transformation matrix and

INCURMAFSh Y 68 1E&Ssf or mati on of a digital signal
fromthe tinme domain into the frequency domain or vice
versa, wherein: - the transformation matrix is ‘

[1] decdhpdbddaimt 0 SagnaflaPirocesatingxwabld Bappsdi Tra&iyforms”

ttri i ch, i\lggg multiplied with itself, equals a
ngrr?ﬁ at’P8R€mat s nultiplied with an integer di agonal

matrix; - the rotation matrix and the auxiliary matrix
[2] &e RAGRdeeomBesed i NGO gophULal kt YR nbifhiPY wayqgs
mat r i cgg;r - theBtraﬁsform ﬁg elr[errent ?%n%ée{‘}geﬁrl?r?’nedz%l%%lo

€ofpnosbasedaon| Inbégey Bfahsformy” sAkgeskl MAi cbnvention,
r nd the lift] matrices . 2 . The process
g%l"”c?glggﬂ 1[,Jé§he$%?%' t%@]?r ansformati on function is a
DCT- | transformation function, DCT- |V transfornmation
function, DST- | transformation function, DSTIV
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transformation function, DFT- | transformation
function, DFT- IV transformation function, DW- |
wo e@smsseTat i on function or DW- 1V transfor neRCDHG2004/000122
function. 3. The process of claim1l or 2, wherein the
lifting matrices are eachyBl ock-triangular matrices
wWth two invertible integer matrices in one diagonal.
Claifls: The process of claim3, wherein the invertible
integer matrices in each lifting matrix are identity
matrices or negative identity matrices.47 5. The

P{ocesg %o@@é/ OfS NetW HiMB nly &O t@wan‘é‘f%"rﬁh%gt |é§emen16:

transform ng el ehent conpri ses flve l'Tfting stages
for Theipencessnofomnytoore fnadiains whitah 5;ragsdragimatden

audi o signal or vi deo sign is .used as, the di I
func%?@]ﬁa?omgrl%eﬁe%l ’%rear]a%f rd‘éalg(e]r% A & t%scfogﬁﬁs% nds to
a tr§ﬁ§58B&a€95naoﬂlaemlgf@mﬁfgﬂgﬁal<£tdﬁnﬂﬁd<aneMadmaln

transformati on function conprises a transfor mati on

intonbbei kraguerey r éepuiRION 07 e re@ETor SIS IGf a
CLoLi el SLODB) IO DR 40P SAOMRI A Nl gduency

n or vice versa ev ce conprisi ng. - first

rotaﬂE@ﬁ)mﬂ@SrikOﬁlndn&am émlldm:@mmmg; twihel cthr,angfear mat ion
matrlxmtoaro tion trix and aulear)é(matrlx

multipiend FheR ?‘rﬁ?? 1 e 1B |He§%‘}‘3f R
multPﬁiﬂH&a%igﬂ Qﬁtih%ega&tdﬂHgdﬁéﬂMﬂétﬁykI nt eger di agona

matrix; - a second deconposition unit for deconposing

t hethe rotation matrix and the auxiliary matrix are each
decomposed into a plurality of lifting matrices;

- the transforming element is determined to comprise of
a plurality of lifting stages which correspond to the lifting

matrices.

2. The process of claim 1, wherein the transformation
function is a DCT-I transformation function, DCT-IV
transformation function, DST-I transformation function, DST-
IV transformation function, DFT-I transformation function,
DFT-IV transformation function, DWT-I transformation function

or DWT-IV transformation function.

3. The process of claim 1 or 2, wherein the lifting
matrices are each block-triangular matrices with two

invertible integer matrices in one diagonal.

4. The process of claim 3, wherein the invertible integer
matrices in each 1lifting matrix are identity matrices or

negative identity matrices.
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rotation matrix and the auxiliary matrix each into a
plurality of lifting matrices; - a determ nation unit
wo e005datseT m ni ng the transform ng el ement to CRPOPEGEB4/000122

of a plurality of lifting stages which correspond to
the lifting matrices. 8. A;gethod for transformng a
digital signal fromthe tine domain into the frequency

5. dormd prifcedCoVeRrSA dis RF aliassiiotsi ng vhepent, the
wherein: - the transform ng el ement corresponds to a

trags {epindrfsieaandt i CHFURES dd.venwhiéRhinPaRrERAAE i on
function conprises a transformation matri x wherein the
transformng element is determ ned by a process

6. COpy imidagss eecamyosingg dfhelbiansiotondbj onhaaein Xan
into a rotation natrix and gn auxiliary nmatrix i ch,

audip HA GG B iSFSA tHT 15, Usgdars hﬁe?i’rﬂ%%%\? oftonal.
matrix nultiplied with an integer diagonal matrix; -
deconposing the rotation matrix and the auxiliary

7. el rdey iggc i amdete ppiligvialo ey teRnbEprinbgy nat eners; for a

.__determ ni ng the transfarmn I t ris f.a

GLv R TR (o) St Whhctn ceorr EepRAn: b Frdct fon

compifdd NG rAtansFRTmat ieac matirfitd Bagdstageespopdsses 4 he
processi ng of sub - blocks of _the digital signal by an

trangEomadyiony ofn & SHedtbodn Sdvdady T5OoPobRgi hirandemain into

the frequency domain or vice versa, the device comprising:

- a first decomposition unit for decomposing the
transformation matrix into a rotation matrix and an auxiliary
matrix which, when multiplied with itself, equals a
permutation matrix multiplied with an integer diagonal
matrix;

= a second decomposition unit for decomposing the
rotation matrix and the auxiliary matrix each into a
plurality of lifting matrices;

- a determination unit for determining the transforming
element to comprise of a plurality of lifting stages which

correspond to the lifting matrices.

8. A method for transforming a digital signal from the time
domain into the frequency domain or vice versa using a
transforming element, wherein:

— the transforming element corresponds to a given
transformation function, which transformation function
comprises a transformation matrix wherein the transforming
element is determined by a process comprising

— decomposing the transformation matrix into a

rotation matrix and an auxiliary matrix which, when
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9. A device for transformng a digital signal fromthe
time domain into the frequency domain or vice versa
W@9p3shNg a transformati on unit for transforP@TgGL00€000122
digital signal a transform ng el ement, wherein: - the
transform ng el ement corragponds to a given
transformati on function, ich transformation function

CRAPtipgeseca Wwiamsitydmd, aryumly iax parei@iat iidne matrix
transformng el enent is determ ned by a process

CBWPE BT hgd - v HEl i o1 iR Th S i3St lo MAdth 61 mat ri x

into a_r ' AL I uxisleh-aky St £ L e
when|ﬂﬂ§%f§|é§%%§%ﬁj%iggﬁﬁﬁqgguaagrg&pggﬁuta?i%ﬁ §ﬂ1ary
nastrkx nebdch plhed avMglhial it egerd iditdgonalatraceisx; -
deconposing the rotation matrix and the auxiliar .
matrix ed.a%‘%e?niﬁrbmag Bt Qr!awf&rmllinfgt ChgORRET | e§¥mprlse
dgt es mh i AGL{He & anSHOrHY RA RJAMRM A0 aMREbos8 6 &he
plurality of IMfting stages which correspond to the

| 1ifthgonmatitess; - for each lifting stage the device

conpri.ses. an. auxiliary tr f.Qr i iLsfar _

prg%%%%iiEf%ﬁﬁglﬁ%ﬂ§%59ﬂmﬁ%¥§e%ig%%aﬁqgﬁgﬁgﬁggnafaSUb

blockousdi tige il di X irgeasHynGrs wisdilldeksy afrahiéodingtiain
signal .49 10. A conputer readable nedium having a

and By oyr BAVRRES? d&*f & her eon, wherein the programis

adapted t o nake a conputer performa process for
determ ning a transformng
9. A device for transforming a digital signal from the time

domain into the frequency domain or vice versa comprising a
transformation unit for transforming the digital signal by a
transforming element, wherein:

- the transforming element corresponds to a given
transformation function, which transformation function
comprises a transformation matrix wherein the transforming
element is determined by a process comprising

-~ decomposing the transformation matrix into a
rotation matrix and an auxiliary matrix which, when
multiplied with itself, equals a permutation matrix
multiplied with an integer diagonal matrix;

- decomposing the rotation matrix and the auxili ary
matrix each into a plurality of lifting matrices;

- determining the transforming element to compri se
of a plurality of lifting stages which correspond to the
lifting matrices;

-~ for each lifting stage the device comprises an auxiliary
transformation unit for processing sub-blocks of the digital
signal and a rounding unit for processing sub-blocks of the

digital signal.
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el ement for a given transformation function, which
transformati on function conprises a transfornmation
woretosioxisend corresponds to a transformation of PEI/SG2004/000122

digital signal fromthe tinme domain into the frequency
domain or vice versa, whepgin: - the transformation
matrix is deconposed into a rotation matrix and an
augl | i AryommitdX whadblavhendinad thiaplined aniprog el f

uals a pernutation matrix nultiplied wth an |nteger

| recodgaéohbﬁir%ﬁr|Where%ﬁet}i3%t%1f?%‘??nh&tsrl%€ja£ﬁ? q Heo mak

comp%#ekikg%%% na% ?rgégsgafﬁ%Q%ﬁﬁm%¥ﬁ%% 'H‘%f&ﬂgf%?ﬁiﬁ¥

_ ces transformng elenent is
elemdftefot nedgivenonpanstonhaal g unadditiornf whifdh ng

whi ch correspond tpo the Iift mat A
trangEagteElof CHARSTLORBAPIRE 1A 1 ' W sty gt and

Corrégﬁﬁﬁeg t¥her el Ant hErRE PO RNB # S adaptied t4 JfRKE fBrom the
conhputer performa nethod for transformng a digital

timesiigmalinfinhet beet freqdensy rewRid e WiasWaRsR dowasRein:
OL ¥hEOYSESAURIN0R LANS] Q0. LT satfiorei i -

t he ning efement "corresponds to a given
rotatﬁ@ﬁsﬁ@fﬁﬁil@ﬂdeﬂC&UQﬂll&ﬂyOﬁﬁﬁn&&ﬂ&ﬂﬂkﬂatWﬂﬁﬂﬁunctlOn
nprises a transformati on matri x erein the

multﬂPéh@ﬁoWh?%gl%F%%gnteﬁ%aﬁ%t%wﬁﬁﬁﬂﬂ¥
mult&ﬁﬂﬁ!éaswgh aHeERrPRst Ngi ddwnd T apsfondvat i on matrix
to a rotation matri x and an aUX|I|ary matri x whi ch,
whehhe rotation matrix and the auxiliary matrix are each
decomposed into a plurality of lifting matrices;
- the transforming element is determined to comprise of
a plurality of lifting stages which correspond to the lifting

matrices.

11. A computer readable medium having a program recorded
thereon, wherein the program is adapted to make a computer
perform a method for transforming a digital signal from the
time domain into the frequency domain or vice versa using a
transforming element, wherein:

- the transforming element corresponds to a given
transformation function, which transformation function
comprises a transformation matrix wherein the transforming
element is determined by a process comprising

- decomposing the transformation matrix into a
rotation matrix and an auxiliary matrix which, when
multiplied with itself, equals a permutation matrix
multiplied with an integer diagonal matrix;

- decomposing the rotation matrix and the auxiliary

matrix each into a plurality of lifting matrices;



multiplied wth itself, equals a pernutation matrix
multiplied with an integer diagonal matrix; -
wa@ewsnpissi ng the rotation matri x and the auxi | PEr/§G2004/000122
matri x each into a plurality of lifting matrices;50 -
determ ning the transformdgg el ement to conprise of a
plurality of lifting stages which correspond to the
lifting cetermesing eBehtkhhtFogmshqoel enapri $0s coiprise
processing of sub-blocks of the digital signal by
alsd 13 AN eldhyf 8fneitohsdanbrggsavhoGhdEpEI@scnd to the

lifting matrices;
- each lifting stage comprises the processing of sub-blocks

of the digital signal by auxiliary transformations and by a

rounding unit.



