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WO 2008/049590 PCT/LP2007/009200 Description Apparatus and
Method for Generating Audio Subband Values and Apparatus and

wiethogifes,Generating Time-domain Audio 5 Samples. Teglirigahfieishsbdo

Embodiments of the present invention relate to an apparatus and method

for generating audio subband values, an apparatus and a method for

generating time-domain audio samples and systems comprising any of

the aforementioned apparatuseBegtudpeamfor instance be implemented

in the 15 field of modern audio encoding, audio decoding or other audio
nsmission-related applicatigns. Modern d ital audiq pro

SR et CIRRRY SorEies TERAR EriRe A ioa A R RacTehus

w%rﬁ@ﬁ%fimeﬁmﬁén@mﬁ% BandVAgterand Birdgaspaeanain  Audio

campaead, to a direct transmission or storage of the respective audio data.

This is achieved by encoding the audio data on the sender side and

decoding the encoded data on the receiver side before, for instance,

providing the 25 decoded audio data to a listener or to a further signal

proebsding L SHeR Higital audio processing systems can be implemented

with respect to a wide range of parameters, typically 30 influencing the

Giality of the: kansmitied onatberwiseRrocessed i‘HQ@t‘ézatéooﬁrﬁh%Bﬁgra tus
han?g and ci%)néput%tlonal efﬁmeng){ bandwi ths and

penr ormance relatec? par%ﬁgfaers on?he Otllll %an&‘%’er Otenvﬁlglh an
RERREE Uit RighRer PRYARS, éﬁmcm@a%mta%ﬁﬁrgsmam audio

complexidy andia bighesstoragepeduiteryerddgr the colrespoiwirgrent ioned
Q@s@@ da%f@nceagermdl&gxQeéheeawcamm%éaqwsthe

an bltr tes an_acceptable utational c lexity and
R e e G SO0 ORS00 T PS04 I0REE et o ©Fhe”
rf"‘d%iélt% B BRRFtRA AR A3 raBI ARd Hehfcvabie quality.

Modern digital audio processing is typically based on
coding schemes which enable a significant reduction in
terms of bit rates, transmission bandwidths and storage
space compared to a direct transmission or storage of the
respective audio data. This 1is achieved by encoding the
audio data on the sender side and decoding the encoded data
on the receiver side before, for instance, providing the
decoded audio data to a listener or to a further signal
processing.

Such digital audio processing systems can be implemented
with respect to a wide range of parameters, typically
influencing the quality of the transmitted or otherwise
processed audio data, on the one hand, and computational
efficiency, bandwidths and other performance-related
parameters, on the other hand. Very often, higher qualities
require higher bit rates, an increased computational
complexity and a higher storage requirement for the
corresponding encoded audio data. Hence, depending on the
application in mind, factors as allowable bit rates, an
acceptable computational complexity and acceptable amounts
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A further parameter, which is especially important in real- 5 time
applications such as a bi-directional or a mono- directional

%Egrd%gg&ion, the delay imposed by the different coding %’ﬁﬂiﬁ%%@‘zoe

also play an important role. As a copsequence, the delay imposed by the
audio encoding and decoding poses a further constraint in terms of the 10
previously mentioned parameters when balancing the needs and the

casta ot difiereat ¢ing sghedesaving @ speedis figld of apalicationdfap e
mind. A:s such digital audio systems can be applied in may different fields
&‘ugppllicgtions ranging form ultra-low quality transmission to a high-end

15 transmission, different parameters and different constraints are very
@fteﬁnmp@&eq)amah@tespeomecagoﬁ@ wmsglmwmﬁ;aﬁfﬂi@ﬁtioa& &eal-
lowge delay, may.iof JRstance-fequie a:higher bit rate and hengg, an o,

increased transmission bandwidth compared tQ an audiq system with a

55 Rt Gey, S CMNBTGBle- ity (€081, HomeRir, INTRSIT dasdly  the
CHHAPRMRES ARiRayesonsmtikendl teARs oPdifferet pamanstarssueiele.
assbibramneemmmaimnata@mpkewy, mmyqeq:yrem@wts,uwﬁiityeaadding
Zmdelge Smmary, 30-According.19,an ehodiment,of the PreseRt of the

invention apparatus for generating audio subband yvalues in audio
Hehnd EE i lor 7

viou entioned arameters .when alancing the needs
s%%%and C S comprisesan anaerS|s winaower 1or WInde%lng a

fRdifte Gt Eint8bmad atdff mpet saRidS BeFRN NG Tinte ¥éfeAcspecific
eikiendding frapphieartyi sampte tolad5 [Aterssarhpleiusing Ananalysisystems
V&QQO%Bm%m%@pr@mr@afe%%&fnwmdﬁ%ﬁegff_ua%nt%gb@@@é&ions
windowed sfamrples, Ehe arl1al SIS WI{]dOW function comPr|S|ntq afirst ,

rangln o(y UL rﬁr O 8ua %§¥ tra?smlss o) ? a 1qnf§nd—
numpoeér of window coéfficients derived from a larger window function
ZOOBIGHISTO- PTT/E P 2D07 505200 3 cBAHRATEa Sequetied of a fik§éprent
secoat raimber efreingewy codffiere nisgpvatzereincthe e dewsgoeffidientsaafdio
tﬁ?é’\ﬂ@_ﬁ'@w functionare d%@:‘fﬁﬂiQX@QdHEe,rPOKJ‘F'ODoné’)!'nd@M&ay may for
99§§¥§%3€‘¥é@%¥¥Qe£“ﬁT%ﬁ@E”@?@”Egﬂg”gﬁﬁwehence, an increased
transmission bandwidth compared to an audio system with a
higher delay, as comparable gquality level.

However, in many cases, compromises may have to be taken in
terms of different  parameters such as Dbit rate,

computational complexity, memory requirements, quality and
delay.

Summary

According to an embodiment of the present invention, an
apparatus for generating audio subband wvalues in audio
subband channels comprises an analysis windower for
windowing a frame of time-domain audio input samples being
in a time seqguence extending from an early sample to a
later sample using an analysis window function comprising a
sequence of window coefficients to obtain windowed samples,
the analysis window function comprising a first number of
window coefficients derived from a larger window function
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5 second number is an even number, and a calculator for calculating the
audio subband values using the windowed samples. According to an

wohrdimsapt of the present invention, an 10 apparatus for ge#nestage9200

time-domain audio samples comprigses a calculator for calculating a
sequence of intermediate time-domain samples from audio subband
values in audio subband channels, the sequence comprising earlier

| %ﬁg&%@i%ti@e-%%iﬂ&@n&tﬁesaaﬁ%@@&ti@@&ﬂmainmmggsmndw

§SIS,WIndOW6I‘ for windowing thg&oe ueng%gf |nterg1

Sygt ients herein the wi C icien qugethe window
fime-domai sar‘an’es u&ng a syntﬂeas Window" fahfction gomprismg a

Seagéricof indowdveiidentsRY obtain windewee iafeirrdiagd window
tmerdamansamplés, the syrthesis windawduncior coorprisingecfirsh  the
B%@&%&,Ofﬁﬁn\éf&do‘é‘!sco‘%fﬂﬁ'%ﬁéﬁerﬁiﬁ%dfé‘%m Sé%régerawé'm}éﬂi%éw for
comprising.a sequence of a larger. second number of window _coefficients

FRGFAATG Windol coRRAEtS BPRE Window bl derSedsy an"e
PREIpbEdtion of window coefficients of the larger window function, and

wherein the 25 second number is even and an overlap-adder output stage

fox Bragessing thevindawed interpediate time-doraaia:samplgsio: pbtain an
the time-domain_samples; 30 Brief Description of the, Drawings, 1
ERBOHiIMeRts of e préSent invention are ggscr%e%l?]ereﬁ]‘gﬁjéﬁ making

RABRFERSS the appehiedahafind®B5 FRY! Fskwda bidck dieghanst of
am emnbodineng ot aneapiparatus agehesatingoaudiadubbandvah@syalues
WO 2008049588 LT ERANLD09200 4 &dgsrcshewma llackdiagsamier
of an embé)dirpzent of an_apparatus for enerating time;domain audio_ .
intermedla g olime in . sa e8. ater e-domain
SAmples; Fig. 2b |IIusf?ates a?unctlonaﬁ%rlnmple acco‘réllng tan 5
ERBBARTentofTHE Presert iNbBART ! fRFforANGIoaH b pahaussgrence of

derterating tiates dohaéarsamples; Fagudldastrmestheacosgephesis window
interpelating wangow sqeRfficients geearcingde ap ambedinsakefitheents to
%@@SQElOJQ%?J¥gB intermediate time-domain samples, the
synthesis window function comprising a first number of
window coefficients derived from a larger window function
comprising a sequence of a larger second number of window
coefficients, wherein the window coefficients of the window
function are derived by an interpolation of window
coefficients of the larger window function, and wherein the
second number is even and an overlap-adder output stage for
processing the windowed intermediate time-domain samples to
obtain the time-domain samples. |

Brief Description of the Drawings

Embodiments of the present invention are described
hereinafter, making reference to the appended drawings.

Fig. 1 shows a block diagram of an embodiment of an
apparatus for generating audio subband values;
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Fig. 4 illustrates interpolating window coefficients in the case of a sine
window function; 15 Fig. 5 shows a block diagram of an embodiment of

wiheonesRn invention comprising a SBR decoder and a SBRceReaserios200
Fig. 6 illustrates the delay sources of a SBR system; 20 Fig. 7a shows a
flowchart of an embodiment of a method for generating audio subband
values; Fig. 7b illustrates a step of the embodiment of the method 25
shawn indFigsHawEigarCishews adlowwhatt oban embogipert aka etpd an
[x-geasiatngaudia sublend yabiss, 20, B2 shavs 4 dgueter of 2
cgr[r)lparatlve example of & Tethod for generating time-domain samples;
Fig. 8b shows a flowchart of a comparative example of a method for
generafihg lime:donwie samplos)Gbikiga Scshonsilleweshaodang to an
embodimentof ammethed for gepgtating ige-demainsarppies; deh  of  an
30081049590 RGTIEE2007/009200 5 Fig, B oy lgweart of another
efibodiment of a niethod - for g%neratlng time-domain samples; Fig. 9a
shows a possible implementation of a comparative 5 example of a
Mithod for géherdttingtasdiotdubbarehealpes; ofig. Sbtshwes & posgibleindow
inplementationsof aparmbadigentof axmethod dangenreraiing audio present
s_,Ll{]Qpearptdi\é%lges; 10 Fig. 10a shows a possible implementation of a
comparative example of a method for generating time-domain samples;
Fig. 10b shows a further possible implementation of an embodiment of a
mgthod! fof Jersrarigimendemainl sarhple s 1051Fty. agedfdwd ents in the
caispakson okasynthesiswirrdavw furstion according to an embodiment
of the present invention and a sine window function; 20 Fig. 12 shows a

comparison of a synthesis window function ,
Fig. 5 shows a block diagram of an embodiment of the

present invention comprising a SBR decoder and a SBR
encoder;

Fig. 6 illustrates the delay sources of a SBR system;

Fig. 7a shows a flowchart of an embodiment of a method for
generating audio subband values;

Fig. 7b illustrates a step of the embodiment of the method
shown in Fig. 7a;

Fig. 7c shows a flowchart of an embodiment of a method for
generating audio subband values;

Fig. 8a shows a flowchart of a comparative example of a
method for generating time-domain samples;

Fig. 8b shows a flowchart of a comparative example of a
method for generating time-domain samples;

Fig. B8c shows a flowchart of an embodiment of a method for
generating time-domain samples;
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according to an embodiment of the present invention and a SBR QMF
prototype filter function; Fig. 13 illustrates the different delays caused by

VJB%@@O‘M%‘HOW function and the prototype filter function Sho%’rjﬁpfolﬂwo@ioo

Fig. 14a shows a table illustrating different contributions to the delay of a
conventional AAC-LD+SBR codec and an AAC- 30 ELD codec comprising
an embodiment of the present invention; Fig. 14b shows a further table

Gorgerising details fﬂwéﬁiggéhgﬁ'e%%fh@fe@%g%q&qgﬂﬁmé@fa method
(rjéfferent 35 codecs; I;é%.ﬁlSa shows a comparison of a frequency

BhoAEE BF AR BEp&rdhGsEPBAded BAMPWatdow function according to an
WO 2008/049590 PCT/EP2007/009200 (, embodiment of the present

ipuentiopangrasvappargius Hased aingisiRe winRdaw funstions FigordSdrative
T slase-Up ol 1Hg HeAUENGLISIAANSE SURN & UL ElGa g E hos

16a shows a comparison of the frequency response of 4 erent window
functions; 10 Fig. 16b shows a close-up of the frequency responses

Jhiogven IR Fi§O16a; FigOoFP Showsiapdriperisan bfa fedquencslesgonsat of
of twet Hiterentrwinsiove Anptignauane wanaewfunetionuaecording 15 to

the present invention and one window function being a symmetric window

f%qctloni ig. lk?]shows schematically th%%eneral temporal maskin

proferty of the Wifar e& ARG 20 Fig™ Wﬁ’faﬁ&%%%oﬂ?pa?is&?%?gﬁative
ST RIORS titndvaidiedl, & omaskpat henerdidaadendrHEANT es/

codec and a time signal based on codec comprising an embodiment of
the goresedly inyRRUQN- 25 Rtalled Deselrtion of theEMBRAINSRiSn o  an

embodiment of a method for generating time-domain samples;

Fig. 11 shows a comparison of a synthesis window function
according to an embodiment of the present invention and a

sine window function;

Fig. 12 shows a comparison of a synthesis window function
according to an embodiment of the present invention and a
SBR QMF prototype filter function:

Fig. 13 illustrates the different delays caused by the
window function and the prototype filter function shown in
Fig. 12;

Fig. l4a shows a table illustrating different contributions
to the delay of a conventional AAC~LD+SBR codec and an AAC-
ELD codec comprising an embodiment of the present
invention;

Fig. 14b shows a further table comprising details
concerning the delay of different components of different
codecs;

Fig. 15a shows a comparison of a frequency response of an
apparatuses based on a window function according to an
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Figs. 1 to 19 show block diagrams and further diagrams 30 describing the
functional properties and features of different embodiments of
wiPRaLatsgs and methods for generating audio subband VQJH%H%M/OO%OO
apparatuses and methods for genegating time-domain samples and
systems comprising at least one of the aforementioned apparatuses or
methods. 35 However, before describing a first embodiment of the

t%rr%egt mvennor% Qmore detaellr{1 it Sﬂ%@u@? note (%Epa}m I'%Bﬁgl QNIS %ased

e presenfl ihvention car be im plemented in ware an Ware
QBnée Sifjfieirertaonsidssc Ry Wo 2008/049590
PCT/EP2007/009200 7 in terms of block diagrams of hardware
implemesiations v rgspective-apbediments gancalsere, cansigrigdasshown
ﬂow arts o%]an appropriate embodiment of a corresponding method.
,&Iso Aflowchatt describing an embodiment of the present 5 invention can
be considered to be a block diagram of a corresponding hardware
iffdeméAtatishowrsthe folowig swplerierithdorfs efffiearbanks aflbbse of 4
deseribedn whighean bedrptemgeted as an analysis 10 filterbank or a
synthesis filterbank. An analysis filterbank is an apparatus for generating
audio subband values in_ audio subband channels based on time-domain
ditfo (IRPEAMPIER BEhRG i HRinfe séGSeride " SHERGNg TR AN Bari§ovn
samplede alkaer sample. In other words, the term 15 analysis filterbank
can be synonymously used for an embodiment of the present invention in

“’E‘%"m‘l?f gtﬁomoagatag %ag?t@%@t'gg aHd':?ISéMQHQ onse of two

Accordingly, a synthesis filterbank is a filterbank for generatln me-
AR o SAmPES 5HR Son > Sl VAR st o6 EhbBaRF4ng
chanrdls. Insthenworksy e teym rdhesis fikdhapK ciHbetised being a
SYDRREMBUSIVOR @sverabadiment; according to the present invention in

the form of an apparatus for generating time-domain audio samples. 25

Both, an analysis filterbank and a s nthe is filterbank,_which are ﬁi .
rEfFred 16 s %ﬁ?ﬁ"aﬁlzﬁﬁhﬁ“ﬁp@‘rﬁ%ﬁ 23? i9REERte bETRPISertag <119
aBunDEulaYed filtsiankeman ear; and

Fig. 19 illustrates a comparison of an original audio time
signal, a time signal generated based on HEAAC codec and a
time signal based on codec comprising an embodiment of the

present invention.

Detailed Description of the Embodiments

Figs. 1 to 19 show block diagrams and further diagrams
describing the functional properties and features of
different embodiments of apparatuses and methods for
generating audio subband values, of apparatuses and methods
for generating time-domain samples and systems comprising
at least one of the aforementioned apparatuses or methods.
However, before describing a first embodiment of the
present invention in more detail, it should be noted that
embodiments of the present invention can be implemented in
hardware and in software. Hence, implementations described
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Modulated filterbanks, examples and embodiments of which will be
outlined in more detail below, are based on an 30 oscillations having

“;692%'595‘@?9 which are based on or derived from center freqiieneig§,9ho09200
corresponding subbands in the frequency-domain. The term "modulated”

refers in this context to the fact that the aforementioned oscillations are
used in context with a window function or 35 a prototype filter function,

depending on the congrete, implementatign of such a modulated .
oA MEAUIRE s bATRS B T IS bt SHsBspnag ©f
SSERRATNTEUGTRS BIRFHIGHiIE R cAIAREN PSINE WO 9608 4950H L owcharts

BET/&EP2apr009208t8 ostiltaithimentosme-oscilationg op codraspondiidod .
aqraplexavatued esgiiatiogsJcompiex ©xponential 0REHBlNS) the present

Accordkn%lyi, trg:% ngulated fllterbanlé{c, re rgferred E())l%sc {(ea!jmodulated

fiterbanKks or g:omplei3 filt%?nbs%néoecfuﬁate (ﬁlte(gan?(s, respectivé@g H eOf &
foNBRATRPaBSAMstior EfSoimentd BREREplesent invention in the form of

complex modulated low-delay filterbanks and real modulated low-delay
fﬂ;erl{ams apdh . coespopdingnaetheds and seftwaredmplamentalions e
gl tg:e .dtt)as ribeq’f’\nircrﬁ)re ggtail. gge of%lhelmmaei@lg glicaatié)ns orf1 sug]p1 lysis
m(')%ufajteé2 dw-delay iteranks is an 'ir%te ra?tlon info a Iow-de?ay specafr ‘
Bard fegtration Ssten?(SBRYNWGER Scurréhtf RFBAST on dding &nalysis
dorhplexk@MIE filterbank witp arEs sgmmetric pestetypeifiter (QNIFo= subband
?}HQQ@éurﬁql\gg\ﬁ@iJ):HBQI%b%%Wi:&ﬁQﬁ%@Esaﬂiﬁééﬁz tsrlrthefilfﬁfwgama&af audio
the present_descriptign, an implementation of low-delay filterbank
R R e g o e e e +rom an

SRAagt?BPAf intfrofed #4GE-of BRRWBen LonfftR&foniP ESfhplexly, term
feequiareysespfonde; temporalcavisetspreagingrayrdoredonstugtion) for an
aliba mathernaere « B impeyed traderpdiistween delaynandform of an
r%ﬁgﬁa%?}élﬁ?}‘onf%? q@?ﬂ%&ﬁfﬁevﬁ?ﬁgaﬁ QQn%F gRRIRACh R MAkE 11381 y,
of” So-called zero-delay techniques to extend the Tilter

a synthesis filterbank is a filterbank for generating time-
domain audio samples from audio subband values in audio
subband channels. In other words, the term synthesis
filterbank can be wused synonymously for an embodiment
according to the present invention in the form of an

apparatus for generating time-domain audic samples.

Both, an analysis filterbank and a synthesis filterbank,
which are also referred to summarizing as filterbanks, may
for instance be implemented as modulated filterbanks.
Modulated filterbanks, examples and embodiments of which
will be outlined in more detail below, are based on an
oscillations having frequencies which are based on or
derived from center frequencies of corresponding subbands
in the frequency-domain. The term "modulated" refers in
this context to the fact: - that the aforementioned
oscillations are used in context with a window function or
a prototype filter function, depending on the concrete
implementation of such a modulated filterbank. Modulated
filterbanks can in principle be based on real-valued
oscillations such as a harmonic oscillation (sine-
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impulse response of the respective filterbanks without introducing
additional delay. A lower delay at a predefined quality level, a better

“gygdwo%ég?oredefined delay level 30 or a simultaneous impﬁ%‘f‘?ﬂ%%%fmoo
both the de

ay and the quality, can pe achieved by employing an analysis
filterbank or a synthesis filterbank according to an embodiment of the
present invention. 35 Embodiments of the present invention are based on

%‘gci"f?'ﬁgi@ﬁt these 'mpr%%‘gﬂé%‘éi‘ﬁ‘#’aet%%@{‘?"e‘j.Q\r’ emplo ;':“e%bSQn ing
mterpo ation scheme to oStaln a WlndOW unction havmg a flrs?num eror.

FRAE &GRS baseBWE 2868/219590 PETIEP2BE7/009ZHP P ER Bl
wirdbl Auiniotios havingea lat g eg $econdhsunmseiof awattl oWidoetfitientss are
By egipleMingan itemolatiiusahane, amiryyeyed disthbulinpetenetyter

values of the window, caefficients_of the wingdow functions can be
é\“&w|§V§(§.eﬁﬁiwg(lqégéks)?r?%r(r?a{nyrceasgeesct%lgﬁ ?r%proved aliasing level and an
improvement with respect to the audio quality. For instance, when the

larget inéndbod fumctioa cdmprisép acavenembovbenaf windolv doefficirsent
amindarpodation scheme may die useful.ckond hescompiatiaralcomplexiiy 1ay
'ﬁ%&eﬁé% Sl slightly %aelm%%@@aﬁe'dr‘te{%@%%ﬁaSChePi tOWENRY and
this slight increase is not only outweighed by the improvement ,
CENCETRRGAE G BA RGBT S FESifTy $ARMGRIBT R teRfing e Pe
kelscad pesmory usage Wisdiz tdmpariag dfe Sitaatigriwith bwd sephiates of
wingewrisictions deing.stosed yindepeadenthi IVhite the iMerpeRtioneannto
be qayied oul in gneqr,a few,gyeles ot e cloek 5190akela, Processor ik s cn
an implementation, in many cases leading to an 20 insignificant delay and

ifEreERBE ConFutafithgl ESmpPRKRY, Ihedmittthabiemdry ettfBmentth 2
rAFpRRtaxtfe maly ogiornt irf ey rapplie¥ifons=FodnstineeyketheMirror
@Sk @fF nobile applications, the memory may be limited, especially when
long window functions having a significant

As will become apparent in the framework of the present
description, an implementation of low~delay filterbanks
according to embodiments of the present invention will
provide the advantage of an improved trade-off between
computational complexity, frequency response, temporal
noise spreading and (reconstruction) qgquality. Furthermore,
an improved trade-off between delay and reconstruction
quality is achievable based on an approach to make use of
so-called zero-delay techniques to extend the filter
impulse response of the respective filterbanks without
introducing additional delay. A lower delay at a predefined
quality level, a better quality at a predefined delay level
or a simultaneous improvement of both the delay and the
guality, can be achieved by employing an analysis
filterbank or a synthesis filterbank according to an
embodiment of the present invention.

Embodiments o¢f the present invention are based on the
finding that these improvements can be achieved by
employing an interpolation scheme to obtain a window
function having a first number of window coefficients based
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25 number of window coefficients are employed. Moreover, embodiments
according to the present invention can be used in context with a new

wiiReiRwigaetion for any of the two filterbanks described abege/dptohenoo200
improving 30 the aforementioned trade-offs. The quality and/or the delay
can further be improved in the case of an analysis filterbank by employing
an analysis window function comprising a sequence of window
erefficients, MUCh FABRRISES anlrsl 9FOUR COAPHSIRY B HESONSaGHl¥e of
35r§>grt|on oftff,se uence cgwindO\/f coefficients ang the q_ectond group
W o} coe icients, L empioyin arn i1nterpo 10 scheme,
Sfwindow Soefiicients compné’mg & Secont consecutive portion of the

SEqUERBE D SnddW Esdftiehts THe fREEFG o and Bife eoridBortidbRdow
camplise adn/© 3E08/8495A0BGT/ER2007009200n 10avinddieved. This

Q@Jﬁ%ieﬂﬁ %5‘?%“@5’@&"5““88“% N&%ﬁ%%giheaiii%tﬁ%gom@@@prim an
o35 indow coefiicients than the_secand parign but ag energyyalig of
thepwmdow coeffimenrfs in‘thairst portion is |gherﬁHan an energy Y
VAIGE ¥ Be WIREOW CoRfilcidifs bf thE StoAYPOHIGT THETHFtFiBupDdIeVen
wirtlose caeffigiéntos used fori wirkhdveing alateminee-plohsdin sanpiésmadmay
the sesondigroup of window coefficients is used for windowed earlier
time-domain samples. This form of the window function provides the 10
opportunity of processing time-domain samples with window coefficients
Iﬁ\ﬁng%@ﬁé?éﬁé@%ﬂalué@%%ﬂ?éﬂ?ﬁis INGTRABRDS tAR WesGbEdtly by
distribotionof window teefficiernts oo thectvemportiditsvane their@ppficasibhght
tQﬂB?é&Q@fQ&% ?]f Ha@-d@n?@ auslie samytes Asc@dcomuemﬁ@,rovement
employing. 15 s a windaw function educe [ e .
R e e b RN 8 Vo

IEPRIRISE G & E6nsBRTHERS IVBTCRYcOrdiRg, i ifd caSeBrahing  the
enmbodiient of tHd pregentszmvention imthevfofmot ahcaspabatisdorstored

genesaingdmer plomain aadiorsamples apeia eaaspeidingsmethgi éd out
Sypthesis ‘éVH‘dQWFé&“aéfxT/‘éieeg sypthesis ‘%E‘Qé?}éé fgﬁgﬁ%ﬂ’ WRICh processor

comprises a sequence of window coefficients ordere

in an implementation, in many cases Jleading to an
insignificant delay and increased computational complexity,
the additional memory requirement may be extremely
important in many applications. For instance, in the case
of mobile applications, the memory may be limited,
especially when long window functions having a significant
number of window coefficients are employed.

Moreover, embodiments according to the present invention
can be used in context with a new window function for any
of the two filterbanks described above, further improving
the aforementioned trade-offs. The guality and/or the delay
can further be improved in the case of an analysis
filterbank by employing an analysis window function
comprising a sequence of window <coefficients, which
comprises a first group comprising a first consecutive
portion of the sequence of window coefficients and the
second group of window coefficients comprising a second
consecutive portion of the sequence of window coefficients.

The first portion and the second portion comprise all
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correspondingly in a first (consecutive) portion and 25 (consecutive)
second portion. Also in the case of a synthesis window function, an

LRI @Higher than an energy vaigo or an overall energy La sl e
window coefficient of a second portion, wherein the 30 first portion
comprises less window coefficients than the second portion. Due to this
distribution of glﬁe window cogfic'ents amon t?e tW%Portions and the

PR 10 Ry hieARR i Biver 1Ges ST AARGR ST WindSREP ver,  the
dolffidie 8 TR RThdB ARy ferestimetondindaimpres hd @5ehessetbaa  the
postion &f window eaeffigiants fanwindowiay eavieniene-dagmainmampiés,dow

thg previeusly-described efiagts andadvaniages alsgapply- 0.2 SYpthesis gy
filtertbank or a correspondin ergjglodlment ofg mgthod. WO 2008/049590Th
PP 500 7089208 “PE DEvedt AT oF Synissal fiRd-on - The
fliAeonsBtP RN&Ysiy Wikdow fartibhaianpRydd inthedraffeivork beowing
sbhante remiadimesits Ohthe paresent inventionavilbee slegcripesulp latet ivvindow
gedstalle i many embadiments of the piesen InyentqR.theSEaLIeRsRa 1 n
of Wlngow co%f}f!clent of the %yn;&e&swwln ow prcr'gloQ ,anrg/or of thed the
a%%‘f‘;%se window function” co?nprise eexacjtlr)l/ Ré firngFoulpoand%g‘élec%ﬁd
oPEER B Wikdow edefRdiaArs MoreoldlezRANT the RARRIFIOWith window
coeffitientscoftbe lseqiiegce bfnendencogfficrenitsdelergs sxactlfid snés a
?ﬁé’%%ﬂ&s@fo'dﬁénéé@@ﬁ@QQHSchQHPiCH%Wl@?;’EQof;{'ﬁ@&bs-d%%@ff%ients
e roups comprises exactly pne portion e seguence o

V\}:lr?dvél‘\?\(1 %ote:f’ﬁ%ie%fsr%]lé) %Snsaenc%tigg Hanser T the :b?gsetg? dggl&ipﬁgﬁyg?ce
poftioh ESMPABEd B cBHSECUtITRMBAESF wihiBloR cEefit RIS AECordRIPIHOY 1N
thasequencenaidihe fwimctonocoetfficiemtsdlicembbedinakrits wedordimgitoced by

t%é)rﬁiﬁfﬂé%"a@ﬂ@na%aql Qfdhe twerarewRs (first andysecond 28:H8WB:  an
comprises exactly one qortloT fthegequence of tt;ée V)éin o coelfficiegts

.1 rove _%ua%lté/ eve %,?ﬁe on a.constan e ad% evel.

in the above-explainéd manner. The “respective groups of window
coefficients do not comprise

Accordingly, in the case of an embodiment of the present
invention in the form of an apparatus for generating time-
domain audio samples and a corresponding method, a
synthesis windower may use a synthesis window function,
which comprises a sequence of window coefficients ordered
correspondingly in a first (consecutive) portion and
(consecutive) second portion. Also in the case of a
synthesis window function, an energy value or an overall
energy value of a window coefficient in the first portion
is higher than an energy value or an overall energy value
of a window coefficient of a second portion, wherein the
first portion comprises less window coefficients than the
second portion. Due to this distribution of the window
coefficients among the two portions and the fact that the
synthesis windower uses the first portion of windower
coefficients for windowing later time-domain samples and
the second portion of window coefficients for windowing
earlier time-domain samples, the previously described
effects and advantages also apply to a synthesis filterbank
or a corresponding embodiment of a method.
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any window coefficients, which do not belong to the exactly one portion of
the respective group. In other word, in many 25 embodiments of the

Wgrg@gmygy@ntion, each of the first and the second group obwigl9W7/009200

coefficients comprises only the firstsportion and the second portion of
window coefficients without comprising further window coefficients. 30 In
the framework of the present description, a consecutive portion of the
sequence of window coefficients is to be understood as a connected set
of window coefficients in the mathematical sense, wherein the set does
REEREK FindIFP COBRTCHORS cOhpatdl 18 %7 SeqlibREEdr wivdGh 95s and
eoefligienss, wiidhwvdild dreilging iermp tanged(elg. inblex fraaneyof khef some
Mﬂ%&a&ﬁeﬁfi@i?wﬁﬁ ofdhe respestivie pQﬁk@éhAﬁ&xconsequeB@e, HeB@hybed
mbodiments of the present invention, the sequence of windo
i b AN e e
ihfY 8¢ tBRNecttPpoR AL Hinddlv COHHEN S ARfdH forf&Sch Bhe the
shtherfestior the rebwond gravpsof winddwcoefficidrits. Irrtiidsesdasey indow
eagitwipdow sagticient samprised #héhedirs@roun Shwinglew The second
eaelficients s sither,augnged belie.or AfISIEACR.OT G NP e window
oeffiCients of the second group of window coefficients with respect to the
GREI S6YEBRCe BF tHe i BBAESEHiCents- 1B et Strter b ipetongs
maay ehybddiments adtokding fd Hsd Fesam iprehtibhaheseqnenarepp of
wingewcefiigients isn divided exactly into two groups or portions without
leaving any window coefficients out. According to the sequence of the
window coefficients, which also represents also an_15 order of these, ea{.chthe

GfaRB 6 grifipSEP pOFRAIRS cSAPREESET Wikt téefitfeRS UpHd (LR
eeiingporbegibniny frove {ibthiding)sa bordersgingedicdarficeann®s - In
ath&expryientbedissippaiondsr first group ivay eemprseswingdovonsecutive

coefficients;having indices from,0 40 95-andifrom 96 2040 63 ItheLcase the
of a window function ,comprlsm% 640 Wlndé)w coefficients @aglr;igglndjcces
s, n 1 [e) the

&%0§39)?%F§%ﬁéent embodiments accor

present invention, each of the two groups (first and second
group) comprises exactly one portion of the sequence of the
window coefficients in the above-explained manner. The
respective groups of window coefficients do not comprise
any window coefficients, which do not belong to the exactly
one portion of the respective group. In other word, in many
embodiments of the present invention, each of the first and
the second group of window coefficients comprises only the
first portion and the second portion of window coefficients
without comprising further window coefficients.

In the framework of the present description, a consecutive
portion of the sequence of window coefficients is to be
understood as a connected set of window coefficients in the
mathematical sense, wherein the set does not lack window
coefficients compared to the seguence of window
coefficients, which would be lying in a range (e.g. index
range) of the window coefficients of the respective
portion. As a consequence, in many embodiments of the
present invention, the sequence of window coefficients is
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border window coefficient would be that corresponding to index 96.
Naturally, other examples are also possible (e.g. 0 to 543 and 544 to
wb39)sdmIdie detailed exampled implementation of an analysig/fitdranicoo
described in the following provides & filter length covering 10 blocks of
input samples while causing a system delay of only 2 blocks, which is the
corresponding 30 delay as introduced by a MDCT (modified discrete

§9singe fransioray of a MRST (Mpdified discretesingdransianm). o ©N&, i ndow

difference is due to the longer filter length covering, 10 blocks. of input
%g?ngp%sc %gr%pséfedvfg la%rlim%félfﬁnen%?i% of %eMES%T SPMDST RS 1T the

Boenas iinermsedfrotindsbck 354 thé @a86 of MDETesRI MBSEIo each
ahrovevlap of Hiilodks: t Howeyed, fartheémmplemeiitasansyeampalsobewindow

realized-¢ygring @ different nymber of blocksHfdnput sapRIES, MMRICHE the
are also referregélo as %dlo mcplyt s%mé)les.s\e/avcc))g 08/049590 £ indow
@5205'?/8 260° R/Ioreover, cp[ er traoce-o SC rgfé% be® v ©

eordifercerand implemerréBeriy. £3hdWs a Blttkediagraffibease of the
anakysis fiteslidnk-168tS as an embodiment of an apparatus for
generating audio subband values in audio subband channels. The

nalysis filterbank.100 comprises_an analysis windower 110 for.
TG S Rame T30 5t tika-dLatiin AT Sam A T arke €0
PF6 eBRTprid8Y THAEKs 138tR 1,52 T¥809ehIGks 1St a8imklc 46Ric® S
@npuitisdmptes;villyerant @ i§wo positivesntegepantiggqual vo 18dnthéeaving
ease Qfitheoembedirantishovwn ipkig. hddewayeh thaframe 120qnadce of
a0 compuise @ difrent pumber of plocks 1394 Balh. helfeme 120,
and each of the Blocks 130 comprises time-domain audio Input samples

P imerdeilisiRe: eXBHUIRG frohf ah BArAFSIRSIeS PRESHSARpRemPrise
addordibgdtova dowfline asnndicatedthy dratroextAMihiFigl 1oin oegedmning
Words, in(thecilustralion ag shewpda Fig.wlithe w0 fusherthe tme-domain an
aelg%ipnps erer}pletf\{\éhicgiigyéis %aosr i;LS'on or first group may comprise
window coefficients having indices from 0 to 95 and from 96
to 639 in the case of a window function comprising 640
window coefficients (having indices of 0 to 639). Here, the
border window coefficient would be that corresponding to
index 96. Naturally, other examples are also possible (e.qg.

0 to 543 and 544 to 639).

The detailed exampled implementation of an analysis
filterbank described in the following provides a filter
length covering 10 blocks of input samples while causing a
system delay of only 2 blocks, which is the corresponding
delay as introduced by a MDCT (modified discrete cosine
transform) or a MDST (modified discrete sine transform).
One difference is due to the longer filter length covering
10 blocks of input samples compared to an implementation of
a MDCT or MDST that the overlap is increased from 1 block
in the case of MDCT and MDST to an overlap of 9 blocks.
However, further implementations can also be realized
covering a different number of blocks of input samples,

which are also referred to as audio input samples.
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also a time-domain audio input sample, is to the right, the later the
corresponding time-domain audio sample is with respect to the sequence

wof ihg ipeglomain audio sample. 25 The analysis windowepd#/@p2007/009200
generates based on the sequence nf time-domain audio samples
windowed samples in the time- domain, which are arranged in a frame
150 of windowed samples. According to the frame 120 of time-domain

AHAO-nput samples, alspihe-fiame of wipdowedsampleslpQ 38ered  and

com Eraisg%g' locks of windowed samples 160-1, ..., 160-T. In preferred
siibodiments of the present invention each of the blocks of windowed
samples 160 comprises the same number of windowed samples as the

B_“limben ofs_tmsxesd_@mair_loahdmﬂagmbsampleaﬁfmhylﬁmek 30 ofrbank 100
tme-damaigiausic, rdnpysamples Jignee. uher sach;albeloaks 13041 o

comprises Nme:domain input audis,samples, the rame 12and the, ) ;.
fiame eac comprlse‘?- samffles. M this ¢a88 NS a positive Y

ihtdgarhdich melP foFPrRRIHcES cqtlte hRAAS 26081049%0per 110  for
RCAER2607/6092@6el 412Aluestof32nerB4mEanT sutl, dhe frantesskibles .

+5Q each comprise 34 and 640 respeetively, 38 1he case abavgy Fhep) ocks
analysiswindow, 110 is, saypled fo,a.caleulator 110 for S galeulatinaghe; |,
audio su %an_dmvrﬂues Based on IJF1epW|ndoweglpsam|éles provided by the

BRRYSiE WHndbWet 980, T au8M3hbbaAd vduedare Pr8videRshy e the
ealbwidiorelit0 abewblack F80yof audibsubband vEleed nalvereliz @avlapfalso

tbempudigesubhandrwalugs cRRspeNds 1o ops@ldig gubband 10 channel.
In a preferred embodiment, also the block 180 of audio subband values

comprises N subband values. Each of the audio subband channels

&tdapohs tdF 42BRaraéRrigiCectretirétfuchly. THPE el FaqURTRRIS. ses
afihb-thenlifferentandio subbamd chaamgld esay, for instande e ecgediyence
;@%&E@H&ﬁd@f eguﬁllyagpa@;eﬂl\@(it@ aﬁmﬁb&t? E@ae@n%agm_awm@fding
b cameshdng s et bl e TAn A o
other words, in the illustration as shown in Fig. 1, the
further the time-domain audio sample, which in this case is
also a time-domain audio input sample, is to the right, the
later the corresponding time-domain audio sample is with

respect to the sequence of the time-domain audio sample.

The analysis windower 110 generates based on the sequence
of time-domain audio samples windowed samples in the time-
domain, which are arranged in a frame 150 of windowed
samples. According to the frame 120 of time-domain audio
input samples, also the frame of windowed samples 150
comprises T blocks of windowed samples 160-1, ..., 160-T.
In preferred embodiments of the present invention each of
the blocks of windowed samples 160 comprises the same
number of windowed samples as the number of time-domain
audio input samples of each block 130 of time-domain audio
input samples. Hence, when each of the blocks 130 comprises
N time-domain input audio samples, the frame 120 and the
frame 150 each comprise T - N samples. In this case, N is a
positive integer, which may, for instance, acquire the
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The analysis windower 110 is adapted to windowing the time- domain
audio input samples of the frame 120 based on an analysis window

wigngsigseemprising a sequence of window coefficients haviegra#igiz/009200
number of window coefficients 25 ta4obtain the windowed samples of the

frame 150. The analysis window 110 is adapted to performing the
windowing of the frame of time-domain audio samples 120 by multiplying

thevalues,ef the tige-gamainaudio samplese with tewdndoyy goefligignisacn
of the gnalysi a/vmd w 340 function. In other words, the Windowin%

500%8%55 a?% efé er?t-\gli’serr%ﬁﬁﬁ)?ﬁﬁé’ eoh’f‘ie ifhe-dSmaRTaudia® e
samples with a corresponding window coefficient. As both, the frame 120
aftimerdorgainsavdia samplasand theowirdaw woefficieritswoatpriseld0 for
coriesponding sequenge, fae 3aglementywise muliiplication, okthe Windawed
coeffgilents and .tléegme- O{H?aln audip samples |sdcarr|ed ?%ac:(;ﬂ[ldin d
57k Fesspggﬁyel & uekﬁ%es, Sr iRSante; 8s TRl lfe Vo] By a sémpleean%u o
\eineloancoeTrciaistsindeke WY 2068/839580 FAR{EP206AR9200 1EInas a
eribediments of thegqar@ésent suendiod, the Wwiadow Waectéans usedHorof the
windowing the frame of imesdomain audio, daputsamples isgedesatedibband
based.on a laiger windoy, 5 function. comprsing alarger segond pumber o o
of window coefﬁmeﬁt‘%%y eémploying anintérpdlation scheme as, for

iAstAkhee SHRBRRE iNIRE BENEXEBF ERE S ndWoRAR|af§éMFidow

function typically comprises an even number of window coefficients and

@%)gﬁor Hls;ta@ﬁ%tbeaAalax@meéﬂ%ggdfai_thdm1@., the-sequepmels to a
window coefficients. Alsq symmetric window,functions_ may
ﬁ%aﬁ?n%o%%fﬁcﬁ%nclﬂgcﬁge f%?%ﬁ&g\}\//inggtkﬁ% fr%{&?r?ét 6150% ;&HEQ&E}QS of
tiFRe A8 iR TiFAth sAMTiIes RIPGaREiaFRaN BB P by tHE A5 aRhggse, Pe
vendewey 180 or thetittedbank 16Quatelpolatrg e windowoaffcisnts of the
F@&{Q@ﬁwnd@awmg%eﬁ- Ieffenamdira@egse@wa?ggto theipeeselgnal as
invention, this is carried.out, for instance, by.interpalatin Cuti :
R SR b o Whdtn b, TelE o= e W ovided
to the analysis filterbank 100.

The analysis windower 110 is adapted to windowing the time-
domain audio input samples of the frame 120 based on an
analysis window function comprising a sequence of window
coefficients having a first number of window coefficients
to obtain the windowed samples of the frame 150. The
analysis window 110 is adapted to performing the windowing
of the frame of time-domain audio samples 120 by
multiplying the values of the time-domain audio samples
with the window coefficients of the analysis window
function. In other words, the windowing comprises and
element-wise multiplying of the time-domain audio samples
with a corresponding window coefficient. As both, the frame
120 of time-domain audio samples and the window
coefficients comprise a corresponding seguence, the
element-wise multiplication of the window coefficients and
the time-domain audio samples is carried out according to
the respective sequences, for instance, as indicated by a

sample and window coefficient index.
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20 linear, a polynomial or a spline-based interpolation scheme may be
employed. When, for instance, each window coefficient of the larger

Wil

g&% 4‘;9%(?“0” is used once to generate a window 25 Coefj&qfﬁtz@&m@zoo
window fun

ction and the second nuggber is even, the number of window
coefficients of the window function 190 (first number) is half the second
number. Such an interpolation may be based on a linear interpolation, an
example of which will be outlined in the context of 30 equation (15) later.
However, also other interpolation schemes may be employed as outlined.
[Frempoipdémerishe plesehbmveptiopdnthe formeotagnanalydis window

fiterbankdd0.ashawr inHigick 1he anedysis aewiTdaw fenclions s welbiio
3%, fhe sylgsipuindpw f‘f&&ﬁ!@@é’%é@e cage oh 2 sypthesis I'Q%@ea}‘hk’ MPow

forinstance comprise real-valued windowed coefficients only. in other

\X)(E)C’éé@é‘/o@%%%@T‘f#z@mlé%@ﬁé 16738 edBHEFthe Wihdoth-ndow
coeffidiepiscatisbued e Wwindowy coefficisptrindeér fs aneaslakne The, for

winglounees iidertsiagethemnformihedsspegtivesrindow .5 fanclien, an  The
exarple of whigh isshown B,Fig, 4 35,30 Analyis yidows flinglig 130 pe -

In the following, window functions will be ¢onsidered, which allow a

Il

REVEIEATY theetay WhRh U im ke coftextorthateseriBgqd symmetric
fittebariies pRvever, crhiisoditened of thefpradastanvermphf 10ig@etfot Also
lswitedch tar sech iovteke lafuwirtdiom Bunctiprse Teesesyeace of window
coefficients forming the analysis window function 190 comprises a first

roup 200 and a secand group 210 of window coefficients. The first gro
TS0 TR APt Boh e e TS ahd ToRNRERE SSiBA O e 120 of
Wibaen egetiiniehiyfttheasuk RN cksof it ol TbaffiefentsPivhersss the the
secabdgreuwr 24000eprises aoeonsecuive sadconinetet seeoadpolating

paston, ehawindow cgoefficigpt, Tegether with the first padipndpihe figst. 1n
20 rock? 200, the% form the whole s%quenceo windqw coeff|C|entsth§Ihe :
axék%l is 1is

WiRdsw fRCSR 199, MBrebuey, Present  1nvention,
carried out, for instance, by interpolating consecutive

window coefficients of the larger window function. Here a
linear, a polynomial or a spline-based interpolation scheme
may be employed.

When, for instance, each window coefficient of the larger
window function 1is used once to generate a window
coefficient of the window function and the second number is
even, the number of window coefficients of the window
function 190 (first number) is half the second number. Such
an interpolation may be based on a linear interpolation, an
example of which will be ‘outlined in - the context of
equation (15%) later. However, also other interpolation
schemes may be employed as outlined.

In embodiments of the present invention in the form of an
analysis filterbank 100 as shown in Fig. 1, the analysis
window function, as well as the synthesis window function
in the case of a synthesis filterbank, may for instance
comprise real-valued windowed coefficients only. In other
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each window coefficient of the sequence of window coefficients belongs
either to the first portion or the second portion of window coefficients so

Wﬁ‘%oms%lp'e 25 analysis window function 190 is made upgeyribe:wineioveo

coefficient of the first portion and thg second portion. The first portion of
window coefficients is, hence, identical to the first group 200 of window
coefficients and the second portion is identical to the second group 210 of

30 window coefficients as indica quy r%sggngin +ALOWS200,
‘ﬂﬁc}rs] ’Fig.e_aL(.: heor%unjtb%aero vﬁn%inw c%%; |C|er%ts In the flgfstgroup 200 ofO 2

HEARY perdi st ifRBol dsatiidients £SGhafétHEn 35 the number of

window coefficients in the second group of the second portion of window
eaefligientsHeweyen an. Lheray yalueer a&tal energyastde ol the window

indow coefficients in the first gro 0 is_hi an.an WO
gBBﬁ?bﬁ%%go E?%Tﬁflg?&%/oé?égoﬁq%%gengrsgy vaﬁj‘segorjf%lta\l%r?e'rgylva?use an
BREER- oW TE5EcieHE T ¥ set 8Ad grblip 218 AL it BE‘Gtflined ~ndov
later; ahcerrergy balu of ases bfiwirdow sdéffibiertsliowased eAurson  of
ehthe squares afiibg ahsolie vialues 9é the dn eerkespamdinghwindgvscribed
§aqibcients, g empodivients grealding I hedyesell IR Mevention
analysis window function 160 as wellas a correspondlnggr%nthe&s

FERIRP FuncBhtRdy B hRrdiore WsmAdtrid it Yo TE85& ¥ Ihe

sequence of window coefficients or an index of a window coefficient.
Basedseiyadipiinition set atisvindaye eoeticiant sndfeasvey witieh thealysis
MN3¥Rls windowy fupctiog d9Q isdefined, the apalysis winday lUpgoNana  a
190 s asymmetric, when for all real numbers n a further real 15 number
SEERRTs SRR thiedbsfutd® 373%%wof9ﬁﬁ§ C&5&¥igient CSiresponding = °UP
20he erimpowcoefficidituftheonrion cueffierat PRIRRYAB2h)RERBEON ©of

equal tathedabsoluissrate 0f the wingow agefficient gesmespondifig tovindow
tggé@?gg\f'e%%e;ficiewrﬁé%ec?%(nc&f{en)%’&'2%?1&”0@P@@d 0 ZQ:E)"nft)rises a
belong to the definition set. . ,
consecutive and connected second portion of a window
coefficient., Together with the first portion in the first
group 200, they form the whole sequence of window
coefficients of the analysis window function 190. Moreover,
each window coefficient of the sequence of window
coefficients belongs either to the first portion or the
second portion of window coefficients so that the whole
analysis window function 190 is made up by the window
coefficient of the first portion and the second portion.
The first portion of window coefficients 1is, hence,
identical to the first group 200 of window coefficients and
the second portion is identical to the second group 210 of
window coefficients as indicated by the corresponding
arrows 200, 210 in Fig. 1.

The number of window coefficients in the first group 200 of
the first portion of window coefficients is smaller than
the number of window coefficients in the second group of
the second portion of window coefficients. However, an
energy value or a total energy value of the window
coefficients in the first group 200 is higher than an
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Moreover, as also schematically shown in Fig. 1, the analysis window
function 190 comprises sign changes at which the product of two

“@o%%%g\%g window coefficients is 25 negative. More detailg @pgduingsor00

eatures of possible window functigrs according to embodiments of the
present invention will be discussed in more detail in the context of Figs.
11 to 19. 30 As indicated earlier, the frame of windowed samples 150

comprises a sjmilar block structure with individual blocks 0-1,....,1 ;[
oL, . . He? % d
88% g?’ram‘éa% of |85|V|d§ﬁ8 t?rqﬁe- ggﬁﬁgﬁylnpmas%lrﬁpleg?fis #1% analysis oY

FRRIFHEAETC & ABafted 16 AFRAGWIAGIHE tiffedoainudio Rpuputiined
samples an 3% nadtiglying thesevalaes with dife windiw coeffitigits efits is

thesaralysis windawdfenetian 49Qathesframe 10 gbwindawed sareples is the
%Isg '”éh%t'Qé,eﬁdOWf‘A%oLh%g%\'%'ator 170 calculates the audio subband
VRGEE 5P B Thote Prétise Wo Yo081049590 PCT/EP2007/009200 18
the block 180 of audio subband values using the frame 150 of windowed
Sampdﬁmaddirpemsmsaamiercjromthe:ﬁme-mnaintintdlth@ntion, the
‘Z%%Li%;%%}’s:d%%'ﬁow hefﬁ%'@@@éﬁ{ ﬁi@ocaestbhef@];qre be cansidsred $pdeding
ati requency converter, 5 which is capable of previdin I 180, .

B S R O ey e DG L U A TIRAGEL o e
WRRRAR Samplas. EsERERER Sfb uEBRtheHIGAE Bg0 ™ an index
cofresponds dowl 0 orefdubbisamthavibgse chavacteristideffdqudricgn Thret  of
RU4ABsHK O&aaf@'@i%iwdw&%%gomp@edmitba blagk 180:$ws® window

metimes referred to . n er e ime ;
R nalo I preke by e TS AIBLe ot Hancgion 180

VetUSSIHBIBER 180 i RfALEAT0 3tht fferBITRGE Somath adioMfsut-e2t
samples ofreach:ofsthe blsekstiBXof thefraahe 220t tive tuse that tie ndow

frape 120 oh windovved sanplecampises hertpine bieokfwiseent of the
{cts as e Bme 120 sg il eagl of heblocks 160,20 ghyindowsd e
samples also comprise the same number of windowed samgles as the

ﬁ&@@&?ﬁﬁsgﬁﬁﬂ?d&%aﬁ%ﬁwﬁ}ndow coefficient corresponding to

the window coefficient index (ng + n), when (ng — n) and (ng

+ n) belong to the definition set.

Moreover, as also schematically shown in Fig. 1, the
analysis window function 190 comprises sign changes at
which the product of two consecutive window coefficients is
negative. More details and further features of possible
window functions according to embodiments of the present
invention will be discussed in more detail in the context
of Figs. 11 to 189.

As indicated earlier, the frame of windowed samples 150
comprises a similar block structure with individual blocks
160-1, ..., 160-T as the frame 120 of individual time-
domain input samples. As the analysis windower 110 is
adapted to windowing the time-domain audio input samples by
multiplying these values with the window coefficients of
the analysis window function 190, the frame 150 of windowed
samples is also in the time-domain. The calculator 170
calculates the audio subband values, or to be more precise,
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input samples 130, the block 180 of audio subband values naturally also
comprises the same number as the block 160. 25 The frame 120 can

W%o; %Ilé( e generated, based on a block of fresh time-doma{nea4iio09200

|npu samples 220 by shifting the bjgcks 130-1, ..., 130-(T-1) by one block
in the opposite direction of the arrow 140 |nd|cat|ng the time- direction.
Thereby, a frame 120 of time- domain audio input 30 samples to be

rocessed is generated by shlftln 1) latest blocks of a direct
B ce%llrr?gj:ﬁa%% 12'0fofatﬁﬂé°do7ﬂ é% 3( % esut?)}%?le%ckgbym?d 150
tfe waridetiate- surpdinnuaissaaplfsrasd by bodirefte ffasblbbr 220me-

abritash tipe-slomgin audiesanplesiandia newidockalB®alsbor 170 can
eﬂepé'f»gpeths Jatestume: d&ma'@@uge Sgn{eﬁe%ﬁ@ @é%%%ﬁt JamR reer,

120. In Fig. 1 this Is also indicated by a series o ashe arrows

W%bﬂfdhngléhufﬁﬁé’ﬂ?elﬁlo&% V\Rf%b%@sé@ﬁcﬁ%o%(‘igﬁg 1gudio
$80Kand, 180L(R3) iathe oppoite hirectien be RN Eitown 4@ Dud® thisame
shiftingeofithedoivelss 43RHn #ae opposite 5 direction of the time as

indicated by arrow 140, a present frame 120 to be processed, comprises

the block 130-(T-1) of the directly pr ?lmg fr%b %1 s the new bloc o
F365 . SRESiRYRP B bI?ﬁ%s%?;(f 5 the PreseRtiame

mtosbetp@@@eseéwa%@ eauahérﬁebﬁﬂs}eqsms@encmom@f tRgmber
direcilyqurecedistgafiame s120e sThehtockskR0-Trof the diseettykpregeding also

frame-12Qis discarded As aconseguence,gaditime-domain audio

sample of the 15 fresh block 220 will be processed T-times in the

framework of T consecutive processings of T consecutive frames 120 of

e aRMRed NRPHSS ARFREMRACECe 51T tiIRESGESMRIN IRRS it the
samplerofth edtesiobloski2cordiibetesi nob londktdl B Aiffereitiénamiesal to

120 bH&ﬁﬁ@rtoondiﬁ@.Eﬁ‘éﬁgng@He%&é@&f winslowed-samales ad dach of
l%gck%}SO of alu%o S%Jb fyalues ff@'”dicat Elbefore MUK} é)éefi_‘ehredfram63
embo

imen accordlng tO e present mventlon e num
150 of windowed samples comprises the same block-wise

structure as the frame 120 so that each of the blocks 160
of windowed samples also comprise the same number of
windowed samples as the block of these time-domain audio
input samples 130, the block 180 of audio subband values
naturally also comprises the same number as the block 160.

The frame 120 can optionally be generated, based on a block
of fresh time-domain audio input samples 220 by shifting
the blocks 130-1, ..., 130-(T-1) by one block in the
opposite direction of the arrow 140 indicating the time-
direction. Thereby, a frame 120 of time-domain audio input
samples to be processed is generated by shifting the(T-1)
latest blocks of a directly preceding frame 120 of time-
domain audio samples by one block towards the earlier time-
domain audio samples and by adding the fresh block 220 of
fresh time-domain audio samples as the new block 130-1
comprising the latest time-domain audio samples of the
present frame 120. In Fig. 1 this is also indicated by a
series of dashed arrows 230 indicating shifting the blocks
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of blocks T in the frame 120 is equal to 10, so that each time-domain

audio sample provided to the analysis 25 filterbank 100 contributes to 10
wdifiesgniobbacks 180 of audio subband values. In the beginmogHreiore@m@200

single frame 120 is processed by tie analysis filterbank 100, the frame

120 can be 30 initialized to a small absolute value (below a

predetermined threshold), for instance the value 0. As will be explained in

mgge detall below, e shapg of fhe analygsyandew fupctign 4o, of the

comprises a center point or a "center of mass", which typically

85r’f§§lpc}r%(§)s to or lies 35 between two window coefficient indices of the

first group 200. WO 20081049590 PCT/EP2007/009200 20 As a
cenrsequenge; thesninilhenof fresh blacke 220 ke be 3nseited e thepposite

T e Rrooh A BATL B ien
D A St 2o LGS a7 o ERBAAGTE, oSS bARE(T-1) of
KNG Ar sighificaptesmabogontinaeems o thef ehbryynetudsl oRjpickdy; T -
thequabegdi blockado belinseréed iBo-frame) 120 befgre a'3neaningful” the
PEESHING £ARRETIH dS 2 L0 gebla%gggg@digqgn %éﬁap&c’féﬂé block
%@%Xﬁ'ﬁl’ﬁ'?d"w 10 fupg ! e 120.

8—9 198. te(gce,,the acrla}l(ysiiécter ﬂ{‘k 1 Oalg
capablé of providirig blocks 180 fastér than & co regpon&ng fiiterban

EfplofihgCor dtarice & syrihetfié 1WABAY BREFSTIASydicampthé20 1s
fdestrblodks 220 are provided to the analysis filterbank 100 as a whole,

each of the fresh 15 blocks corresponds to a recording or sampling time,
At s senaly ghen ulle Bl e ook 00 Ste” i
SRS PRE Yor Sathplihg rdtfuePEP STHRAErOF e, R fsid WirtdGv ARREHRIFOT K
100, Bisdosesparatece2@ intocssemipodafient obthegureséntinfentiers, 120 of
leads I amEaducad dekay before ﬂ}_,eaif&(gﬁt@sﬂﬂ the fllowing:klacks 180 @main
aa“@é‘ic?”??%ﬂ% Vggjn?pslceanok%e QEOQVIdIEregBOgTPCL)JéEyy}% contributes, not
only to T different frames 120, but also to T different
frames 150 of windowed samples and T blocks 180 of audio
subband values. As indicated Dbefore, in a preferred
embodiment according to the present invention, the number
of blocks T in the frame 120 is equal to 10, so that each
time-domain audio sample provided to the analysis
filterbank 100 contributes to 10 different blocks 180 of
audio subband values.

In the beginning, before a single frame 120 is processed by
the analysis filterbank 100, the frame 120 can be
initialized to a small absolute value (below a
predetermined threshold), for instance the value 0. As will
be explained in more detail below, the shape of the
analysis window function 190 comprises a center point or a
“center of mass”, which typically corresponds to or lies
between two window coefficient indices of the first group
200.
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filterbank 100. 25 As a further option, the apparatus 100 can be capable of
generating a signal or incorporating a piece of information concerning the

“%gé}g)()s“gg%dow func'glon '190 used in generating thg frameﬁ'@ﬂﬁ"zo&wo}gsvzoo
concerning a synthesis window fungtion to be used in the framework of a

synthesis 30 filterbank. Thus, the analysis filter function 190 can, for
instance, be a time- or index-reversed version of the synthesis window
function to be used by the synthesis filterbank. 35 Fig. 2a shows a bloc

Kk
diSgram G EANBREmMent 3¢ art WiRsHratts 360 fiyeRensing 220 to be

timeeddradiniaudio shmpfesrimastdlori thesniedk of dediorsubbamdizines. 120
As praviodslyaexplained, e empedimenrtofiha presentipwentan thterrame
W) 2008/049590 RCT/ER2007/009209 21 form o an aRbaalis300 Bl e
generatlng tlme-agmam aL}/dIO samf)ales IS olten also referre toas a ,

SAtHESs MiterBankC 365 2 PPRGppSratlisie¥apiRs bf fehekithghaving 2
timerdofiaian Audiorsaniples iwhichrcahempsincifle tieeplayed dagk, besbees .
Top aelia sybkand valwes whigh ganprise skeadal-iiewratien into frame

ggi‘geb%%@%ég audig.signal, H1ence., é@%é&%@fﬁ@ flterbanle; 8R0S s 2 o 4

e of synthesizing time-domain audio saér}ngles based on audio

Pakd vAGBE NI caifforitGtante s géteraldtfby Féd¥Edsondingao”

ahaiysis dittedfihk HB0 D, Flgh aasiiows ahldcK diegpamiofthe syatisagable
filterbankoB0icamprisiag Ascala@ator &dHterwhiehanbloek 320 of eandiading

spbpapgyglyes &9[;5*1‘_8§E‘%ﬁ;¢‘,e”%’a‘%°m?ﬁ@€§rpég¥ideg- Thamalcpiator 310dow
is capable of calculating a_frame 330 _15 comprising a,sequence of .
HEPRERRe e CORTAIA ShingiEs fomTe R SuBBANA VIR SrifieT €°

bidek 32G Ihive frarhel 880iitehRBdiate #melyohtain safiples the fresh
COMpiaes db Maysp eakodiments reeerdingdo the prespbt ityentiar alsehich
& similar black syyctyte, ag forinsiaoce the rame50.of 30 windoyad (5 ..
samples of the analysis filterbank 100 gf, Fig, 1. Inthese Eases, the frame, .

éﬁ¥%d”ﬁﬁ%&§;ﬁSC ggﬁﬁggmiln audio “input samples comprised in

block 220) and the sampling rate or sampling frequency.
Therefore, analysis window function 190,’ as incorporated
into an embodiment of the present invention, leads to a
reduced delay before the first and the following blocks 180
of audio subband values can be provided or output by the
filterbank 100.

As a further option, the apparatus 100 can be capable of
generating a signal or incorporating a piece of information
concerning the analysis window function 190 wused in
generating the frame 180 or concerning a synthesis window
function to be wused in the framework of a synthesis
filterbank. Thus, the analysis filter function 190 can, for
instance, be a time~ or index-reversed version of the
synthesis window function to be used by the synthesis
filterbank.

Fig. 2a shows a block diagram of an embodiment of an
apparatus 300 for generating time-domain audio samples
based on the block of audio subband values. As previously
explained, an embodiment of the present invention in the
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340-T blocks of intermediate time-domain samples. The sequence of
intermediate time-domain samples of the 25 frame 330, as well as each

0 4 5 intermediate time- domain samples comprise W/ﬂﬁfoomwzoo
\gé:%%lﬁrs Pﬁ:gs?o the time as indicated Qy an arrow 350 in Fig. 2a. As a

consequence, the frame 330 comprises an early intermediate

time-domain sample in block 340-T and a latest intermediate time-domain

30 sample in block 340-1, which represent the first and the last _ .
ifteFRefihtcPimERRAFER SN fdthe FRitte 38BN Feddd@ivERPAIL audio
esamhpdfdhe DlockSt340 edmpriselar siilavorier aAs wnddresegpienté timrbank
%‘@stdé@ﬁlﬂﬁ&f%ﬁ%%\%&S fﬂ@r*&%@gr%@ete?ﬁ? %fé@iglﬁééﬂﬁé'sﬁqlr&%d \C§omain
can often he used synpnymously. The calcylatqr IS coupled to a
S R e e T S EREHE oased
tifie-BB N SARASS WE2ReR/BRI550 PRTHERSROTITS e 2pngormation
providedniheg synthesisiwirdiomerlis atiapted ta néndowitige thiessédqudreogbank
Oiﬁﬁerwd@é%gm%d%ai@m% HSiNY & SHBIRESIS WNdWEBCtiOnp 1 e s
30 schematically depicied 1) Fig. 28,4 an ouinut. e Syabesiz,, oo e
windower 360 provides a?rame? (\)J'o?(/vinolh wed intermealate

tiFfR85AERT sAh e S OWRFIP AR &80 Tofdpiie®a biddierRardtrddlre of
blocks 390-1, ..., 390-T. The frames 330 and 380 may comprise T blocks
3#0and200s nky respestivrly, wherghad isa posiive jnteges ilp fafilterbank
preferr mhaodiment_ac e present invention in, t

Cihe ST 30, Siuatart; BETAq (WALh 12 (PR 0 o
iR iR MERBBInTEES S0 BiftenE AGABERSHT BIJERE May BePTOVided.
cBimprised svons of 18 e framespibbe méregréciséaimipdnciplefthame 330
nuBHer 08 iblgcks TsBrayehr areer ofeuiahie Baeelatgeidhan s iequabid les
4cdepending ondue claumsiances aldle dmplsentalian agddhe mhe ¢ rame
previously explained trade-ofts for embodiments according to the present
AT comBRAPEH 25I0oR P BRI R Re SRIERSE 10 many
spmbediEnfitéharkctodahda spothesisfiltenapRB800.invention also a

similar block structure as for instance the frame 150 of
windowed samples of the analysis filterbank 100 of Fig. 1.
In these cases, the frame 330 comprises blocks 340-1, ...,

340-T blocks of intermediate time-domain samples.

The sequence of intermediate time-domain samples of the
frame 330, as well as each block 340 of intermediate time-
domain samples comprise an order according to the time as
indicated by an arrow 350 in Fig. 2a. As a consequence, the
frame 330 comprises an early intermediate time-domain
sample in block 340-T and a latest intermediate time-domain
sample in block 340-1, which represent the first and the
last intermediate time—domain sample for the £frame 330,
respectively. BAlso each of the blocks 340 comprises a
similar order. As a consequence, in embodiments of a
synthesis filterbank the terms “frame” and "“sequence” can
often be used synonymously.

The calculator 310 is coupled to a synthesis windower 360
to which the frame 330 of intermediate time-domain samples
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The synthesis windower 360 is coupled to an overlap-adder output stage
400, to which the frame 380 of windowed 25 intermediate time-domain

samples is provided. The overlap adder output stage 400 is ﬂzt%
%?o”‘cg%@i’rgagrﬁhe windowed intermedigte time-domain sampleis;q‘g 0 %}a@:/og%oo

block 410 of time-domain samples. The block 410 of the time- domain
(output) samples can then for instance be provided 30 to further
components for further processing, storing or transforming into audible

A6 SRS Irh e REICEMRENSEA ForCdICnEfifig Hie 283R&Rck bPtmBRdoWing
domais sangiies corprisetennhd fripge 330s-dapalsle ofs bptimsfordhgy a -
daja from the fequency-damad ko thedimeslsnain; thengforaethected in
Galglator, 310 may, comprise @ RgUENRYIITe, COYEHRl aPatlEOlroy  des
generating a time- domalﬁ signal of th spectré] representation qomErlse

iR WEBD8Hb506 PERHER2067/H06256°2314E blotRSA GGG amPLes
subbahd walties 1As wasrexplairedain thedorwéxteof tercaltutator d70focks
the@nalysis filteghank100 shown in Fig. 1, each of the audio subband

values of the block 320 corresponds to an audio subband 5 channel

having a characteristic center frequency. In contrast to this, the

iR GRS Ema2dorRlih sHipIBE Yoo TBiePh the Fan 83 f&pralent> 20
i pAReipte Vafarmatiohdmn e tinle-démaik. Tesyithesis iinteder 360In  a
19ris tapable anthadaptatktoavindewing thecsemuense € einterinegiaieion in
timgsdomaly sypples comprized;io the fama 330, usipg theSynthesiiner of
window functjon 370 as Schematically depicted méﬁ,lg/.era. 15 Asg%rega?g ¢

oRHREin the ToriE of Fig. L, thE Y PiTesis “Windbiver 380 ST o8BS B TS

s§AseshLWifIRD fuitiBhe3 7, oWhickas iebtaimedsy inespsikipf dfp one of
Iarge_r \_ﬂ/jﬂﬁws .fumatiamecm@pés@ageacse@qndiﬁumbehaﬁmmwm number of
cpefliciants: The serond humher is, hgpgelakger hanafirstpumberefan o

20 window coefficients of thé synthesis window function 370 used for

W ingtiﬁe in‘iérméjcﬁgfaent?n%%omoé]n sgqﬁweplescdfrﬁwuén f5RIE530. of the

implementation and the previously explained trade-offs for
embodiments according to the present invention comprising a
block-wise structure of frames for both a synthesis
filterbank 100 and a synthesis filterbank 300.

The synthesis windower 360 is coupled to an overlap-adder
oﬁtput stage 400, to which the frame 380 of windowed
intermediate time-domain samples is provided. The overlap-
adder output stage 400 is capable of processing the
windowed intermediate time-~domain samples to obtain a block
410 of time-domain samples. The block 410 of the time-
domain (output) samples can then for instance be provided
to further components for further processing, storing or
transforming into audible audio signals.

The calculator 310 for calculating the sequence of time-
domain samples comprised in the frame 330 is capable of
transferring data from the fregquency-domain into the time-
domain. Therefore, the calculator 310 may comprise a
frequency/time converter capable of generating a time-
domain signal of the spectral representation comprised in
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The synthesis window function 370 may, for instance, be 25 obtained by
the synthesis windower 360 or the filterbank 300 (the apparatus)

wBsIiegg,one of the previously outlined interpolation schegggpIfngoos200
window coefficients of the synthesig window function may, for instance,

be generated based on a linear, a polynomial or a spline-based 30
interpolation. Moreover, in embodiments according to the present

{nengiop the %’%ht@rpoﬁaté%”d%‘ysbu Based gouing Vit ti"é*x‘gﬁ‘ 'ed in
coefficients of the %}Per Window" Turction; When each window coefficient

Birthe I8RG&R%INdoRE funkhien isCad& 2568 oncl thelindbWPfunéfigt ysis
B7Dt35rbamipriding te@¢smalier) fivsy nuinbee ot winddwe lteeHieitins mayband
tﬁﬂ}ié@n%@_cgmarifa@l@@@t%gelf tth@rflélér&g{dﬁ Wgwqwosﬁ@mhss%band
the larger window function, when the second pumber is n other
78 S 3008 A0 PETIER 20671008200 24 1t TS as¥ the second
number may be twice the first number. However, also other interpolation
Scererinsrasd stherhbs snaytive imiplemented atthetfiarmeworiedh samples
esRoeineats ohthe QE%SGHEMQﬂOVB@m tbé;ﬁ@@y@ﬁﬁ, the gasgefiaciple
§%§éﬂ%§t“i"c¥"?'ei?¥ wndow: function will be gansideragmore GIosaly, &S 360
indicate eaﬁler, embodiments according fo the present invention are 10

by faiGiaihRed 80 thes2ARREBY furtioRs"ARS Gfer MifidoRABHERGHS, ©F
sucle apeyhahetriciwaddortuictionspiay beruseds FHe Synthessig rame 330
widoy funetion, 3 €0 esmprisesaseqdence 0brlS windays cosffieiratsically
\A’Qrgdb&lgg c%n@ri%e.s 3 first group 420 and a second group 430 of

wi

ow coefficients as previously explained in the context of the window

function 190 with a first group 200 and a second group 210 of window
éceffidients OTha finstdyronp @2e sfonireidw edeffiéients of thees\ginédigsis
wineoyy Bncten 320 eemprises adird gorisestitvepoitionr  function 370,
which is obtained by interpolation of a larger window
function comprising a second number of window coefficients.
The second number is, hence, larger than a first number of
window coefficients of the synthesis window function 370
used for windowing the intermediate time-domain samples of
the frame 330.

The synthesis window function 370 may, for instance, be
obtained by the synthesis windower 360 or the filterbank
300 (the apparatus) performing one of the previously
outlined interpolation schemes. The window coefficients of
the synthesis window function may, for instance, be
generated based on a linear, a polynomial or a spline-based
interpolation. Moreover, in embodiments according to the
present invention the interpolation may be based on using
consecutive window coefficients of the larger window
function. When each window coefficient of the larger window
function is used exactly once, the window function 370
comprising the {smaller) first number of window
coefficients may for instance comprise exactly half the
number of window coefficients of the larger window
function, when the second number is even. In other words,
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of the sequence of window coefficients. Similarly, the second group 430
of coefficients also comprises a second 25 consecutive portion of the

weERHEnER.ef window coefficients, wherein the first portion GIaRSaS RSS00
window coefficients than the secong portion and wherein an energy

value or total energy value of the window coefficients in the first portion is
higher than the corresponding energy 30 value of the window coefficients

of the second portion. Further features and properties of the synthesis _ .,
WihdSW?ungﬁgﬁ 3 ﬁ]af Bg%rilndlilarr“f(r?ktjﬁé: conrl?e\épobneqlinté‘%(é%reﬁs‘h%n irst
piBpeaties dfane eevalysis WidoRERftetiotsoas LedHaatieaRyaspried and
schignds Asaycanselueberc35 ¢efetencenis herahywmade tofthembodiments

cerresponding descriptian, Jnghe framework of the analysis window

function 190 and the further description of the window functions with
respect to Figs. 11 to 19, wherein the first group 200 WO 2008/049590
PCT/EP2007/009200 25 corresponds to the first group 420 and the

gecoritegrinpl2ka rogrrespends se thef secono-gralipatB0L &or drstapcer thelow
Rertiops somprised ip the twROrups 426, 2 £3Q-9bwindow coeffigights-atea

tXQ'Cﬁi'ZPaChIJQQEi% consecutive and connected Set of WINAOW, et s on are
Soefficients ?oget er%omprlsmg A Widdow coefricients of the sequence
@rxmﬁaéw%‘éffié?éﬁ%@#thé%ﬁ@&ﬁ%ﬁ&%ﬁmo?wwémb%qaﬁﬁer%her
aciootding forile peesent nventians, therdedndlysisriviadow functiohot3) agnay
depigteddn Fig. 1 and the synthesis window function 370 as depicted in

Fig. 2a are based on each other. For instance, the analysis window

function 190 may be a time-reversed or index-reversed version of the

FRNSHISHTARG FUHCHBA3 7B RTw&Ter *diSo T8 HRSfTatibnS HEtFRER ©F
thértdowinceff functohs 190h 870 mmcbe popsibles ét maybesaddsable 420
thﬁ‘{nB'Qé(e%_é)(ﬁj@lth%%%%/iQ@?Ncﬁlgn%i:?{h%%o a&m&?m@gkﬁ theeviously
synthesis windower which Is relat t e alysl 1k W. j

O R o Dy CaT G cSiras 0t 0 Lot (ol bl =
fg&ﬁépmo@ﬁﬁ%ﬁom%o theénd a second group 210 o window

coefficients.

The first group 420 of window coefficients of the synthesis
window function 370 comprises a first consecutive portion
of the sequence of window coefficients. Similarly, the
second group 430 of coefficients also comprises a second
consecutive portion of the sequence of window coefficients,
wherein the first portion comprises less window
coefficients than the second portion and wherein an energy
value or total energy value of the window coefficients in
the first portion is higher than the corresponding energy
value of the window coefficients of the second portion.
Further features and properties of the synthesis window
function 370 may be similar to the corresponding features
and properties of the analysis window function 190 as
schematically depicted in Fig. 1. As a consequence,
reference is hereby made to the corresponding description
in the framework of the analysis window function 190 and
the further description of the window functions with
respect to Figs. 11 to 19, wherein the first group 200



10

15

20

25

30

35

block 320 of audio subband vales provided to the synthesis filterbank
300. As outlined in the context of Fig. 1, the synthesis 25 filterbank 300 in

“Edg& ggz? rg optionally be adapted such that the incoming W&%ﬂ%m

comprise a dltlonal signals or additjpnal pieces of information concerning
the window functions. As an example, the block 320 may comprise
information concerning the analysis window function 190 30 used for

enerating the block 320 ar, concernl S WlndOW fupction
gﬁif:o bg%sge b%/ ths]s n%he&s \%lnd%v 236 rﬁinjcz‘é the filterbatik 300 210
ey PesRPited &6 |§8%t|ﬁ@9cﬁéC%e@ﬁ@é’tﬂle‘ll%@ormatlon and to provide
these to the synthesis windower 360. 35 The overlap-adder output stage

4&9:15&@9@%:?&81‘ &%Reerag@gtl@ﬁsbéeggfnﬁt};@%& %demlr};%me%% 420,
essin e windoweda intermeaia Ime-aomain mpesc mpri
3 W 200878 RO g 00200 B Fend 38(?aln%d|ffe}f§gnrtm 2
éFﬁB@(ﬁﬁ}éfrﬂté’%cc@r%l%g RPPReBEEsbnt HRfentiBh, theig\iskp-sRfdficients
omgmttsmged@@@mayn@ommisammmmmya‘ﬁfﬁemmiI)oﬁtotrumg sequence
%QVIQHSMSWC@aféffiem@ﬁbl’ﬁoo@f wmo?o?%qwrgﬂ%aéefﬂn@g@mm Smany
S epending on i ementatlon etalls, the over. ap adder
ou‘ftﬁt%sjtage%f)o m%y Por?rl?st%nce comprlse T. dé f?erent storage gésl?lons the

c%ﬂ?drbé‘é’d%n"fﬁé‘?ﬁé’méi‘?‘fb‘?l%n?ﬂaoanao“vé?ﬁl? hERRsEr Ot TFitdmed 3¥ofbrthe
wiydawed iimterimediate finrestdonmaindSdmples.ddpweverd also afdifferehe are

194uunbesof starage pesitions may becomprised inthe Qvrilapsadderindow
OELPuétSta%e 4PPAs re%““%d Morequer, in. different emiodiments, Feversed

according to the resernt invention, the overap-adder output stage 4

rﬁ’eﬁFﬁé%p%l pPoRERGSthe m&epéﬂofdm%%nﬁa?ﬂ saW8§%55ealS°
ontzné5 single fraors 38@ b rgerniddiatevtimer-dodrn Sampltealonéd0, 370

EmRodimeptssaf different synthesisfilierbasks 880 wyll bapeyplaineshifthesis

morgfisial JIgL. Figy 203iystrajes gyfunctonal RINeiple ACCARING [Q,38hes i s
windower 360, which is related to the analysis window
function 190, which was employed in the course of
generating (optionally before further modifications) of the
block 320 of audio subband vales provided to the synthesis
filterbank 300.

As outlined in the context of Fig. 1, the synthesis
filterbank 300 in Fig. 2a may opticnally be adapted such
that the incoming block 320 may comprise additional signals
or additional pieces of information concerning the window
functions. As an example, the block 320 may comprise
information concerning the analysis window function 180
used for generating the Dblock 320 or concerning the
synthesis window function 370 to be used by the synthesis
windower 360. Hence, the filterbank 300 may be adapted to

isolating the respective information and to provide these

~to the synthesis windower 360,

The overlap-adder output stage 400 is capable of generating
the block 410 of time-domain samples by processing the
windowed intermediate time-domain samples comprised in the
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20 embodiment of the present invention in the form of a synthesis

filterbank 300, in which the generation of the window function 370 by
%g&g&%ﬁbﬂ is not focused on for the sake of simplicity only, Z5:Fh& Hig&k6o

3 10 subband values is first,yansferred from the

frequency-domain into the time-domain by the calculator 310, which is

illustrated in Fig. 2b by an arrow 440. The resulting frame 320 of

" intermediate time-domain samples comprising the blocks 340-1, ..., 340-T

SRR Rtertiddiate fimeSddmart SmpRt e BR WifdoREaByRI  to  the
gyrtisesis wimomnéri 860 (ridteshowerihaBigadBeby antipiptyimg dae 4000 may
%ﬁqﬁ@mg@f infermedigte timeggomaismsamptes of thedearne 320wtk thensly
piis %5&1‘; %”adn‘?ew g%ﬁi'c'%@ts 9f e sygh %%m%%ma'eqrﬁz%@mm

rame windowe mterme late time-domain samp es.

TR 380RERAR CbRtbriséthe b‘f&b‘r&%itw%@b T Ofhiridowed the
inteemealiate ditse-dontain sasipies td§ether WA 0087049590 comprise T
F&E/Eé%%}OJ/OQ@@QQg@ E%eﬂr&g thes framed80<favindpweddntaienedigte for
t@:% 0% gam&g% POdc!@enIt S'}%Q\é% F'@B%b Q;f’m wmndowed
inventive synthesis T nk 300, the overlap-adder out ut stage g

tﬁé‘ﬁﬁéﬁ‘ﬁﬂlba&fegé}fé?ﬁtﬁ@%ﬁlo%m]@&tn’?ﬁ)‘éwazﬁﬁfa{m tEsutS %ﬁo rent
bywdeing forfeactt imoegeralpe of tHeongne MoynaikaudieBambiasof the the
bipck41), theadndned oterpadiatesine-gomaisgsamptes aionediteck in

39 fer r 0. I ddn Fig,2b i
SR T A USE s " e, o,

sERfple AYFK BRe ARGEWeR itdimedintd ﬁme LankSie 516
spcomﬁmegframe 280k odéssed by thusyheiesis WitdoW&3607ReAe o0 2
CURHNL &5 feune apemsEreMaushhdasarieed, e -casrespondamgples alone.

”E%B%%%&%E@%@O’H@Pf%%@w@ of fhersesond plogk-39Q2 of 36@ME 11 be

380-1 processed immediately before frame 380 and stored in a storage
p8§ﬁ6ﬁ}rr‘?ﬂﬁie bgeﬁgﬁ%o‘a@f% ipdtagfeaﬁe 400. As illustrated in Fig. 2b,

further corresponding
Fig. 2b illustrates a functional pr1nc1ple according to an

embodiment of the present invention in the form of a
synthesis filterbank 300, in which the generation of the
window function 370 by interpolation is not focused on for
the sake of simplicity only.

The block 320 of audio subband values is first transferred
from the freguency-domain into the time-domain by the
calculator 310, which is illustrated in Fig. 2b by an arrow
440. The resulting frame 320 of intermediate time-domain
samples comprising the blocks 340-1, ..., 340-T of
intermediate time-domain samples is then windowed by the
synthesis windower 360 (not shown in Fig. 2b) Dby
multiplying the sequence of intermediate time-domain
samples of the frame 320 with the sequence of window
coefficients of the synthesis window function 370 to obtain
the frame 380 of windowed intermediate time-domain samples.
The frame 380 again comprises the blocks 390-1, ..., 390-T
of windowed intermediate time-domain samples, together
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20 windowed intermediate time-domain samples of further blocks 390
(e.g. block 390-3 of frame 380-2, block 390-4 of frame 380-3, block 390-5

of frame 380-4) processed by the synthesis filterbank 300 r éé
R Pames 380-2, 380-3, 380-4 and optionally furthebf ér?a{r%l{e%%%// 200

have 25 been processed by the synthesis filterbank 300 in previous

rounds. The frame 380-2 has been immediately processed before the

frame 380-1 and, accordingly, frame 380-3 was immediately generated
Hatore frameh3sEpamel SB6n 30 Thadwerdpaiderpetinistade Bgodemain
edgpieyed in the embodiment is capable of summing up for each index of

the block 410 of time-domain. (output) samples T different blocks 390-1,

.. ., 390-T of windowed intermediate time- domain samples from T |, .
differen? frantBS386™886-1, ShoE 1380 T-1)* ﬂlénc%a,kl)aggr from the first Ve
bioekshstessell teadokihe Ghe-ddmair Teutpal wisEs MhBWlocktage
4460 isikased«n T aliffarest ockssIrd-ataudio shbbaridbealudd OVOE time-
20081049590 BET/EER002I005200: 38 s iniheszise Qtleeaadmant che
of the present invention an an§i sis filter gnk go dESCJiP d n)cﬁg 1id €ued
t& 1R TOARBF S B e S8R ggw? ctids 370,38 syntﬁésis ilter §r§< e
300tsHmedhe possibiity tlemrkdly prRAIRRES thetloskaloock 390 of

timia?gem (cflttpub)asaﬂ@;ﬂesﬁ%hiﬁ i3 alsorateahséquétice of2the foing of ime-
t*&%%ﬁ’é'l@%’a{%%ﬁ”sﬁ%%ﬁ% T*&%r"%tr&fglmé%% Ofﬁ/ﬂod%goeﬁﬁiﬁﬂﬁed by
correspon a higher energy value and comprise, less window .
cSéﬁiJCF%ts {?r%:n thé %ggond%{?gﬁff 4305, he glf/onthelsrllsg andov%?sso“ué ri%cwed

cAPABEMSIBrRTRIING ™ReARTRTR" HARRdS 386 of Witdowed sarfifleSRihdrtame

tl%flarr;er&_}&@ @ééraierryle_zdiaée timectemain vsamigles 1s ilkéd so thydteatcurrent
least the window Qgeﬁ'?EQﬁéﬁéh%f"SﬁQé@ﬂﬂ@Q,Com;riwte tnthesfsadrding
Sr?na The window %oef |C|gnts of the secggd group %30 exhibi

S

a -
AHEFEs tribUtion due to ﬁgi}%m%ﬁgpenerg%a ue. %?S ore%s\s'/\(/)hcekn a?t90 2
|

tHefhegifRRTE tRE QyAtRERSRIETBANKTISE IS rtikyizBE 1AEeo fifgme 380 and

poigien ofihloekssAtirear ippehtipte; berstarteel whesrdaly-aféger output

b@@géézgdﬁ. As illustrated in Fig. 2b, further corresponding
windowed intermediate time-domain samples of further blocks
390 (e.g. block 390-3 of frame 380-2, block 390-4 of frame
380-3, block 390-5 of frame 380-4) processed by the
synthesis filterbank 300 before may be used. The frames
380-2, 380-3, 380-4 and optionally further frames 380 have
been processed by the synthesis filterbank 300 in previous
rounds. The frame 380-2 has been immediately processed
before the frame 380-1 and, accordingly, frame 380-3 was
immediately generated before frame 380-2 and so on.

The overlap-adder output stage 400 as employed in the
embodiment is capable of summing up for each index of the
block 410 of time-domain (output) samples T different
blocks 390-1, ..., 390-T of windowed intermediate time-
domain samples from T different <frames 380, 380-1, ...,
380-(T-1). Hence, apart from the first T blocks processed,
each of the time-domain (output) samples of the block 410
is based on T different blocks 320 of audio subband values.
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“yg%ﬂ%t (%S%Jmpared to the synthesis filterbank having for i

20 audio subband values have been received by the synthesis filterbank
300. Therefore, also the synthesis filterbank 300 enables significant delay

71009200
mmetrlc synthesis window functigqn. 25 As indicated earlier, the

calculators 170 and 310 of the embodiments shown in Figs. 1 and 2a can
be implemented as real-valued calculators generating or being capable of
processing real-valued audio subband values of the blocks 30 180 and

30, 10speeivalf Sh tRbse BEseT e tARMfatls iy B Bl gyention
implementetias feal vallrmhdalédidtotes basde dn trarionic dscilthitimgto the

faaetions suehas g sines funclion @sherceginedunction, H@WSVEHyﬁLS@es;Ls
CPDiQ'@%bX%'He%@'C&Pé8ESSC%QeHBQL%?%PPQ So@eg??%e i1 r%%émdmg

In these cases the calculators ma stanc emente

o%ebdﬁﬁi‘of%Bnﬁeféﬁﬁoﬁ&ﬂ%}nfu%ﬁsﬁg%} ot GFome s 1s also
conmpleseaiciinctionshehe drsguency bethe ¥adbvaldedorion 370. As

coReplexvatueghrasgillatinns Y¥O.R0RB/049580 PLH/ERZO0ZM00200:28 to a
UE‘EQH% gegggq%gn U?ﬁ@ge)ér‘?éthgoﬂ\%qlgs%]b?ggg V@Iflffb SNwh %n)ésfflcnents

sometimes also referred to as the d index or the subband index of

shB&fic Eﬁﬁbfﬁ&%gre%&’f% %I%’QUEHS}/ ﬁ%?%e@éﬁtléﬁt%?%%ﬁnc} %?1

tivaépehier Sdfeqpenty St conespording SubbaadeForifdtande, M@dowed
freseney oftherpsailiatiors mayebe 3pultiplied hy.aceaissiant tactot mitrthain
ity @.%%eciéo e sentet Jrequency.of i'%%&@”%ﬁ@c’%%éwb%@@ Plcients

atlon of both modlflcat

pending on a co
08?1 é)’( va%&f talGTigR 1 % 310 élESnsi:r%ctté ﬁlﬁ%?gmgﬁt%d The
tméé@ﬁ reaisfiie aRrbRtors F@ﬁlmstéﬁ@@,ﬂﬁ)r @é@#ﬁ)le%%lu@d‘hibit a
caleulater anefficieptitiplemensation wesiin prnciplebeusad;fordanthe .
the cosine- and the 15 sine-modulated part of a filterbank representing the

r the imaginary part ofaco lex-value
%%ere%ore, genBQQ he begy%nlng, com On%ésIQBfllterbank

300 is initialized with 0, the provision of blocks 410 can
in principle, be started when only a few blocks 320 of
audio subband values have been received by the synthesis
filterbank 300. Therefore, also the synthesis filterbank
300 enables significant delay reduction compared to the
synthesis filterbank having for instance a symmetric
synthesis window function.

As indicated earlier, the calculators 170 and 310 of the
embodiments shown in Figs. 1 and 2a can be implemented as
real-valued calculators generating or being capable of
processing real-valued audio subband values of the blocks
180 and 320, respectively. In these cases, the calculators
may for instance be implemented as real-valued calculators
based on harmonic oscillating functions such as the sine-
function or the cosine-function. However, also complex-
valued calculators can be implemented as the calculators
170, 310. In these cases the calculators may for instance
be implemented on the basis of complex exponential-
functions or other harmonic complex-valued functions. The
frequency of the real-valued or complex-valued oscillations
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means that it is possible to implement both, the cosine- modulated part
and the sine-modulated part based on, for instance, the modified DCT-IV-
@ Jsdy[-structures. 20 Moreover, further implementation-ag8807/009200
emplo e use of a FFT (FFT - Fag Fourier Transform) optionally being
implemented jointly for both, the real part and the part of the
complex-modulated calculators using one FFT or instead using one
separate FFT stage for each transform. 25 Mathematical Description The

3B seXFBRE I @8schbe atre&mAE of e 36 ShibodRBAR O it 28
arelysis fikerbank addhe systhesist fitedxank withsnuitysle byedapgnde8 or

kigeksdeuBemart; yigh de neheaussduither dejayamexplaned fhove, the

d. one block to the fgture hlcth causes the sam glay as for,.a
?{ CTHMDST- stru%ture?M dlll ifie |scret % osine 35 T{ra\nsfocr:r%rlter

MBI\ diftdd E%%re‘f@%’iﬁéﬁ?&ﬂéfb?mf‘mbéfﬁ%r whids, it fernce,  the
folewingnexample, thdparametel TRisi @quainty10 b0 2008040500 by a
PCQEE&I%%QOW@Q%%Q)Q 30 Girsts eedescriptian oféwlexwdtﬁat@d center

I(%W% }éf%ﬂ%)é&% ercpgrreé dgll){g Eﬂ%&?&ra&%d'ﬂ gbel H?e?)endlng

ana rbank comprises e tr nsformatlon steps of an analysis
vﬁﬂd@mﬁ’?ﬁ“ﬁéﬁﬁﬁﬁ@& b?/ﬁh@%l%g?)f\hﬁﬁfoh%?sﬂo and an analysis

modulation performed by the calculator 170. The analysis windowing is
basednasn he-equatian Zhncu4toN 136 n) 30 1080 ven scHdthudtkd or

%%E!Sﬁ%%t@d’ @JQ%&W@M%@&@M%@W@%§emﬂ%o%resp99dmst9ance,
lock index i and the sample index n of the frame 150 show d[i[l in Fl%ﬁatlon

THFVAUE RIS e Ateed Abed) kS ApalsShprcsites ng'%

safte 15bloek mderiandsarmprSind®X n. bitidanalfsts \AAgdRL fungfién the
190ris +ppraseatediingeouation (1) byiils pralavialuedpirdem corfficiems real
WQH&V@%§eHh%53ﬁ§9JhSart of a complex-valued component. This
means that it is possible to implement both, the cosine-
modulated part and the sine-modulated part based on, for
instance, the modified DCT-IV~- and DST-IV-structures.
Moreover, further implementations might employ the use of a
FFT (FFT = Fast Fourier Transform) optionally being
implemented jointly for both, the real part and the part of
the complex-modulated calculators using one FFT or instead

using one separate FFT stage for each transform.

Mathematical Description

The following sections will describe an example of the
embodiments of an analysis filterbank and the synthesis
filterbank with multiple overlaps of 8 blocks to the part,
which do not cause further delay, as explained above, and
one block to the future, which causes the same delay as for
a MDCT/MDST-structure (MDCT = Modified Discrete Cosine
Transform; MDST = Modified Discrete Sine Transform). In
other words, in the following example, the parameter T is
egqual to 10.
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window coefficient index in the range indicated in equation (1). As already
previously explained, the parameter N is 20 the number of samples in

@ﬁ)@ﬂ?& 0, 130, 160, 160. From the arguments of the apgahy/sis,WiHsiR%o
unctio

n W(1ON-1- n) can be seen that the analysis window function
represents a flipped version or a time-reversed version of the 25
synthesis window function, which is actually represented by the window
coefficient w(n). The analysis modulation carried out by the calculator 170
FithetembadinSiShb APFiIR T, ifha s Bh T RRE V36 odationy ZREL2Y
XRelald ks= 212 getloasl (wild, ke 292y eamd 352N Xrhaglikd 2 Fig.
?iD t[E'h@ Jaﬂaﬂlyﬁﬁsé&)_ il%_%'zgﬂ/ﬁZOQSEWGEéERZ@HQQHQQGrﬁétion
or the spectral coefficient.index or.hand | i n,.int i :
RS T oD 2o EN U T o o oo ol W v s

. : . : P
HEVAANBE ARE tRESMAEGINAYIINE SFhBRAEX VRIBETARFB SAb kAt e
valie cberespontitiy to The bleok indeksi and tiegpogtral $0 beaffidietn  the
index kiQ¥block 180. The parameter no represents an index option, which
isequaltono=-N/2+ 0.5 (5) 15 The corresponding complex-modulated

low-dela thesjs_filterbank compriseg the transfgrmation steps ofa 4
s@?ﬂhesi;sé(r%}sc&julasf{lon, a syﬁfH‘e%%rwindowiﬁggand aﬁ ovi\grlap- add as Wilf )
be described. 20 The synthesis modulation is based on the equation ;,a=

NAKQ EXR~art .k cog[(n+nrajek+ Z detzi NvlaX{lieaD), ~ K siifdowed  sample
'Qgg¥g§§%k5fh 1105 1Dk index i and the sample index n
of the frame 150 shown in Fig. 1. The value xi,n is the
(real-valued) time input sample corresponding tc the same
block index 1 and sample index n. The Aanalysis window
function 190 is represented in eguation (1) by its real-
valued window coefficients w(n), wherein n is also the
window coefficient index in the range indicated in equation
(1). As already previously explained, the parameter N is
the number of samples in one block 220, 130, 160, 180.

From the arguments of the analysis window function w(l1ON-1-
n) can be seen that the analysis window function represents
a flipped version or a time-reversed version of the
synthesis window function, which is actually represented by
the window coefficient w(n).

The analysis modulation carried out by the calculator 170
in the embodiment shown in Fig. 1, 1s based on the two

equations
2N-1 T l
Xpoarin = 2+ D Z;,CO ——(n+no(k+——)} (2)
o n=~8N ’ N 2
and

>
I
[N

281 n ( {k l) (3)
L, o= 2 z, sinl—in + n + -
Im ag,i,k néh’ i,n N 0 2
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25 (6) wherein x';,, is an intermediate time-domain sample of the frame
330 corresponding to the sample index P. and the block index i. Once

' grameter N is an integer 30 indicating the lengthyfthe RIRal9200
LI

90, 410, which is also rgferred to as transform block length or,
due to the block-wise structure of the frames 330, 380, as an offset to the
previous block. Also the further variables and parameters have been
introduced above, such as the 35 spectral coefficient index k and the
offset no. WO 2008/049590 PCT/EP2007/009200 32 The synthesis
Windowlieg spered olit bpeid syrithesisi nisdowsr 860¢h imdlembodiféng an
sihg/ygjng% 2anis hasegon the equation 5 z't,, =w(n) . x'infor0 <_n <
10 N (7) wherein z';,, is the value of the windowed intermediate
time-domain sample corresponding to the sample index n and the block
iRd&x ¥ ofthE frame 380. 10 The transformation stamp of the overlap-add 4)
is based on the equation Outi,n -
bt Zish REN L 12 N+H2Nsdel- Q3N £ ird pirdldenrti-Scme3N ¢ad. part and
I_Grﬁreyf.stIIaZ :JL._n7aQ+.7N+aZr!EB’%EBI\@gel'gcwfr%\.{é)@vIaI%regﬁnél}ld]i% subband
wherein outs,, rep}/res%nts the time-domain (ou,tput% sample orrespondln%

F IS apiE FRRXTLRE the bibRR ifeXSF Eqiftidn 3(8)?1%%%&?8 spectral
ilstrafes trmbverapiadd oberatibn bszakried 84t-theTo\erlapaddiegter  No
oxtpitsiage 409nas rAikiusisateskin the iewet pagqidig.2b. However,
embodiments according to the present invention are not limited to
compz)__le>_<Nm9(}ulqgt8d low-delay filterbanks allowing for an audio signal (s,
précessing with one of these 25 filterbanks. A real-valued implementation
of a low-delay filterbank for an enhanced low-delay audio coding can also
The corresponding complex-modulated low-delay synthesis

filterbank comprises the transformation steps of a
synthesis modulation, a synthesis windowing and an overlap-
add as will be described.

The synthesis modulation is based on the equation

1 1 T 1 v A 1
X, = .I_V. . L:oXRw"f'k cos[—]—v-(n + nO{k + 5—)) + ;}X,magv,_k sin Xf—(n +ny ) k+ -;3:

0sn<lO-N
(e)

wherein x’;,n is an intermediate time-domain sample of the
frame 330 corresponding to the sample index n and the block
index i. Once again the parameter N is an integer
indicating the length of the block 320, 340, 390, 410,
which is also referred to as transform block length or, due
to the block-wise structure of the frames 330, 380, as an
offset to the previous block. Also the further variables
and parameters have been introduced above, such as the
spectral coefficient index k and the cffset np.
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be implemented. As a comparison, for instance, equations (2) and (6) in
terms of a cosine-part reveals, the cosine- contribution of the analysis

W@%Hgy@;'bg@ﬂand the synthesis 30 modulation show a compagahleBsigsasbsne

when considering that of a MDCT.zAlthough the design method in
principle allows an extension of the MDCT in both directions concerning
time, only an extension of E ( = T-2 )blocks to the past is applied here,

h h.of the T blocks 35 comprises N samples. The f .
LB TC0 balld U9 2U0b/04290- LT /EB2007 4005300 3R RGeS

Bloeavesidé &h RechHdim 3 BPREBBAS Gneig fitrFdsk cafbés based on
st nearized by 2N-1 Y't d,k = -2 wa(n) x(n) coshN (n+z _ 2(k + 2) (9)
n=-EN | 5 for the spectral coefficient index k as defined by equation (4) .
Ig\ere,=o e aggg.n n 'pog. samgleé'nge&agg wagis the analys;is window (7)
furrétion. 6 For tile sake of completeness, the previously given

mathematical description of the complex-modulated low-delay analysis
filterbank cart bg given inHbe samesummatiping ¥omdesetjudiore(®dyiate
exchanging the casipedunciionwiiBniigseoreplexn@luathple index n and
egfog%ntla{(-fungg)}p. iTo e more f1r5a}%re(:§ with the definition and

Valfa s?%lvelnna dve, the equations &)%% (3) and (5) can be

summarized and extended according to 2N-I ( wo(n)x(n)expli-(n+2

Difle+ 2)r@03 oz 20nwiseraipircontrasttodné spuatons §2)pasd3)pn the
thg.gxtension of 8 blocks into the past has been replaced by the variable
E(=8). 25 The steps of the synthesis modulation and the synthesis
windowing, as descriped fo[{bthe conlpzlex casgzin equations

out, , =2 T vt 222N Y2 i3 meaN T E it neaN TZ iesnesN
t t ' ]
2 gmesn T2 1 s N T2 g nean TZ g neon , (8)
for0<n<N

wherein out; , represents the time-domain (output) sample
corresponding to the sample index n and the block index 1i.
Equation (8), hence illustrates the overlap-add operation
as carried out the overlap-adder output stage 400 as
illustrated in the lower part of Fig. 2b.

However, embodiments according to the present invention are
not 1limited to complex-modulated low-delay filterbanks
allowing for an audio signal processing with one of these
filterbanks. A real-valued implementation of a low-delay
filterbank for an enhanced low—delay audio coding can also
be implemented. As a comparison, for instance, equations
{(2) and (6) in terms of a cosine-part reveals, the cosine~-
contribution of the analysis modulation and the synthesis
modulation show a comparable structure when considering
that of a MDCT. Although the design method in principle
allows an extension of the MDCT in both directions
concerning time, only an extension of E ( = T-2 yblocks to
the past is applied here, where each of the T blocks
comprises N samples. The frequency coefficient X;,x of band
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(6) and (7), can be summarized in the case of a real-valued synthesis
filterbank. The frame 380 of windowed intermediate time-domain

“g?ﬁg@%%é%ﬂm is also referred to 30 as the demodulated VF@?%P&%{EW@BOO
yZlI

N=-1Zw9(n) X1,kcosj(n+4-2)(k+2)J(11) Nk=0o NJIJ
wherein z';,,, is the windowed intermediate time-domain 35 sample
corresponding to the band index i and the sample WO 20081049590
PCT/EP2007/009206 34 index n. The sample index n is once again an '
ikteg@cin PP Fdngé of PSifENEFEN-RFAADS 5 apd wHiHa8theanalysis
Sathesisavikdoan Whichsisrogmpatklebyith the analysis window wa(n) of
equation (9). 10 The transformation step of the overlap-add is then given
by 0°Y LI"Z2+1,n-1.N (13) 2=(Eztj) wherein Xj,n is the yeconstructed
siinal=or2ather & fime- &@)dou’%ﬁémMe%oﬂﬁé Hfotk%ﬂf}o as provided py)
the overlag=&d¥ output stage 400°shown in Fig. 2a. For the
complex-valued synthesis filterbank 300, the equations (6) and (7) can be
strmerigedansk generalizad i20 with respest to the exdansied abf(s8hation
blggks ta%@%pawgcoargmw-&; LD b (), REIXLIEXRL; I3 dNehe
(n+z-2)(k+2)1(14) x=a/ll 25 wherein j=-1-1 is the imaginary unit.
EqH6T AL 3) TBRRYS et e G&nieralized from of equation (8) and is also
valid for the complex-valued case. As a direct comparison of equation (14)
wihrequation (F3 k30 shomvs, theplird@ndeactionts) obequakiars {(3) isgiven

the sAme, synthesis window function as walBheh equalidn.iléheAS1 ow-delay

outlined before, the similar comparison of equation
analysgs filterbank carPa}';e ggveg anlin

é%? same summarizing
form as equation (9) by exchanging the cosine-functicn with
the complex-valued exponential-function. To be more
precise, with the definition and variables given above, the
equations (1), (2), (3) and (5) can be summarized and

extended according to

2N-1

Xia=-2 30 wim)x(n el i En b1k

' (10)
p=—E-N
wherein in contrast to the egquations (2) and (3), the
extension of 8 blocks into the past has been replaced by
the variable E(=8).

The steps of the synthesis modulation and the synthesis
windowing, as described for the complex case in equations
(6) and (7), can be summarized in the case of a real-valued
synthesis filterbank. The frame 380 of windowed
intermediate time-domain samples, which is also referred to
as the demodulated vector, is given by

Zin = - — wg(n) « X, CO{(% (n + % - %) (k + %)) ' (1)

wherein 2z’;,n 1s the windowed intermediate time-domain
sample corresponding to the band index i and the sample
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with the analysis window function coefficient wa(n) with equation (1)

shows that the analysis window function is the 35 time-reversed version of

B sys window function in the case of equation (1). W&r/rp2007/009200
2008/049590 PCT/EP2007/009200335 As both, an analysis filterbank 100

as shown in Fig. 1 and a synthesis filterbank 300 as shown in Fig. 2a

offer a significant improvement in terms of a trade-off between the 5 delay

on the one hand and the quality of the audio process on the other hand,
AR rBankO 052360 re ORER Pefer e b e B el BTAs, The: e
cemprexevalued version thereof is sometimes referred to as complex-low-
delay filterbank, which is abbreviated by CLDFB. Under some 10
¢raurpstanges.thg)termyCLPFB is not only used for the complex-valued
version but also for the real-valued version of the filterbank. As the

previous discussion of the mathematical background 15 has shown, the
framework used for implementing the proposed low-delayed filterbanks
wilizes A MDEE- enMB@GTt:lke i(EMDIGE swinvetsed DGT )csinycitity Bs with
kngwn, from the MPEG4, Standard cusigg an gxfended overlap. The
additional overlap regions can be attached in a block-wise fashion to the

left 20 as well as to the right side of the MDCT-like core. Here, only the
Shensisans e Hght sklestertheisyritBesi¥efiarbanrfisifsdd svhigh ver by
works from past samples only and therefore does not cause any further
delay. 25 Zhe inspection of the equations (1), (2) and (14) has shown that
tl’fe'pr(:)cge;gll ‘tg-xary similar to that of a MDCT or IMDCT. By only slight13)
modifications’ comprising a modified analysis window function and

synthesis window function, respectively, the MDCT or IMDCT is extended
teemetulatéd, 30ifiterbank dvatris tble teHandlenalltipts ovetiygs apd igme -
veaniexiblesppneeraingdisedelaycAs faningtanse o eouedoBs (nanddr Lap-
hgé{g soh‘gtv%qllche%%@ Ieg%\éergho&ﬁ @npgggplgzgptamed by simply adding

a sine-modulated to'the given cosine-modulation.

For the complex-valued synthesis filterbank 300, the
equations (6) and (7) can be summarized and generalized
with respect to the extension of E(=8) blocks to the path
according to

. 1 %= -
Zin = —HIG };was(n) . Re[Xi’k EXp(-~ g - (E n+3-45k+ %)D L (14)

wherein j=+-1 is the imaginary unit. Equation (13)
represents the generalized from of equation (8) and is also
valid for the complex-valued case.

As a direct comparison of equation (14) with equation (7)
shows, the window function w(n) of equation (7) is the same
synthesis window function as ws(n) of equation (14}). As
outlined before, the similar comparison of equation (10)
with the analysis window function coefficient wa(n) with
equation (1) shows that the analysis window function is the
time-reversed version of the synthesis window function in
the case of equation (1).
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“ﬁ(y%l(‘)lg/ éﬁ \()\ﬂndower 360 or the respective filterbanks 100,

35 Interpolation WO 2008/049590 PCTIEP2007/009200 36 As outlined in
the context of Figs. 1 and 2a, both, the analysis windower 110 and the

O AB2007/009200
adapted to windowing the respectiyg frames of time-domain samples by

multiplying 5 each of the respective time-domain audio samples with an

individual window coefficient. Each of the time-domain samples is, in

other words, multiplied by an (individual) window coefficient, as for

instance equations (1) (7), (9), (10), (11), and (14) have demonstrated. As

A3 0konseqaenceaby aumbEr dfavindow coedficientsiufhe irespéctivel and

\uin@%é@@@m iEtypicallyddenticabtodee smsher ohrespectivea offer a
aggoraln, Ao 3agvlee Hous ek ider Ul ORI el en the

circumstances, it e advisable to implement a window function

IRy aO%réjé‘reséE:‘b%dk}ﬁﬂﬂb&“G‘f Wmﬁoﬁ/‘)&}éfﬁé’ efits ddifipaedid tRECCess
avtuatwindowanctiba idving aesmédlék Brstanksbe 60 coeffifiense  often

whieh is-agtually used dutingdhe windowiagafihe respestivesiigmexerralued
S&déJPS%EéfS OEH@:‘?e%%maﬂg a!%&?&%é@‘p@éfl@?e@a%or Lﬂsstaé‘&ﬁél%x low-

e in the case when memory reqwrements of a I#JGCI IC

ifpleehtatiohThal e Widre atGa BB REN tohFitNoaHiicieHRySX some
faihenseeARmo In witich avowns&mpiRg éthewindowlcbetfigkttsfor the
raiglhb begormeluseiukis i ike case of ke sawallet dusd 25-rata approashs ion

which s for jRstapse gmployed in the framework of SBR systems (SBR =
Spectral Band Replication). The concept of SBR will be explained in more

detail in the context of Figs. 5 and 6. 30 In such a case, the analysis
Wisidoweer FIREH gieSsyRlfanis Siiptdowér 366 mayﬂétemﬁﬂ@%ﬂdabwground
sneb thakthe, respectivenvdndew fupstion vsedripn eirsgonming thedémea-oposed

d?W'Bé‘i’%%éa”R%QE%‘Q%@ to the fespective wiglower 310, 3680&-11 ke
derived by an_inter golatlon of window 35 coeff|C|en of thegagg}“ert md@l\egEG A

funietion havn%éf‘yﬁ o SERCTu ey S Rhown

Standard, using an extended overlap. The additicnal overlap
regions can be attached in a block-wise fashion to the left
as well as to the right side of the MDCT-like core. Here,
only the extension to the right side (for the synthesis
filterbank) is used, which works from past samples only and
therefore does not cause any further delay.

The inspection of the equations (1), (2) and (14) has shown
that the processing is very similar to that of a MDCT or
IMDCT. By only slight modifications comprising a modified
analysis window function and synthesis window function,
respectively, the MDCT or IMDCT is extended to a modulated
filterbank that is able to handle multiple overlaps and is
very flexible concerning 1its delay. As for instance,
equations (2) and (3) have shown the complex version is in
principle obtained by simply adding a sine-modulated to the
given cosine-modulation.

Interpolation
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second number of window coefficients. WO 2008/049590
PCT/EP2007/009200 37 The interpolation can for instance be carried out

Vé%/ﬁm%%ﬁq polynomial or spline-based interpolation. For ir&s&qﬁgﬁz lﬁ/ﬁiaﬁ'zoo
case o eqinear interpolation, but gJso in the case of a polynomial or

spline-based interpolation, 5 the respective windower 100, 360 may then

be capable of interpolating the window coefficients of the window

function used for windowing based on two consecutive window
dofieintd 2 thelBrgeh SvirftfR fifctioh aédsitingto andeqtnc®dthe the
weind bwsccefliciedtsvef-thellargerdvindews 1o finecivs toioltaimeone window the

@@é‘%ﬁ%%tic_&feth% window ofupgtion dEspeeialiysindhe, gage ehan 8veRi ndowing
mber of tlmg-.domgln audloo%a ples and window coefficients, an , .

ir}nqﬁ)?erﬁgﬁ%?%nlgfe 1 I:aanmi%?erpola ionas Brevﬁgusﬁﬁ%%scrslbe , rtgguﬁs ?nlé[lng

Sqtificadf inthreverRERESt hecautlicr§uamy2 Ebr iASGhRe SRS GasBigFR  an
ameMen duaibervN ddoftimesddmamiandio sBawtes afonetaf the fremeomain
120n38Ps Nk Using ap+ iderpqlation, forinsianee.«lingar inerpolation: dual)
il 20 esult n severe allasing effects cuing fhe Jurher prosessing of e
respective fime-domam aldio samples. Fig. 31 Ustrates an example'of a

lih€ar intevpBlation (baded ofBwindddkfun (anIFRNSSTangow As 2
furctiroore2B &, syrithesisnwimdew fumttion} hode emplof/Eddn contextafith the

fragags cpsising M dvR ting-dorsain asdiogsaplesyDuRith1AemMDIYto the
ARt aotierioplemeniaygnaldsially, espindag,seelicients of the
window function itself are not stored in a memory, but a arger window
function comprising 30 N T window coefficients are stored during

appropriate menwry ceaeravailabelsthenviseiPitg B ilustctastanges, 1t
URRST Waphdhescarespepdingpiigiewtcogfiigiante e(nf e functinawing a
tﬂ%@’g&o"% osfiicientindices p ;g IAnas bewernQ and Nkl #9co the
Based on a Inear interpolation of two consecutive window \

actual window function having a smaller first number of
coefficients, which is actually used during the windowing
of the respective frame or sequence of time-domain audio
samples. This may for instance be advisable in the case
when memory requirements of a specific implementation may
be more valuable than computational efficiency. A further
scenario in which a downsampling of the window coefficients
might become useful is in the case of the so-called dual
rate approach, which is for instance employed in the
framework of SBR systems (SBR = Spectral Band Replication).
The concept of SBR will be explained in more detail in the

context of Figs. 5 and 6.

In such a case, the analysis windower 110 or the synthesis
windower 360 may be further adapted such that the
respective window function used for windowing the time-
domain audio samples provided to the respective windower
110, 360 is derived by an interpolation of window
coefficients of the larger window function having a larger
second number of window coefficients.
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coefficients of the window function having the larger number of window
coefficients, as depicted in the upper WO 2008/049590

“}%C‘;‘a'({%@ 97/009200 38 graph of Fig. 3, an interpolated Wip@lp)ﬁ%%%m

is “calculated based on the equatiog,ci[n] = z (c[2n] + c[2n + 1]] for 0 <-n <
N-T/2(5; 5The number of interpolated window coefficients ci(n) of the
window function to be applied to a frame having N T/2 time-domain audio
samples comprise half the number of window coefficients. 10 To illustrate
fhrefuithE R TR G B3 WindBA CoERiehRS UBRES, . D50 &rEesShofitn PY 2
thengeper pastafyhign3a torresponsivid te ahwinddw coefficieatlg0),an, For

“i@%f};gj’@é@g qn thase window,coefficients and the furthenwindow 15ut also
coe |%|gnts of the %ﬁlndow unction ana}tppsllc tion of eueudslt

in, £ ase of.a polynom ine-bas ioQéé? g%%%ion
to'the WinG6w coetficierits c}/(n?of‘ﬁwe iterpolaled window fuhctio !

dapsictEa SR B fotfer BARBTER. 30Ror iRSRINER HhasdGbn B AiRBBRA S ©f
coefiicipnlsa45092 anthd 5043 thiwindoyve E6éfficient 460-dfis geherated ndow

Q. hased oneauation (15) nas Hustated BY the arpuwsAH Bk HE+3 window
%%Ceotl’glﬂgi)é nt]gg wngdogy} goelfgmeent 460-2 d% th(; m(t:%r%)olated window

fliRction & calctlated based 6 the window costicient 4504, 450-5 0 th%O 2

WingeaNtfctdn BRpicteliAte GRBEL paiTTHYg. B FigP3 shBWEShe Wendow
dgeneration oftforthertaindowmeefficiedts: cig) e Td iluistrate thé aidsingvindow
cancellatign achievable by the interpolated downsampling of the window
function, Fig. 4 illustrates the interpolating of the window coefficients in 30
the case of a sine window function, which can, for instance, be employed

i SPRBCETE Worthe A& d?aﬁf"npﬁéity?fhe?é’ﬁ‘ﬁal%f“fﬁeérwiﬁéov&ﬁﬁ?ﬁﬁ)éﬂmain
amatthe sight half of tlde windiow faeetiont afeditasvn evereadlemsthée Rign of
deshowstasianlifiedorersion of Assiae vdngove S5aapasingreRly 2cd in a
VQQ%%@ f¥§3939%5¥8¥¥£5%¥"§% the audio quality. For instance,
in the case of an even number N . T of time-domain audio
samples in one of the frames 120, 330, not using an
interpolation, for instance, a linear interpolation, will
result in severe aliasing effects during the further

processing of the respective time-domain audio samples.

Fig. 3 illustrates an example of a linear interpolation
based on a window function (an analysis window function or
a synthesis window function) to be employed in context with
frames comprising N . T/2 time-domain audio samples. Due to
memory restraints or other implementational details, the
window coefficients of the window function itself are not
stored in a memory, but a larger window function comprising
N . T window coefficients are stored during appropriate
memory or are available otherwise. Fig. 3 illust:ates in
the upper graph, the corresponding window coefficients c(n)
as a function of the window coefficient indices n in the

range between 0 and N - T-1.

Based on a linear interpolation of two consecutive window
coefficients of the window function having the larger
number of window coefficients, as depicted in the upper
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MDCT having a length of 8 samples. WO 2008/049590
PCT/EP2007/009200 39 Fig. 4 shows four window coefficients 480-1,

w83 and 480-4 of the first half of the sine window 3g44814607/009200

window coefficients 490-1, 490-2, 490-3 and 390-4 of the second half of

the sine window. The window coefficient 490 5 1, 490-4 corresponds to

the window coefficient indices 5, ..., 8. The window coefficients 490-1, ...,
490-4 correspond to the second half of the length of the window function |
GHERhatdb thé Hidices givetPN' 2258 B YR Befded o Hitdin therehton 1S
ralicasl 40<Ho beduck onevére t@aehieverthe cancellation of the aliasing
effects as described before, the window coefficient should fulfill the

ngition; (N2 <M WNaR)g W(ZNZ ) @6)as good as
%%Qﬂbm?]r%ew égﬁeg{rze%aﬁoinﬁ(m) IS fuI%IIed, tﬁe bette? tr%e alias (15)

suppression or alias cancellation is. 20 Assuming the situation that a new
Wivedl ovedurecti oo th aiving tyadfl e mbed of wiedoid toéfficients is(to bef the
datesvined, fardhe deftthalfinf theswindoy fupction dherellovdegnerollem /2
qrises. Pue to the fagt that the 'QQO"‘éf“rﬁ‘CP%QeCOWﬁ‘%esa{‘eeV%mber of
NUMBer of Window COEHicients \Exeven 25 numbered downsampling),

WithS\ e rpfoyfigaRiiterpolation scheme as outlined in Fig. 3, the
window coefficients 480-1- and 480-3 or 480-2 and 480-4 correspond to

anly onejakasing valueof the-erginal windovgfungtion ekerigiaale fite Bént s
g legds o an unhalanced prapartign of,snaglralgeray vl leags g

unsymrhetrical redistribution of the center %?i,nt (center of mass) of the

SRFESTRRANG RndER fEnciiom I4se G Inthe TR Solatioh equatior (15)¢ 7 -
fBr frel3®wirdoye eoeffiiearwvediigiante inefpoiied Vallide 11 gagdow
Iz bulfik the aliasingrelatior (16} fardettetunand will heaee leggla@ation of

5¥¥HQ%§®H”¥¥9YGEEQ&8°@%?QHQ9window coefficients ci(n}) of the
interpolated window function depicted in the lower part of
Fig. 3. For instance, based on the window coefficients 450-
2 and 450-3, the window coefficient 460-1 1is generated
based on equation (15), as illustrated by the arrows 470 in
Fig. 3. Accordingly, the window coefficient 460-2 of the
interpolated window function is calculated based on the
window coefficient 450-4, 450-5 of the window <function
depicted in the upper part of Fig. 3. Fig. 3 shows the
generation of further window coefficients ci(n).

To illustrate the aliasing cancellation achievable by the
interpolated downsampling of the window function, Fig. 4
illustrates the interpolating of the window coefficients in
the case of a sine window function, which can, for
instance, be employed in a MDCT. For the sake of
simplicity, the left half of the window function and the
right half of the window function are drawn over each
other. Fig. 4 shows a simplified version of a sine window,
comprising only 2 - 4 window coefficients or peints for a

MDCT having a length of 8 samples.
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the quality of the processed audio data. WO 2008/049590
PCT/EP2007/009200 40 However, by employing an even more elaborate

Wiatg{@qj@gg@ scheme, for instance a spline-based or anothegicgiméal 7009200

interpolation scheme, might even rgsult in window 5 coefficients, which
fulfill the relation (16) even better. A linear interpolation is in most cases
sufficient and enables a fast and efficient implementation. The situation in

th f t | SBR's I S QMF fjlterbank
F Y CanQoﬁ}gar Lcreoﬁllrrovf%il% Suf ecrr%%%)élr rpf)t at%gremoor%no{éed 2" 480-3

mierpdiatiod sefentd s rotredquired fo Bé |rﬁ|51éméhféﬁ ELPRCSBRIMEour
praiakype dbier Coniprises ancudd number of protiype filter coefficientst the

Ihisdngans thatdhe SRRQME protatype filtes compiisesa 42 Maximim 490-
é]alue with re%g) tgt to which the downsam Ilnq?%n be |mg mented SO
e |

at the Syr% SP%eﬁﬁﬁnéiﬂlg%r&to ype &' rémains intact, In]f-ndlces
5 and-6,-a po§3|bIéT59pI|(‘:éﬂ6?Pf'0r erB&dinteris t20 ateBrding to the 450-4
preseat povedtian intthe fernafdothy ah abalykis filterligrik and &he window

%{ma%%ért"t%@@i@k wilk be t%esen@edlﬁl%ggpcgmrtlehdfof:ap@h@gort@ be

% stem o SBR tool ectral Band Replication). However,
flrther appllcatlons of embo |mer%‘ts accordlng to 25 the present invention
may come from other fields, in which a need for spectral modifications

(Bcg. gaidunedificatioaseor egualizatiors)eexistse suchrasedgatial andiof the
Qbigsls £REING. dewdlalay pagametiie stereg£Qding,dewrdglayedhe  window

S atlgysurrougd cgdlrigdfrgni%l%_sr cc%ncealm n% echo 30 cancellation or
S

Rer correspon(fng appllcatlon he basic idea behind SBR is the

observatlon that usually a strong correlation between the characteristics
or@highV'fréquency ranlerad a sigAEEWwhiéh will be referred to as 35 the(16)
so-called highband signal, and the characteristics of the lowband

frﬁequence{ range furth[()e{ refe‘ﬁ} ed X stthe I%\Q/Q%ng) or val?aq% %lof ed,

the s%me S|gna IS present us, agoo apprOX|mat|on fort
rEBR%Eﬁﬁ%ﬁﬁ16Pﬁmﬁllas suppreSSLOn or alias cancellatlon is.

Assuming the situation that a new window function having
half the number of window coefficients is to be determined
for the left half of the window function, the following
problem arises. Due to the fact that the window function
comprises an even number of window coefficients (even
numbered downsampling), without employing an interpolation
scheme as outlined in Fig. 3, the window coefficients 480-1
and 480-3 or 480-2 and 480-4 correspond to only one
aliasing value of the original window function or original
filter.

This leads to an unbalanced proportion of spectral energy
and leads to an unsymmetrical redistribution of the center
point (center of mass) of the corresponding window
function. Based on the interpolation equation (15) for the
window coefficient w(n) of Fig. 4, the interpolated values
I, and I, fulfill the aliasing relation (16) far better,
and will hence lead to a significant improvement concerning
the quality of the processed audio data.
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WO 2008/049590 PCT/EP2007/009200 41 original input signal highband
can be achieved by a transposition from the lowband to the highband. In

W@%M;&;he transposition, the reconstruction of the 5 highaRehoo7/009200

incorporates shaping of spectral enyelope, which comprises an
adjustment of the gains. This process is typically controlled by a
transmission of the highband spectral envelope of the original input
signal. Further guidance information sent from the encoder control further
10 synthesis modules, such as an inverse filterinﬁéa noise and sine

HEWiBRGN orderTBRSPE RN A0 dR AT fvhe 98ﬁ§683iﬁ8r‘%%F§n°elati°n
afigismsot bé euffidieAt Weeespondimbl pardastts omprsether similar
patssrelers thoise highhand', for thegadditieryehnoise=and the paametenhdow

dgaaliies; highbandy, 1adordhe sing addition, These guidagee iyfgrmaiien e .
is usually referred to a%‘SBR data. The SBRsprocess can be tcgmbme(% d
&/ithléﬁﬁf EnvERtSARP WHVERSm bt c&@ec%@ Mheard$ta p?@-pré‘é:elsesnat an
feedi@der Posidanfdaié boseprocesslampr triebaer side. The SBR
encodes the high frequency portion of an audio signal at a very low cost
:ﬁ;}ﬁ@r?@&kt@%q%?iozﬁ@dé}@ésgﬁe tgtfog‘?ttﬂ?ﬁil@éi‘ﬁ?:sf@guﬂl _%’e‘?@rgﬁ%%ying
e e encoder e original input signal’is analy
g Kl bUoton) il st A Fecth it e i I
IbiREE dret@iRslettaRd tife restmiig SBR (RER P AfulfSleREG th & S Dot
lmgstreiare droto theecdded tondhé ddwband hAt $RRI€Etiep st thpSBR 1ter
dyads Ii§§§0a%e%@§plﬁﬁﬁ@e@%qe%9%@$§ﬁ@&aﬂ'&?@f ficients.
gencraly. Into steps, Figl, tnezgorgdecader denerates.the lowband and, .-
second, the SB ecoder operates as & ost pr%gessor using ﬁ1e P
FecotRirSBRIY&tatbiGuide IREShetfa rEpRcARINSIRRES A fGiRD Pe

Hamdveidémoatpus sighakis thér 3Syolrtained. 36 obten SEFOUNG efficencyype
as highas-ppssikle, anditer keep the computational complexity low, SBR
enhanced codecs WO 2008/049590 PCT/PP2007/009200

In Figs. 5 and 6, a possible application for embodiments
according to the present invention in the form of both, an
analysis filterbank and a synthesis filterbank will be
described. One important field of application is a SBR
system or SBR tool (SBR = Spectral Band Replication).
However, further applications of embodiments according to
the present invention may come from other fields, in which
a need for spectral modifications (e.g. gain modifications
or equalizations) exists, such as spatial audio object
coding, low-delay parametric stereo coding, low-delayed
spatial/surround coding, frame loss concealment, echo
cancellation or other corresponding applications.

The basic idea behind SBR is the observation that usually a
strong correlation between the characteristics of a high
frequency range of a signal, which will be referred to as
the so~called highband signal, and the characteristics of
the lowband freguency range, further referred to as the
lowband or lowband signals, of the same signal is present.
Thus, a good approximation for the representation of the
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42 are often implemented as so-called dual rate systems. Dual rate
means that the band limited core codec is operating at half the external

“%L%l&(a ling rate. In contrast, the SBR part is processegat & iHo09200
sampling frequency. 5 Fig. 5 shows;a schematic block diagram of a SBR-

system 500. The SBR system 500 comprises for instance an AAC-LD
encoder (AAC-LD = Advanced Audio Codec Low-delay) 510 and a SBR
encoder 520 to which the audio data to be processed are 10 provided in
paidiehathe SHEncSdENs30 cBAMIRERSN GRHaly RS fitébRhR 50, Py 2
wects soshicviein Eigorb ahQMBwanalysisdiltarbank.dhiteadalysis
filterbank 530 is capable of providing subband audio values

orrespanding to subbands based on the audio signals provided.to the
o B R O RN B 6 che
BBFRRAREMERSTBRAENBA SIS 529, RAicARRARFAESs B 8B Hata’nich
asppreviedsly descrited; fommstance contygrising the .sp&ttial emvedopes for 1s
thehighband, the highband neise paramaterand the, highbard onalityhband
Earamgﬁtaeg Theg,el%Blg ngga%%gre thg,in g{[lo%ideldntout@e éACd%? engog(%e .

f&cfhe A LB encoder 510s in ?—rlg % Showri as a dualrate eéncoder

FHORRR GRords hEeichefer 520 opeFaies Bt haft MFRASIm SRR frédudrtyher
egmphesd to thedahesling $retjuensy 25 ofithecaustio dathtmrotited te theoise
arerdernal G dos facifitale thisdbe ABCbBeneoder £186omprsasial when

Nt %%Bﬁ!@goséagael%%% Q'Stf“topﬁ%alﬁ}’em% £pmarise-a lovy ass e ; ng
to avol istortions caused Y, T0r Instance, a Vvio 8,'[IOI’] of the

RPGGRESREANGATRIEGTS. FHE JOVRARTRIEE 30°4d6 dtd R pudhy the
thedioviesanedlingcstage 550 atdhthena pesvdded to &vratodaescdrighband”
(eoalysimfilterbank) inmthe; farem of aMPEeT fillerbaakcEhe signalmation is
erg'\_{gjlefl *é@ee e ‘%?d% Sgg aggﬁhgggélgntized and coded in the

quantization and coding stage 570. Moreover, the SBR data 35 as

provided by the SBR parameter extraction module 540 is also encoded to
JBtain SBRtstrezpnewhicteadll tHen beoohipiady hetACGLD efieddensional
Thagdantizalionydkc by means of a pre-process at the encoder

side and the post-process at the decoder side. The SBR
encodes the high frequency portion of an audio signal at a
very low cost whereas the audio codec is used to code the

lower frequency portion of the signal.

At the encoder side, the original input signal is analyzed,
the highband spectral envelope and its characteristics in
relation to the lowband are encoded and the resulting SBR
data is multiplexed with a bitstream from the codec for the
lowband. At the decoder side, the SBR data 1is first
demultiplexed. The decoding process 1s organized generally
into steps. First, the core decoder generates the lowband
and, second, the SBR decoder operates as a post processor
using the decoded SBR data to guide the spectral band
replication process. A full bandwidth output signal is then
obtained.

To obtain a coding efficiency as high as possible, and to
keep the computational complexity low, SBR enhanced codecs
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WO 2008/049590 PCT/EP2007/009200 43 coding stage 570 can, for
instance, quantize the data according to the listing properties of the

wBUghe=y, The bitstream is then provided to an AAC-LD deeoges@m3@oo2o
which is part of the decoder side tagwhich the bitstream is transported.

The AAC-LD decoder comprises a decoding and dequantization stage
590, which extracts the SBR data from the bitstream and the dequantized

or requantized audio data in the frequency-domain representing the

Wb%%é%%&ﬂﬁ%@ﬁa&saﬁoﬁ%ﬁ[ﬂé&& ‘Cﬁ% a ﬁyh?heséfégﬁﬁgﬁo'anaual
600gimverse MDET filteebiakid ThinhvesecMERC Fotife IMDERI3 B0 at
ganvers e sighnais pravided e thepinvesse MBCTrstagerftaradhe the SBR

reguency- indnto the time- in ' i ignal. This
o el K ne 18 Browac to AR Hacoder oab Wrich
comprises an analysis filterbank 620, which is shown in Fig. 5 as a QMF

Bnalysfs Sitersarik. TheemedlysisHilterkaii 80 parfofma S8Fediditem 500.

@B@WSERQEQQﬂBﬁtEMES&ﬁﬁéﬁﬂﬁédedéatmaaﬁaWSS1$&Hba0k5208ncoder
reesenting they loywband. 1hase datare ther, PEMded tosa didhg a sBR

frequency generator 630, which is also, referred to as a HF generator.
BASRH TN thé SBRdata brovidétf byafh%lﬂAé?%B coer 580 TS .Sed are
sacodifgand dedqRariizafen stdfe 5SBR5RE PREFenetdtorEAPrises an
gala&r@&&heﬂ]jgbbwadlbaﬁém on ¢he dowbhandssignals provided by thees OMF
analysisfiterbank 620 Bothyhe loubandand the-highhrnd Hignals égable
thrgn Frow edtoa ?ynth%ﬁls fl%ierbankl640, which transfers thetlcg)wsb%rgj nd
nd K g(ﬁbla lcﬂg,igﬁg stf?c?m 'gﬁél rleoqu‘éanc‘f/?&onggﬁriﬁ?g 38%%3 fime.domain
foasevidena tihfe-aosam sd@ddipaE Qg dorketHe SBRE e 5. °00 -
Forcthe sakevdsdmplettnessyatlsieculdaye notée thapinowiadsdcases the SBR
%%Ba%}@é%m SQQttafaé@ga ign%@uﬁ(fs 85<aib ,35‘3@@5@%0%@@%&@% WayeT0SBR
more precise, the -LD encode and.the, SBR en e

L?gautaﬁly ?nél)p Fneé}n ed Sp(“)[l“%/thee(?ncé:ol ec':f({s’ldeg%hiclhn%tuaglu%?ly :én%g\%n?egr?te the

SRRFAMEY roH (R PRBoJEPSid& RBMPHSRGIREAAEND highband noise

parameter and the highband tonality parameter. These GSBR
data are then provided to the AAC-LD encoder 510.

The AAC-LD encoder 510 is in Fig. 5 shown as a dual rate
encoder. In 6ther words, the encoder 510 operates at half
the sampling frequency compared to the sampling frequency
of the audic data provided to the encoder 510. To
facilitate this, the AAC-LD encoder 510 comprises a
downsampling stage 550, which optionally may comprise a low
pass filter to avoid distortions caused by, for instance, a
violation of the Nyguist-Shannon Theory. The downsampled
audio data as output by the downsampling stage 550 are then
provided to an encoder 560 (analysis filterbank) in the
form of a MDCT filterbank. The signals provided by the
encoder 560 are then gquantized and coded in the
guantization and coding stage 570. Moreover, the SBR data
as provided by the SBR parémeter extraction module 540 is
also encoded to obtain a bitstream, which will then be
output by the ACC-LD encoder 510. The quantization and
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WO 2008/049590 PCT/EP2007/009200 44 decoder 580 and the SBR
decoder 610. In other words, the system 500 shown in Fig. 5 essentially

W E’J(?s?(ﬁ@%%the connection of two systems, namely an encogef;epRmprisigo

the aforementioned encoders 5104520 and a decoder comprising 5 the
aforementioned decoders 580, 610. Embodiments according to the
present invention in the form of analysis filterbanks 100 and synthesis
filterbanks 300 may for instance be implemented in the system 500

SR 19°BRC 5, ab% rEfRcent@tt of-the s MRePBEMEs30 the 92%2

aralysid filerivank B0 bheltthesyprieesis fikefoamk B30, Iarr$dids,
synthesis or analysis filterbanks of the SBR components of the system

200 may . far iasfance, bey replace by 6orresponding HBLeGMENS der 580,

according to the 15 present invention. Moreover, the MDCT 560.and the

HOSFS MBS B00 et st B bta o by o Mo asiyel oo
syrihesis fittetbankb aredgectivelydrrihils caseotrilll #fs deschisepding and
rgplacemenistiaye heesgapemeniad, dhe set ealledsenhancErRodadelay rom

ARG qodeci(cadac 5 cpdardegaden 20,will he realized, Theephansed qata
low-delay AAC (AAC-ELLB%ﬂalm,s at combining the Iow-‘gilay fleg\zé%raegdof The
aAABRED (RRANRBE KB EdHed SRR EIay) With 5 ¥igh <oty -
effieienog o E3ARC ¢HIGh S BffieiehéyAdvanced AHib €0decy by terbank
witizging(SBRewith AAGeTD. e SBRdecaderGt) atts/iarthis st@Etario asage

A(RRRlr PROCEOT.WAICH I8 surpliedaftardhe caredgender 8O0 tREIUdNGe rse
a complete analysis fllterbang and a sgnt_hfsgga fllterblalQIO( 640, Therefore, ..
tN@%Bm‘f’)Bﬂ%ﬁts%?ﬂ‘e ERR 30 G250 670Nt Further decoding delay.

vitficiPrC Mk StrafedtinmEg. 5L BRaRe shadifg bifise Bempbhestsd®d, §30,then
5400 sy impleprentionssaf SBR sysiainsb00otherioveey 35 analysis
freguency part erlgwband ranges bpicallysfrom OkHz tq dyRicaiSadda1ysis

kHz.and js coded using a waveform coder, referred to as core codec. The
core £5688 ay for instance be one of the MPEG audio codec family.
Additionally, a

The analysis filterbank 620 performs a spectral analysis of
the time signal provided to the analysis filterbank 620
representing the lowband. These data are then provided to a
high frequency generator 630, which is also referred to as
a HF generator. Based on the SBR data provided by the AAC-
LD coder 580 and its decoding and dequantization stage 590,
the HF generator 630 generates the highband based on the
lowband signals provided by the analysis filterbank 620.
Both, the 1lowband and the highband signals are then
provided to a synthesis filterbank 640, which transfers the
lowband and highband signals from the frequency-domain into
the time-domain to provide a time-domain audio output
signal form the SBR system 500.

For the sake of completeness, it should be noted that in
many cases the SBR system 500 as shown in Fig. 5 is not
implemented in this way. To be more precise, the AAC-LD
encoder 510 and the SBR encoder 520 are usually implemented
on the encoder side, which is usually implemented

separately from the decoder side comprising the AAC-LD
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WO 2008/049590 PCT/EP2007/009200 45 reconstruction of the high
frequency part or highband is accomplished by a transition of the
wipwbandsdbhe combination of SBR with a core coder is in rREB{EBZHEH09200
implemented as a dual rate system#4where the underlying AAC 5
encoder/decoder is operated at half the sampling rate of the SBR
encoder/decoder. The majority of the control data is used for the spectral

&ovelape represgRtationwidsh has domyingfime and JOEeQURHENs, the
res%utlon g(a &e aRIe to controlEIhe SB process as be: st as OSSIble ?/Ith
2ETitTe bitrate overnead as poss?ble he other controf data %alrﬁ strives

EPRBREFSH B ffndtHe-ndise Pty oﬂﬁ@%ghﬁah&rwﬂgféh%wpml%ns the
Hfe oatpen frovméee enderdsng ABDD deélderadd ia typicathcanatyzadniising

Br2-ghaneal LM, filarhank6eQ-sThesy the Hif-generator module 630
recreates the highband by patching QMF subbands from the existing

lowband to the highband. Furthermore, inverse filtering is 20 done on a

BEPSGRBISt Badis CRASE 8N tRe EBAt GITRRENGLIAHEPFSANthe bitshBarkP ™™
(SBRmlata)s The £nvelopes aidjusidrimadifiesthetspectal énvdlopbailise 300
fegenesatedn Bighbaadand; agddsadditenalicomprNens sush 860108 wn in

gnd Si 30|ds are addtidgecrg rdtrr]l% tlgg1 cont al d tg in E]lelé%pgggﬁargso

| ce aI operatlons a?e oneint requenc omain (a nown as
ONFF GRaBtsarR] oAy ARBinde Srep i tréw&ecaaamma Eerbank
§yﬂmhe§is 6401e retanrd stime-yioblaia signat. Rorddstanee, fin e theaaks of
kh@é t%@%@@lﬁ@@h&be@mog%ﬁm is glongon a 83 QEMssubhand be
yggg1f 0%6@@5%%@%?H%% HT%QEHEﬂe%@%géﬁlng to the

onstructlo results in the syntheS|s is

on whic
&6&@ﬁP&dutm@e?G&%meM&cﬁﬁaﬁﬁamﬁl‘é% é%)%at%ﬁwou GBI by yerse
1485 0620s olstrineds85 eaduditivla desiddlsly diothedsore xoder31Biss and
@Ma@@ys oparatingsd hadf, ofilé%péigm{réampliu@ ratein thesdugl rafe all
e ich. 3%%5 @%;&%@Qﬂ&ﬁ@@' Sr?y&%esn% delay, 17 both,dhg encpders,, -

ecoaer proc ssof a A
called enhanced low-delay AAC codec (codec = coder-decoder)

will be realized.

The enhanced low-delay AAC (AAC-ELD) aims at combining the
low-delay features of an AAC-LD (Advanced Audio Codec -
Low-delay) with a high coding efficiency of HE-AAC (High
Efficiency Advanced Audio Codec) by utilizing SBR with AAC-
LD. The SBR decoder 610 acts in this scenario as a post-
processor, which is supplied after the core decoder 580
including a complete analysis filterbank and a synthesis
filterbank 640. Therefore, the components of the SBR
decoder 610 add further decoding delay, which is
illustrated in Fig. 5 by the shading of the components 620,
630, 540.

In many implementations of SBR systems 500, the lower
frequency part or lowband ranges typically from 0 kHz to
typically 5-15 kHz and 1s coded using a waveform coder,
referred to as core codec. The core codec may for instance
be one of the MPEG audio codec family. Additionally, a
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WO 2008/049590 PCT/EP2007/009200 46 combination with SBR. In the
following, such delay sources are examined and their associated delay is

wHHIEesheFig. 6 shows a simplified block diagram of the systerpzdo&n200
shown in Fig. 5. Fig. 6 concentrategson delay sources in the
encoder/decoder process using SBR and low-delay filterbanks for coding.
Comparing Fig. 6 with Fig. 5, the MDCT 560 and the inverse MDCT 600

WDCT 001 ABCT A 10 log e mer B N GT 600 (LD

B@"Bhlﬂﬁi?@bvepifhe AF-g&RGRTESE haLdiso 5BEN repRIRasly
detelyioptintized modsiero30'i Kipara fram ke lowcgelayilMDET 5@6ha/ndcases
Ehx?%@%gakgé’d 124 nxte Eﬁg%% DGR @%%é‘t’%@diﬂﬁd@z% Reframifiiand ding AAC
modi enerator are employed.in ste F
ke ora‘fr% avcgldjaelay%y%%?ereﬁt fparf&]/lng of g}icfré/e cgég ﬁ\ggg er%%ge of
506 aPRRthenespes e SEtefrodules, the SBR framing is adapted to fit

the framing length of 480 or 20 512 samples of the AAC-LD. Furthermore,

theavariahle time grid ofdhe-Birtgenerator £30swhisbdmplies 884 sapwpiesal

%\f& 9 é} (%/P ls restrlcgesder rdlnlg the&P{Sﬂd'r}%‘Qf S§R %anPP(Sr agiq@ntand
L

ames. the onlly rémail nlng sources of delayin the S

%6%]@8%%%%‘6@1%?1%‘5’36 B8 P End 846 REESinG tﬁéR Brocess
situatiers depicte reFih B repiddentisy  Aigarligl irbplensdtationestiRad as
AAEsELDCOdBE: seme-gelayneptimizatiens have already bees to control

@pler@e %(]aid %cllglq;g thgé%pl%seogf @}I)%Wﬂe&%gg%rbahk in the AAC-LD

core an e remova of a previously mentioned SBR overlap. For further
delay improvements, the remaining modules need to be investigated. Fig.
G shosvetite detayRourcesiin tHee erstdeitdeésdsk pidtessDgmgISBRY AAC
andtthelowsiajayi3b filigshanks ¢alled 4 B-AMQCTaod LB-IMDEharre]l  OMF
Gampay %%;Sé 2805, HhER, Oyery POy RRISRENIS RARIALSQUSer ecreates
Wherel %a%%y optlmlze modules are drawgln 38 af 1 & existin
Tﬁ§p266? §§%0 OMF subbands Iro e s g
lowband to the highband. Furthermore, inverse filtering is
done on a per subband basis, based on the control data
obtained from the bitstream (SBR data). The envelope
adjuster modifies the spectral envelope of the regenerated
highband and adds additional components such as noise and
sinusoids are added according to the control data in the
bitstream. Since all operations are done in the frequency-
domain (also known as QMF or subband domain), the final
step of the decoder 610 is a QMF synthesis 640 to retain a
time-domain signal. For instance, in the case that the QMF
analysis on the encoder side is done on a 32 QFM subband
system for 1024 time-domain samples, the high frequency
reconstruction results in 64-QMF subbands upon which the
synthesis is done producing 2048 time-domain samples, so
that an upsampling by a factor of 2 is obtained.

In addition, the delay of the core coder 510 is doubled by
operating at half of the original sampling rate in the dual
rate mode, which gives rise to additional sources of delay
in both, the encoder and the decoder process of a AAC-LD in
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47 manner. The like modules have not been optimized for low- delay so
far. Fig. 7a illustrates a flowchart comprising a C- or C++- 5 pseudo code

wipAlissiidey an embodiment according to the present inventionyitpibe fovwo

of an analysis filterbank or a corregponding method for generating audio
subband values in audio subband channels. To be even more precise,
Fig. 7a represents a flowchart of a complex-valued analysis 10 filterbank

f%ﬂr%%%@%nﬁ“%z‘? linggepefare, E'%%a‘%%'i’fi?wfﬂ??é?a%'@nu%éﬁ@ spifbge s
ime-domain signal, for instance output from the core coder into N =32

36BbEMNARIGHREs 2TRe bGA fons Bve A BeftetBAAR. the SBERESMples

or audio subband values, are in the case of a complex-valued analysis
fiterbapk gRimBlex-valugsh and thusoverrampiegby adactenef ystem 500
spmparahiod feakyalug fiyerbank Le [igtod volveg2ag Capiprses in
gwﬁ;e% orflowmg sltgbs, Wherein an array x(%é 20 comprises exactly 320

-dGREFPSHABREOFRE higheP RS Sinddx Hrthe SitRpledRdntotRy—delay
arhyes thpladdicthe coalhples dtempfiei asstdit of the emibddifments of the
thecmethodl in stept Be 510Q:firsk thepsamples inthesarmyex(nraseishiied by
AL 135 Paglions J1.8'5hoatl . The aldesh 32 samunles gie flseadagends o

new samples are stored in positions 31 to 0 in step 5120, As shown in
Kig? 75%@iné&}ﬁﬂn@ﬁnépd’&ﬂeo\?r?é(udif}vsea‘?ﬁﬁleglg?é) st8P8d in'FositidHe T -
YorrespEding 130 t8 BrdecreasivrprindéR niaghe kaweerdl FpLIFRR: by a
esSUlS inaimeseyerssdof thessamples stored in the corresponding
frame or vector so that reversing the index of the window function to

obtain the analysis window function based on the (equally | thesi
WRfo 35 Ahctidhthas ited8y Béen Bkén cr:%agé of. %ﬁénggag gze?g’f??eéglay

windens codicerkd @1(j) arerobtdifié@dby BRIz ritepsiafon ot fied HE
cpaflicientsrc(pnasesren ¥ PORSAISANPCIERRA0EDO8A0A4TFig. 6.
In order to avoid delay by different framing of a core
coder/decoder 560, 600 and the respective SBR modules, the
SBR framing is adapted to fit the framing length of 480 or
512 samples of the AAC-LD. Furthermore, the variable time
grid of the HF generator 630, which implies 384 samples of
delay, is restricted regarding the spreading of SBR data
over adjacent AC-LD frames. Thus, the only remaining
sources of delay in the SBR module are the filterbanks 530,
620 and 640.

According to the situation depicted in Fig. 6, representing
a partial implementation of the AAC-ELD codec, some delay
optimizations have already been implemented including the
use of a low-delay filterbank in the AAC-LD core and the
removal of a previously mentioned SBR overlap. For further
delay improvements, the remaining modules need to be
investigated. Fig. 6 shows the delay sources in the
encoder/decoder process using SBR and the low-delay
filterbanks called LD-MDCT and LD-IMDCT here. Compared to
Fig. 5, in Fig. 6 every box represents a delay source,
wherein the delay optimize modules are drawn in a shaded
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equation (15) . The interpolation is based on a block size (block length or
number of subband values) of N = 64 values and based on a frame

WB%%@TJ%@Q)T =10 blocks. Hence, the index of the window geeifieierisootoo
the interpolated window 5 function gre in the range between 0 and 319

according to equation (15). The window coefficients c(n) are given in the
table in Annex 1 of the description. However, depending on

implementationa] details, to gbtain the window, coefficients hased qn th
TERS v the o BE T RS 10 R elBE 10583 R A Gightr Lov-

éranges witharespect to the window coefficients corresponding to the
indices 128 to 255 and 384 to 511 (multiplication with factor (-1)) should

be gonsidergd; la{dp these CQS%%_&QEH&'PQO‘%&QﬁﬁB?&ﬂé WEN) @L CH) 100 44—
be "used may be obtained according to w :Wable(n% %%16@ go n

RRRHE SIGR Switchind TURGIET Sth RRcoTATRFTTTSR] 1 RPNt o sehe
are 3BA< ipwensioi6h) theelSeddr AL @to 839 LWhékeif WibBepaNk or
aredibernaives given ine2hdhe hlesimtheaAnnexesadiovenespined values
windays ceefficis @re Rehrrawredo be implamenied geeording ta-the, 74

table in Annex I to obft in, fgr instance, the alread des_cribfd r ducé[;%)n of i
ESI%{}?TSDE?OSaCh?eve t%%wrced%%ﬁong delgy, Wi m‘?’;ﬁ‘ntgﬁllr‘1lg€3 §1e qugﬁR}S S
Bl ererpryotessed abarsdata, or to achieve another trade-off, the
window coefficients c(n) for the window coefficient index n in the range
hetween Diand;639% fpay fulfilbenenfthe sets of relaions 4% given iNRRe to
9133 the pnnexes 2 10 4, Moreoye it should be noted that, also, Otheln the
Whidow COSTicients C(Onrﬁ1 may Se%mplb &d in “embodiments agcordlng to
m@rmegeﬁfemvéﬁﬁenNNatu}auﬁWeﬁzévosmg%b@-P@?Epfé@ﬁéoéﬁeél the
49 atserdtinek windosv fandbivensicoraprpdiag adadiffesentinunshirbahwindelues,
coefficignts.than 32001 640 eankajmplenmentedqd alheughsthe tahlesdibank
tgceJmAf) ré%cx—ex?’a &%é oglxgpqzl%\tx% oversampled by a factor of 2,
compared to a real-value filterbank. The filtering involves
and comprises the following steps, wherein an array x(n)
comprises exactly 320 time-domain samples. The higher the
index of the samples n into the array is, the older the

samples are.

After a start of the embodiments of the method in step
S100, first, the samples in the array x(n) are shifted by
32 positions in step S5110. The oldest 32 samples are
discarded and 32 new samples are stored in positions 31 to
0 in step S120. As shown in Fig. 7a, the incoming time-
domain audio samples are stored in positions corresponding
to a decreasing index n in the range of 31 to 0. This
results in a time-reversal of the samples stored in the
corresponding frame or vector so that reversing the index
of the window function to obtain the analysis window
function based on the (equally long) synthesis window
function has already been taken care of.

During a step S130, window coefficients ci(]j) are obtained
by a linear interpolation of the coefficients c(j) based on
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window functions having 640 window coefficients. 5 The linear
interpolation according to S130 leads to a significant quality improvement
wahgialiasine effects reduction or cancellation in the case obamRrIEW0069200
function comprising an even numbmr of window coefficients. It should 10
further be noted that the complex unit is not j as in the equations (1), (2)
and (16), but is denoted by i = . In step S140, the samples of the array
K)ave dien fayltinled clementase bydhe coefigients ) of e 35 ¢ .
Interpolated window. In step TE'S% e windowed samples are summed up
dBdsiahgt 8 e efliafioReRerPh heaRARthareihueg) 78%otreakd e Lues
84atlédmertiarcay a(nj.darstep&ipdi32 mewlsubbafd 2Dcsadmple8@araridicche
suWRand yalygs Wik b e calotiated. accorging o the,matibe 9BelioR: ndow
I(\%mﬂjm\@{]ieéein the elerrlnergeof the matlgéjc\/lwgre given ‘t_g%i grlgﬁchgo(g 19115 to
<_k< &) ﬁ(?( rb = 5 exp(@&%% < n< &?,. 7? whérein exp .
GEHGtESRe doamplex ExpoMemRuretidh Dt &S Previduslyahéntohesni in
istthe tedagiary Uimin Befdreo the: loopdefsac fiowthart entisweitle siepiSpgdding
each of iha ssubandivalues Witz WO Limaye suiput, hich 30 ndow
or onds to the subban mple_1 in the subban ing, the.index k.
e ﬁsev%arg?g?ﬁfh PSR S Fio A fotese us the

EoMBRESvaluetrdibBand gt O Fa R sERARF e olitplt FRGARSRE ©o

filterbank dobbane 35 Figrittsillastratesrthediey SIS0t dfecdllapsirepthe28 to

framea 480 26 avindowed timperdomain audie samples eawpsising-10 ) should
gclé%giggaflerédlﬁo-lo of windowed time-domain audio WO

2008/049590 PCT/EP2007/009200 50 samples z(n) to the vector u(n) by

a S-fold summing of two blocks of the frame 150 each. The collapsing or

retrattieg sis copeson ahelemadtwisedsdsis sbehasthe Wwindowed timeto be

doysaimaydipsanmes cosrespendingty the same sample index

w(n) = we,,.(n) - s(n) A (lea)

with the sign switching function s(n) according to

-1 forl28 £ n £ 255 and 384 £ n £ 511
s(n) = (16b)
+ 1 else :
for n = 0 to 639, wherein weame(n) are the values given in

the tables in the Annexes.

However, the window coefficients are not required to be
implemented according to the table in Annex 1 to obtain,
for instance, the already described reduction of delay. To
achieve this reduction of delay, while maintaining the
gquality level of the processed audio data, or to achieve
another trade-off, the window coefficients c{n) for the
window coefficient index n in the range between 0 and 639,
may fulfill one of the sets of relations as given in one of
the Annexes 2 to 4. Moreover, it should be noted that also
other window <coefficients c¢(n) may be employed in
embodiments according to the present invention. Naturally,
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5 inside each of the blocks 160-1, 160-3, 160-5, 160-7 and 160-9 are
added to obtain the corresponding value in the first blocks 650-1, of the
wWeeslsd6ade Accordingly, based on the blocks 160-2, 160-4pd-6@16)d6DB00
and 160-10 the corresponding elemyents of the vector u(n) in block 160-2
10 are generated in step S150. A further embodiment according to the
present invention in the form of an analysis filterbank can be implemented

as a 64-hand complex low-delay filterbank. The, processi f 15 this
I DRI Athrb R St A G FE ki By S oo
e thelnsaysis aréfianieas ddserBed APtherc AMEXIBTFi§e7d TS RPHed/
simj_t&sihi@B aﬂriel_oas'a:bajlwheisamarogas@nga; Heseribed dnihe eppikxt to
ol Bl e the diftarences bawesthe:20 deserihed somplpxanalysis
filterbank for 32 bands of Fig.” 7a and the complex analysis filterbank for
64 subbands will be outlined here. In contrast to the 32-subband
Eomprisirmpanalysis pilabank assshridiBig. ta, theRctdedfffante® 2
Xhyrdagmpeses, ingthel case ofianb4-baadearalysimfilterkdnla4dceleméntsct s
*}%ﬂﬂ@%gﬁ%@%ﬂ@%&&ﬁ% m%s:tgg @;%?ésor@oﬁlfm&tsr@ tlgawfeion
samples in the array x(n) are _ shifte 64 position erein the olde
S N Mol LR A SR e TR
e tEaHplRe v Sr6rellA the PESIFERP 680 BNAS shdwhdh Rig27c,the the
iacomntrigotimetdomair? audiodsarhples dretstareddémpositiony 1 =v- 1.
corresponding to a decreasing index n in the range of 63 to 0. This results
in a time-rev of the 35 samples stored in the correspongding fr e or,
\/?er%:to;‘:%(%“fha%rfrg{)/érsitr::%;}%hehsl‘r_’%lgxf of thgefv?inag\?v fu?]%ﬁgﬁ ton)gl o(g%in the =
aelysip Wifidov? hiltioh vdsil dthd Squany fonty L siitResid Windof  the
funckarpbhas adreadyriasn. taken care of. WO 2008/049590
PCT!EP2007/009200 51 As the window c(n) used for windowing the

ements of the .vector of frame x(n), comprises.typic 40 elements, 4
tef{%z1 sﬁ%%l%%%f Iir%%ly“frl] e%glg |ngs e W%ﬁdoﬁgqg ICI@%IS ? Preing
to the equation given in the flowchart in Fig. 7a to create

the 64-element array u(n). In step 8160, 32 new subband
samples or audio subband values W(k,1l) are calculated
according to the matrix operation Mu, wherein the element
of the matrix M are given by

_ i-7m-(k+0.5-(2-n-095) [0< k<32
M(k'n)—z'exx{ 64 "lo<n<es o (17

wherein exp() denotes the complex exponential function and,
as previously mentioned, i is the imaginary unit. Before
the loop of a flowchart ends with step 5170, each of the
subband values W(k,l) (= W(k][1l]) may be output, which
corresponds to the subband sample 1 in the subband having
the index k. In other words, every loop in the flowchart
shown in Fig. 7a produces 32 complex-valued subband values,
each representing the output from one filterbank subband.

Fig. 7b illustrates the step S150 of collapsing the frame
150 of windowed time-domain audio samples comprising 10
blocks 160-1, ..., 160-10 of windowed time-domain audio
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5 to obtain the interpolated windows ci(n) can be omitted. Then, during
step 5140, the samples of the array x (n) are multiplied or windowed by

“}g%gg&%@equence of window coefficients c(n), which areﬁ‘ﬁﬁlﬁ@@ﬂ'}ﬂmzoo

based on the values 10 in the tableqmn Annex 1. In the case of the window
coefficient c(n) are those of the synthesis window function, the windowing

or multiplication of the array x(n) by the window c(n) is carried out

according to the equation 15 zl(cn) = x(n) c(n) (16) for an = 0, 639. Once
SGHRL S acHiBle e fVR SRS  Bropetiids BY tfe wintRt fuReiBA e Lot WO
retdires to finilemEnattve WhitlosefimctiBhexacily apsdmtingto thet2@cting
windeyn eoefficiants baged enthe/alues given inHhe table QfARBR%d. time-

For y applicafi implementation | hich,the windo :
e e ABs qppte index
ARRREs 2878 WA bERRIRIGTES alfiRve anfleptablefiade-of®0-7 and
Beite®n 25equedidednd-a sighificant téthictionr o tmddlaygHowever, in the
cGepending es k¥ plesnentatiqnat Hetails ct-ebtaitithe wisdewaeaefligientsased
hasedion 1 yalues phenyin thafabjes indhegAnneyessl andsS. agdiionat
sign changes with respect to the window coefficients corresponding to the

iRATCES A (036 253 Fha™den 1851 Hfmultipfitadon WaR fattor PAgfk 160-2
shorilg are coisideied atemrdiigfd- equations (16a) and (16b). Step S150
of the flowchart shown in Fig. 7a is then replaced by a summing of the

%”M?%t?éF‘%MSS@&%H@"éec%Aﬁ@CGQrd%tg%@és@%tiQH&H@o:n in
0 WO 2008/049590 PCT/EP2007/009200. 52 to create

Y, (n+,128) (19) J-

tﬁ}@(ﬁz%‘?e%m("eat%?ra?’lf(ﬂﬁfét%p PR 7338 thsh rERACFBY R 2 @
Sép e ithich 8P bevewlstibdmeesamplds arbealkulatBlsacararge®ithe of
mattix operaton Vo wderey thelmatbaelementaof dva matdx M idreerbank

%%?ng%sically similar to the analysis filterbank as
described in the context of Fig. 7a. Due to the
similarities and basically the same processing as described
in the context of Fig. 7a, the differences between the
described complex analysis filterbank for 32 bands of Fig.
7a and the complex analysis filterbank for 64 subbands will
be outlined here.

In contrast to the 32-subband comprising analysis
filterbank as shown in Fig. 7a, the vector of frame x(n)
comprises, in the case of a 64-band analysis filterbank 640
elements having indices from 0-639. Hence, the step S110 is
modified such that the samples in the array x{n) are
shifted by 64 positions, wherein the oldest 64 samples are
discarded. In step S120 instead of 32 new samples, 64 new
samples are stored in the positions 63 to 0. As shown in
Fig. 7c¢, the incoming time-domain audio samples are stored
in positions corresponding to a decreasing index n in the
range of 63 to 0. This results in a time-reversal of the
samples stored in the corresponding frame or vector so that
reversing the index of the window function to obtain the
analysis window function based on the (equally long)
synthesis window function has already been taken care of.
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Mk,n i rr (k+0.5)(2n-191) 0 Sk <64 ()=2 expl 128 } OS n <128 ,(20) 10

wherein exp() denotes the complex exponential function and i is as
wexpledneskothe imaginary unit. Fig. 7c illustrates a flowchart aceorping 109200

an embodiment 15 of the present iavention in the form of real-valued

analysis filterbank for 32 subband channels. The embodiment as

illustrated in Fig. 7c does not differ significantly from the embodiment

shown in Fig. 7a. The main difference between the two embodiments is

that step S160 of 20 calculating the new 32 complex-valued subband

ARG VRIS AL pRERY it BRE e MBDAIEERCEHWh M8 S7EB§ - Sepf the

FegRanm wifich B2neakvaluedsutbaitksudivsanddley afd Ccddgieats, the

ancopding3o amatixepenafiomiierpahataindhe relemeninaf theemalld ent s

N arg.glven by, 25 M»é'é@é:o%SQ%E(KJ’&%%Q'@)(@ SKS 3N Gt 40y

< n< 643(21) As a consequence, every loop In the flowchart prodluces

32 real-valued subband samples wherein W(Kk,l) corresponds to 30 the

Stivwandudiosampirl 81 &b subisargbriies reafvalbed apedsist (n)  are
filterkank eaa fos instanc@dae empjoyeskin Hte friaraeveeiinafrecloWdFoWel ndow

: S , wn jn Fig. 5. The low- t
R T T B iy SR ol ety S et e

th8 fa&lhiat TBRIGaluLA filf?B&rks are WO 2688045530 © he w%ndow
PORERZOGTI0092001 53 entigloyddoFleis reducesithe complibdhal window
counaexibnandrbe wacraputitignak-effatt thypd faciarnoh? o tted theray x (n)

HNRele of, PREERHODEEr iime Upitiale ezsentially, refyced Ry aniadlenak s on

2 as no imaginary part is required to be 5 calculated. The proposed new

fg%arl anks %ccc(i)é%?g to the present invention are fully compatible with the
D) it o SBR systems. Thus, with filterbanks accordingejthe

for an = 0, ..., 639. Once again, to achieve the low-delay
properties of the window function, it is not required to
implement the window function exactly according to the
window coefficients based on the values given in the table
of Annex 1. For many applications, an implementation in
which the window coefficients fulfill either set of
relations as given in the tables in the Annexes 2 to 4 will
be sufficient to achieve an acceptable trade-off between
quality and a significant reduction of the delay. However,
depending on implementational details, to obtain the window
coefficients based on the values given in the tables in the
Annexes 1 and 3, additional sign changes with respect to
the window coefficients corresponding to the indices 128 to
255 and 384 to 511 (multiplication with factor (-1)) should
be considered according to equations (16a) and (16b).

Step S150 of the flowchart shown 1in Fig. 7a 1is then
replaced by a summing of the samples of the vector of frame
z(n) according to the equation

u(n) = i(n + j-128) (19)

3=0
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10 present invention, SBR systems can still run both in the normal mode
or high-quality mode with complex filterbanks and in the low-power mode
witheabysjued filterbanks. The real-valued filterbank maypéesipstanee200
be derived from the complex filterbgnk by using only the real-values 15
(cosine-modulated contributions) and omitting the imaginary values
(sine-modulated contributions). Fig. Ba shows a flowchart according to a
comparative example of the present invention in the form of a complex-
20 valued synthesis filterbank for 64 subband channels. As previously
SQuifBa2EHe Hifthd<i8 TREARGIT thE BBRYpRIcessed subband signals is
achieved using a 64-subband synthesis filterbank. The output from the
fYierhank iy aoklosk of real-valueddime-domain sapplgs asQutlinedinithe 64
2o.conied of 519, 1 The process s llustiated by e, flowchartin Flo. B2, -,
whichAlss fiftistrafesa comparative example in fe’form f a ethod or
Gereratihgtint8ldormafT 2tilio-58mpPRET 36 THESHRARASsiSfiltdriify matrix M
ecompgsesafteya start (step 5200), the following steps, wherein an array
v comprises 1280 samples. In step S210, the samples in the array v are

shifted by 128 positigns, wherein,th ngzestI;LZ_Sfél le'sy ake discargled.
34 @tepbﬂ@, ti@@@m@rﬁp@%@dﬁmﬁﬁgb}?ng \Aalgefzaé’eb (20)
. : S

multiplied by a matrix N, wherein t]he ‘matrix elemen k,n) are given by
WO 2008/049590 PCT/EP2007/009200 54 1 1 (k+0.5) .(2.n-63)0 k < 64

Nie Pe Frb4e() 126h01ks 128e (2dmprherekkexp(e slengtestiiection and
complex e ial_func .9 | !.Lsn im iQary unit. The real part of
tﬁemcgutgﬁt)f?grﬁ% t %S %be?at%oi{@agorgf % '(LFZ?(EJ}l position 0-127 of array v,
as illustrated in Fig. 8a. In step S230, the samples, which are now in the

time-dohsain ldresextedoied frofl thechray veareordihgdo tive aguatidredgnent
given imEig. Sadocreate; a ddielementrarrang(n) thrstepc24Gdbe -valued
rSF}L{X@Q?Q S@Pi@@%ﬁ@lmce EB@'%%BQM channels. The embodiment
as 1illustrated in Fig. 7c does not differ significantly

~ from the embodiment shown in Fig. 7a. The main difference
between the two embodiments is that step S160 of
calculating the new 32 complex-valued subband audio values
is replaced in the embodiment shown in Fig. 7c¢ by a step
$162 in which 32 real-valued subband audio samples are
calculated according to a matrix operation M;u, wherein the
elements of the matrix M; are given by

M (k, n)=2- CO{” (k+0.5)-(2-n- 95)), {g

64

< k < 32
<n<64 - (21)

As a consequence, every loop in the flowchart produces 32
real-valued subband samples wherein W(k,1l) corresponds to
the subband audio sample 1 of the subband k.

The real-valued analysis filterbank can for instance be
employed in the framework of a low-power mode of a SBR
system, as shown in Fig. 5. The low-power mode of the SBR
tool differs from the high quality SBR tool mainly with
respect to the fact that real-valued filterbanks are
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array g are multiplied by the window coefficient c(n) to produce an array
w, wherein the window coefficients are once again the window

wepsfficiandsbased on the values 15 given in the table in’ Anpexgp2007/009200
However, as outlined before, the wiggdow coefficients are not required to

be exactly based on the values given in table of Annex 1. It is in different
comparative examples 20 sufficient, if the window coefficients satisfy one
of the sets of relations as given in the tables of Annexes 2 to 4, to

SERLO¥ e dERHEdT6RHRSy bRSp&TRFBRiR S MRAdsiS MRABANKY and the
Muorpoter; asrexplaifdd irt theycontela of tie ahalysissittetbatk, also athaber
?/md@ﬁél%@&fﬂ@iﬁ@tsway b@drﬁ’é uiitized intbe dageewarkahihe syathesisoy a
er . However, dependin i e nal det in,the

v%%nc o%vg coéﬁciegntsab%sg%gon It%g @éﬁ%@;v %F%l'lrlll9 th?ei gtab e%é%gg@ b€ be
RAREXSS $85hd 3, additional sign changes with respect to the window

coefficients corresponding to the 30 indices 128 to 255 and 384 to 511

tragltipheatiswith fagior £1)xshoidd be consideretndn step S298€, 6dresent

NeWAHRW-SamAes aig ga'%lﬁ#@: BY fe SYNALIOROT SaMAIeE IPM g of

array w(n) according to the 35 [ast stefE) and the formula %lven in the

fidiichar! of BTy Be, BetSre ofid tobp 6f4 fioheRaRend a8 B26e0 th the
thesRATChakna e BiowN in BRR 88 YRUGUR(=0/K, 1PEW3 2008/0p9%00 in the
RCTH=R20d803200n Horocattespotds imaddie Stibbarsthyakie Filtherbanks
sihband hawing Jthe jpgex knEyeny,new loan asdenicled N g 8anks . The
produces .64 gmg-.ci(%ma n, r%al-valued udiq sarpg}les as an oggout.VS Jh%ro

iﬁwepaf m‘éﬁ%a fon ds"shGwn in ign.n%g'of aocroﬁ‘ﬂgx-vafu%d a(ralalysél © "
fiiteebasiom 64 bafdd BRERATE redlire BALBIerl&iadd bififer chbRfrisYisg ues
sevesdlrsieragiipasiiangast explaineshia)thercdntex tof ihe etilzodinemninary

shownin Rig: 2Rt fhe Qverap-add Rufferds 'hidden” in the vectors

10 v and g, which is calculated based on the values stored in the vector v.
The overlap-add buffer is implemented in the framework of these vectors
Bty thed@indidey'beiny lafde@wchart  according to a comparative

example of the present invention in the form of a complex-
valued synthesis filterbank for 64 subband channels. As
previously outlined, the synthesis filtering of the SBR-
processed subband signals is achieved using a 64-subband
synthesis filterbank. The output from the filterbank is a
block of real-valued time-domain samples as outlined in the
context of Fig. 1. The process is illustrated by the
flowchart in Fig. 8a, which also illustrates a comparative
example in the form of a method for generating time-domain
audio samples.

The synthesis filtering comprises after a start (step
S200), the following steps, wherein an array v comprises
1280 samples. In step $210, the samples in the array v are
shifted by 128 positions, Wherein the oldest 128 samples
are discarded. In step S220, the 64 new complex-valued
audio subband values are multiplied by a matrix N, wherein

the matrix elements N(k,n) are given by
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than 128, so that the values correspond to values from previous or cast

blocks. 15 Fig. 8b illustrates a flowchart of a real-valued synthesis
wiissbamnsder 64 real-valued audio subband channels. The regfa@i68009200

synthesis filterbank according to Fig48b can also implemented in the

case of a low-power SBR 20 implementation as a corresponding SBR

filterbank. The flowchart of Fig. 8b differs form the flowchart of Fig. 8a,

mostly with respect to,step SZ22, whigh rgplaces O (¢f Eig, 8a. fn step
%2 rthe 3 ewxe}%«aﬁejgm iser%_multiplied by Boo)
- matrix Nr, 4erein the elements ofth& /matrix Nr(k, gi\fén<b3];28 !

N_(k,n) = 1 cosl~ -(k+0.5)(2n-63)1 ~0 < k <64 32 cos(;r /10 <-n <128,

(232 30 whetein thes outut from this gpsiationis onee again stored.inthe, g
pOSltI0n§h0é127 of the arraxél. Apa[} from these modifications, the

flowchart as Shown i Fig. BB i the 'Case®8ra R vakied RptutiPut from
fitetSarnie S5 fot e Iov-pbMesBBR nide, Rives tstlifferlfidmalie array v,
femvahiartias showd irFigiBa afdhe complex-valued synthesis filterbank

for the high quality SBR mode. WO 2008/049590 PCT/EP2007/009200

Fig. 8cii ates.a flowchart according to an embodiment of the )
S%se%te i‘?mvg%?grﬁ ir;‘é the fsoarerrl‘F%L 5 UonEﬁls%%mﬁgﬁ compiex- g\ﬁe& lme“domém
Ahthedicfitsibafk SRETthe BEprdprate 5 marer hHieh &an febmskaietion

leel ineplerbentBddn adbght quality 8RR impldMeatationn To demagreg (n) . In
we@é&-‘ie,sthelo$ymh%si&ﬂﬁq;ﬁ>a@§ﬁ€de§§ﬁga|§@%n hig. $RLCIAERI0Gmain of
0 X-ya synthesis. filterban able, of processing ., .
ol e A ooy 5 BB 10 SATs THY &0
FTAKGFpIET syHiRadis HiteriNhOF S SBREprdesiosusaifdigharts are
avhieved iy at32-chaimabsynthesis ifiterbask dsifestrated inkég. Selues

Thereutput frome they d bdilterbanis is,a block of real-valued time-domain
samples.

However, as outlined before, the window coefficients are
not required to be exactly based on the values given in
table of Annex 1. It is in different comparative examples
sufficient, if the window coefficients satisfy one of the
sets of relations as given in the tables of Annexes 2 to 4,
to achieve the desired low-delay property of the synthesis
filterbank. Moreover, as explained in the context of the
analysis filterbank, also other window coefficients may be
utilized in the framework of the synthesis filterbank.
However, depending on implementational details, to obtain
the window coefficients based on the values given in the
tables in the Annexes 1 and 3, additional sign changes with
respect to the window coefficients corresponding to the
indices 128 to 255 and 384 to 511 (multiplication with
factor (-1)) should be considered.

In step S250, 64 new output samples are calculated by a
summation of samples from the array w(n) according to the
last step and the formula given in the flowchart of Fig.
8a, before one loop of a flowchart ends in step S260. In
the flowchart as shown in Fig. 8a, X[k][1] (= X(k,1))
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The process is given in the flowchart of Fig. Sc. The synthesis filtering
comprises after a start (step 5300), the following steps, wherein an array

w0 0oippiises 640 real- valued time-domain samples. 20 In ster&210:7the200

samples in the array v are shifted 3664 positions, wherein the oldest 64
samples are discarded. Then, in step 5320, the 32 new complex-valued
subband samples or complex-valued audio subband values are 25

@HFPé'QScQYd% ”%%t” Dy fe Sl?:gﬂ%% Qf yyych f‘(relg'VEer%l}%('sﬂah' i‘x&vmg

JOS k<3
\ﬁﬁgreﬁﬁé‘iﬁ(}]ﬁen&’&rﬁe”&ﬂnp]JI%?Fé)&)%n%%?éFﬁﬁfétléﬁ a3 - |38§g£ﬁ‘?ﬂé“385
ifrfadidasweimarine raze phrtvsf the dLapat frosa s opedaticmistheput -
stored in the positions 0-063 of array v. 35 In step 5330, the samples are

epeact i@@éx@g@wﬂa@%orgww the Tﬁisl?“o%g'vc?f‘ g t%%ﬁlSWé’!?a@a‘{ued

2(3?8? o create a 320-element arra 5340, the win

§99500 POHRIF007 /066500 247 CoRffientdd ) dieh int&poldied 2"
Wwireiehareden vd tebtainetihyia ineaskiepalatiohwiabe coefiiciainss as
e{rplia aceardance mith eghatan (15), wheredmthedingexh isnange agairrig.

'Qﬁheﬁ@Q%et@ﬂ@eg@95¥gb3%%&N5§§fgr19;°“§fﬁ@ 0N {15P)h8Syectors
|Ilustra1§ed bef%re he, coeffi

i window function e based on
el B AL S HOT S PRIt B Restored in
|6WEd 18y tovopBrty BRI stRted Raifst, ﬂiéf\ﬁ/ﬁ?do%\ﬁcdémé@ﬁﬁs“%?ﬁ) dre the
riotasquived teobe Eixasty thecfigureswgiven ithdG theitabiecetAbraxd. tdsger

sufficient sfigthe windew, coefficients, e(nJulfilbatlegshore s&t ofelafians ¢ 1o

ven in the Ann%xebs 2 tq(4 However, depending on implementational
d)e]ng ?o Dbtainthé WII’]%‘OW coefficients based on the values given in the
tables in the Annexes 1 15 and 3, additional sign changes with respect to
théguinBbwillustrates a flowchart of a real-valued synthesis

filterbank for 64 real-valued audio subband channels. The
real-valued synthesis filterbank according to Fig. 8b can
also implemented in the <case ©of a low-power SBR

implementation as a corresponding SBR filterbank.

The flowchart of Fig. 8b differs form the flowchart of Fig.
8a, mostly with respect to step $222, which replaces $220
of Fig. 8a. In step S222, the 64 new real-valued audio
subband values are multiplied by a matrix N,, wherein the
elements of the matrix N:(k,n) are given by

: (2. n - 0 < k < 64
N.(k n) = = . cod Z (k +0.5)-(2:n 63)’ <
i 32 - 128 0 £n<128 » (23)

wherein the ocutput from this operation is once again stored
in the positions 0-127 of the array v.

Apart from these modifications, the flowchart as shown in
Fig. B8b in the case of a real-valued synthesis filterbank
for the low-power SBR mode, does not differ from the
flowchart as shown in Fig. 8a of the complex-valued
synthesis filterbank for the high quality SBR mode.
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coefficients corresponding to the indices 128 to 255 and 384 to 511

(multiplication with factor (-1)) should be considered according to
wesbiRligsdd6a) and (16b). Moreover, also different windovp funghiaing 9200

comprising 20 different window coefjcients c(n) can naturally be

employed in embodiments of the present invention. In step 5350, the

samples of the array g are multiplied by the interpolated window

coefficient ci(n) of the 25 interpolated window function to obtain the

windowed time- domain sample w(n). Then, in step 5360, 32 new output

damfplel Gré tARTHABATY & shftialian fof SEARIEE REM AP wepodiment

actortlirey to tes Stklast s 5860, bisfore tiwe fifakstep5378 indirensampled

E@ﬁ(ﬁkﬂ%i{lgfﬂ.@e%p- &@M@ast@gde@rii@gswg%ﬂfwggtl Qhkig. %%;%ﬂk]iate

= x(K, respaonds to an audio subband value in the audio .
swu (%%%'chﬁ%egﬁk.%l\%%reg\?g, é’\?lgglar?(acﬁ Io%% o%%%ﬂo%{/ncﬁw%gr? gs hdicated 98

i 19 18 prothiRes PBRLENS TG Bire-ddMaiPSampiesas &F8GitR,  the
WD12088/049590 PO THEPR08% /0092001 58d-id.r8dishpwSBa flowthagof to a

aroapbegdinnentaccording ie he presetdpwamtiondn the farmdasf aprocessing
d@m{gﬁgm@gl@ggva@% synthesis filterba hich cap for ingtanc

e po%gg in the case of allow-pgév%%é[R firIE[%r ank. Tﬂ%&?mbc? me%'tlkl)g band
a%é’

fiowchart shown in Fig. 8d differs from the flowchart shown in
Fie. 8c of the downsampled complex-valued synthesis filterbank only with

resgecidonste priRloq whieh trseplacetk indbe floyvchast shawn ipEHgp8dcess

225 tep.S3 ngw;! I-valued aydi ban .
\%@ESQ;%? ?ihb %%%és ste%%r%&ﬁ%pl?ﬁi qgg tr:ée nﬁri%%r?rviﬁgre%lﬂﬁgesm
e Soft

3 ediattix NI°ArE30iG8n BY N{kn) £ F coll f+D SRR h-FiHers the

eme%
ki< Bpeabgnlp g 62 (P3P ak veHersiprthevwutpatirdrniisdsperatiorsauples .
stored prihee positien of Ovierb4iof atrB¥ vV.flowchart of Fig. 8c. The
synthesis filtering comprises after a start (step S300),
the following steps, wherein an array v comprises 640 real-
valued time-domain samples.

In step 8310, the samples in the array v are shifted by 64
positions, wherein the oldest 64 samples are discarded.
Then, in step 5320, the 32 new complex-valued subband
samples or complex-valued audio subband values are

multiplied by a matrix N, the elements of which are given
by

N(k’n)z_}___exp(i-n-(k+0.5)-(2-n-31)),{0Sk<32

64 64 0 <n <64 ,(24)
wherein exp()denotes the complex exponential function and i
is again the imaginary unit. The real part of the output
from this operation is then stored in the positions 0-63 of
array v. '

In step 8330, the samples are extracted from vector v
according to the equation given in the flowchart of Fig. 8c
to create a 320-element array g. In step 5340, the window
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Fig. 9a shows an implementation of a comparative example in 20 the
form of a method corresponding to a complex-valued analysis filterbank

wigh&d/sRhands. Fig. 9a shows an implementation as a  pcT/EP2007/009200
MATLAB-implementation, which prevides as an output a vector y and a

vector "state". The function as defined in this script shown in Fig. 9a is
called LDFBBO 25 to which a vector x comprising fresh audio samples

and the. vectqr "state" is prqvided tp as an input. The name of the

fing |Qﬁ ibﬁ'—r&fb ig%lhnibb?%vigﬁonlfbr%\ﬁfj eﬁg)? %Ité”r%gg‘ Wfo# Biser are
SREAdRYANRY e pdstert O BIGaRCKRS i fafiré B0 aetHef icients c(n)
MAT bABeprdgnamminig langyage ithe peréent sigretdndicates ramaekss, n is
which azg 210k carriedrut, Rufquersly Serve epyPess of gopumentingy £or
ae”du!!l“é%té%“”ggﬂffo ¢e 1G99¢. In.the foljowdng desgription, d{ Sl nts of
se%ments off% the 'source co S Wil eexp Ained wit resﬁé’& o'thelr"-° ©

fANEASRL WE2666/029590 P CTAEP2EFH00926H S5y M HRscedyen in the

segiueacecS400@thexbuffer wHicheisrepresernied alay ikergectanéstalewisde lay
ypdated #ya way sush thatiheqcontentofthe yveetor, statey, havir s ent
|rC1Q|r<l:§s. gzg t0 640 are reg@geggygge gggtg@%s oftth vgctor X

comprising thréqatfrérﬁwqﬁﬁe- omain audio input samples:. ithe code™ <"

Setfied@ 5116 khePRrRidw toeffidients of e AhaRRR wirddowt Rghctibindow
asostbfad irethesvariable EDFEB80 watisl tansfermee todhe wEctor lehamas as
191 estepi9A20; wehich assuaes that the latest spynples:are aligRediiog  on
the ri ' f.t uffer, the actual windowing is performed. In block .

S e erord (o D o SMSE Qe Eisencs

th8 SEE mRRtsTEne JEBRS Wir Y&ha ddmpising 8RS §RalySis iBvirdacxes 1
fanctiod. Thedirpuwireflthisipultipheatmasiswhiéh sterspento the vestorxindow
VEBOFigh 40 SR S430: the womdentof the verdor d aviBQrig iss reshaperbtoand
f%@a a E%atrig(qu a ?xkzuelgﬁ%%gwggkeomnen&%th factor (-1)) should be
considered according to equations (16a) and (16b) .
Moreover, also different window functions comprising
different window coefficients c¢c(n) can naturally be
employed in embodiments of the present invention.

In step 5350, the samples of the array g are multiplied by
the interpolated window coefficient ci(n) of the
interpolated window function to obtain the windowed time-

domain sample w(n).

Then, in step S360, 32 new output samples are calculated by
a summation of samples from array w{n) according to the
last step S$360, before the final step S$S370 in the flowchart
of Fig. 8c.

As indicated earlier, in the flowchart of Fig. 8¢,
X([k][1)) (= x(k,1)) corresponds to an audioc subband value
1 in the audio subband channel k. Moreover, every new loop
of a flowchart as indicated in Fig. 8c produces 32 real-
valued time-domain samples as an output.
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20 called x_stack. In step S440, the sign change of the stack x_stack is
performed with respect to the second and fourth column of the matrix x

wtaskodasséep S450, the stack xstack is collapsed or retraciad/2bzy/009200

summing the elements of x_stack wiéth respect to the second index and
simultaneously inverting the order of the elements and transposing the
outcome before storing the outcome again to the various x -stack. 30 In

the.cods seqment $480, the rapsformation from the time: domain piq he
reauencyr omain Is carried out by ‘computing a complex E8fFalrer

RARSBIMATYT PERPT of: thet SR mERFRViISE ma ItipReth E8Riehe ©f teAdER Lued
% ystablke snaltipliédexitiathie cemptéx exporfential funciiondolvwehielm@botped in
@i}tgém,%m? é'io'%h ry_lza)qispl@f@é@e;@lavtsghitfﬂgé]?@ig%% bari%@ BRIBRIRLMAM ang

Q- an imaginary.unit j.

g&?/ﬁ%&?‘/ﬁﬁ%zﬁg‘%é’é‘ Inl%etfcl::b%lé s%%mgeln%%%, grp%nét §aiEigrehart
F&fStned By defifing the vafifble The-(63°¥152MhkrBy cAleTRERY e lued
Islpok cemiprising. treer lzrudio sulilyandi values siseacvedtor y tageog@ing towhich
the equationde mhpHe) £1dd6hathe kidexk govers ghe gangs, ofintegersoo

from 1-64 in the implementation shown in Fig. 9a. The vector y is then 10
output as the vector or block comprising the audio subband values 180 of
3. £5FRe Baf Abot8The’ $eB6iMl FREMTGR EtiAtiBHY26) S MRANG telues.
fanctorrieanit) encode segrermuSALDin Bily. 19a refer toahe tomplexwherein

eojugateneiribe argunentaftherespestive gogyexpumber. 15 In a final
code-segment 5480, the state-vector is shifted by 64 elements. The

state-vector in its shiffed fgrm may_thep be provj teythe funct
o 2 o e At BoEn .
shows a MAPEAB-implementation &tording to an emBodiMefit 8f the
present invention in the form of a method

wherein the output £from this operation is stored in the
position of 0 to 64 of array v.

Fig. 9a shows an implementation of a comparative example in
the form of a method corresponding to a complex-valued
analysis filterbank for 64 subbands. Fig. 9a shows an
implementation as a MATLAB-implementation, which provides
as an output a vector y and a vector “state”. The function
as defined in this script shown in Fig. 9a is called LDFB80
to which a vector x comprising fresh audio samples and the
vector “state” is provided to as an input. The name of the
function LDFB80 is an abbreviation for low-delay filterbank

for 8 blocks extending into the past and 0 blocks into the
future.

In the MATLAB-programming language, the percent sign (%)
indicates remarks, which are not carried out, but merely
serve the purpose of commenting and illustrating the source
code. In the following description, different segments of
the source code will be explained with respect to their
functions.
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corresponding to a complex-valued analysis filterbank for 32 subbands.
Accordingly, the function defined is referred 25 to as LDFB80 32 indicating

wahibednplementation represents a low-delay filterbank fQs3Zes9RPRA6H0
based on an additional overlap of &flocks into the past and 0 blocks into

the future. 30 The implementation of Fig. 9b differs from the
implementation shown in Fig. 9a, only with respect to a few code
sequences, as will be outlined in the followingédescription. The code

L8t eSBRD0S89361S866 48870 SR8 S486 aFe Mpisted By represented

borregpendiagttode Segaeatesi 54005388430 6460'yw b4 7B warid 5488t the

king ¢ WO @@cbcaw&tdm@%%ﬂhesf@%t%@atth H%@H?b@EQL %%%@%&%Sw&ﬁh%od 640

n r of subband values outpu ction -32, is reduce

8 %f%% %?3.5)2%%9}: |ﬁgl§?fh¥%gtte% &?oo‘ufgaa%’eesc%\ﬁ/d‘ 2008495907 the
ESFEPSOBTIHODBO" 62 Hhe Vet LtaRBEihE Bipdiied MthGedeseguence

the132 last hentried mderespondififitoithetindices 288he 320hwithdhe window

arrRanRKlinga32 time-gdemain audio iRt sapaplesof the freshdiogk 220 ;s
_@,glg@gg in gégtlb 5C owever, the major rghfference between the

T win' a .

implementations as shown in EIgS. Sa-and 9b appears in the code

sequence 5410 of Fig. 9a, which is replaced by a code sequence 5412 in
the irapkpnepfatibn shiviehin Fg. Bk STheloode sbquereekd fopsdp2af are
RiDi gheomprises fisst araoying of ee 640 wimdowweeffigientsthe  actual
semauyngvindows stasedda the ealol LOFOR( Witto tag Jgsal Yeglor ¢pe
win_ana. Then, an interpolation accarding to equation (15) takes place, in

WAEho Eomdetutive wintiirBsettiihts PiresBhtetfby 15the vectsr  che
EeRTePS Bf tied veltlisr wirtahaarevdddethandcdivideicsby @ atti¢cheanalysis
siaretbhaduindbearectamainaiguthe nexheedesaqueice-94264s is then

ideptical tg the code sequence 5420 gg;p&yvn in Fig. 9a, which carries

out the 20 actual element-wise multipfication (.*) of the windowing of the

values, or elements, of the vector state with the
In step 5430, the content of the vector x_win orig is

reshaped to form a matrix of a size of 128 . 5 elements
called x _stack. In step 5440, the sign change of the stack
X_stack is performed with respect to the second and fourth
column of the matrix x_stack.

In step S450, the stack x_stack is collapsed or retracted
by summing the elements of x_stack with respect to the
second index and simultaneously inverting the order of the
elements and transposing the outcome before storing the
outcome again to the various x_stack.

In the code segment 3460, the transformation from the time-
domain into the frequency-domain 1is <carried out Dby
computing a complex Fast Fourier transformation (FFT) of
the element-wise multiplied content of the stack x_stack
multiplied with the complex exponential function to which
the argument (-i * = * n/l28) is provided, with the indices

and in the range from 0 to -127 and the imaginary unit i.
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elements of the vector win_ana comprising the interpolated window
coefficients of the interpolated window function. The output of this

“qp‘g{@,}ggsbﬁ stored in the vector 25 x_win_orig. However, the diffess666)9200

between the code sequence S420 gf Fig. 9b and the corresponding code
sequence S420 of Fig. 9a, is that in the case of Fig. 9b, not 640 but only
320 multiplications are carried out in the framework of the windowing. 30
In the code sequence 5430' replacing the code sequence 5430, the stack
X tddkSs BPEFaré G BTBEhaMAY thetverfsit x tikdedig. Hewersfasmee by
viefdmX ngin: terigremlyabdmprises 820 elemerts, ompareddddheéating the
GOrERspordingrd Yaelonfdic: 3% eompizing £4Q glements, dhe maltix X
stack is only a matrix of 64 - 5, elements. WO 2008/049590
55?%8&8 %855 § 85“1‘?1%180“(19 sequences S440 of the sign change
and the code sequence 5450 of collapsing the stack are identical in both
imfterreRtatiomplictorim-to2the Figd(loadnd %), agalt from the reduceq
number of elements (320 compared to 640). 5 In the code sequence
60' replacing the code sequence S460 an odd complex Fast Fourier
RofoACERT) SPAMARAGH daA g Eatiod R RRTch SERMe Sifflar® the
thBPtaRsfoEMtdfdbdé Betlenée S48 of Fg.- 9aTRewewstonceyl0is then

agaimutiento thesedueed nuBWES Db Outptirasielic suabarhe walbes, thebband
vegiordempgl peavided,with theguicqe of g, Fastfuris LLansionm.og; ng
elemegt-wse( Iltiplication.of the %Iements of the stack x_stack and the
complex “Exponent flifc iorcot the argUREt Qi nC R4l fs’\ﬁﬂgﬁeiﬁ frEent
ifdéx n i5Mn thidrande bR 0 BAd BBEAfRIMaLEX inapeiedified eddethe
sengenea tS4AM' the pasipwdddling isoperfesmed:hyslefining the variable
m =(32+1)/2 and by generating the output vector y according to equation
(26), wherein the index k only govers the range from 1 to 32 and ,
wiheré&in ﬁg%%m%%grelz%egﬁnﬁéle{?i/n%%ﬁ({he 5?9 ungetiﬁtoef_vecmr is shifted

by 64 elements. The state-vector in its shifted form may

then be provided to the function LDFB80 as an input again
in a further loop of the function.

Fig. 9b shows a MATLAB-implementation according to an
embodiment of the present invention in the form of a method
corresponding to a complex-valued analysis filterbank for
32 subbands. Accordingly, the function defined is referred
to as LDFB80_32 indicating that the implementation
represents a low-delay filterbank for 32 subbands based on
an additional overlap of 8 blocks into the past and O
blocks into the future.

The implementation of Fig. ob differs from the
implementation shown in Fig. %a, only with respect to a few
code sequences, as will be outlined in the following
description. The code sequences S400, 5430, S460, S470 and
S480 are replaced by corresponding code sequences S$400',
S430", S460', S470’ and S480' taking into account mainly
the fact that the number of subbands, or the number of
subband values output by the function LDFBB0_32, is reduced
by a factor of 2. Accordingly, the step S400’ relates to
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the complex exponential function is substituted by the number 64. 25 In
the final code-sequence S480', the buffer state is shifted by 32 elements

wh tigssaseef the implementation shown in Fig. 9b, whereip &t i#007/009200

corresponding code sequence 548§, the buffer is shifted by 64 elements.
30 Fig. 10a shows a MATLAB-script illustrating an implementation
according to a comparative example in the form of a method
carresponding to a complex-valued synthesis filterbank for 64 subbands.

THE s SHowi it i P SRP SRART# fihtRorf AIRESE0 I wWhith e 1ast
Vvetarie 85 ecepresenting tng bloek 826 of addivesubB&Ad valud® of FiftRathe

arska staienvaaier "satet isvprovisied 10 asiaput pemetadsnH e HaBe the

ILREBRBA indigat t the,function defined.is an inverse low-delay
filterbank cor&resggrég%é é%’%oég/gﬁb 90'PCT/EP2007/009200 63 8

blocks of audio data from the past and 0 blocks from the future. The

ftinggore provides anegotor Wahd ersewer bededined sfate-vectdettstatetit ions
assarsagtput, whereigshe oectory carespengs 4o the hlgek 4338f sequence
tima-glomainaydio, 5 sampleg from Fig- 2. O?.g eNee 022
pre-twiddli%%%perfo'rmed, in Wr?%:h ag\/aria ?e%?’: 4%4% )elzsggsv%rﬁca?s aS 12

VERtor 18mpI8 TEHTESR THE eI 8RS (Y of te veblst t&Rgeargeggence
defined AEéoriingttosequitios eIPPEPES z Iy texp (Bopning + - ¢he 640
(RTpaeheredr iR bacakeve-tigoelesienrt afthaswstaedprandnla e vector
feRctin conyl) representiine corgplex coplygate. expl)fepigsentsdie, 4,

complexe gonentlal function, i represents the imaginary unitand nis an |

iﬁgéffrpﬁ]e fangR FART 15664, 58 IFHPEIGR selpehcd 8686, tRéace, in
Vekisiiterigds ©@ERBEbATS avhadivcorqrtiicirehesirstepiaapiied by
eftraentsafdite a/betasiemp and ththewecont colinihe ge@pledded and

ceniugaig efthe leygrsarhyedion lempw raspect 1o U@c%rngler‘?{n_ana.

The next code sequence 85420 1is identical to the code
sequence S420 as shown in Fig. %a, which carries out the
actual element-wise multiplication (.*) of the windowing of
the values, or elements, of the vector state with the
elements of the vector win _ana comprising the interpolated
window coefficients of the interpolated window function.
The output of this operation is stored in the vector
X _win_orig. However, the difference between the code
sequence S420 of Fig. 9b and the corresponding code
sequence 5420 of Fig. %a, is that in the case of Fig. 9b,
not 640 but only 320 multiplications are carried out in the
framework of the windowing,

In the code sequence 5430’ replacing the code sequence
S430, the stack x_stack is prepared by reshaping the vector
X_win_orig. However, as the vector X win_orig only
comprises 320 elements, compared to the corresponding
vector of Fig. 9a comprising 640 elements, the matrix

X_stack is only a matrix of 64 - 5 elements.
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the elements as defined by the index of the vector. Hence, 25 in the code
sequence 5510 an odd symmetry of the matrix temp is established based

whtogMesser temp. In a code sequence S520 an odd Fast pefigk007/009200
Transform (FFT) is performed basgg on the matrix temp. in this code 30

sequence, the real part of the element-wise multiplication of the outcome
of the inverse Fourier Transform of the matrix temp with the exponential
function having the argument of (i 8/128) is performed and outputted to a

VEEorSPERAI, RRAPERTARS inttkth i85n tHerafde oG R S352rsY . e code
cRiseqee i8530, @o ektarsiony of e datcandian alemating lsigm flpoth

isfpraednta acbieye HisdheiorgertWO208M049590 92 and 9b, apart
ACIIERZ007009200 gt he lements ol he vesiory ol eversed

and at the same time a sign fﬁpcf carfied out. T en, a Matrix mp

defined, comprising the first, third and fifth column of the vector y_knl,
vinerdire tirp decorsdinrd tkhe $8idH corpia s cgmprisedhdssigr flippede S460
vactosyknlcimg cede s&@t&enpsfm th%r\é/i{ugp&ﬁoeffﬁ@@mts 88 _T_%)r%ndow
[ vector LDF win are first, copied fo the vector win ana. n
t%étgs%‘l nthggis%rﬁgv%%oe%ﬁénts%at}éé%b déts(—:-rmﬁ'uug-:-l based Igﬁrltﬁé T the
a"h‘a?{}/%%ﬁd&ﬁ cGEfGieRRTHE "GBretfifthe Ve dtbF winamaigyever, once

qaRatingaesimeretdrsed arirsion ofuhdanalysis witgow functiom subband
acehuding teMdn veaytdn) T i _iana(hovIddy (28X H5umBersitNohis of a
the dptakgymner obwindan peients LA S NG DIRY AT 108 MdQW,, o

c%(lefficie ts. In a code ﬁequence 5550, the synthesis window IS appli

J0'the VEcTBIFRTS by 8h eldhEnt-Risd ultiBhcatof tABdvectBrwit B 1ex
ssrBRERs tiadowTunRelicen @ €odehseqacasasss0, thel buffertis - n/64),

ugttated byeestingthex alemenimotthe veaigestata witbrihe indiges 577 to
640 to 0 and by adding the content of the windowed vector tmp to 25 the

sfate-vector state. e
A%%erwards, in the modified code sequence S470’, the post

twiddling is performed by defining the variable m =(32+1)/2
and by generating the output vector y accoiding to equation
(26}, wherein the index k only covers the range from 1 to
32 and wherein the number 128 appearing in the argument of
the complex exponential function 1is substituted by the
number 64.

In the final code-sequence S$480’, the buffer state 1is
shifted by 32 elements in the case of the implementation
shoewn in Fig. 9b, wherein in the corresponding code
sequence S480, the buffer is shifted by 64 elements.

Fig. 10a shows a MATLAB-script illustrating an
implementation according to a comparative example in the
form of a method corresponding to a complex-valued
synthesis filterbank for 64 subbands. The script shown in
Fig. 10a defines the function ILDFB80 to which the vector x
representing the block 320 of audio subband values of Fig.
2a and a state-vector “state” 1s provided to as input
parameters. The name ILDFB80 indicates that the function
defined is an inverse low-delay filterbank corresponding to
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In a code sequence 5570, the output vector y comprising the time-domain
audio samples is extracted from the state- vector by extracting the

walegienis9f the state-vector by 30 extracting the elements @idfigp2007/009200
state-vector with the indices 1 to 643 In a code sequence 5580, the final

code sequence of the function as shown in Fig. 10a, the state-vector
state is 35 shifted by 64 elements so that the elements with indices from
65 to 640 are copied to the first 576 elements of the vector state. WO

S06818%8596 BB B2087F0 9260 6559 PE6E sREfs & MATEaB-S&qp the
dfuanviraplerfibatatiom cctondingr tovardembadimentofttheypresent a new or

iegt?@tﬂmgt}th@t@%]we%egmpr:eg];\éaieed g}ént@isgilé@;s%%nk Wh82ein the

subband values. The name of the funct S e the 5 scri

sheoctvtn |lgrjl “10b |If§str§es%h|s %as théhfunc |o%(i gr:aﬁne} IS calﬁ %BﬁBaébdm

@m&ftl Pt S furi@ion defined is an inverse low-delay filterbank

for 32 bands with 8 blocks overlap from the past and 0 blocks overlap

fn@m éhez:w@resée&sua@cgm wih &Mi@&%@m@aﬂm%ﬂ_ﬁtﬁed in
%Wegtqyg n |n Ei the Inplementation accordin .
e script o Flgr]‘boll\,}é bis algéaclo a?y related to %152 |mplgm(?én(t%ttlo](‘;r)l((j)C t%% s

@fgﬁlﬁﬁﬁlnd sYRfhesid $8SMEThatRER(BdInG fo FigeLoaSasgr temp are

cmsegaenas chred sametvestars ifecprovided to the function and are

output by the function which, however, comprise only half the number of

compaged to dhempl ntagiop of Fige_Y0a. The
|mplementat|on ;gr% 32%)%a(nd smesé fllterjban ;f-or'32 20 bands differs 27!
from the 64-subband version illustrated in Fig. 10a, mainly with respect to
twioeaspiatts: Tdhe loode adbeygenchs 5506M8510, 552018538, 5860x 5870 and
akkS580 ate Jeplases wyith-epde SEAUERERS BANMRITRihe SRR, exp()

f f 5 rel
S%%’gﬁ%%}x&gfe% \%:jeeéd%%%gé‘%ﬂ c‘)ér;re %;}Hﬁ??gﬁo AIGUENL RS relatedy e sents
the imaginary unit and n is an index in the range from 1 -

to 64.

In the code sequence 35510, the vector temp is expended into
a matrix comprising in the first column the elements of the
vector temp and in the second column, the complex conjugate
of the reversed vector temp with respect to the order of
the elements as defined by the index of the vector. Hence,
in the code sequence S510 an odd symmetry of the matrix
temp is established based on the vector temp.

In a code sequence 8520 an odd Fast Fourier Transform (FFT)
is performed based on the matrix temp. 1in this code
sequénce, the real part of the element-wise multiplication
of the outcome of the inverse Fourier Transform of the
matrix temp with the exponential function having the
argument of (i - =®/128) 1is performed and outputted to a
vector y_knl, wherein the index n is in the range from 0 to
127.

In the code sequence S$530, an extension of the data and an
alternating sign flip is formed. To achieve this, the order
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sequence 5540 of generating the synthesis window function is replaced
by a code sequence 5542, in which the synthesis window function is

washRadqs a linearly interpolated synthesis window functi@fae666iagzoo
to equation (15). 30 In the code seggience 55001 replacing the code

sequence 5500, the variable m is defined to be equal to m = (32+1)12
and the vector temp is defined according to equation (27), wherein the

index n only covers the ragnge of 1 to 32 and 35 wherein the factor of
ﬂiz@%re%ﬁ&@%f/ tRE 46 FRALRFthE dtimeht BEHRFsed and at the
eguneptiabfunctiban WO 2008f048590 PCTWEP 2007 A09200m&brix tmp is

Accordieg)y, dvthiereede gequence 5540’ replacing the £ode r380UBBIRmMNn of
330 Jaendex rapge only covers the indices of, the 32:element . o1 umn

ecC e
comprising the %;E'CIOI’ temp. In ot%er WOI’&S, ﬁ1ne Inan only covers ine

VTR 8 116 321 RechidiRg5as YR #4€ Eodle 'Seduence 5520 replacing

the code sequence 5520, the argument of the exponential function is
replagedoby (isdyuaftdd, whetein theindexdbis indbe rarde from &stohdHred
o the ramewark,of the codp seayence 5530, the | %X ngs is glso
reduced by a factor of 2 compared t% -fo tﬁlefcso%eés% %2éie9§5§%%%hg sctor

CbHR-E8ttrencESBU2 répiicing e 8586 Seqiiem@PE5460F i ©168 Gfso 2Te
copiermiengthddwSadction as borezhialtreivectoridPFBICo A ic ismts as

vectorasini Ang wacthgenasatesion 1atime-revpssead ¥ersioN WiniSYd reversed
acgcording g equation (28), Skoweven he sade sequence 542,07 the

implementation shown in"Fig. 10b further comprises an interpolation step
according to equation (15), in which for each element of the redefined
v@i‘:fbwﬁﬁé@ Cottrpfisi Window20 coefficients of the synthesis  (28)
window function, a linear interpolation of two consecutive window

S aahing e g e cecior 35 moan taa aaing et o enes
efét eﬂtslt?ng k\}\7?'[hltlfj‘l%e\ﬁi n%%wte}ae v‘éﬁ""é?éﬁ ¥h ecr%%fP f5HiGRREER in terms of

the code as a
In & code sequence 5550, the synthesis window is applied to

the vector tmp by an element-wise multiplication of the
vector with the synthesis window function. In a code
sequence S560, the buffer 1is updated by setting the
elements of the vector state with the indices 577 to 640 to
0 and by adding the content of the windowed vector tmp to
the state-vector state.

In a code sequence S570, the output vector y comprising the
time-domain audio samples 1is extracted from the state-
vector by extracting the elements of the state-vector by
extracting the elements of the state-vector with the
indices 1 to 64.

In a code sequence 8$580, the final code sequence of the
function as shown in Fig. 10a, the state-vector state is
shifted by 64 elements so that the elements with indices
from 65 to 640 are copied to the first 576 elements of the
vector state.
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direct comparison of the respective code sequences in Figs. 10a and
10b. However, due to the smaller size of the vector tmp in the

“l,@%%%%g#%ion of Fig. 10b, during an 30 implementation, Orﬂﬁﬁﬁgzm%wzoo

number of multiplications is carriedgut. Also in the framework of the code
sequences 5560', S570" and S580' replacing the code sequences 5560,
S570 and 5580, 35 respectively, the indices 640 and 64 are replaced by

320 and 32, respectively. Therefore, these three final code sequences

drilg diffe} Slom shevsde seqi@TddsRofpeR/O 2008/08959¢- mplementation

RECEAFR0Q7/009200 arbisanipmentationsikowt #xEig: 10awih leapech the
te 4he, sizee of the UERIO SIALGS imeand yrAsdbe emhodiments descrihed 55

so far have illustrated, the 5 analysis windower as well as the sg&thesis

d
WiREBRRT aré ‘atfihted 25 WESHIAG thE FedpRtive YanfsieSif S mgY the
dvprdiRtcomiRisedin tie eespblhvel frafelsriay afultiphifig aReddron unction
ellementwistsbasis Wl windewswesiciants ofaa wiadovh inctigr. 1unction

Belons,dgscribing 2 windaw funciign. which cap;he emplayed cfor ingtange 45
as.a syr‘ghgﬁég indow function gnd as an analysis wind wfinct on |rc1n|,tgrla
ti‘f’ﬁet-lPever st Versioh more lo Eﬁy,‘a Sntga gofagr%b dirt?'n fAts P
aEEBmifg 2o f& BESsent 15 invention will be outlined in more detail,

especially in view of an implementation in the framework of a SBR tool or
systemyag shoywyin Figs,5 apd &, Among the adwantages,smbedimests the
according o the present, 20 invention .a’bd?%sés%€°'¥R23'9%P"i%rrﬁet£‘€9tion
onerembodiment ac&or Ing {o'the ﬁresen invention'may offer s a

sifFffREht e d Gt 8f ferddihy @Echiding 18tHST fikéhamksSabWerRfated
this lowttelay propbstyewitidiel @addressed intthe caestuaftzigs. 13 sywtbésis

inemore defail 22288 dDRGrant asnep! imihis contexkis IQHAgENehie  the
Ienatﬁg of theE window functlon.,érégti{%r words, the Qumber %f window

3 . VeCLOoOrs are. Qv unction an are output b
coe |C|enﬁs o%e appﬁle%rtoa rame or a ?Og-k P y

the function which, however, comprise only half the number
of elements compared to the implementation of Fig. 10a. The
implementation for a 32-band synthesis filterbank for 32
bands differs from the 64-subband version illustrated in
Fig. 10a, mainly with respect to two aspects. The code
sequences S$500, S$510, $520, S$53B8, S$560, S570 and 8580 are
replaced with code sequences in which the number of
elements to be addressed and further number of element-
related parameters are divided by 2. Moreover, the code
sequence 5540 of generating the synthesis window function
is replaced by a code sequence S$542, in which the synthesis
window function is generatéd as a lineafly interpolated

synthesis window function according to eguation (15).

In the code sequence 8500’ replacing the code sequence
S500, the variable m is defined to be equal to m = (32+1)/2
and the vector temp is defined according to equation (27),
wherein the index n only covers the range of 1 to 32 and
wherein the factor of 1/128 is replaced by the factor 1/64
in the argument of the exponential-function.
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of time-domain samples is independent of the delay. 30 Embodiments
according to the present invention offer the further advantage of

“j[p% yd' A sH)"e quality of the (reconstructed) audio data. Th%@‘fﬁ{m@%@zoo
(B

emp In embodiments accordigg to the present invention offers a
significantly reduced aliasing compared to other reduction 35 schemes
concerning the number of window coefficients. Moreover, as will be
outlined in the context of Figs. 17 and 16 in more detail, in terms of the

Ps/eRBALBESes, YO BrRsfosisotrresIER 26674000568 165109 the code
erabodinrents atordirgetoithégresemtgavention afteremeake hgseithgices of
teqwosal-maskisgrepagies ofihe hywnan.eanetiemihanimagy iherords,
fiterbanie: Morepver, g wil be ore, closely outineddn e coniext of )
IgS fé’ {8 an %% embodiments according to the present invention 9Ly

oiff'ér. dheexEant ﬁ@&i&’é’i&ﬁe%’e. E@B}ﬁ?ﬁﬂ%ﬁy fikstoaride sequence
&ediding tte anrembediment of tlke grpserininvedticnyecpedectis replaced
][SR}O{)V%UUCEEOU is ﬁ@bie,Va@if‘gﬂé)ii:ﬁ ﬁ@@aeh‘ﬂ%ﬂ't%fbdﬁ@k anddhe syathesis rom
ilterbank.are interconnected. In other wqrds, emhodiments accorgding o

e S d§rn%%‘%‘$%ﬁgﬂ%ﬁadi%f)yg.enﬁset. e s ot the

o 5Ered 18%5e hpuBPSUCRSHTRErcShnBcted Setbi 8% aralyg@pared to
fiteebaridand egi®syethesislfilterbank, but (apart from quantization
errors, computational rounding effects and further effects caused by the

nputational rounding efects and s caused ¢
oo n hg o st of MAPREIA Advardi 0he procgnt -0 of

ifvehtioh ¥anfeasly BRPAG eVt WIRE Rpit ARFE B mdauREDitatkin the
tedtiakral®ristle, whe complexevaitretiow-delay fiterbarks azeoriinges a
te iebediraerisnf the-presentinvestian acxeapablg ot 85 prnddingn  (28) .
PeHgst Eeonsiiuctign dn the,singlesrate mode., wiule ne rigigal: 38R, shown
QMF filterbanks are capable of only providing near-perfect reconstruction.

Itthe dddi:ratd TRodd HhEEE bafdTRISiISH Bf P impISE FRSHGHsPR  Step

according to equation (15), in which for each element of
the redefined vector win _syn comprising the window
coefficients of the synthesis window function, a linear
interpolation of two consecutive window coefficients of the
original synthesis window function.

The code sequence S550 of applying the window to the vector
tmp and replacing the elements tmp with the windowed
version thereof is identical in terms of the code as a
direct comparison of the respective code sequences in Figs.
10a and 10b. However, due to the smaller size of the vector
tmp in the implementation of Fig. 10b, during an
implementation, only half the number of multiplications is
carried out.

Also in the framework of the code sequences S560’, 8570’
and S580’ replacing the code sequences 5560, S570 and S580,
respectively, the indices 640 and 64 are replaced by 320
and 32, respectively. Therefore, these three final code
sequences only differ from the code sequences of the
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obtained by linear interpolation also referred to as 30 downsampling of
two adjacent taps or window coefficients of the 64-band impulse
wiEsRQRs&q window function as explained in the context obEigg ¥ #6200
case of a complex-valued implemegtation of a 35 filterbank, a significant
reduced analyzing (or synthesizing) delay for critically sampled filterbanks
can be achieved, in which the sampling or processing frequency
corresponds to the border frequency according to the WO 2008/049590 |
PP EPODBF FO0oR 00N BNyt Shanhdf THeDRy. 1R IREChsd f §he size
refal viadueck aplementationtafa dtidrbank, an efficient implementation
can be achieved employing optimized algorithms, as for instance
g‘gSt ?i%d %ﬁ%%ﬁ?n%tﬁétsOfdtgs“{‘c'\!:"fgé@%% i.r‘%%{}?mr?é‘%ae“o{‘l hoy %%{LE‘ S the
an . These 'implementations may for instance bé employed for the
RARIpGWEr Middelerthie SBR 601 &s 88schibed Fivthehohtext vtndgyes are
and bt 40 Ascoutlinedbinithe cohtextekbigst bamd Sritdsgossiblettee time-
@@&tisy%ba Mﬁl@%@é@ct‘l@n %?&erfg&%aﬁ;%ﬂ E‘gﬁ}ﬁﬁéias?yofrﬁf%%@ﬁying
stem by using a,complex-valued low-delay, filterbank accor 0oa
R e S M L i T
Gttt B4 E51Pown in Fig. 5, the QMF analysis filterbank 620 is
replaced by a complex low-delay filterbank (CLDFB) according to an

erabgdimentLf the prgsentinvrR¥iPN: T 16RIACQRERK Carbedonemifldyed
%%@F’U}%bs'%%%by%seeiﬁngsﬁ‘a?%ﬁé*&%ef Qh hads (%%é% snolvof thes  4n
impulse response 20 (640) and by using a complex modulation. The delay

AV by SR (S RFHRIod b SUth drf BRIGHE 15 SERRVE S WRBrdIPTe
delay tdw enadyhrforadi-diré civhabdoraniumieation: itk ut sathificingesent
aghieyable guality leveb 26zampased; fordstances ta alsystaspecially in
QPIARNFRY &Mg%%ﬁéﬂgn%a'\é PST o, fqrmea complexsypluct MDGEKE,) or

system, an embodiment accordln%? to theﬁﬁresent invention provides a far

BT R ) F8EpdRse E6mparéd o fre QMF

s of

Among the advantages, embodiments according to the present
invention and systems comprising more than one embodiment
according to the present invention may offer is a
significant reduction of the delay according to other
filterbanks. However, this low-delay property will be
addressed in the context of Figs. 13 and 14 in more detail.
One important aspect in this context is to note that the
length of the window function, in other words, the number
of window coefficients to be applied to a frame or a block
of time-domain samples is independent of the delay.

Embodiments according to the present invention offer the
further advantage of improving the quality of the
(reconstructed) audio data. The interpolation employed in
embodiments according to the present invention offers a
significantly reduced aliasing compared to other reduction
schemes concerning the number of window coefficients.

Moreover, as will be outlined in the context of Figs. 17
and 18 in more detail, in terms of the psychoacoustics,
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filterbank, for instance, used in the MPEG-4 SBR today, a 30 system
comprising one or more filterbanks according to embodiments of the

Mg&%r/}hg%g@ntion provides a significantly lower delay. Everpgppaied§6200
a low-delay QMF filterbank, embodggnents 35 according to the present

invention offer the advantage of a perfect reconstruction combined with
the lower delay. The advantages arising from the perfect reconstruction

rgperty_in contrast to the near-perfect reconstruction of QME W
D CBELE b L £ B b 00308 F0 FN EaNEs AR BR o TBwi L Dy ke
HE&r-EFe TR UBESK LA BigH SRpbakeSatfnUat® Ny Mice§SdryABt ter
athemuatesting abasing tofd suffictentlyslow leveb.ofkis, restectsiiiel be more
Rassiility ofgehigying a yerylew-dslay-iR: the fikgrdesign, In gentiash 19,

e%ggoa/in agsembgdérgggt acqcordlr%%éo the €Qreseﬁnt |.nvenrt1|gri1 onﬁjwoh:?fc'er an

fhe possi |ﬁty of?n&ependleqntly 8eS|gn|ngptﬂesfﬁfér so that no high

SBHBANG AbehtSTYR IS HeE8SRAY 16 attenuate the aliasing to sufficiently
low levels. The stopband attenuation has 10 just to be low enough to allow

redysed atiasingsuficieat fanihe desimdisignal BraseSeg-RRRMICAEO0BE the

Thus, a better trage-off towards Igwe{delag can be a;C:hieved in the, filter
reSen%Sﬁnvi& %Pn, a gmr eclL reconstruction %% achievable
(ﬁ)e5|gn. 1 Igié shows a comparison of a window function 700 as can,

fbf ifktarfte® besamipibye s RAremBBdintdift at¥BIdiRg 15 the: bresdank are
ihnsetioroalongbwith thersinetWwindowdadetioneftdTheviadow fimctibng  to
(EQQa which isealso referead to-as ?dasynﬁaﬁlsiS"o%MyDFchﬂ\é&down audibly
C = odulated lo elay filter \ ri 4

e e I e A Jren an

COMGHAMYPHRRE Fhagnithilie oPthe Wihdo@TahESdrss, it'ShotfFB@Hotefnd 2
thsin gemetal amplificaltien factors orldaapingifectorgfen adpstingrarerrors,
appiiude ©f dhe windowed signalraredial 25rmeonsigered in thedellewingaused

\Wipdowyfuncrians can, (or igstaace, be normalized with rgspectioa vajye .
corresponding to the center of delay, as outlined in the
compared to the input.

An integration in the SBR module of filterbanks according
to the present invention can easily be achieved. While
typically SBR modules operate in the dual-rate mode, the
complex-valued low-delay filterbanks according to
embodiments of the present invention are capable of
providing perfect reconstruction in the single-rate mode,
while the original SBR QMF filterbanks are capable of only
providing near-perfect reconstruction. In the dual-rate
mode, the 32-band version of the impulse response 1is
obtained by linear interpolation also referred to as
downsampling of two adjacent taps or window coefficients of
the 64-band impulse response or window function as
explained in the context of Fig. 3.

In the case of a complex-valued implementation of a
filterbank, a significant reduced analyzing {or
synthesizing) delay for critically sampled filterbanks can
be achieved, in which the sampling or processing frequency
corresponds to the border frequency according to the
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context of Fig. 13, or with respecttoavaluen=N,n=N -l1orn=N+1,
wherein N is the block length and n is 30 the index of the window

wePsificigids; In comparison, the sine-window function 710 i @RkypdftiRchoo

over 128 samples and is, for instage, employed in the case of an MDCT

or an MDST module. 35 However, depending on implementational

details, to obtain the window coefficients based on the values given in the
tables in the Annexes 1 and 3, additional sign changes with respect to the
Wirttiove EoBtiiieris coffespsidingd theWO 2608/049690a real-valued

PRI 1BREAOZNNG200E 74 indives A28:1p,25mand 884terftl 1i ipulipkeation on
with f%céorééﬁlébgﬂ'd_%;tﬁr?B%%Ed Geeording 1o equatipns(16a) and ¢or

(16b). 5 Before discussing the differences of the two window functions

366 PIESt s/Ho][ﬁdlf)Err?otiSSl that Both-WidofP Rifctions tomphisg  MATLAB-
e iangst@indow coeffieitnts ohly. MBiasver, in%othads@es, af -  These
abgoluirevalde nfilse windons coetlisiem cormepanaling @ an fuexthz Olow-

isspaaliepdhan 10 OclJdn dhg case,of 3 CMIRERWINGOW, 700, e ontext of

respective value is even smaller than 0.02. Considering the two window

fiih ﬁOné 766?7?0 with respect to their definition sets, several significant
differences 15 are evident. Whereas the sine-window function 710 is
funmetrid the windowsfunctiare ¥00 shownisyan aSyrmmaetfic hehaviopdosible

defing hismore clearynthe singyvpdew Buxctionds SymMipRINads, in the
regl-valg?_pl vglu 0 %xiéi;g so that witjhnresgect lo | real nymbers,n, sa. , .
thafthe Wlnaow%fungtloﬁﬂ?l& s detined for fho+Fr’1 Shd no-r?), the Y
rEligkfoR RatHo - ASCORMAEFRS nEQ2oRTs fFRaPidg Hesirable MafginRESSent
G;rikemabsotute 25 valueldfithe diffefemes ofithe térensS@RthédwodsideHdl as
eé}»g?u;'&@n (%Qf? i§~§?1alle5 ,tharﬁgé eqy@akto s)ua/m%r@lm wﬁ@)ﬁ@&&gﬁms e is
a0 113 resgeotS TG no FOAENAN the i o e i PE!
téﬁﬁﬁ%@ﬁﬂ%ﬂﬁ? an embodiment of the  present invention. This
replacement can be done in a computable way by keeping the
number of bands (64), the length of the impulse response
(640) and by using a complex modulation. The delay achieved
by this tool is minimized to such an extent to achieve an
overall delay low enough for a bi-directional communication

without sacrificing an achievable guality level.

Compared, for instance, to a system comprising a MDCT and a
MDST to form a complex-valued MDCT-like system, an
embodiment according to the present invention provides a
far Dbetter frequency response. Compared to the OMF
filterbank, for instance, used in the MPEG-4 SBR today, &
system comprising one or more filterbanks according to
embodiments of the present invention provides a
significantly lower delay.

Even compared to a low-delay QMF filterbank, embodiments
according to the present invention offer the advantage of a
perfect reconstruction combined with the lower delay. The
advantages arising from the perfect reconstruction property
in contrast to the near-perfect reconstruction of QMF
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30 coefficients. In other words, for the sine-window 710 the index is no =
63.5. The sine-window function is defined for indicesn=0, ..., 127. In

W%gg@égt}f window function 700 is defined over the 35 Seﬁ@f}ﬁ@&ﬁ%&»fm

he window function 700,4s clearly asymmetric in the sense
that for all real-valued numbers no at least one real number always exists
so that 6VO 2008/049590 PCT/EP2007/009200 72 (no+n) and (no-n)
belong to the definition set of the window function, for which the inequality
WA LerPRMNENO + AAY30) Biwolds thodd ealimast deliieately) definabr fect
magings 2ucl;i she absaluimvalusppldhe difeanseafdhe jermsesdbary to
WO Sies of eﬂH@“%‘l@Qé isn%f ealer Q‘agu%‘i%aéé Q8 wher eTleécle This

again w(nngst e wind ow% cient 10 corresponding to the index n.
&en

Foriier dittErentesHeinst thé fws %lﬁ&&hq‘vﬁ&ﬁ)rﬁ Whfch both AsiaRy in
tohfock Siey of de s iBNsaniplesciznthat fite  nRXirhamivaluesf tignbodiment

windovdfimgtian. FHarerargerdhandedbiand isacquireddaeingdicesiiBility
the ra{'ﬂ& Mden? P2NL3L) Jo8 SXH@E%EW&%@WSW the, gase of thﬁl h

wm ow 20 function 700 shown in e maximum value acquired is

SrGET AR 1204 Hehairda At fhse Q&% ?es?rﬁ}é F =27 SRUES At SR -8 Sing
rﬁézxmuﬁfvamtdﬂthelgwe Wivgdw 710hs shtatebangh Grtduatas ion has
whish iz acguiracdat krdaand on z180beRrHaweyer, slse tinyintofificient

fEBEt'O'%RQO aequires;a \alug of aa&%%@éi% 1 éFﬁ%@E!&'ﬂQﬁPeS Thus, a
o nd n=N.To bggn%re recise, the agxsciute value or the value it elf of

& WlndOW%ggff|C|ent W( 1 corrggggn ngatgtﬁe ihdex A hﬁl%\b the

sﬁ%&lfe@lfhélﬁ%%ereas the absolute value or the value itself of the
window coefficient w(N) corresponding to the index n = N is larger than 1.

I sgme embdimentsomparison of a window function 700 as can,
for instance, be employed in an embodiment according to the
present invention aleong with the sine-window function 710.
The window function 700, which is also referred to as a
“synthesis” CMLDFB-window (CMLDFB = complex modulated low-
delay filterbank), comprises 640 window coefficients based
on the values given in the table in Annex 1. Concerning the
magnitude of the window functions, it should be noted that
general amplification factors or damping factors for
adjusting an amplitude of the windowed signal are not
considered in the following. Window functions can, for
instance, be normalized with respect to a value
corresponding to the center of delay, as outlined in the
context of Fig. 13, or with respect to a value n = N, n = N
- 1 orn =N+ 1, wherein N is the block length and n is
the index of the window coefficients. In comparison, the
sine-window function 710 is only defined over 128 samples
and is, for instance, employed in the case of an MDCT or an
MDST module. |

However, depending on implementational details, to obtain
the window coefficients based on the values given in the
tables in the Annexes 1 and 3, additional sign changes with

respect to the window coefficients corresponding to the
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Wa%%sé%%ﬁ?& of the filterbanks acc dlng to embodiments o

according to the present invention, these two window coefficients obey
the relations 35 0.99 <w(N -1) < 1.0 1.0 < w(N) < 1.01 (32) WO
2008/049590 PCT/EP2007/009200 73 which is a result of q é]![%%'zﬂ% &%200

e present
invention. In many cases it is desira Ie to have a window coefficient w(0)
comprising an absolute value as small as 5 possible. In this case, a
determinant of the window coefficients Iw(D) w(2N - 1) - w(N - 1) . w(N)~
11(88)ced sHAfd e aéloseras paskible o 15tblacHimve ipdddiat gaalityyith
veieh ds-optimized withuegpasd ta-thespessible pRarapieiersy The siggitions
ttﬁ @Iae erngllgarﬁ%%glven by equation (33) is, however, freely choosable.

As a consequence’of the window coefficient w(0) being smaller or 15
approximately 0, the product of w(N-1) - w(N) or its absolute values
shelitrbe agicioses as possiblecto €4 Af direthisecaser the wirdoviwo  window
coefficiantinu(2is), camtb(;n be chesenslmest feeby Equatéorb@@ﬂ ISy ndow
ragilLet suploving Ine fechnigye of zora dejaymarrices g desaihed 20, .
In "New Framewo Modu ted Perfect Reconstructlon ter i "

NBETS T Schdifer 3RtV .9?’[5.%|tﬁ,ﬁ EERS HT 4 SactiBndBn g n%ﬁ‘e window
Proeddsing evol. adr NosSondiust t10g8) 25 Hgrthernfore, as wilkdbkler than
outlined ih MoK desaién tbe context ofE-ig.ikidhe wislowwoefficlsctive
corresponding, 1o the indices Nel ang N are comprised in the middle of

the modulation core and therefore correspond to the sample having a

value of approximately 1.0 and which coincides 30 with the delay of the

fitervsiieas defifde b te prowypL aretiiprton BP the/wthdoikh respect

fuctioneThe awithesisiwindewdenction 0@ as shewnin Fdgtlldi f ferences

futhermare ghpws afpseillating hehavianwith, sHielly  function 710  is
symmetric, the window function 700 shows an asymmetric
behavior. To define this more clearly, the sine-~window
function is symmetric as a real-valued value ng exists so
that with respect to all real numbers n, so that the window
function 710 is defined for (ng+n) and (ng-n), the relation

]w(no - n] = {w(no + n) (29)

is fulfilled to a desirable margin (g 2 0; the absolute
value of the difference of the terms on the two sides of
equation (29) is smaller than or equal to €), wherein w(n)
represents the window coefficient corresponding to the
index n. In the case of the sine-window the respective
index ny is exactly in the middle of the two topmost window
coefficients. In other words, for the sine-window 710 the
index is ng = 63.5. The sine-window function is defined for
indices n = 0, ..., 127.

In contrast, the window function 700 is defined over the
set of indices n = 0, ..., 639. The window function 700 is
clearly asymmetric in the sense that for all real-valued
numbers ng at least one real number always exists so that
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35 monotonic increasing window coefficients from the window coefficient
of the sequence of window coefficients corresponding to the index (n = 0)

“}63_&&898 ﬁgdowing the latest time-domain audio sample U@é‘?/ﬁﬁoowoqnoo

window 2008/049590 PCT/EP2907/009200 74 coefficient comprising
the highest absolute value of all window coefficients of the synthesis
window function 700. Naturally, in the case of the time-reversed analysis

window function, the oscillating behavior comprises a strictly 5 monotonic
dBergblse Bhthe Window coeflierats Fomthe wilsdow Ebéfiitieset ©of the

edmpdsinguhe thighe st fhsoliesralwe of ialkyingowt goefficients of a
corresponding (time-reverse) analysis window function to the window

ogfficients of the s nce of window coefficients corresponding to an
ﬁ%"cﬁg& ion(ﬁg é% uzgn for windowing the latest time-domain audio (30)
sample. As a consequence of the oscillating behavior, the development of
the1yathesiswindoynfuictian 700-starts1 19 vaba nandew seeliiciente > o;
saytespeoding o (e jndex = having g0 absolute, yalug smallgr hap,
0.02 and an absolute value of the window coefficient corresponding to the
iRlBx S13°8 oPbWRR N 63 AthuiihgH altdTof Edut 25t S fdexh &) -
N\ aegniringacmaxisga value @f morésharth94 20iatdvinderefficient

anserdisgdaenation (8h) acawing a further value of approximately 1 at
an index n =90 and 91, a first sign change at the index values of n = 162
and n = 163, acquiring a minimal value of less than -0.1 or -0.12755 at

aFrFi‘ﬁ‘b%%rofddpﬁSﬁ & PEIN ML furttst JIgR 2REnGE PRt 4CRTex W hich
Vadds melage afie ne2 288, Mowever the synthdsis anmbesy fuhetiGmFoo the
fuehenmayveompriser fugther sigiishangas ef dtheyondex valuegdr than 1

_\gggn lcgrg%%rmgfg@ f\ggdgwacﬂgégciggt_%@ethga%e%given in the tables

in the Annexes 1 and 3, the additional sign changes with 30 respect to

the window coefficients corresponding to the indices 128 to 255 and 384
t&/5%1 {nful@flication with factor (-1)) should be considered according to{31)
equations

for the synthesis window. In the case of the window
function 700 shown in Fig. 11, the maximum wvalue acguired
is larger than 1.04 acquired at the sample index n = 77. In
contrast, the maximum values of the sine-window 710 is
smaller than or equal to 1, which is acquired at n = 63 and
n = 64.

However, also the window function 700 acquires a value of
approximately 1 at sample indices around n = N. To be more
precise, the absolute value or the wvalue itself of the
window coefficient w(N-1) corresponding to the index n = N-
1 is smaller than 1, whereas the absolute value or the
value itself of the window coefficient w(N) corresponding
to the index n = N is larger than 1. In some embodiments
according to the present invention, these two window
coefficients obey the relations

0.99 < w(v - 1) < 1.0
1.0 < w(N) < 1.01 ' (32)
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(16a) and (16b). 35 The oscillating behavior of the synthesis window
function 700 is similar to that of a strongly damped oscillation, which is

“;%%H?E‘g&&y the maximum value of about 1.04 and the miqjﬂi‘}ﬁi@%ﬁﬁo
about -

.12. As a consequence, moge WO 2008/049590
PCT/EP2007/009200 75 than 50% of all window coefficients comprise
absolute values being smaller than or equal to 0.1. As outlined in the
context of the embodiments described in Figs. 1 and 2a, the development
shthelwihdowd furREiBh coffprisBs Hfrsi B réiis 42020 ahitey ©of the
Fedans-grouips4 3CaEr 2AD) nyheretn  thenbest Drewy 420 eomptises afirstsent
GoRssFutive Poripof Windaw goefficientsand the,secand greup 430w ndow

comprises a onsg%futlve second IE)ortion of win\gow coeff&ments. As 11
ézl?(aeafylgﬁfﬁrﬁed B c;re;c t%%psrelqsulen%e Tt V\ﬁr?(%) Y9 BodfficidhtsSt the 2 as
WRRRIWPEEMprises oflithe F3¢grou® 4 REsRRMERW Eoefiientd &ndRedow
sepohfligrospwef window functions 430, wherein the first group 420 of
window coefficients exactly comprises the first consecutive sequence of
iadow egefficients, whereinthe second 15 group 430 exactly
%@prigggjihe S corﬁﬁzdonsjcutl e ~o‘?j'gon of window coefficients. Hencé33)
the terms first group 420 and first portion of window coefficients as well
amthel derms sesonrd gerlPA3Omngsseqendgeortionef wikeQWve an audio
cpedfiaiegts cansheused syppnymously, 20, Thedugie than 5094.,0f allossipie
window coefficients having absolute values smallér than or equal t0,0.1
HRIRIAESS in thE se8dRE gréip oF%gcoﬁi& PBFISTA30 of Winadw¥ e bY
RIRdIeREs as BéonsegBencereMpiesstionghréghped 2Bareiliery As 2
hehevianeiibe windewdunetiaw 080 Moreaven talsq motssthas SAY 0kr or
%;(;95@&’9%%%%@9‘%% copppyised ity (e segend.grpup Pr secony poriion ;¢
430 of window coeﬁ|0|%nts corgprlse abiolute values of | ss than or gqtial
tSQfﬁfQﬁ? values should e to +/ . In

this case, the window coefficient w(2N-1) can then be

e as close as possi

chosen almost freely. Equation (33) is a result of
employing the technigue of zero-delay matrices as described
in “New Framework for Modulated Perfect Reconstruction
Filter Banks” by G.D.T. Schuller and M.J.T. Smith, IEEE
Transactions on Signal Processing, Vol. 44, No. 8, August
1996.

Furthermore, as will be outlined in more detail in the
context of Fig. 13, the window coefficients corresponding
to the indices N-1 and N are comprised in the middle of the
modulation core and therefore correspond to the sample
having a value of approximately 1.0 and which coincides
with the delay of the filterbank as defined by the
prototype filter function or the window function.

The synthesis window function 700 as shown in Fig. 11
furthermore shows an oscillating behavior with strictly
monotonic increasing window coefficients from the window
coefficient of the sequence of window coefficients
corresponding to the index (n = 0) used for windowing the
latest time-domain audio sample up to the window
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The first portion 420 of window coefficients comprises less than one third
of all window coefficients of the sequence of window coefficients.

“%c%%%% the second portion 430 of window coefficientslg@fmyg@ﬁm”oo

more than two thirds of 35 window ggefficients. In the case of a total

number of blocks T to be processed in one of the frames 120, 150, 330,

380 of more than four blocks, the first portion typically comprises 3/2 N
window coefficients, wherein N WO 2008/049590 PCT/EP2007/009200
wisttheaitenberainipme-stonwgit bempleglof one diookl vaecomdingly, thé all
SELOAG.PORIT eomyises therreshef thenwirdaw coeffigientsmiaben 700.
maie precise, (32N vindaw, goefficients,In. g case ofT = AQHlocks nqow
per frame a5'5 shown mi—ﬁl . 1f, the first portion comprises 32K Win ow
coemcenta: Wﬁé&%as"ﬁ%g‘c%?\ﬁ”ﬁo rtRSFP2TE CompRBBS B35 N indowr 1Sty
aueffigientsc In dke cage ®f @ hHlotksizerdhNow 64ctiméidomaintaudibrom  the
samRIes Fl)c%e.ﬁmi&i@}?tﬁrébﬂgﬁii)@i@@nﬁﬂ%e%ﬁ@@w@B@O\Altf#ﬁiﬂﬁ@m&alue of
whereas 10Q the ortign_comyprise 4 win .coeffic .
o ok T e ot i i s ¢ iR Faperoe)

TNl 398 t R BEIRS of thefifst "PortiBH andthé setBRgs ©f the
peetimeatan ffdexiofdrwurmbaL98 iend6. 1SDessiebingmber ¢fn  index
windew ggaefficiesits camprisach ibthen §rst portion-423 and ie-geeeiith audio
pggmggo, an energy value or a total energy value of corresponding

window coefficients differ significantly from one another. The 20 energy
value as defined by E = fw(n12 (34) wherein w(n) is a window coefficient

ahd tha indesmsewe2savhic the Sugn in&kpiatibAt(3ayis dvahpitégr, the

cagespopaste thedndiess of the: reapestivei paisionst42(d; ik theoghoteart s
sgt ehwindow, GRGMCiSNES Ok apy Other, Set G yiRdoy ceefligientsigayhigh- o

the respective en%R%){lvalues E corresgloggs.t%)g%pl e t(pze sa{%réllficant

diteYER%e B wikgRyute value sma an absolute

value of the window coefficient corresponding to the index
n = 1 of lower than 0.03, acquiring a value of about 1 at
an index n = N, acquiring a maximum value of more than 1.04
at an index according to equation (31), acquiring a further
value of approximately 1 at an index n = 90 and 91, a first
sign change at the index values of n = 162 and n = 163,
acquiring a minimal wvalue of less than -0.1 or -0.12755 at
an index of approximately n = 3N and a further sign change
at index values n = 284 and n = 285. Howevér, the synthesis
window function 700 further may comprise further sign
changes at further index values n. When comparing the
window coefficients to the values given in the tables in
the Annexes 1 and 3, the additional sign changes with
respect to the window coefficients corresponding to the
indices 128 to 255 and 384 to 511 (multiplication with
factor (-1)) should be considered according to equations
{l6a) and (16b).

The oscillating behavior of the synthesis window function
700 is similar to that of a strongly damped oscillation,
which is illustrated by the maximum value of about 1.04 and
the minimum wvalue of about -0.12. As a conseguence, more
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30 coefficients, the energy value of the first portion 420 is equal to or
higher than 2/3 of the overall energy value of all window coefficients.
“/6%8%%%9% the energy value of the second portion 430 is spaliefotake9ko
equal to 1/3 of the overall energy vaglue of all window coefficients. 35 To
illustrate this, the energy value of the first portion 420 of the window
coefficients of the window function 700 WO 2008/049590
PCT/EP2007/009200 77 is approx. 55.85, while the energy value of the
whiow effiienteofthe'dE @i p6RRONTASA RN&SpraepRrdse Thabsolute
cnveral enbegyhvalsenaf ak windoew coeffierpnis oftthe Owindarsfusctian & in

IS RAPPEOY: 6503080 that thgienergy powalue of the fiest portian,4204S ang 2a,

a Eerox e?\}é?%) %f the %\%eratIL%ner% gluef&vrtl(izlg the energy value Ofath%irst
second por ion ﬁbtis approx. 28295 Y the Ve él?rénecra Alde of all

Wikeew dedrfisiehts 00 NaftfaRy, SfrtbriEeyeah He dtediPa, wherein
rnarmalized tveysionhydividingntbe enes g\ valie £ by-amosmatizatorport ion

faetap EiwhicB caniin princinle he anyenetnvalde olhe Mymalizaliones a
factor Eo may for mstange, be the overall enerqy value of all windo
co%secut11% secon %ﬁﬁglon of %% OY coetrficlients. As
coefficients of the sequence window coefficients calculaté ,
FebBRdifY to etfiiatibRgd4). BaSeddn thedSsoluteSRHEESBf thePwinddiw-ndov
coedffitientseort based amthewemetgy valmgsrafsthe resgectiveaviddowt group
cogfficiantsidlae @ centerQintaka "eenterabmass 20 thewseamenee ndow
of window coefjjgignts %%%Psidete@ﬁé”e‘jfﬂ:het Ce”%%fugf masg or e s ndow
center point of the Sequence of window coefficients is a real number and

iR FES T the RIFRETIMNJICSDBE iiefirst fdttion A26TF the QiR t2ve
coeffictents. |n fhewdasdoof theorsShieciiee frames®b cehwprisimg mbre thagond
fouwiigclss of ing-darainshia s%%mlfel@é (Ie%éhdh%&ﬁ@ﬁ&f&f 1¥asHBeR ion
bgged, ondhe acbosé’kﬁj%c"f‘é%%ss‘?f tfl%r‘{‘égdo"%r‘@ef@%'%és gﬂ@stcegsaes&g 420
mass ree based on the energy values of the window coefficients |

Smmfmtg/@qucmo&hmvd}zaggﬂw coefficients as well as the

terms second group 430 and second portion of window

coefficients can be used synonymously.

The more than 50% of all window coefficients having
absolute values smaller than or eqgual to 0.1 are comprised
in the second group or second portion 430 of window
coefficients as a consequence of the strongly damped
oscillatory behavior of the window function 700. Moreover,
also more than 50% of all window coefficients comprised in
the second group or second portion 430 of window
coefficients comprise absolute values of less than or equal
to 0.01.

The first portion 420 of window coefficients comprises less
than one third of all window coefficients of the sequence
of window coefficients. Accordingly, the second portion 430
of window coefficients comprises more than two thirds of
window coefficients. In the case of a total number of
blocks T to be processed in one of the frames 120, 150,
330, 380 of more than four blocks, the first portion
typically comprises 3/2 - N window coefficients, wherein N
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30 the case of T = 10 blocks per frame, the center of mass lies well within
the region of indices of the first portion 200. The center of mass n,a

“g)a%%%gloqgsgae absolute values of the 35 window coefficients[,%.tf‘ylgl,glgg.,/009200
e

Ined according to WO 20081049,590 PCT/EP2007/009200 78 NT-1 yy
_nb0 nca NT-1 (35) w(n~ n=qg and the center of mass nee in view of the
energy values of the window coefficients w(n) are defined according to 5
N T-1 njw(n)z ndo" NT-1(36) Z w(nfn-0 wherein N and T are positiv
infegerE ndiCaRRfhe Mimbér B TS EOMairt 2B SamBies p%‘ﬁ)eoloéffoc}i'
Autdrsihnmber of O lecks gemiparnes resprisivels eRaturgllyr &t cérfterche
RaintsoacesdingitoieGitations, (36 apd (36} eap pdsn be , caleultad withindow
rﬁé@%%&@i%#%t?d &t Ppuindow, cogfficients Ry,replacing thglimits ofye 45
the sums above accordingly. 15 For the window function 700 as sh%vyn in
Ei§OY thé Benter? of mass ncathaddd dh tRPAHISTte GaIRE SHiRe /¢ = N
wihtder coeffieiehts ignkis . equaher admluetdien,a se8pRE angotelcnter2 10
RAAbeR ceyersafgnasNnce b ke spest i hiee?(} energy vanes ekibe of a
windaw caefficients w(n) ig nee; §0.04,, A5 the firghrorign ePOO Ydpdey o ¢ i,
coefficients of the window function 7?%0 comprises 96%: 3/2, N; N = 6@
RN CoRERATS. BoUT CBRE PO WA W e L o1oes, WHereas

the second portion comprises 544 window coefficients. The
synthesis window function 700 as shown in Fig. 11 acquires
a value of approximately 0.96 at the border of the first

portion and the second portion at an index of around n = 95
or 96.

Despite the number of window coefficients comprised in the
first portion 420 and the second portion 430, an energy
value or a total energy value of corresponding window
coefficients differ significantly from one another. The
energy value as defined by

E =Y |win)’ (34)

14
n

wherein w(n) is a window coefficient and the index n over
which the sum in equation (34) is evaluated corresponds to
the indices of the respectivé'portions 420, 430, the whole
set of window coefficients or any other set of window
coefficients to which the respective energy values E
corresponds. Despite the significant difference of window
coefficients, the energy value of the first portion 420 is
equal to or higher than 2/3 of the overall energy value of
all window coefficients. Accordingly, the energy value of
the second portion 430 is smaller than or equal to 1/3 of

the overall energy value of all window coefficients.

To illustrate this, the energy value of the first portion
420 of the window coefficients of the window function 700
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first portion 200 of the window coefficients, as previously 25 outlined. The
window coefficients w(n) of the window function 700 are based on the

“?gdlg%g%g@ in the table in Annex 1. However, to achieve, W’liﬂﬁ;ﬁﬁ%wzoo
the

ow-delay property of the 30 filtegbank as outlined before, it is not
necessary to implement the window function as precisely as given by the
window coefficients in the table of Annex 1. In many cases, W(c)
2008/049590 PCT/EP26071009200 79 it is more than sufficient for the
WihdaRrbeRiciehts 8fa wiiddw fubegorceempiising 846 windolwhe window
easffidientsstor fulfdliranyref thetelatonscareqitatians given kpiheotableoBl.
ARRexes 2 1 4. The yndow goefficients pr filter,3 coefficients giveniinghe e
table in Annex 1 represent preferred values, which might be adapted
Mg 18 Sung ¢Pom ndREER in sHnd fpleAtdions "e  meray
Hewegerohs tlicafdd:; 96r ipstahéenby4he furtheprblexgivend ibtheof the
furtbes ADnexes;dhe prefesreduwralues ear bervarigd kxfrom e sgoondecond
thisdlfouiths §5h digit gfierthe slecialpoiphso that the resylting filtess oL o ¢
window, functions still have the advantages of embodiments according to
tﬁg%r& v .W&\ﬁé\‘}@r} depending on implementational details,
to obtain the window coefficients 15 based on the values given in the
talhlesia 1he Anrexestl cand 3 additamnal sign ehanges with respectrtoathézed
windaw, oefficignts;cariesponding0.1he indiges 128 12,255 38¢r384 Wit 1on
5f'La1C I‘Tg)l%ﬂl Ilcat‘l’%liw th facntor. mla)[%rslhogld E)e %%ns‘él%erednaé:cordlr‘}gi% e. The
equations (16a) anglel(%). 20 urari'ly, Rirther WiRdow Tliétbhs )
ORFTSHG atdiffereft GitEbdrooMAido Coe k8 €8n hBallf e overall
definedandiecusefl ia the frameworkasf £hbadiments Acchrdingetoatirece of

PreseRnweRiian: dn dhis contexd it shaidd be-potedibat 85 hota then (34) .

number of time-domain audio samples per block and the number of

blocks per frame as well as the distribution of the blocks with respect to
p%%??éﬁﬁﬁbs%ﬂﬁjﬂﬁﬁﬂgute values of the window coefficients or

based on the energy values of the respective window
cecefficients, also a center point or a “center of mass” of
the sequence of window coefficients can be determined. The
center of mass or the center point of the sequence of
window coefficients is a real number and typically lies in
the range of indices of the first portion 420 of the window
coefficients. In the case of the respective frames
comprising more than four blocks of time-domain audio
samples (T > 4), the center of mass nc, based on the
absolute values of the window coefficients or the center of
mass nee based on the energy values of the window
coefficients is smaller than 3/2 - N. In other words, in
the case of T = 10 blocks per frame, the center of mass
lies well within the region of indices of the first portion
200.

The center of mass n.. pbased on the absolute values of the
.window coefficients w(n) are defined according to
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samples can be varied over a wide range of parameters. 30 Fig. 12 shows
a comparison of a complex modulated low-delay filterbank window

W@%&ﬁgg?wndow) 700 as shown in Fig. 11 and the originq,lé%zwg)gzoo
prototype fi

er 720 as employed, fgginstance, in the SBR tool according
to the MPEG standards. As shown in Fig. 11, the CMLDFB window 700 is
35 once again the synthesis window according to an embodiment of the
presentNinention. WO 2008/049590 PCT/EP2007/009200 80 While the

window g ‘Etiog,,@g)j) according to an embodiment of the present invention

is, clearl mmetric as defined in the context of equation (30), the

orfginal Si}%&i prototype filter 720 is symmetric with respect to the 535)
indices n =31Y*and 320, as the window function 700 as well as the SBR
QMF prototype filter 720 are each defined with respect to 640 indices

each. In other words, with respect to equation (29) the "index value" no
@B@eéé?ﬁinﬁ?ﬁéeiﬁdéﬁ S syirmmetty Eefter & givBA b?rﬁ‘cFEﬁGl‘@?éWS of
thbe 10 tadevofthe SBR i@kEsprotatype fited ¥ 20nkdreovery durdo the
symmetry of the SBR QMF prototype filter 720, also the center point n,e

and ncevaecording to equations (35) and (36), respectively, are identical

to the 152yﬁ1m| dcenter no. The energy value of the SBR QMF

pratoty péfiitar-726-s 64.00 as th,e prototype filter is an orthogonal filter. (86)
contrast, thE cj)léa)[fy asymmetric window function 700 comprises an

energy value of 78.0327 as outlined before. 20 In the following sections of
the description, SBR systems as outlined in the context of Figs. 5 and 6
vwﬂé)@g_ggnﬁtidgﬁ%d m;jnafwéicgﬁg_e_@ﬁ% ?gﬁ@ggéﬁé_o fﬁmgﬁ@ﬁng fthe number
e iments according to the present invention in_the for of an

by SR b ThS TrerB AR LD e art Aodiiant A olPEy ©f

tRe PréSentifventiditiitthe BRAPBFAYRtNesis HREMMERK Y the-SnthE§RESr
filteklverk G:40coAks wily be outéned ininose détail, thedvdi@f)deteyrof ahso be

calculated with respect to a limited set of window
coefficients by replacing the limits of the sums above
accordingly.

For the window function 700 as shown in Fig. 1, the center
of mass n.. based on the absolute values of the window
coefficients w(n) is equal to a value of ne. = 87.75 and
the center point or center of mass ne with respect to the
energy values of the window coefficients w(n) 1is ne =
80.04. As the first portion 200 of window coefficients of
the window function 700 comprises 96 (= 3/2 « N; N = 64)
window coefficients, both center points lie well within the
first portion 200 of the window coefficients, as previously
outlined.

The window coefficients w(n) of the window function 700 are
based on the values given in the table in Annex 1. However,
to achieve, for instance, the low-delay property of the
filterbank as outlined before, it 1is not necessary to
implement the window function as precisely as given by the
window coefficients in the table of Annex 1. In many cases,
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analysis filterbank according to the present invention 30 employing the
window function 700 as shown in Figs. 11 and 12 comprises an overall

wielaxsRlidkses samples, whereas the original SBR QMF proteyper2007/009200
filter-based SBR tool results in an eyerall delay of 640 samples. 35 The

replacement of the QMF filterbanks in the SBR module, for instance in
the SBR decoder 610, by a complex-valued low-delay filterbank (CLDFB)
results in a delay reduction from 42 ms to 31.3 ms without introducing any

dégriaNBRIVE2B08/0EBE8HBE T2 68 H0BH266 8 £BRAbd iy °f 2
eraddiiondhcornpatationahperhpiexity. 64Mh thé méewfilterbafik botientbe  to
gandand SBRynade (kigh- qualife ade) ard tbglawiRaver soddh in the
%%?!Pé"” d?”JsYn%eeaié‘éa'E?%é"tﬁrb%kes’%‘5%éHQF’%%%%‘""%%&%S%'P“P&ter
) embodiments accordlng to the present invention with respect to Figs.

785 164 BSwn I ELBBCiaty in HRE fielPBR-RleddmnitifiGtiontand Hresent
dirscfionae dommlnizationyh iow-delaylis of geeatadontmpdrtanceoWhiitey  to
t@@ﬁma;m@d(I@%t;ielaﬁ(M@é@lg_alregdy&a@abxkq)qua@?@wag&;@elaudwver,
0 0 unicati Icatio 0 or, | elay. | .
R R IO e B B e ey, un
&aﬁev%’rbtaéf%ﬁ/s BraGEkRTo 260s AHFFRETIY5 Btett8leiimbRicatt &4
dodees. Hhehe BRRrdbcoddr 61, thé oM anafyisis Andsyaihesisstages the
sidlcanse apsaonstetstion@delaywefel 2 ms A promgising appreach o window

reguee faadelay istp utilze,a low:gelay flighank technigue acearding (o .

an embodiment of the present 20 invention and to feplace the ¢urrent

GRECAItEBANKS by B reRpEERvE 1ot dERY tsioh REESfifirig Eget?ﬁ nding on
diiibdgintariiatdptelpreebat ventionolitather Werdy iadatherardfdy cients
redueiidrois achieved hyesimphyweaplaong-the reguas filterbatks usaddxes 1

the SBR mogle 6100y a complexcloue2s delay filtedankaccordipg iQ, s naow

the eptodiments of e, presentnvepton, Lor tne,usage e 5K, g

384 to 511 (multiplication with factor (-1)) should be
considered according to equations (16a) and (1léb).

Naturally, further window fuhctions comprising a different
number of window coefficients can equally be defined and be
used in the framework of embodiments according to the
present invention. In this context it should be noted that
both the number of time-domain audio samples per block and
the number of blocks per frame as well as the distribution
of the blocks with respect to past samples and future
samples can be varied over a wide range of parameters.

Fig. 12 shows a comparison of a complex modulated low-delay
filterbank window {CMLDFB-window) 700 as shown in Fig. 11
and the original SBR QMF prototype filter 720 as employed,
for instance, in the SBR tool according to the MPEG
standards. As shown in Fig. 11, the CMLDFB window 700 is
once again the synthesis window according to an embodiment

of the present invention.
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according to embodiments of the present invention, which 30 are also
referred to as CLDFBs, are designed to be as similar to the originally used

W I\g?ljogjlot%rsggnks as possible. This includes, for instance, th%w&%}oa%owzoo

subbandsor bands, an equal lengtp,of the impulse responses an

compatibility with dual-rate modes as employed in SBR 35 systems. Fig.

13 illustrates the comparison of the CLDFB window shape 700 according

to an embodiment of the present WO 20081049590 PCT/EP20071009200

8Zninventitie andrtbevorifimal tSBR QR prototyperfitet & 260n Famitherinenet of

EtiH%Stflﬁtﬁ_§é|ﬁﬁ: d@kayél}tmﬁula@dcglé%rpﬁ k%hé/m Q@@ch??@etaam%id in
analyzing the oveglap delay introdu y the prototype filter or

o R 5N 1§ hadmoRTs e fraﬁ?ﬁé ’delatyh%f e hSaton SBEe QUF

RGPS Y&fgthid N Sampies inithe SIEEEFE BCTHA DaseRiSeRtém. tTthe the
sitodtiore shown iB1Fig 21038 réfeds oase tagamitodhe chseaf sosyitheésiss well
-filligrb%mg- Ehe windowy lzfeee%%zo@ @pgetbe 'PZ@LOM@ fgt&ét}ﬁur!ﬁlifl)ﬂné%pfwith
also 10 represent impulse. responses of the synthesis prototype .filters o

e TR T tortonbe IvAIGG St Eebct 1 the iy ialodie Far Both 7BSCS
SBR GRIE Filtdbark ahd HeSprop CLSRB@ccording (@5RS¢Rting  the
emrvdiment bhtheymesehntinvertidrerin the abubsiscancthe=syithesSisin the
ophshesivariap pthegightside gnddbe rlefteside pf ghe modulation core,

respectively, adds delay. For both filterbanks, the modulation core is
based on a 20 DCT-1V introducing a delay of 64 samples, which is marked

MBS 1554 the'HRelay 750:Nf tHYEISE b the SBROMEERrofdiperiiRtotype
720Idirrto tAR symhsetrytite medtktiorodare delay #1509 issynmeddckllyy to
agghgedvith 1especitl the entereiyyass v centel ointeitbecal to the
rggpggi 5 e filter f jon 7 indi in Fig. 13..Th

reasoné%gr)fzhisgb%r?g/?or ills!othaﬁ?]rl?eg bu?fregé) %??heqs%%ég Mlé):ilfiIt(i:?t‘)eank%BR QMF

nBEGS B5 BRSillet Pt d Pdirtthf i #6tdtfie RS RInEESN To0%dving 2"

trosgspificditlter. In contrast, the clearly asymmetric
window function 700 comprises an energy value of 78.0327 as
outlined before.

In the following sections of the description, SBR systems
as outlined in the context of Figs. 5 and 6 will be
considered, in which the SBR decoder 610 comprises
embodiments according to the present invention in the form
of an analysis filterbank as the filterbank 620 and an
embodiment according to the present invention in the form
of a synthesis filterbank for the synthesis filterbank 640.
As will be outlined in more detail, the overall delay of an
analysis filterbank according to the present invention
employing the window function 700 as shown in Figs. 11 and
12 comprises an overall delay of 127 samples, whereas the
original SBR QMF prototype filter-based SBR tool results in
an overall delay of 640 samples. -

The replacement of the QMF filterbanks in the SBR module,
for instance in the SBR decoder 610, by a complex-valued
low-delay filterbank (CLDFB) results in a delay reduction
from 42 ms to 31.3 ms without introducing any degradation
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contribution in terms of the respective energy values of 30 the prototype
filter values will be considered in the processing. Due to the shape of the

- rg‘é]ggx)gg:s;ﬂter function 720, this requires the buffer to be flg%qfﬁng‘;.imo

to the center point or center of masg, of the respective prototype filter
function. 35 To illustrate this further, starting from an all initialized buffer

of the corresponding SBR QMF filterbank, the buffer needs to be filled up

to a point that a WO 2008/049590 PCT/EP2007/009200 83 processing of
déta sull iesul e AigrBcessing Mt idigaffRhnterRuWrAfchoeglirapmplexity .
respectve Wirdovr funetien ok pretypedilter furatitnro s asigmificangh-

contribution, dn dhe gage %@eﬁa'%zR?Qer%Qﬂp%ﬁ qfo@l‘H?f“BHatyhereal—

symmetric shape of the prototype filter 720 éleldsa elay, which is of the

gﬁj]e‘r‘%‘fl th%léetrﬁéPSflrﬁ\SS %?%eﬁfé?%oﬁﬁte 'th@ﬁrof&?pedﬁl?ecrrfﬁﬁ&ﬁgﬁ‘ of
ohedéneas theadalay dHtrad dce by tive efsdulatioly edfelen 10ithe respect
RETrFiGbased systemn RhN s16dor samples is always present and the
system also comprises a delay of one block, it can be observed that the

synthesis prototype for the SB ntrod es an overlap delay of 8B .
éﬁ'ﬁﬁfé%a 5YAs idlicatdd eatiidi: % case Ft%%ng@}lrﬂﬁ(g?%lﬁl?erb bi-
@iwkiehiFigais re‘l%ﬁ@@%é@éifﬂ@nal |&ft- sideioderiay 760-6auses theg reat

delpy.rwhiteghe righi-side toverlapiar-eelatasto-padtsanibes atel already

t@s@e&%d%ﬁs not, intredice anadditonal delay dn dhe ¢ase ebamyRtestsion
éEBierbank In contrast 2startlng wjth" an ail mmal&led buffgr ?f the ,

Bcgccjb?a‘?]g fofan emboal’men}:of tife Bresent mventlon e is still
Syiahesis fitematkat vl hme kotigias IneMhfk 25H8 capable gnich is
rrapiding "neaningfiEwatg sdeneyeoraparédwto the SBR @ik fiderbaek of

dustotheshans.afthe wipdow fdpetian. Inotheraveigds, diedadbe shapethe

oéége anal § scirssynthegls W|SnydnqCh gérll_%tlon 7‘(:)Ogs,amplessC Bﬁcessgadu@é

a
reconstruction delay of 12 . ms. A promising approach to
reduce that delay is to utilize a low-delay filterbank
technique according to an embodiment of the present
invention and to replace the current QOMF filterbanks by a
respective low-delay version according to the embodiments
of the present invention. In other words, a further delay
reduction is achieved by simply replacing the regular
filterbanks used in the SBR module 610 by a complex low-
delay filterbank according to the embodiments of the

present invention.

For the usage in the SBR module 610, the new filterbanks
according to embodiments of the present invention, which
are also referred to as CLDFBs, are designed to be as
similar to the originally used QMF filterbanks as possible.
This includes, for instance, the use of 64 subbands or
bands, an egqual length of the impulse responses and a
compatibility with dual-rate modes as employed in SBR
systems.

Fig. 13 illustrates the comparison of the CLDFB window
shape 700 according to an embodiment of the present
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window functions indicative of the significant contribution 30 is sooner

possible. As a consequence, the synthesis prototype or synthesis window
“)‘H%Big&gghhe CLDFB introduces only an overlap delay of 32.5a83Bl6%09200

taking into account the delay alreagy introduced by the modulation core

750. The first portion. 420 or first group 420 of window 35 coefficients of

the window function 700 according to an embodiment of the present

invention comprises in a preferred embodiment according to the present

iERnGH Be  8Bdvindew codfitients CdtResPYRding o6 teyBelay thtised 720 .

31 WR 2008/@49590P C Tl L P28 09200 tikthe drft-side oyerlapméolated

tegethanyuiih the madulation. core jdelay, 750, The same delay i ;i ng  the
introduced by the analysis filterbank or 5 the anal)é(sylﬁs) rototy%pe function.

y
PIVE FeddoriR 1Azt Rt aRaRSRitYbaNeisHRED B the tmeSByerse” * oY
varsiohich tHaspsfiésisamindowt iupclioarct protdelsey fumttibhe Thasiu gt 1on
Querlaprdelayds mtroghged onthg rightsites comptisingahessastie avedap 1v-
3ize a5 farybesynthesis 10 fiterbagk. Hence, inythe sase of an pOgAL once
MF, %;ototype filterbank, also a del%y of 288 samglesorlfg mti'(odu ed whlled
Pah N5 sis ffierBaAk allording*t6 &h &fibbdirent s e preddf Window
ifvatiorPenly 82 samples e PHOEOEEEAs Al dERY. TBITRE t8Ble SRBwR LSO
indpgebémprovifies ascoverypontte defay whid differentanodificationotype
stages assWping,2 frapse dengthatA8Q samplas,apd a sampling rate of
48 kHz. In a standard configuration comprising an AAC-LD codec along
20 with a standard SBR tool, the MDCT and IMDCT filterbanks in the
dlisFPate P868C Eadse d£86laf6t a0 nnMoredverftie ORHE tobhftsefPR QMF
cilseszbdelay ohbd mst Moreeusspdeedo aDISBR-ovedaprdiwmgherto an

deimeal Rens isgeneriedsa Sbat therueral dalay of thige0dec-is R ilke and
20° 9190, 2311 1S9 BRSNS ELD GG SGIPTENG, o e

left side of the modulation core, respectively, adds delay.

For both filterbanks, the modulation core is based on a
DCT-IV introducing a delay of 64 samples, which is marked
in Fig. 13 as the delay 750. In the case of the SBR QMF
prototype filter 720 due to the symmetry the modulation
core delay 750 is symmetrically arranged with respect to
the center of mass or center point of the respective
prototype filter function 720 as indicated in Fig. 13. The
reason for this behavior is that the buffer of the SBR QMF
filterbank needs to be filled up to a point that the
prototype filter function 720 having the most significant
contribution in terms of the respective energy values of
the prototype filter values will be considered in the
processing. Due to the shape of the prototype filter
function 720, this requires the buffer to be filled up at
least to the center point or center of mass of the
respective prototype filter function.

To illustrate this  further, starting from an all
initialized buffer of the corresponding SBR QMF filterbank,
the buffer needs to be filled up to a point that a
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versions of the MDCT and the IMDCT generate in the dual- rate approach
a delay of 30 ms. Compared to the original 30 QMF filterbank of an SBR

“}8%@0§émg%ing a complex-valued low-delay filterbank acc giﬂﬂﬂfh@%os»zoo
embo

iment of the present inventigg will result in a delay of only 1 ms
compared to 12 ms of the original QMF tool. By avoiding the SBR-overlap
the additional overlap of 8 ms of a 35 straightforward combination of an

PAGLR Shthe 3BR faql; can, be avoided aampletely. T he{;%fg{%%ggid%?ay of

enhanced low- delay AAC codec is capable of an overall algorithmic
Y60 mé e drd

Sr S msEther thish 60 m& for e SFfhtSvar o RiRRs4dsty Window
BETALR 200 PROGIZO0 B corhbistibnipeviowely setlihedeTherefare] fiicant
carnhe Seeni that the cambinatiss obthetdescsiBrd gefaygedustighe filter
ragHiodsdndeed esultsin | saying. of e taple in Fig

14b i(\ﬁ(esaaf er&her overvie@vfg%h%ﬁ%rg?@ga%gzdggg&g;&%% ?)%%ultger 720

(er'gelr%a Fard fiie 6P’dpo“§}éﬁcﬁltér%a%§ SioRE1R b SteMassRbwh ipf mass
Figs C5aRES PThe dAd dntevatues ghuspeintRiyt e4b fvedased on a
sampling rate of 48 kHz and a core coder frame size of 480 10 samples.

Rue e the dual-rafe agrroach;ofa-SBR-s¥ste as,shawnand discussed ¢

in.Fig ang. 6, the core coder is_effectively running at a sampling rate of

bk EH?D%ﬁ]%qej the Sﬁgimi%ﬁsd:eﬁgly 6’1“%64€f§saFn|3fe4lsJ foi%rot%e TG Sﬁongt,sor@%é” ays
RFERBAIhtrdbdced bytha (@ife 2b8er, SPBRY beafubtrattdd I5Fforarke block,
standalonedatys vakues dftthe twbdilteybanksas geseribedds thie cobtext SBR

Qnfi0 1 3. Bl takle dn, Fig-cbah underlingsdhabis is Rassibledo reduce the
overall delay of the enhanced low-delay AAC 20 codec comprising the
low-delay versions of the MDCT and the IMDCT (LD MDCT and LD .
PDCH) Al oberaii@gorithiic dd18y ofF@24ns RfacHibfablé vhkhesis
biiernpidyamd the towhdelny Migsiods of e MRCT EntksthedMRCIraswel £ £ -
asifle @iginal@Mr dilterbanks sbyrysingseamplex-yalued lowedelay 25 - s ge
listhanks aerprding.foembodiments of fhe present, nyentiopngead ol o
the conventional 63 = fﬁfserbanlps, the P

introduce an additional delay in the case of a synthesis

filterbank.

In contrast, starting with an all initialized buffer of the
CLDFB according to an embodiment of the present invention,
the synthesis filterbank as well as the analysis filterbank
is capable of providing “meaningful” data sooner compared
to the SBR QMF filterbank due to the shape of the window
function. In other words, due to the shape of the analysis
or synthesis window function 700, samples processed by
window functions indicative of the significant contribution
is sooner possible. BAs a consequence, the synthesis
prototype or synthesis window function of the CLDFB
introduces only an overlap delay of 32 samples taking into
account the delay already introduced by the modulation core
750. The first portion 420 or first group 420 of window
coefficients of the window function 700 according to an
embodiment of the present invention comprises in a
preferred embodiment according to the present invention the
96 window coefficients corresponding to the delay caused by
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overall algorithmic delay can be significantly reduced to only 31.3 ms. 30
To evaluate the quality of the filterbanks according to embodiments of the

W SRRk bayention and systems comprising one or more filtgseams007/009200
listening tests have been carried oglf, from which it can be concluded that

filterbanks according to embodiments of the present invention keep the
35 audio quality of AAC-ELD at the same level and do not introduce any
degradation, neither for the complex SBR mode nor for the real-valued

fd¥ pbR/er SBRSMBUE I FRESs, tAE BERStORImIzEEiteRFam i iRy GoTe
dmbodimenhts of the WO 2008/049590 PCT/EP2007/009200 86 present
invention do not introduce any burden on the audio quality although they

e capable of reducing the delay b ore than 10_ms. For the.transien
iér%ssl%glgn gﬁéﬁ%e%b&é%@@?ﬁﬁ%o% sﬁ}éﬁt, %ﬁ?rggts %tsétist%clégl?/r%gn °oF
SipRifieRIRTPrdvemaHS areachievabi The BBBvet AEMbNEG that the

mnprbyeirerts havekdseen disserzeddwimgclisteningetasty et sastagneties of
and gwﬁwgﬁs-ﬁagﬁ@%ﬁ t@tkaHfﬂ@bg?@fﬁ{ tta%ﬂa@tq,qyénd_ , sam@t f'tnﬁoilm.th@hus,
case of a.32-band filterbank according to an embodi 0 .
%?é%ent? i‘ﬁ?ﬁéﬁ%n W'gg?ég gqualﬂfy Wé’IPFoIﬁ 1{alcﬁllctgertr)%tr}lxks ggcgc%rdi% O%he Slc_ie
%Rt ivhtid EompPsd 18 VOMERitePi&sks, 3fie fORGwWirg Bvak¥iibhesis
Wwas perfmrmied. Heinste a |agarithenic site sWeap was ahalyze@MAtPadEotype
dawnsampied 32ibandfilterbank owhessin dhes2dippes bandsodaidalizethile

Wwith Z%@?Saﬂgﬁé‘%ggge%ﬂﬁﬁ@ﬂ% tﬁ%%‘%@ﬁ% Was YNERIZEE AL of

64-band filte downsampled again and compared to the org;mal

5BRaPTRHf S cONVERORl SBRYQOME pratRySe fiterTestits iy ced as a
sighalyto-noise ratio 20 (SNR) of 59.5 dB. A filterbank according to the
present inventi_on, however, ach_ieves an SNR value of 78.5 dB, which
Hyatrajes that fferhaniss,aqeprding jo elbodiaets of, MR BIRSEN: of che
invention also perform in the downsampled version at least as well as the

&ﬁﬁﬁm(jﬁﬁhmﬁﬁggﬁﬁfn§5nmdificatlon stages assuming a frame

length of 480 samples and a sampling rate of 48 kHz. In a
standard configuration comprising an AAC-LD codec along
with a standard SBR tool, the MDCT and IMDCT filterbanks in
the dual-rate mode cause a delay of 40 ms. Moreover, the
QMF tool itself causes a delay of 12 ms. Moreover, due to
an SBR-overlap, a further delay of 8 ms is generated so
that the overall delay of this codec is in the range of 60
ms.

In comparison an AAC-ELD codec comprising low-delay
versions of the MDCT and the IMDCT generate in the dual-
rate approach a delay of 30 ms. Compared to the original
QMF filterbank of an SBR tool, employing a complex-valued
low-delay filterbank according to an embodiment of the
present invention will result in a delay of only 1 ms
compared to 12 ms of the original QMF tool. By avoiding the
SBR-overlap the additional overlap of 8 ms of a
straightforward combination of an AAC-LD and the SBR tool
can be avoided completely. Therefore, the enhanced low-
delay AAC codec is capable of an overall algorithmic delay
of 31 ms rather than 60 ms for the straightforward
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In order to show that this delay-optimized, non-symmetric filterbank
approach as employed in embodiments according to the present

“;g\éggg;&gsg@es provide additional value compared to a classicakplaHaRB%00

with a symmetric 30 prototype, asygametric prototypes will be compared
with symmetric prototypes having the same delay in the following. Fig.
15a shows a comparison of a frequency response in a 35 far-field

illustration of a filterbank according to the present invention employing a
B R IO R YA 668) ‘?:Bgr}ﬁé}‘%ﬁ to TRE HefBBRey idspomBe Rt aseen

fillerbankhemployibg medineswinddw hawingie tengtbed 128<thps (graptuction
WE2 088/0ARROP €3 f1R20Q 7009280287 $d 04 it akpihsh WS 29 ms.

magnification of the frequency response in the' near-field of the same
filterbanks employing the same window functions as outlined before. 5 A

diRsct &GRparisbh of the-twd Yraphs B0, 810 hbMehatoliRFiféGlienty the
regponse of du filterbbak eraploythdd |oledelyditeaiakndccordingteposed

an embasimentethedpresent invendiosds significandly bettes than theand 6.
%ées%%’i%'”ga&?q%?ﬂé( é’f&é Of "i‘i"tee‘?g”k eﬂ’i%"yé” abased on a

sine-window 10 of 128 taps having the same delay. A ig. 16a shows

2 EBmbHRoh Ebtf%|ffé1?eﬁ@wﬁﬁ%ﬁmﬁ?&n&m‘ﬁ%ﬁﬁﬂﬁﬁﬁ%’@efé]?ﬂ@aﬁ bFao9f 480
samples s Thevfiltetloa i€ LIDRE -with S4apandsacommises dfPbvegslitem as

dalawi 5 ehd 24 sampiessinclugdingithe frapingdelay angitheyeslapoder is
detax A rodyaialiihagk W aTREITERO0e AN SAEe che
lay would, therefore haveaprototypeo a length of 128, as already
|I€f§%§t88 |ndtﬁ%aae‘6nt%§t of “FigE B End . IEB?thggéjﬁllt%Jaﬁ% \‘R/ﬁﬁe is
50bs @RRYlap ROSdieRe®, fof ifSance rheMBET, sirfe-wdtdwes Glubtracted
Kaiser- fessetdadeadnindoyis geramlly provide fegaaebclige éobanks as
REatotynes Hence. i Fig, 16a.an gyeg\isw qfa frequency response of a

filterbank employing a low-delay window as a prototype according to an

embodiment of the present 25 invention is compared to the frequency
ré§fonsdslsf in Fig. 14b underlines that it is possible to

reduce the overall delay of the enhanced low-delay AAC
codec comprising the low-delay versions of the MDCT and the
IMDCT (LD MDCT and LD IMDCT). While an overall algorithmic
delay of 42 ms 1is achievable only by employing the low-
delay versions of the MDCT and the IMDCT as well as the
original QMF filterbanks, by using complex-valued low-delay
filterbanks according to embodiments of the present
invention instead of the conventional QMF filterbanks, the
overall algorithmic delay can be significantly reduced to
only 31.3 ms.

To evaluate the quality of the filterbanks according to
embodiments of the present invention and systems comprising
one or more filterbanks, listening tests have been carried
out, from which it can be concluded that filterbanks
according to embodiments of the present invention keep the
audio quality of AAC-ELD at the same level and do not
introduce any degradation, neither for the complex SBR mode
nor for the real-valued low-power SBR mode. Thus, the
delay-optimized filterbanks according to embodiments of the
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alternative symmetric prototypes with the same delay. Fig. 16a shows,
apart from the frequency response of the filterbank according to the

“%%?eg% 4is%gzntion (graph 800) and the frequency response 9&@&%{{;}%@&00
5 !

employinga 30 sine-window (graph,810) , as already shown in Figs. 15a

and 15b, furthermore two KBD windows based on the parameters a =4
(graph 820) and a = 6 (graph 830) . Both, Fig. 16a and the close-up of

Fig. 16a shown in Fig. 16b, clearly show that a much better frequency i
REBBRBE caR B EdRBvatPWRAB5LA fitefbiik fctordiHgdganon the audio
embodinyerst ofthe phesert yingerticrahabihg aforeyomiegictinddelay by
fpelonoa protofype filigr-fupgioncwith dhe samewdalay. WOcan even be
20081049590 PGT/EP2007/09200 .88 To llugirate this advaniage.qn ... 1,
more general basis, in I§|g. 17 twie i erBank prototypes with de ay values

differeht #om the prBTBRYRMSESSibedfikerb&W&™ Phfpared WhiledRave -
fiteentia o adcamipgotoaiherpresérive inveatiombsleichadasicorisideretdshening

Rigs 15 arddds hagran veralh delayRfidivsgamples, which corresponds
to an overlap of 8 blocks into the past and 0 blocks into the future

(CLDFB 80), Fig. 17 shows a comparison of the frequency responses, of

WO dRfSIERt it rbank P6totypRE M witl d lsafSdetyr5F 388 LiRples  the
Tebe nedreré€isbaRiy. i shows akfraquancyimrspbasa@nf gmbodiment of

naesynppelisryototypee filtedank (raph 84@hacgardingdean for the

emhodiment of the. presenly | yention, wiich is,kasga.an, @Eo%‘_’eé'é’xfg%%d to

blocks of time-domain samples into the past and 2 blocks of time

dOMRairf SAPRRERES the Hifure" (BLBEBYD) MBretR/et OBig 3§ alipr formed.
shibwatthe frequermynespoase (graph 850)asa cormespandiriieEepnmetiie  a
nielofyRanfiliesfupetion alsof hevibatielaynb383 sampes Jt 6ppdE bands,
Sfﬁgé‘ﬂéﬁ‘ﬁ’ggcﬁh_%i%@{“ﬁ Aelay ‘é@@?ea D8RRYMMeIG RIIAYPEeYe cutcome

window 20 function achieves a better frequency response than a

fitBFbank Wit & % AmBiciviRAoRARRActor bF bRaBpe  ABS FiRd ed again
cdentoreaBRes e jossibilRy oradbitet trideaf belfdey dalagangentional
gsBhtypms ipdicatetyearliellter results in a signal-to-noise ratio

(SNR) of 59.5 dB. A filterbank according to the present
invention, however, achieves an SNR value of 78.5 dB, which
illustrates that filterbanks according to embodiments of
the present invention also perform in the downsampled
version at least as well as the original QMF filterbanks.

In order to show that this delay-optimized, non-symmetric
filterbank approach as employed in embodiments according to
the present invention does provide additional value
compared to a classical filterbank with a symmetric
prototype, asymmetric prototypes will be compared with
symmetric prototypes having the same delay in the
following.

Fig. 15a shows a comparison of a frequency response in a
far-field illustration of a filterbank according to the
present invention employing a low-delay window (graph 800)
compared to the freguency response of a filterbank
employing a sine-window having a length of 128 taps (graph
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25 Fig. 18 illustrates the temporal masking effect of the human ear. When
a sound or a tone appears at a moment in time indicated by a line 860 in

“Fd%gs%@s%asking effect concerning the frequency of the tger g 67009200

sound and neighboring frequenciegarises approximately 20 ms before 30
the actual sound starts. This effect is called pre-masking and is one

aspect of the psychoacoustic properties of the human ear. In the situation
illustrated in Fig. 18, the sound remains 35 audible for approximately 200
$5QUntil Fidmehb tifROWRIstAateBasifd fihe B7oo DUy tiB%imé rgauency
maskenek thethumahne&ar rseactive] avhich isfalsoctalled ssimelltarfdduse rbanks

DAsking; {%gteﬁﬂée soMBd Siaps,(illysirated Hydines8 dy WQLDG8(643390
PCT/EP2007/009200 89 the masking of the frequency in the neighboring

frequency of the tone slowly decays over a period of time of

dp i ERdtely IR ksl Qdtr4tBE i BRy. 282PRR B8fohohtBusitodfecthat
is ldsofredened ¢y as postnwasking. theigf 19 ikustratés anpinparison of Aow-

Rf@l%@hofti%ah@aé}%% ?a%%@@ﬂﬁ@alt%EﬂP}%r%gﬁ%ﬁ?&W]' &nd@E present
coded signal w is based ilterbank e oym

Ié\?vvci-ﬂay fnlte%bangﬁl(%% l(—:gsl%?: or rk%%%ngegn odrlprrl?ent ogrhresgondmg
pﬁéggﬁﬁmém&ﬁafaQngéPmu@tré@%ttﬁé Iy BRI igidal Hf Sine-window

castdgtiettesy svHiely hage ieensproeedséd with a system comprising an
HE-AAC codec (HE-AAC = high-efficiency advanced audio codec). The

Flg%li%gf SySt?EébaéﬁgvPé‘ the %M&QP?QS‘%HEO@A%E%@?ER@ M ndow

dlrect comparison of (0) S|gnas he orlglna time

s@%%h%ntﬁe SUthht siyhal BY FeAHE- ARBEHeCdhowns thatSpRB-&the The
bEblriring o khe 6bORE JofMhé taStadranies irohprieasdliustraee byldn delay

agow 880 thenputput signalof nthedie-AAGKDgeC gomyprisesdoticeablee r Lap
PEE L0 eﬂe%éd%‘if Q419 ";{%St%a[é 2N QUIRUt SIgNR) f & SUSIEM ot ot ype

com rising an HEAA base anks comprising
the same delay would, therefore, have a prototype of a

length of 128, as already illustrated in the context of
Figs. 15a and 15b. For these filterbanks with 50% overlap,
such as, for instance, the MDCT, sine-windows or Kaiser-
Bessel-derived windows generally provide a good choice for
prototypes. Hence, in Fig. 1l6a an overview of a frequency
response of a filterbank employing a low-delay window as a
prototype according to an embodiment of the present
invention is compared to the frequency responses of
alternative symmetric prototypes with the same delay. Fig.
16a shows, apart from the frequency response of the
filterbank according to the present invention (graph 800)
and the frequency response of a filterbank employing a
sine-window (graph 810), as already shown in Figs. 15a and
15b, furthermore two KBD windows based on the parameters «
= 4 (graph 820) and o = 6 (graph 830). Both, Fig. 1l6a and
the close-up of Fig. 16a shown in Fig. 1l6b, clearly show
that a much better fregquency response can be achieved with
a filterbank according to an embodiment of the present
invention having a non-symmetric window function or a
prototype filter function with the same delay. '
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CMLDFB-windows according to an embodiment of the present invention.
The same original time signals indicated in Fig. 25 19a and processed

W&@&)‘Mgg&anks according to an embodiment of the prese%@)@%mogzoo

show a significantly reduced appeggance of pre-echo effects just prior to
the beginning of a castagnettes signal as indicated by an arrow 890 in
Fig. 19c. Due to the pre-masking effect as described 30 in the context of
E the re- ech effectl dicated by the arrow 890 of Fig. 19¢ will be
fgrgbétg%er mgs e& thgan " the’ Qre ec%r%qeffec?s hdicated k%/ e%aa#o:?vb‘gﬁbsm n
thé%ase 1df thé‘”ﬁbnvéhﬁéﬁélwmm? RbREYPRErefdrE: the BRLEYNO Values
beh&feoreofiltefbanks @ceording ta thes preseridsovantah, 35 whictbisredsoare
aaufdhe significantlyrequced.delay compased 3 gonentional present
fllterba ks  SaUSes th the outé)ut to be far bgtter fleL ed to tt’iestempo I

¢ d

inve Y ﬁ] % h%ﬁ] 6, has an
masklngi)roper Ies and e psyc BACOUSHCS 0 uman ear. As a
DFREGUENcESAS WO £008U9STIPETIE P20DTHI00 200 rST ARz HIreddy an

indieaiegbwhen desoiibimgsthe tistenimigeesis s temgpbayiny filtesbasksinto the
aggerdiag tc@@b@g\bcgﬁment @Iéhle Hrfseélzé'g%ée?l@” E@ﬁ\%\/gﬂéé‘?&d 188N the
rovement concernin ali e.reduc a

B T i beotypes
cOmiputaticiER CoffiaXinPEomparetPieP LB Averttorie fifeibanREecise, Fig.

wa -delay filterdardkgussecther saperfilter déngth men-thergeghe hsogerot ot ype

nradyatienar. fog 18JAstanes, QMEediterbankedn te caaBi2RBRt of the

géSteé%?u%“% R the, compy E}a'ong' Bgméoée’é'%’ does, 08?1‘&;56%% Mplocks
rms of memory requirements due to the asymmetric nature

p?(’;toﬁlld%eﬂ?é?’gaﬂfé RN HeRdiaHg n’fé’iﬁoﬂﬁ%ﬁerﬁ%ﬂ/ TefditGi@nefor time-
thwpithesisrfiitesisarniknineretke 15wpproxintdi®lythye220 wrdssiovhe, Fig.

case Qfixtilteddanks basead Oﬁﬂ\éq%é?m@@§§1%£éock@ﬂ§p'ﬁ g8 bjocks a
pSéJE%’QSoN#Or& Vely g%l% € OL%@BC'%’ |at<§q é&emfﬂ'} RO, 1 50

requwement er in reases y another 320 wor the ana sis filter is
Rﬁgag%pgr of samples. It can be seen that with the

same delay value a non-symmetric prototype or window
function achieves a better freguency response than a
filterbank with a symmetric'window function or prototype
filter. This demonstrates the possibility of a better
trade-off between delay and quality, as indicated earlier.

Fig. 18 illustrates the temporal masking effect of the
human ear. When a sound or a tone appears at a moment in
time indicated by a line 860 in Fig. 18, a masking effect
concerning the frequency of the tone or the sound and
neighboring fregquencies arises approximately 20 ms before
the actual sound starts. This effect is called pre-masking
and is one aspect of the psychoacoustic properties of the
human ear.

In the situation illustrated in Fig. 18, the sound remains
audible for approximately 200 ms until a moment in time
illustrated by a line 870. During this time, a masker of
the human ear is active, which is also called simultaneous
masking. After the sound stops (illustrated by line 870),
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20 However, as the current ROM requirements for an AAC-ELD core is
approximately 2.5 k words (kilo words) and for the SBR implementation

wenoibeidp k words, the ROM requirement is only moderarely/BERx026e100

by about 10%. As a possible 25 tretde-off between memory and

complexity, if a low memory consumption is paramount, a linear
ifrllterpolation can be used to generate the analysis filter from the synthesis
ilter as outlined in the context of Fig. 3 and equation . This

e rgBRioT Spthtidh o FERsBs e h ujrﬁ’bet?}%% 30Fe Flé%égrlynlﬂst]r?ur&ﬂ)%%ncy

by ortpapproxienatelycsisye. dherefore Casplagenkat bpthe of time of

sppyetional QMF fikerbanks indheilfamewark of SBR medyes B8 . This

ﬁ%_ggéb%/céwggq@ agcarding to,egbodisments of the present-inyentiony .
elay can be reduced in some embodiments by 35 more than 10 ms
Without any degradation of audio quality or noticeable increase in

Eompleddty 1 WO S008I 59 0CREFAEP 2007 0D9200 1T EffbdhplRAtc o of

accerding e the present-inuentiondberetorgneelatetodanzanalysis’iC - coded
%ﬁ'gﬁﬂgi'%@{'ﬁ@'ﬁ%@ apRaratys,on reethad for Windawingy Mereeveb e lay

1alysis or synthesis _filterbank or method of analyzing or synthesizing.a
%?%Féfa%% a \WtBhsis deas%?ff)’ér%'.“&%turtﬁly, ?h%a ngnn%%%rm %rrlggraor% the

iPmslemTEntiAg rrRtéithe abb¥e nictRodd kugiksadieslosde original time
lmplerientationaccatieg te smbeiimentsof¢hevprasemtr d0dme@ntioni th a
%g%ﬁﬁé@?@?yé §§$%@gﬁ§m@|WiQﬁﬁ—mﬁwar%i gh-efficiency
ations or a combipation of both. Data, .vectors iab|
&é%earﬁfeeoé, rgélelv\?é’d o &%%?Wis%l%gtoPequ E)ut%e Sr%cegésequrgglg %é s?)d'e{r%?jd on
iRRffeRTIGRAS BN ahentBrid™Such Bis rahtoR-EREESs midhofied : bufréls, 2
Read-Enlyompa nemoriest namyolatile memoAds (e. ¢ HEERROVS dlash-1ne
Egﬁ;‘l’é@%—’é ofiags r@&}ew@tsswtaqs HrRaneticer-oplicatJaemasieswd that
age position may, for instance, one or_more memor its ir .
8%t (Scrosé%/eet?:% r%éﬁgét?\% %?nc?l?)neis %?%% a, %%cﬁ%% v%?%%%egsgf&H&g o
[ﬁ#am@ﬁgg,géé5ﬁ§rated by an arrow 880 the output signal of

the HE-AAC codec comprises noticeable pre-echo effects.

Fig. 19c illustrates an output signal of a system
comprising an HE-AAC based on filterbanks comprising
CMLDFB-windows according to an embodiment of the present
invention. The same original time signals indicated in Fig.
19a and processed using filterbanks according to an
embodiment of the present invention show a significantly
reduced appearance of pre-echo effects just prior to the
beginning of a castagnettes signal as indicated by an arrow
890 in Fig. 19c. Due to the pre-masking effect as described
in the context of Fig. 18, the pre-echo effect indicated by
the arrow 890 of Fig. 19c will be far better masked than
the pre-echo effects indicated by the arrow 880 in the case
of the conventional HE-AAC codec. Therefore, the pre—-echo
behavior of filterbanks according to the present invention,
which is also a result of the significantly reduced delay
compared to conventional filterbanks, causes the output to
pe far better fitted to the temporal masking properties and
the psychoacoustics of the human ear. As a consequence, as
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20 matrices, window coefficients or other pieces of information and data.
Software implementations may be operated on different computers,

WB%H%E@ ds’&ke systems, processors, ASICS 25 (applicationspesif6o7/009200

Integrated circuits) or other integrajgd circuits (ICs). Depending on certain
implementation requirements of embodiments of the inventive methods,
embodiments of the 30 inventive methods can be implemented in

Q@@V\@f@e§@@W§E€dqrd'é'&‘e@0m@mﬂ@@s@m*ﬂnﬁhQHED'@M%H% CaRsts,

erformed adl |taI stora emedlum in particular dISCC
lVI?F)?'oF(angther?ﬂsc avTAng an éﬁe%{ronlcglllg reagabler(':%n{grofn&gnal of the

867G Meredm iRt €8opefates 38Yfh a pFdgtamhtablefCompdtBF o vement
systery, progessoe cnualegratethoiseuit bycht trat mededddiréatyof the
inventive method is performed. Generally, an embodiment of the present

theref duct WQ_2008/04959
S R o iy G

mAChFRSfeadaltié carr&P™RHE Progiamt code BEMG Bpetated forPared  to
perforemngcare embodirreritast e inkentivdedeyhods Whentiheksompater the

gL RroduCldNG o & aMKErs HFRCEFSQE Ob iNteatad biHeUsIN for
Qthgr words, '%Odfq‘ﬂ‘é%%&%sm!%m - Mellads greserefore. s such

computer p rogram avmga program C(%% for erformlng at ledst one

érﬂBBdn‘Hé“ﬁt cﬁ“iﬁé’%%ﬁfﬁ?@he%&%]\ﬁﬁéﬂhe%‘?ﬁpufﬁtprdgr?ﬁﬁieﬁﬁ% In
dreameornputeeneroEe Ssel o integrated direuit. oLOtAr apparetgs forc nature

generatng auieia spleband valdes inrasidimisubpband-chanpetseacearfingsttory
angnRedimgnts ofthe presgnt '”@H‘&E‘e%‘i@p”s%ﬁi‘@m 1ncrease

windower (1102}1 or windowing a frame (120) of time-domain audio.i

n
SRRFRETEEENY ifY timeéSediatte eeniity A5RT &N 8§rlyasar$1b}e€?orbank
Praedsampl¥ using 4n s@aRAs wirRlowofipekora(id0Y compPisikgecks per
secueacens yepdew coefficients ta obtaii windeopmdreampled, iesstem, the

%%ﬂ%??“@ggwxﬁéMéﬁ@(%%Qkher increases by another 320 words

if the analysis filter is stored separately.

However, as the current ROM requirements for an AAC-ELD
core is approximately 2.5 k words (kilo words) and for the
SBR implementation another 2.5 k words, the ROM requirement
is only moderately increased by about 10%. As a possible
trade-off between memory and complexity, if a low memory
consumption is paramount, a linear interpclation can be
used to generate the analysis filter from the synthesis
filter as outlined in the context of Fig. 3 and equation
(15). This interpolation operation increases the number of
necessary instructions by only approximately 3.6%.
Therefore, a replacement of the conventional QMF
filterbanks in the framework of SBR modules by low-delay
filterbanks according to embodiments of the present
invention, the delay can be reduced in some embodiments by
more than 10 ms without any degradation of audio quality or
noticeable increase in complexity.
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comprising a first group (200) of window coefficients 20 comprising a first
portion of the sequence of window coefficients and a second group (210)

ngﬁﬁ/dg,g@g%coefficients comprising a second portion of the SREYERGEAf09200

window coefficients, the first portiogicomprising less window coefficients
than the second portion, wherein an 25 energy value of the window
coefficients in the first portion is higher than an energy value of the

window coefficients of the second portion, wherein the first group _of
PRAGH e i eR S REGSEE o RinBBRING T8RP e L BB AT SAmpPR] TGP T e
the seeondcbgrenp afindyddw coeffisiemt$:86 is usddfarwindowpigeedties or
limesdamaip.samples.andha alculates £170) for saloulating the augiorhesis
ﬂlﬁl%%n ggkyes usin thg1 windowed samples. In an qéqpasfgtzuls

for .
; 1
generaﬁlng aud%sﬁ%bgr? va uegrllrzi1 ggéu |oosrub%%rﬁ [ anne§ a sigha

HEdAingito HARAModirnents 8 el YResentIAtertoht ¥he anfysiFomputer
wirdpyveer (1i1Q) isadaptedy sushethat the taralysibaviadomefuimedon (190)4ds-so
asynametde with respect to the sequence of window coefficients. WO
2008/049590 PCT/EP2007/009200 93 In an apparatus for generating
audio subband values in audio subband channels accorog\%g to an

e

SMBLEMABLE IR PREHiftentidh, (RERFRAIYSE WindGer tifo) Bresent
adaptedimsuctethaban enemgyevhlwaiof tae windsivoeffiimtemg e tfirons ,

pefionds equaldosndieaterdhan 2/3 of arenBigyatvabie of all wortaw Data,
ostigients ghibe seayarae.gf Wiy qeliciepls.aaq 40 CBgIOYAILe s se
of tﬁe window coefficients of the’second porflon of window coefficients i

SHANEL G thaPPoPEqRE 15993 BF ¥n Rhefdy vade TF afl WiABORRC kinds of
comificicnts cltble seruemntdoiwindewscaefficisnss In AR Hspesatisfef -Only.:
grRARIatiag audigssubhanst valyes ieresielie subband,chareEsrareordinglosh-
Agabodinenss obihe. 15 pisrent ivedtion, Meanaisis piadoder (lca,
is adapted such that the first portion of window coefficients comprises 1/3
GHBSE sy 1A of Beth A URBE B Min BB cfeHficid AR GHRE sefieE ©F
ofawviadoercoafficientssantetiei red to store or save the respective

amounts of data, such as variables, parameters, vectors,
matrices, window coefficients or other pieces of
information and data.

Software implementations méy be operated on different
computers, computer-like systems, processors, ASICs
(application-specific integrated circuits) or other
integrated circuits (ICs).

Depending on certain implementation requirements of
embodiments of the inventive methods, embodiments of the
inventive methods can be implemented in hardware, software
or in a combination of both. The implementation can be
performed using a digital storage medium, in particular a
disc CD, a DVD or another disc having an electronically
readable control signal stored thereon which cooperates
with a programmable computer system, processor or
integrated circuit such that an embodiment of the inventive
method is performed. Generally, an embodiment of the
present invention is, therefore, a computer program product
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second portion comprises 2/3 or more than 2/3 of the total 20 number of
window coefficients of the sequence of window coefficients. In an

NI §9§Pr generating audio subband values in audio sufbaRe:007/009200
channels according to an embodimegnts of the 25 present invention, the

analysis windower (110) is adapted such that a center point of the window
coefficients of the analysis window function (190) corresponds to a real
value in an index range of the first portion of window coefficients. 30 In ,

HA B paraREO B e nePath oS RTE SuBBarfd PAGEL e HRAG BB Barffr ¥ 185
cihannefsracoonding dode ennteddimentspeftheegreséntrinvargiohotiing  an
analysishuindowsr (1402 is adartied; suchibahthesanalysis Witlow computer

function (190 %omgrigg% g 35 strictlg mg@%t%r;i(%}q%%rg ggwlg f(ggm.ltggegrated

rTogra Holelb] on L
md%w COg |C|encf comprising tﬁe ighest a ute value of all window

Soethsiehits offhe 8RERSIs WRTRRY fulfRRIFHERT tS a Wo 2688104865 Ve
RETHdR2GHD08RB8R T4 nendew coafficient @fﬁh@@ﬁ]u@ﬁﬁ’ém win@g@wgsram
@?&@Cie@térUS%@Mowwingaﬁhe @%ﬁﬁim%ﬂ@m%ﬁﬁbdmmeofn the
a”n%%?ff‘&%s for %%“%fsa““&\a%d'_ot%%bb%f;q\g{aw? in, 5audig supbagd o, 4
chahnels according fo an embodiments of the present invention, the

SIS Wind BWEF EERR)Hs Hdlapted® B at tHeHrdlysis window

function (190) comprises an oscillating behavior. 10 In an apparatus for
genering-audio spbbagd valuesiingaudio istibband shannels aesortingatodio
asgu%@g’x‘?gir‘éﬁ%?n%fl@ea%gﬁeﬂJ@"?&B‘C’Qmt*é%%'yﬁ?nw@d&we&(llg)r?@sent
adapted such that the window coefﬂcu_ent corresponding to an m?l%On = for
(FPIE B pris@RRNLESIutE Valu i the i"fngewoqfri(goé'@rto 14O
wherdivandndexiofahe sétRiehce bf Wiltowossekiciahilie ahlRtdyef aTPles
the (ange af @ ta Nnd sbqudieseindhearindow anefficiant usedifor sample to
vdndpuiag. the. |als! timesdamalg audio gaussampifglihe 3g 320 i¢190)
the window coefficient corresponding to the index N_., .
comprising a sequence of window coefficients to obtain
windowed sampled, the analysis window function (190)
comprising a first group (200) of window coefficients
comprising a first portion of the sequence of window
coefficients and a second group (210) of window
coefficients comprising a second portion of the sequence of
window coefficients, the first portion comprising less
window coefficients than the second portion, wherein an
energy value of the window coefficients in the first
portion is higher than an energy value of the window
coefficients of the second portion, wherein the first group
of window coefficients is used for windowing later time-
domain samples and the second group of window coefficients
is used for windowing earlier time-domain samples, and a
calculator (170) for calculating the audio subband values
using the windowed samples.

In an apparatus for generating audio subband values 1in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the analysis window function (190) is asymmetric
with respect to the sequence of window coefficients.
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20 1, wherein the analysis windower (110) is adapted such that the frame
(120) of time-domain audio input samples comprises a sequence of T

wWolasls b3 of time-domain audio input samples extending&omptoer/o09200
earliest to the latest time-domain assdio input samples of the frame (120),
each 25 block comprising N time-domain audio input samples, and
wherein T and N are positive integers and T is larger than 4. In an
apparatus for generating audio subband values in 30 audio subband
channels according to an embodiments of the present invention, the

ARalysis \ARBBWRF (105 RradapRRF SbERGhat WRE RindBRba s icientues  in
coidespansing ial thehadeax 16f the vondawgcoetliceemtemsoNinmenls of the

50!@99%5 anvahsalute valye ofless $han 0,02, 388.an @PRAFatYs ffdapted
g ogd% audio su gand ¥a ues |n a}CJgIO subba':\nd ccrg)%@}els acc%rdln%t(%he
ﬁ1enrfs %’f’ﬁweg%reg At |nvent|on tha"Hnah éSIS win P\ET

éderpﬁédm@zees/eagsgwtwgp%oqmm b8 chiRaCirftfowiRG LIy
caibpeses multiplyingdbe tinwee ddmairrasdio fnput sasgies @y of therindow

f&%@@ﬂ@@éﬁ@& ebiain the, V&iHQQ dsaraplessz(phef thenwindowedframesnt s
? gton the & C‘atlon 5 z(n?\ ) c(n?jwhereln %#sian |n1§égels smaller
indica e

ng an |n ex oPﬁ1e se%uence o‘Tme Oow CO ients in the range o

GRRT A, a84Akerdin cfis tRE wWitdoRPEISHiciert b theHnaRsis  Window
wioelbfii funetion cofrespendemgutertbe index inddiereimef il It epissthe
latest time-domain audio input sample of a frame (120) of time-domain

di t I th |
At pestena S M anabiin vadate: LIDRSA REles in

ame time
@ﬁ%&%@%eﬁﬁé%?{ﬁoa&cﬁ%ﬂﬂnﬁ% &ﬂnﬁﬂ%&‘ﬁ{b‘iﬁ of the
anesies extending from therearlest 1o the latéstdipwerdomain)autlio iapapted
saeples efithe frame (120)reach ploskion  of window coefficients

comprises 1/3 or less than 1/3 of a total number of window
coefficients of the sequence of window coefficients and the
second portion comprises 2/3 or more than 2/3 of the total
number of window coefficients of the seqguence of window
coefficients. '

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that a center point of the window coefficients of the
analysis window function (190) corresponds to a real value
in an index range of the first portion of window
cocefficients.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the analysis window function (190) comprises a
strictly monotonic decreasing from the window coefficient
comprising the highest absolute value of all window
coefficients of the analysis window function (190) to a
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comprising N time-domain audio input samples, and wherein T 20 and N
are positive integers and T is larger than 4. In an apparatus for generating

M@@%Q@nd values in audio subband channels accordingg@007/009200

embodiments of the present invenijgn, the analysis windower (110) is
adapted 25 such that the window coefficients c(n) obey the relations
given in the table in Annex 4. In an apparatus for generating audio
subband values in audio subband channels accordl‘a%to an embadiments

YBRC B0 RESEHETHIETORT the Sppt HRPEDOPE AEBPEY 1o TSAG Bh feients

© aselysiowindoasfunttion {290 bsingta tikme relarsdd oNﬁéléxfféV@r%@d

version of a synthesis window function (370) to be used for the audio

$4bba (ﬁg S\g}ggg%a%%w ap 3ppgatus for generating audig subband yalpes

in au band channels according to an embodiments of the resept
ﬁﬁ the

RAvehtor? "tHB%ﬁ?}%Iy%%a\ﬁﬁ]%ﬁve??ﬁ@fiwdaﬁa‘feoa%uaq‘lﬁ%{ltﬂgrf

potioardf tha uaalysenwindbw fanetdors WO wD0gmuo59¢110) 1is adapted
RGIVERZQR7/Q0200n 96yeomprisesiawitdow €oefficiend hpvisgnrises an
%@H@a@%gng%ggg@rbemg greater than 1. In an apparatus for

generating audio subband values in 5 audio subband channels according
to an embodiments of the present invention, the analysis windower (110)
i mdapteh R hakdsall fEdoIe BeEHieidEs @fqﬁé%eqi}é%@& wiifdoigs in
caefficientsiararealeralued vWendew coefficients. lininamepparatusforf the

%H%g @H@@rﬁef%@ndw?ml%gg@;@@méﬁaw%b aCQ(QISg%&EQ:ed
an embodiments of the present inyention, the analysis windower
?E]& §Ubh% 3tﬁﬁqéj e?iig OF%ent correy AAIRVEL Frdex

ime-domaim abdio in Inp pat samaTes
Gbmprlgésja) seqilerREGET BRfck3T13b 61 ke 1Eadd%ﬁa|h’hu%|nﬁﬁf’ge of
sangplesextendingvttemethe earlieshtde thedétesttemesdgmancaudid inpubdow

sagapies of dhe frame £12Q), eagh black eqrmprisingd\ Gmegdemain audio- 1,
InpulL_sample whereln T, and N ate positive ipiegers a0d Tis Jaigerdanc.,
latest time-domain audio input sample of the frame 120 is
the window coefficient corresponding to the index N - T -
1, wherein the analysis windower (110) is adapted such that
the frame (120) of time-domain audic input samples
comprises a sequence of T blocks (130) of time-domain audio
input samples extending from the earliest to the latest
time-domain audio input samples of the frame (120), each
block comprising N time-domain audio input samples, and
wherein T and N are positive integers and T is larger than
4.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the window coefficient corresponding to the index
of the window coefficients n = N - T - 1 comprises an
absolute value of less than 0.02.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis window (110) is adapted



10

15

20

25

30

35

in an apparatus for generating audio subband values in audio subband
channels according to an embodiments of the present invention, the

W@r@bﬁ;@g\g@dower (110) is adapted such that windowing ce@mpgsam 89200

element-wise multiplying 25 of the tigsne-domain audio input samples of the
frame (120) with the window coefficients of the sequence of window
coefficients. In an apparatus for generating audio subband values in 30
audio supband channels accordin(%%an e odir’gents of the present

t

PVERLIT e SRRTSILWRAGREP Ss RHapted LG0T that 2ac lme_éomam
BdidonanHudie LR Samhpie iscdlerflept- WigBuldBied Wih aRfiRdBwthe
edefticieati ofthaanady sis(windav fiinetion adoerekingfiomseguense ofn  the
ime:domain 35 audio input samples and the sequence of window
coefficients. WO 2008/049590 PCT/EP2007/009200 97 In an apparatus
for generating audio subband values_in audio subtiand channels
according to an embodiments of tﬁ@)pfe@éﬁt)in ion, the analysis
windower (110) is adapted such that for each time-domain audio input
sample:of the Sframe; (120) of timesdemain qudio iRyt samples,exadhuence
on Wi,ndg%ed gamp%e ci:s en%rateg. in gn apparatus g%r ggne{%tin% audiq,_,
Sibbahd'Vallies h® atdio sibband ¢hannels acpg(ding 0 an embodiments '
ofBEe1O presant ilventidie thelasaysissRmbbiert t0) 3 addpeddtehysis
thanthewihadovt coefficient esprespanding do ame-indeke of the wiredoein x (N -
@;ifjci?m r’cﬁﬂ@&d@f@”?@éﬂ%@édﬁ&ﬁu of.legs shaimPuk, V\é”@:ﬁ@lh ':oethebff a
index of t quence. of window coefficients is an inte t
NS 1200, S RGPS HE o et Coe o e che
tAB3AESE EmALHBARNS Budid Hut d8mAEIRTRS witlioly coRffciehire ~frame
cotzsponding toithe-iddea hh T atdirvan appatatus dowdeseratiogtibes a
sybhandalugs in 120 uskiq subband channels ageoubng id aiudio  input
embodiments %Leth% Rreseqtinvention, the analysiswindower {11QLS ¢ ;me-
adapted such that the firs porrrhon of window coefficients :
domain audio input samples of the frame (120), each block
comprising N time-domain audio input samples, and wherein T

and N are positive integers and T is larger than 4,

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the window coefficients c(n) obey the relations
given in the table in Annex 4.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the apparatus (100) is adapted to using
an analysis window function (190) being a time-reversed or
index-reversed version of a synthesis window function (370)
to be used for the audio subband values.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analeis windower (110) is adapted
such that the first portion of the analysis window function
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comprises 3/2 N window coefficients and the second portion of window

- coefficients comprises (T-3/2) N window 25 coefficients of the sequence
wef Windwggoefficients. In an apparatus for generating audigggRans 009200

values in audio subband channels @ccording to an embodiments of the
present invention, the analysis windower (110) is adapted 30 such that the
window coefficients c(n) fulfill the relations given in the table in Annex 3.

In an apparatus for generating audio subband values in audio_subband
QRS B8 crdingtBUN SABEAHTRE of IR $8IpraBerRRRretion, figgimum
anzdlysisheindower ¢21@)ristadaptéd such that the window coefficients c(n)
fulfill the relations given in the table in Annex 2. WO 2008/049590

PCT/EP2007/009200 98 In an apparatus for generatin io ugg Q% ,
o Suanaead Edn SO ERRR LA o JEHTS IAREIRS BRI in

Gradiat iAVERAGH tFE aRARST WInddh2tR10)9s dBafBRCSaaTtHaR uRd the
wingeencoetficientsicn) camprisethieywdlaes iSgiveain tHel tablelin Admxted
bJsrancapparaius {orgeneratieg audicssihband values dyalitie Sﬁ'bbal‘.ﬂddow
C S rding to iment i , the
R G S S ey s, st o
time-domain audio input samples to be processed is generated by shifting
(In1) sater dikpeks? bha difeatly peacading iameyd20) of iikaddmaialaifio in
iaRdisANRies Lydonenblesk tewarssdha eafliet dimend @bty Btk PUE  the

mgﬁ@”%we%&%g,onﬁﬁéo%@ﬁgé oL fresh, g fie-domain audigyapt eq

samples as the block comprising the Tlatest time-domain audio in

t
Hiiles Uithe préSentrame (126)°1n aﬂfapﬁdfﬁ&"s%ag]elﬁergﬁ%gudfonp“
stihahe v/ ak@BHE 126 audio saAban¢ehaine akéorehsy toladP) of time-

embadimeatsiobthen praseskipyesatior tberapneagats ¢h0d)Hs adaptetest to

stigh that . the present frame {120) 0 figedpmain augio 0put;amples £ rame
x{ﬁ])?to be processed is generated pbased on shifting the time-dom
a

in |
&?ﬂputes%?ﬂpb%l)? v(ﬁ)"B‘Ptﬁias&Fé’cuW L ind-domarn  audio input

samples, wherein T and N are positive integers and T 1is
larger than 4.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that windowing comprises an element-wise multiplying
of the time-domain audio input samples of the frame (120)
with the window coefficients of the sequence of window
coefficients.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that each time-domain audio input sample is element-
wise multiplied with a window coefficient of the analysis
window function according to a sequence of time-domain
audio input samples and the seguence of window
coefficients.
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25 preceding frame (120) of time-domain audio input samples based on
the equation x(n - 32) = xplev,(n) 30 for a time or sample index n = 32, .

vs;ﬂ'?o gmggg\égereln the apparatus (100) is further adapted to 9@%@96‘%5@9@0

time-domain audio input samples x() of the present frame (120) of
time-domain audio input samples by including 32 next incoming
time-domain input samples according to an 35 order of the incoming
time-domain audio input samples of decreasing time or sample indices n

f&Pth& BmaRRn AR audie npGesshplengn)ordfe predhefdmd pids  in
stadihg as tivd dinte ahsamplesindexord3tg\W 2608/6485eiments of the

RGEERA007/QR920Q,99 lpran apnarglissfor, gapeating audio subbandapted

valuehs in agédlc% subbanq],‘ hfannels accordlna%g) an emboglments Jeéthgf the
resent |nvent|on the calcu a or (1 %; comprises a gtl elfre ue%

cy
c%ﬁ%@ﬁer 2d9pteBlto GePRTARRARE AHSOSHIRIH \?ameéeacﬁm%pf one
subbdndedlsesnbased sngure: fregtme (150) of windowed samples
represent a spectral representation of the windowed samples of the frame

(J_t%o) of W“&%"""%‘%S%‘m%s gn'é‘ea LERR ra%ﬁé%oge&%%%'}%a‘%%es in

an values in audio sub anne s according to an embodlments

of HiE HrESARARTe iR i EmBARIAERY dohvéRerSRRREpREl S ©f
genesating complekiviuedbereabaalvetsaudiodabisand( 15Walues. mﬂanted

a@@afatua&r generatng ewdiscsiibanteyalues i assioguhbard an index
?“'E%é agearding &%8?@{7&‘1%91' ngs of the_presepy '%%%R%é@ea value

ulator (170) Is adapted to 20 calculating one audio sub% nd value for
eaf:h HRESdOrHAn aldio inptReafidle 6P6neBISER (1%0) SPmETBRTARS ©F
avdied mpuresabdplescwherehs cakeuflibgsachiaudid subbang valfieCoito N -
each of the timerdomaire agdip inphtsampiem of ore ditic (£3@) ofused  for

timesdamain audio "18%%3{“9'9&@!3 83790 108: 85 Wipdewed RBIPIes the
of the windowed frame (c
window coefficien correspondlng to the index N - T - 1.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the first portion of window coefficients
comprises 3/2 + N window coefficients and the second
portion of window coefficients comprises (T-3/2) - N window

coefficients of the sequence of window coefficients.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the window <coefficients «c¢(n) fulfill the
relations given in the table in Annex 3.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the analysis windower (110) is adapted
such that the window coefficients c(n) fulfill the
relations given in the table in Annex 2.
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In an apparatus for generating audio subband values in audio subband
channels acco;ding to an embodiments of the present invention, the

wWeMehARELd 70) is adapted to 30 calculating the audio subbaod/redoeR09200
based on multiplying the windowedsamples (150) with a harmonically
oscillating function for each subband value and summing up the
multiplied windowed samples, wherein a frequency of the harmonically
oscillating function is based on a center 35 frequency of a corresp d|n
dibbaRd GRRARIRIBRNE OHuS R AT ApPardiidiitr RHeR
subbandsustbesih audimsuishandcstatimads aecowlngwaﬁ@mb@@m@nsthe

QftbgdNO 20Q%/Q49380 F’EHéE%aQQZ/QQQZQQn&%@@semnmyea@omﬁa@md
laor 1191 adapled sush Jbal i Damonlsall gaelABOECan e

a complex exponential function, a sine function’or a cosine function
B Apparatis f&aﬁ’éﬁeréﬁn&%ﬁﬁb dubband values in audio subband
channels according to an embodiments of the present invention, the

cadculator £bAQxisadaptedto galuatingthe andisubbapdvalues wes in
b%%ﬁ%P%ﬁg%&ﬁ@ %%%é?éﬂgOECJOQQXAdJKHnan embgéfﬂgkﬁérgg the

2n - 95) 'n=0 for k =0, 31, wherein
RAPRE WinddRaS ‘s%ﬂ’tpléh@or‘?é’%ﬂflﬁﬁ td BRGRdeR n2 ARRTEH eish that
subbanddsger, Whersin 118 &n indek bra-sleork {180 W HRididaushaRIP Les
20-vajues ancbwbetein f0spéxkisareasaillatng funotign (dependiagean alocks

"5%' vgluggr%aéaq&e %40 AnApRAratis for Q@Q%rﬁt'wa%ﬂéuégaa% audio

values in audio subband channels accordin Cg n embo |ment of th

25 raseeRERfion th&RAICHAGH (170 A Sl g (e comain
osuiflating fprdtiorafip Less and by addlng one block (220) of fresh

time~domain audio samples as the block comprising the
latest time-domain audio input samples of the present frame
(120).

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the apparatus (100) is adapted such that
the present frame (120) of time-domain audio input samples
x(n) to be processed is generated based on shifting the
time-domain audio input samples Xprev(n) of the directly
preceding frame (120) of time-domain audio input samples
based on the equation

x(n - 32) = x,.,,(n)

for a time or sample index n = 32, ..., 319, and wherein
the apparatus (100) is further adapted to generating the
time-domain audio input samples x(n) of the present frame
(120) of time-domain audio input samples by including 32
next incoming time-domain input samples according to an
order of the incoming time-domain audio input samples of
decreasing time or sample indices n for the time-domain
audio input samples x(n) of the present frame (120)
starting at the time or sample index n = 31l.
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f.,C(x) = exp(i x) or 30 fosO(x) = cos(x) or 35 f~sJx) = sin(x) whereiniis
the imaginary unit. WO 2008/049590 PCT/EP2007/009200 101 In an
wappataluséor generating audio subband values in audio suHslERR067/009200
channels according to an embodimnts of the present invention, the
apparatus (100) is adapted to processing a frame (120) of real-valued
time-domain audio 5 input samples. In an apparatus for generating audio
subband values in audio subband channels according to an embodiments
of the present invention, the apparatus (100) is adapted to 10 providing a
Bignanncieatheaciues syhthesig snindail AhcBof iF7opigPba tded"®itH3Fe 11
audiosuhhsnthalues an dndicativeetithecanaly simwisdosdfimetion (b0)the

ysed ot gengrating;thg audig,gubbang yalyes 15 AR ppparatidaiffises  a
enerating time-domain audio samples according to an eg}brgadlrr% nets gfudio
BT IR0 COHprSes & e?l%ﬁ%ﬁiorE(@lo??gregaa]culaﬂng a
sehience 330)est iteanediBREtiié HofRR3BfhpIESINEH Refgd on one
suhband vabes in@fidie subbard chaamnglbe the seguersen20 compisiog ral

eaflieL infgrmedigte tmedamain samirles apdptpder thre-gdemain sampless o)
a synthesis windower. %%60) for windowing the sequence (330) of

teriid 8¥Jeeém%?8‘gr% i samples using a synthesis window function

(370) comprising a sequence of window coefficients to obtain windowed

25 intarmegiase imesdofiain sEmplest they'syntkigsis wirkdoandunedénes in
g@&omgg}ﬁa QF%&HQIIE%f(%&fd!iﬂg?;ﬁ/qc%ffi@ﬁw@&ﬁﬁ@ﬂ@n@ﬂ the
irst portjon,of the sequence of win coefficients nd gr

@ﬁﬁg %?%viﬁ&gﬁng&gf i¢ien seco%gﬁs?i%%qgg@ocr% f)jg)%rqt%% 0 %i’e %gq%?r%(%ted
SO3CORTHRION EBETIGERRL e Rt Rt corRprisiig e audio subband

values.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the calculator (170) is adapted to
calculating one audio subband value for each time-domain
audio input sample of one block (130) of time-domain audio
input samples, wherein calculating each audio subband value
or each of the time-domain audio input samples of one block
(130) of time-domain audio input samples is based on the
windowed samples of the windowed frame (150).

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
present invention, the calculator (170) is adapted to
calculating the audio subband values based on multiplying
the windowed samples (150) with a harmonically oscillating
function for each subband value and summing up the
multiplied windowed samples, wherein a frequency of the
harmonically oscillating function is based on a center
frequency of a corresponding subband of the subband values.

In an apparatus for generating audio subband values in
audio subband channels according to an embodiments of the
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window coefficients than the second portion, wherein an energy value of
the window coefficients in the first portion is higher than an energy value

wof i /midew coefficients of the second portion, wherein thee fitst 296000200
35 of window coefficients is used feeowindowing later intermediate
time-domain samples and the second group of window coefficients is
used for windowing earlier intermediate time-domain samples, and an
gerlappdder YO 20081049590 PCTIER20071009260 102 04l a8 sucn
F or processing e winddwe In ermeglate time-domain samples to
sbein thBYimB2dRRICSAhbleS SRiant appacatus YCgeRdratiy @ complex
tivecdematreaudiorsanples 5 actoedifigitc ahcembodienats sighgunction.
present invention, the synthesis windower (360) is adapted such that an

nergy value of the window coefficients of the first og’ Y %f é@/inggw .
?&ef%?ent%ﬁg?gra%?fhagoorr eaﬁé’letgaz ot arr uecrl1'$%acr}zgy v%e %f all Winlél%sv -

costiciefteRTane sPRHERRLE0 AATRAR HSLtibA ($70) PS4 BRBRGy ©F the
yatee ef the sevend iportiontdfevindoicodefficients is’Smallésth@dapted  to

equal ta sV/3:0f thernergyadue of gl avindoveaaesficients obtheed on the
S nth%sli%r\{vindow function. 15 In an apparatus for generating time-domain

audio Samples according to an embodiments of the present invention, the

synthesis windower (360) is adapted such that the first portion of window

coefficients comprises 1/3 or legs tHarEl?éfbﬁhié 16t4) number of all

window coefficients of the 20 sequencéé’of window coefficients and the

secand p_org'on of Winglgv\éﬁ%efficients comprises 2/3 or more than 2/3 of
or n = F.os e { .. .

the “total number of window coefficients of the sequence of window

coefficients. 25 In an apparatus for genergting time-domain audio samples
according to an embodiments of2hefprdsent itventdns the2ayntidsi
windower (360) is adaptéd®such that a center point of the window

C??ﬁ“?iﬁmé,"f he synthesjs wingiow, fynctign (370) corcesponds,iRa redhmp1e
value in an index 30 range of the first poglon of WIEdOW coeffl%%nts. .

corresponding to an index n, wherein is a subband index,
wherein 1 is an index of a block (180) of audio subband
values and wherein fosc(X) 1s an oscillating function

depending on a real-valued variable x.

In an apparatus for generating audic subband values in
audio subband channels according to an embodiments of the
present invention, the calculator (170) is adapted such
that the oscillating function fesc(x) 1is '

fosc(x) = exp(i : X)
or

Lose(x) = cos(x)

Fope(%) = sin(x) :

wherein i is the imaginary unit.
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In an apparatus for generating time-domain audio samples according to
an embodiments of the present invention, the synthesis windower (360) is
wadapsadsuch that the synthesis 35 window function comprises/aprictiye200
monotonic increase from the window coefficient of the sequence of
window coefficients used for windowing the latest intermediate
time-domain sample to the window coefficient comprising the WO
2008/049590 RCT(EP2007/009200 103 highess absaluigyalue oflhes in
window coefflcu%gts of theig%/nthe&s indow function. In an a a{atusgor h
YRALPatiYIRARHORIR Ko SSRBRS BhckSrdily (& SMbdiments of <
Hye prsdent imiaitiokothe  Sypghesiepanacwer (360)G3 adaptecheiddtrtat to
e swaibests windounbinctia (376) cemplises hueascillaiiag dehavior.adadio
glq&ppaggwlfgg generating time-domain audio samples 10 according to
an embodiments of the present invention, the window coefficient
corresponding to an index n = N comprises an absolute value in the
fang@hetARRA. DENd L01 , IteRTR tHeMdaba bP thé WeRRAcevsriues  in
windew waefficientsisanditegerirotheinange of o Fmidd imddtwherginthe
theswindow egefficient useddfge windowipgdhe latagidpternediaiBapted to
time-do ain sample.is th? Wind%w o e_;jgcient %orrespondinc%to t:lgse invd&%do
ﬁr:og,lv_v rkin T is Séﬁ?rﬁegerllgrglecrat%an% in%llcatiﬁg the rr11um€-‘bser of Y
BIRRS 1M PRIEY intthekitarié ¢330 SinferfmeBidd tinfetbBATEn ¥plues or
samiptest intereifi thé apparlys (300) inddaptédriotgenerafing b blesd for
(e of timesdomain @udio samples the klesk (410) of time-domain
audio samples comprising N time- domain audio samples, wherein N is a
positive integer. 25 In an apparatus for generating time-domain audio
SnpRIPEEESHfing 168 FRBSERTEMS of HEBrESEMR Iiverfioh: the Samples
ayrthesis vandower €360 eisizridisted sach efat thhsvindo®s ebéfficientention
cRgspoRsiingdo therivdex 19 copyuisesan apsokiie yalueysmallesdjaance

YR Q002 A0 Uy 2RORAS IR QRARIAHN UARRAURANAHC. auaio
%ﬂg gﬁd values in audio subband channels, the sequence

comprising earlier intermediate time-domain samples and
later time-domain samples, a synthesis windower (360) for
windowing the sequence (330) of intermediate time-domain
samples using a synthesis window function (370) comprising
a sequence of window coefficients to obtain windowed
intermediate time-domain samples, the synthesis window
function (370) comprising a first group (420) of window
coefficients comprising a first portion of the sequence of
window coefficients and a second group (430) of window
coefficients comprising a second portion of the sequence of
window coefficients, the first portion comprising less
window coefficients than the second portion, wherein an
energy value of the window coefficients in the first
portion is higher than an energy value of the window
coefficients of the second portion, wherein the first group
of window coefficients is used for windowing later
intermediate time-domain samples and the second group of
window coefficients is used for windowing  earlier
intermediate time-domain samples, and an overlap-adder
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according to an embodiments of the present invention, the synthesis
windower (360) is adapted such that the window coefficient

weolleshRR ing to an index n = 3N is. smaller 35 than -0.1, wherg#bsieo09200
apparatus (300) is adapted to gengyating a block (410) of time-domain

audio samples, the block (410) of time-domain audio samples comprising
N time- domain audio samples, wherein N is a positive integer. WO
20081049590 PCT/EP20071009200 104 In an apparatus for generating,
RHEPYEMBRPEEdiIGAHIhpERT aRESYSRRF i an ERTo SHiRRMES B {‘Hétﬁl’ﬂ%%%f ate
inieatidomthen syathebisswintd ovb (360) is aelaplow sdemaiat thenwhdswing
5 comprises multiplying the intermediate time-domain samples g(n) of the
quence. of intermedi ime- I les to in,the yando
e e inonedirathe (500) Damt o S o 1es
2EFREEIEE N fFRPePLment S l\lo-flﬁﬁeanparp%%\?gﬁjsqrf}y §8Nerding the
timetdenain autisisaepled 369 hedording éd baenboeiméma bf the energy
Rrepest iByention, thenaynthesisarindowet £360Q) isadapted sticlpthattbe of
windeyy, casfficient cio) fulfill the telationsigivan nthgdalle iIDAMEX 4r an
20 In an apparatus for ineratjng%tlme-dong%m audi samples accgrgllu: esis
BRGT ShbSaMIENtS bf (R brasditiveRiSH fie" BPparatis (300) &Y

adapted tofusing he syifBsis ansdodd fRREBAY3™H BeingPe the second
tivoed evarsefonindesweversei veesiars ol ansamalyisis wihdow fomctiomual to

(199) used-far 23 gep¢raling fhe audio;subpandyaluese #7 ARiRRRA VIS the
for ﬁg%grailng tlmgbdwor?aln %udlo samples according to an embodiments

(ﬁ}f S18S er_.in

rédént'imvertion, the éﬁ)ﬁlalratus (300) is adapted to generating a
block (410) of 30 time-domain audio samples, the block (410) of
tilne-domaippaudiousanipgles gemerisingny titmsrgodaireandie sdaplesamples
Vﬁhﬁf@lﬂi%é atQQSH:W eéﬁ&@&@i«d@r@&a@&ar%@ f@:"r@%@%l@tiﬂgvent ion, the
tlsr%%-t gyt a.%%'%io%@%'e% Fopjecedingo.an gmpgdimepts of hee  £irst
present invention, the

portion of window coefficients comprises 1/3 or less than
1/3 of the total number of all window coefficients of the
sequence of window coefficients and the second portion of
window coefficients comprises 2/3 or more than 2/3 of the
total number of window coefficients of the seguence of

window coefficients.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that a center
point of the window coefficients of the synthesis window
function (370) corresponds to a real value in an index
range of the first portion of window coefficients.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the synthesis
window function comprises a strictly monotonic increase
from the window coefficient of the seguence of window
coefficients used for windowing the latest intermediate
time-domain sample to the window coefficient comprising the
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apparatus (300) is adapted to generating the block (410) of time-domain
audio samples, based on a block (320) of audio subband values
Jipgd\ audio subband values and WO 2008/049590 pc1/mp2007/009200

woN
PCT/EP2007/009200 105 whereinsijae calculator (310) is adapted to

calculating the sequence (330) of intermediate time-domain audio
samples comprising T N intermediate time-domain audio samples,

WDEIRILE IS, DOSIIE INjeggL SdB a0 APPARIS [T ESBAINAncs of che
time-domain audio samples according to an embodiments of the present
ifVERHORS Hie "SyHERYsiS WIFddWBr (360) is adapted such that the
synthesis window function is asymmetric with respect to the sequence 10
windoav cagsfieieat Us af @ppajadies ar igenetating-dnrdomainaldiosamples
samples ;agrording fo agysmbodimentsof the present Iventig e on,  the
sgnwteglessvigndwoivger @60) |(s %%?pted. S(L;%h tpa the flﬁt *%]f? portion thesi
COMBHEEE S MBAA0NT Valtid OF alindfdiy e icishts Drihe WYRtugit hesis
WIRASRfuhefsit having P labsomRra igfe frgestiahl 2 tingn Bpparatas -

for generating time-domain audio samples 20 according to an

embogim%ﬁgia%gre%m inxention: the, synhesiswindowen 360) iSimpies

adapied.such that the firgt, pottion eompuises, 32N window cocfficients, | ..
and the secon porﬂon orWindow coefficients co‘?nprlses (ﬁ?/‘é?l{] window

cBftRMNts CAMErd ML PIS an FRiSEGeaReristequd to @25 Haf@tingm = N
namiger icfdiocks 3d0scomprsedanitke framehé3303 ofntéramdiate 0.9 and
timerdomain samples.HB an; apparatys fof gengrating imesdemain, audip; ngow
samples According o an eppodiments of the present Iveption, the 39 _
synthesis windower (388) is ad%%?ed such that Wlnaowmg the Sequence o
iMSfnedhate fitfe-dohidRsantnes Ebrifides 4 edlenfdrit-wisbndowing  the
midtilying ofrthe intedmetéate timmesddoredn nsansghes Weth d svinddwe window
ceelicienti3a¢n apaRPasatg fag gererating tfpe-domaln gudigsamplest is
ageording19.an embodiments of the presentinyentign. te ber of blocks
comprises in the frame (330) of intermediate time-domain
samples, wherein the apparatus (300) is adapted to
generating a block (410) of time-domain audio samples, the

block (410) of time-~domain audio samples comprising N time-

[

domain audio samples, wherein N is a positive integer.

In an apparatus for generating time-domain audic samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the window
coefficient corresponding to the index n=0 comprises an
absolute value smaller than or equal to 0.02.

In an apparatus for generating time-~domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the window
coefficient corresponding to an index n = 3N is smaller
than -0.1, wherein the apparatus (300) 1is adapted to
generating a block (410) of time-domain audio samples, the
block (410) of time-domain audio samples comprising N time-
domain audio samples, wherein N is a positive integer.
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synthesis windower (360) is adapted such that each intermediate
time-domain sample is element-wise multiplied WO 2008/049590

wBChiRR2Z997/009200 106 with the window coefficient of thecsyathesi®o9200

window function (370) according twthe sequence of intermediate
time-domain samples and the sequence of window coefficients. 5 In an
apparatus for generating time-domain audio samples according to an
embodiments of the present invention, the synthesis window (360) is
adapted such that the window coefficients of the synthesis window

fumctigh (37D} A& WD réakvaiRitevaltbsy|nteigppaaais forydherafingrles
necdaman audiasarsflesdaneardingotd athempediseents of tienptesent the

inyeption the, sypibesis yardower (3a9bis-a0apied, susiuihat the winday i ng
15 coefficient c\g ). fulfill the relzﬁllons g%/en mc}he%abl% .in A_r(linex 3.Inan 1

gﬁﬁg’rﬁﬁfsef‘orr& sratmg-iife- domaiR 2udis Séﬁ\p es %1%%oro‘fﬁ‘§ t5'afdmP-e®
&hbodide i OfIREBRESENtAAVERTGTEIRE 120 Sy HHRRIORTRRIWETABBOF & tO
adapted suthethatitheomiadovs eneffickents @(n) folfill theaelatiorkgwen ifirame

thedable, in Angx %18 adfapRarays for generating time-domain audio

samples 25 according to an embodiments of the present invention, the
synthesis windower (360) is adapted sych that the window coefficients
c(n) comprise the valuegéﬁile_n ?Kﬁe ;‘\lgle i&aAnnex %30 In an apparatus
for generating time-domain audio samples according to an embodiments
af dlhe present inventian,-the -€alculator (310) is adapted to calculating the
intermediate time-domain samples of the sequence of intermediate time-

main sam Iesat%%sed on muylt Ié/irégc%ea io suhb nq 35 va eg‘V\thQngles
2 A Lo b e ;

n _an. a
harmoﬁlc O% ﬁlgtlng ?UHCS[QIOH summing up the multip |ed audi

SKEBARGRIULS wHRrGRIRE HBGRERCY Tof HE harhTSifEAly dstamtihg - the
fenctivresilsasetrgivaer (360) is adapted such that the window

coefficient c(n) fulfill the relations given in the table
in Annex 4.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
apparatus (300) is adapted to using the synthesis window
function (370) Dbeing a time-reverse or index-reversed
version of an analysis window function (190) used for
generating the audio subband values.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
apparatus (300) is adapted to generating a block (410) of
time-domain audio samples, the block (410) of time-domain
audio samples comprising N time-~domain audioc samples,
wherein N is a positive integer.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
apparatus (300) is adapted to generating the block (410) of
time~domain audio samples, based on a block (320) of audio
subband values comprising N audio subband values and
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center frequency of the corresponding subband. WO 2008/049590
PCT/P,P20071009200 107 In an apparatus for generating time-domain

waHRlig saxples according to an embodiments of the presengéinyverisonoihine

calculator (310) is adapted such thatsthe harmonically 5 oscillating
function is a complex exponential function, a sine-function or a
cosine-function. In an apparatus for generating time-domain audio
samples according to an embodiments of the present invention, the 10

tdegRis (519) 88965 cARtfdtingreafoRbed iterfigdeitdating the
tiraqudomain 6adiplesdfased oerthedderplex-iveduednea ieal-vaklied agdigples
subbandyalyesy In af apparatystor generaling timerdlomain a4dio samples,

S mgles 1 according to.an embodiments of the present invention, the
where s1it

Galcdiator (glbfisaagaptedjt\éecajfgu gﬁr?é: the sequence of real-valued
intermediate time-domain samples z(i,n) based on the equation | N-1 20

Zim shRe@Xigr'doss( (Rox p gpnékatang k=Ongfotcampiftegevn@lia tieamples
rapgefithtp NoT-dnwhbrriaiReh)ds 8re reabpayt o teccamplentiaued the
NUMRELX4IL =, 3w d$ B EBGUIRE NUMNST ANAIQSROY iS58 *@E_@‘O&EPJW% sis

oscillating function, wherein. 25 fpsJx) = ex%(' x) when the audjo subban
VERES Broidst i the Cal AT SFe Corftp \%ﬁ’ﬁé’s‘ﬁ\‘ihetr&ntﬁh? the quence
imeritvaryanst &hal 80twherein f.(x) = costx) when the audio subband

values provided to the calculator 35 (310) are real values. WO

2008/049390 PGHEP200//009200, 984N 2R APPaEANS for geiesatifgnpl es
time-domain audio samples .. . .
according to an empodiments of the present invention, the

synthesis windower (360) is adapted such that the first
portion comprises a maximum value of all window
coefficients of the synthesis window function having an
absolute value larger than 1.

In an apparatus for generating time-domain audioc samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the first
portion comprises 3/2:N window coefficients and the second
portion of window coefficients comprises>(T—3/2%N window
coefficients, wherein T is an index greater or equal to 4
indicating a number of blocks 340 comprised in the frame

(330} of intermediate time-domain samples.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that windowing the
sequence of intermediate time-domain samples comprises an
element-wise multiplying of the intermediate time-domain
samples with a window coefficient.

In an apparatus for generating time-domain audioc samples
according to an embodiments of the present invention, the
synthesis windower (360) 1is adapted such that each

intermediate time-domain sample is element-wise multiplied
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according to an embodiments of the present invention, the calculator
(310) comprises a frequency/time converter adapted to generating the

woeRHENeR.f intermediate time 5 domain samples, such thap¢ierabho09200
subband values provided to the calgulator (310) represent a spectral

representation of the sequence of intermediate time-domain samples. In
an apparatus for generating time-domain audio samples 10 according to

aa @mbadimenis aihe presertrinyeation, the fr%%éencélgfmﬁé@ﬂgert%ﬁlﬁdow
gg%%teglotg g?T?e tlng the s sgquence ofoﬂtermedlate tlme/d main sam late
VAR ST TEAI-valued Sudis iBB&Td Falues: Ll%li

asea on co

596‘@%@%‘%@ene¥éﬁﬁ@}ﬁﬁ1e défdin addi samptereiredrding fo anWlndOW
endbbdflimeéntstaf.the present invention, the calculator (310) is adapted to
calculating the sequence of intermediate time-domain samples g(n) from

a io alyes X bas .on th uation 20 v(n rP"
2N) f%)j?an ?r%%%%r}qﬁ%/n t ge ra ge of gﬁlmgl a%r%éanNgoﬁailBS v?“} gmples

ﬁsomﬂe@pﬁema@ +SpDQB NSRS P - the preffi}%a&%?ﬂ@onr the
ipregerasinsther iavyevof 03&8d 2N-4 apdgf2Rd] +skdchv(4NgE K)lgg2Nvindow

jorbek) FME@Nj E3NsK) Be:forsam ttegery inthedange gheaiskd anghtor  are
an integen kg the yange of 0 and N-1, wherein N is an integer indicating

the number of audio subband values and the number of the time-domain
audio samples, wherein v is a 35 real-valued vector, wherein vprev is a
real-FdluetPpedtd F ¥ Sof thE diseaBigrelivls GERerawsrontinieldbmafipmples
audio MIOnZ003/0485 9B Cd (e 20Q7/6E920(: 109samaples nvbeareidhiS the

tbwmga@ y ¥ anwkitis thg 0@”‘09@ BUADELSIN ALAPPARANS {¥e  window
%Fn?@ﬂnq ngadomal T¥ fﬁ e relations given in the table

in Annex 3.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the window
coefficients c(n) fulfill the relations given in the table
in Annex 2.

In an apparatus for generating time~domain audio samples
according to an embodiments of the present invention, the
synthesis windower (360) is adapted such that the window
coefficients c(n) comprise the values given in the table in
Annex 1.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
calculator (310) is adapted to calculating the intermediate
time-domain samples of the sequence of intermediate time-
domain samples based on multiplying the audio subband
values with a harmonic oscillating function and summing up
the multiplied audio subband values, wherein the frequency
of the harmonically oscillating function 1is based on a
center frequency of the corresponding subband.
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5 according to an embodiments of the present invention, the calculator
(310) is adapted to calculating the sequence of intermediate time-domain

woARRIeHGN) from the audio subband values X(k) based opdira:esgationoo

10 v(n) = vp_,,(n - 2N) for an integesm in the range of 20N - 1 and 2N,
N-1 v(n) _ X(k) 32 cos 2N (k +1i) (2n k=0 15 for the integer n in the
range of 0 and 2N-1 and g(2N j+ k) = Vv(4Nj + k) g(2N . j+ N + k) = v(4N]j
+ 3N + k) 20 for an integer j in the range of 0 and 4 and for an integer Kk in
the range of 0 and N-I, wherein N is an inte%er indicating the number of

Adi8 BuBRERAT Faties ARE P IRFATEr St the MfmeSaBimh Aifid Sampiéales
APRPEIAING & PedltvaRTeRPEERMON toherEintiprePises podl-valahidsoy v the

2a1ntthe directly reyioussgeaaasioadof smendormin auche samplesarhlly
wherainJtis.fhe gjrpular ogymper. In éBn%PMatQ§;§%§\g%Qq_@ynQunction, a

time-dgmain audio samples_according to an embodiments of the present
ﬁ]%%tigﬁ,nt%%l% &ferﬁapggéd%ﬁf %?5@'8 400) is adapted to processing
the windowed intermediate time-domain samples in an overlapping

raneer, bagsed anuls consecutmedyr prowige dthineksi (BR0)rof audlio samples
§%@€%'&M%|UQ%-.@Jné‘tﬂa@ﬁ%ﬁ@xﬁ%%foéﬂe@ﬁ@tiﬁgé%‘?@omﬁﬁ%vhvb the
sa ccordi an.embodiments of the present invention, t
R EGS PaTaE U 0GOPR 10 e s b Rara el P 1ea
A5G0 1rBGiding ifs dRRE-omaRTERplePatath), Wherkhifn iS P Lex-
neegerdingicaterl a vanpid irdeii basedbbartiewguation T-1 5 outl(n) = Z
Z(1-1)rn+k-N k-0 wherein z1,,, is a windowed intermediate time-domain
§§p"§ﬁ apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
calculator (310) is adapted to calculating the sequence of
real-valued intermediate time-domain samples z(i,n) based
on the eqguation

1 <= 4 1 N 1
Zin F T Re! Xi,k ' fosc . (n + 3 - —2-) : (k + 5)
N k=0 N
for an integer n in the range of 0 to N - T-1, wherein

Re(x) is the real part of the complex-valued number x, n =
3.14... is the circular number and fesc(X) is a harmonically
oscillating function, wherein

Loee(x) = expli - x) :
when the audio subband values provided to the calculator

are complex values, wherein I is the imaginary unit, and
wherein

fope(x) = cos(x) :

when the audio subband values provided to the calculator
(310) are real values.
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corresponding to a sample index n and a frame or sequence index 1 in
the range from Oto T - 1, wherein 1 = 0 10 corresponds to the latest frame

wel 2egheRee and smaller values of 1 to previously generated f1ames 869200

sequences. In an apparatus for gen@rating time-domain audio samples
according to an embodiments of the present invention, the 15
overlap-add output stage (400) is adapted to providing the time-domain

ples qui(k) hased op the eguation ?Hé(k)tiékew@ém% ) K59:20 samples
wherein w Is a vector comprls%ng the windowe mtermedxlate. time-domal
SHTPES I KR APinfYRPHAERHTy 2F infdek RiREFARgd BERISSRD, the
arell@N-13 tlran dgpé&ratuscfonpreheestinggtimé domanaudico samples &srter
?g@@ﬁiiea ta.an gavweirents of tae lg@ﬁ@@ﬁifaferﬁn ﬁt&] ﬁ@@@;@tgg time-

S a to receivin S indicative of the analysis window .

O e A SO A e AR e £ dea

dfthé 3§nfifesid AaihaBw fahltiort E876)° % e BisS@ 6 dérerafiRg 378 Hikfe-1on
30Ed tumairs agdinsampliesi Ateontidg a¢ antembodiomerits of g peesent
invention, an encoder (510) comprises an apparatus (560) for generating

&H¢0£Wb9§89%§Hﬁ§U%@Pd@é%%¥@99ﬁ$%99&@%&%@9?99B%é¥5 samples
accordlg% to an embodiment of the present invention. WO 2008/049590

1069750 RPRESHAMY fo & efmBodRIGRE D thd S, the
ifvEivtnaryy BHBede 103 ftitier dsmpfidas asfliarftizer apticorleing  the
(Séanenapledto thenapparatiisa(co0) famgederating aushamsubbantbased on

vabigsiand dapled -quantizing and.cading thesaudiox syihaad values
output by the apparatus (560) and outputting the quantized coded audio

subband values. According to an embodiments of the present invention, a

detoder (SEMPESHhPsesn aﬁ?ﬂé@éﬁ&iGB‘E)O)thP%‘eﬁ%%ﬁﬁg ggdio samples

tiawesdodiaig atdiossamptesdtoending tofar: embpdisenttof thegpresent the

iRentions A¢£0rding fo a8 emhgdimentsotiteRIegenhiveRion &quence of
intermediate time-domain samples g(n) from the audio
subband values X (k) based on the equation

v(n) = v,..,(n - 2N)

for an integer n in the range of 20N - 1 and 2N,

N-1

o) = 5 Re(X(k) L exp(i Zev3) o - 1))))

k=0

for the integer n in the range of 0 and 2N-1 and

g(2N - j + k) = v(4NF + k)
g2N - 5+ N + k) = v(4Nj + 3N + k)

for an integer j in the range of 0 and 4 and for an integer
k in the range of 0 and N-1, wherein N is an integer
indicating the number of audio subband values and the
number of the time-domain audio samples, wherein v is a
real-valued vector, wherein vpe, is a real-valued vector v
of the directly previous generation of time-domain audio
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decoder (580) further comprises a decoder and dequantizer 15 (590)
adapted to receiving coded and quantized audio subband values, coupled

wio e /@eraratus (600) for generating time-domain audio sa@EpeS@R09200
adapted to providing the decoded @nd dequantized audio subband values

as the audio subband values to the apparatus (600). 20 According to an
embodiments of the present invention, a SBR encoder (520) comprises
annallé)f)aratus 5302 for generatinf? audio subband values in audio , h
SIBBAE chahiefS based oh%a frathe B a5Mail iudioIRput Barifled ¢
FrovA¥ed o THEPS SBR encoder (520) and a SBR parameter extraction
module (540) coupled to the apparatus (530) for generating audio

sypbapd yaluesand.adapte _ EAGting %MBHWQQ@%%MO samples
parameiers based.on the audio subband values. 30 According g an .
émbodirments of the présen mvenﬁon, a systerr%3 C%aﬁ)ej comprisesan '

SSparat@E 66209 $oPderietafiig Pigdo RbBand variek ok hefrapeusmee of
timeedomdirrduedio tibpatsampies proamgeceto thg gystent (610); ahd anaudio

appaties (RA0)dar gemgragingdimerdomainaydie sgmples 35 based on
the audio subband values generated by the apparatus (640) for

generating audio subband valges._ Accorging %n embodiments of the
present invention, a system (610) is &'SBR decoder. WO 2008/049590
PCT/EP2007/009200 112 According to an embodiments of the present
ifivention, ia tsygtemriuthertb@mpeisgs aoliF2generator{630RN,
interconnected between the apparatus (620) for generating 5 audio
subband values angtthe appajatus (640) for generating time-domain
audio samr}féé)aﬁdzdé d tgyecedd BRYata Gmptdd to rﬁ})}fying
or adding audio subBand valies based™ on the SBR data and the dudio
subband values from the apparatus (620) for generating audio subband
Ve s.E) Witterespest toalt Bpparatgses nd methozis-dccanding to
embodiments of the present invention, depending on

g2N - j + k) = v(4Nj + k)
gl®N - 7+ N+ k) = v(4Nj + 3N + k)

for an integer j in the range of 0 and 4 and for an integer
k in the range of 0 and N-1, wherein N is an integer
indicating the number of audio subband values and the
number of the time-domain audio samples, wherein v 1is a
real-valued vector, wherein vpey is a real-valued vector v
of the directly previous generation of time-domain audio
samples and wherein = is the circular number.

In an apparatus for generating time-domain audio samples
according to an embodiments of the present invention, the
overlap-add output stage (400) is adapted to processing the
windowed intermediate time-domain samples in an overlapping
manner, based on T consecutively provided blocks (320) of
audio subband values.

In an apparatus for generating time~domain audio samples
according to an embodiments of the present invention, the
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implementational details, to obtain the window coefficients based on the
values given in the tables in the Annexes 1 15 and 3, an additional sign
changes with respect to the window coefficients correspon(lii Bzmﬁ/
485810 255 and 384 to 5111(1r(pultiplication with factor%%) can
implemented. In other words, the window coefficients of the window

function are based on the window coefficients given 20 in table in Annex

1. To obtain the window coefficients of the window function shown in the
fRFES 2Fe3FAdBHT BBEfiEiers inltH thbleS cafeRiRRling toPRRvihditeg othe
toith2 7256 10383 andl=k? te689 (mave tovbe raultiplied by +1xf.e. ot eger
sigis chargeland thewindaw soeflicients 25,cemesRending &p the indices

128 to 255 and 384 to 511 have to be multiplied by (-1) (i.e. a sign

change) to obtain the window coefficients of the window function shown.
Accordingly the relations givartjiifhe tahle:in Annex 3 have to be treated
accordingly. 30 It should be noted, that-# the framework of the present
application under an equation being based on an equation an introduction
ofiaglelitional delays, factrsnadditionak coeffisionts and andnieduetionsaiple
aggy}%rssirgp e func{ign 355iSan erstood. Further,dsimpl constants

ondi a € 1nde n an rame or ’'seguence
constantpa en%lg etc., Cal’lell)ep roppe .K{/Ioreover, algepraic d

trRFSTmatiohR, EQGivaiBRes trdnBrmAtidrs ahd apptoxiMiafdse.gta= ©
Teytoremmmostisnation) ot clanging therresealt ofrthe carpsation atadl osimed ler
sighifieantgnannexareralsd WO 2003/040500 P G TAR20Q4/00820R@ nkks: .
included. In other words, both slight modifications as well as

transformations Ieadinggo essentially in terms, of the result iden&ical are

includBy iR RS EASY that B3R e§GRfGH Tor kprediforr Bhadeddifar  Samples
e}tafisA brexpressineBRRIEEN forédoilig had beeprfarticigmE srown the
atide geserediwih tpleresea i padcolar esnkatimesds thereaiot wilhde the
Uggﬁgﬂegﬁ§wgh9§ﬁﬁ%g@ddﬂEQQfﬂkgggd on the equation

B%)ZOO

out{k) = i w(N - n + k) '

k=0

wherein w 1is a vector comprising the windowed intermediate
time-domain samples and k is an integer indicating an index
in the range between 0 and (N-1).

In an apparatus for generating time-domain audioc samples
according to an embodiments of the present invention, the
apparatus (300) is adapted to receiving a signal indicative
of the analysis window function (190) used for generating
the audio subband values, or indicative of the synthesis
window function (370) to be used for generating the time-
domain audio samples.

According to an embodiments of the present invention, an
encoder (510) comprises an apparatus (560) for generating
audio subband values in audio subband channels according to
according to an embodiment of the present invention.
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various other changes in the form and details may be made 10 without
departing from the spirit and scope thereof. It is to be understood that

Wwi&%% gh&bnges may be made in adapting to different embp%96§7/009200

epartlng from the broader goncept disclosed herein and
comprehended by the claims that follow. WO 2008/049590
PCT/PP20071009200 114 Annex 1 w[35] = 5.764734796907189e-001
w[36] = 5.930981800982896e-001 w[0) = 1.129580193672797e-002
WIS?PE 0966905520 1998710 F(1P£ 2383059744904 21888002 0N,  an
ve{38bar2 G 51252 Fai5l630ecob i@l 5 3.450448748 F2k2hlle-082r (570)

vWd39LT §:42393903 265301 3l 13%?3@@%@%%9 %5%%982subband
v&%ﬁg 6.589 487 3746076€-001 w[4] = 5.9186773451741

97e
£%. 7%‘1’ 9982825714960 AXRRT L7 3350989121998 Se- 68’? audio
WI4PP2 10 VEGREST 5284606000 £ RA[63 P8 8207452 59934G0k-0p2put ting
W#3] 57071447 289280436001 suFhant 042033@24802571e-001
w[44] = 7. 229599104052475e 001 w(8] = 1.206924277410051e-001

R T2 e6 oo 008 T W1G1 = 1 S4B 35 B B0

FFPI9T69 %%é4€2&t§§81§e@éof%[iE?arﬁ%72%%%%66@%9@86?ratlng
WiA 8= FoBBL0N 2620114958160 avjd0t¢ih89't 5004078420100 . of the
W49k 8:004165237845137e-001 w[13] = 2.052605107774950e-001
w[50J = 8.156523162880560e-001 w(14] = 2.232276864673650e-001

§ :3080396081123686-001_w(15) = 2.400268261284114e-001
W’f&% A5845806 72 FOTOS OBT WL 32 2B PESEGEEe 7538 ion, @
W%%o?ﬁ@@hs@ﬂ@%’e -GOTRYATE S 273TTde03832h /deguantizer
W{B403 8. ZE16A051 9350776l W3 8] 510Q149H31 730N 201 audio

Wi%@ba§<189962ﬂ69§744%9% WG] &%68@%%%‘%%%2 gg% for

= Q0UL285L3501 730 7€ 001 w % 393520
wﬁ%é’“?%er@tf'i%aﬁ 09925588401 "’\)651 SR 1460600 383 £d  to
WR58)y2 BLBE3E 0827808 D0l AFZR)As BIFEIG 270962 366698091 va lues
WE59]ch 8. 44RB02 85398954 0e00ie sv(23) £H3. 740439 T427502RF-001
w[60] = 9,568885413848645e-001 W[24) = 3.9102439701606076-001

WG D7 21900916631 18eB43e:00% wige] th%og%%%‘%%ﬁ?&eﬁﬁ 901 2 ser
W%S%Jo_dgs ggé 02375303e-001 W[26]par ¢ %1443_?8%34534e 001 ‘
8% 26@ﬂ£ﬁﬁﬁ360fn ap atu for generating
audio subband values in audio subband channels, based on a
frame of time-domain audio input samples provided to the
SBR encoder (520) and a SBR parameter extraction module
(540) coupled to the apparatus (530) for generating audio
subband values and adapted to extracting and outputting SBR
parameters based on the audio subband values.

According to an embodiments of the present invention, a
system (610) comprises an apparatus (620) for generating
audio subband values from a frame of time-domain audio
input samples provided to the system (610); and an
apparatus (640) for generating time-domain audio samples
based on the audio subband values generated by the
apparatus (640) for generating audio subband values.

According to an embodiments of the present invention, a
system (610) is a SBR decoder.
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w[271 = 4.420013942269341e-001 w[64] = 1.001463112557766e+000
w[28J = 4.589582896478246e-001 w[65] = 1,006893331637123e+000
W\g[éﬂ&}Z o 5 ggzgggggg%ggge -001 w[66] = 1. 012508393573,% %)7()009200

e-001, {67] 1,017729040219375e+000

w[31] = 5. 095720854151864e 001 W(GB] 1,022470190536100e+000

w[32] = 5.263554446856779e-OD1 w[69) = 1.026615653698808e+000

w[33] = 5.430990601899994e-001 w[70] = 1.030198648769593e+000

w[341 = 5.598052330684253e-001 w[71] = 1.033205850580933e+000

A 008049600 PCT/ERZBDIMEOIZ0001 153 Wg72present invention, a

1.P366R4432067486+000 M&@st55908995350@31@&@—9@&0&&1[733 £630)
wéggggéﬁé%%%sﬁ@ggggé%[ﬂc%— & 6090510362(%1 4efQQ¢1 Yzt ing
FUA0 3465 A I A HI0D R113) 7 HE T Kb 4500 h e DL % %éjmg
f SRT0BEHG 721 FPS S CRTWLLL %1] an?* AEYAEBI08703 P& b’éinﬁ/(
£04p4293789502438 Y000 WPt 51447 NA0687204D395BRADMA 1 7g] Pased
1041434 355650865000 o[ 1163 = HL@AI336851640095e-DO4s w[T78dm the

5PA1943194 21515 L eskDO 0wl 7] 6.8 16667882496023L-091uea0] =
1.040262316588456e+000 w[11B] = 6. 652304141388827e 001 w[81] =

039061496136353e+000 w[119) = 6.4864376 737 -001. w
1054730015703 e 00D WILHGE2 B Fazeba1 I ooalccc{gé}ng ‘o
f6‘§9§ﬂ*?2’6"20428§e+0*6‘6%[1é’f]9—5%“fsloéﬂ%i‘ééé’é‘%e- Wgapg  on

1082 PIYS 217 Pk 1 d80ail1D2] £05.0818776565956570B0EoRfaL)cient s
1bA22E00A94888906ctk000 wWi123h= Er8111199272R1 862 Like-001e WiBBExes 1

1a025966756910004e¢0004N[124) 57 5. 6452283325921 5e e 4875 the
Nl e e vl oo

Fot 33%5&9%2 ot %‘éﬂl@a sty ib1 Al 0bi. 65[90 i be
M@éf@@zzrsezsmr@eqmemm%flsf-4fé5%fﬁsm‘a1aas§élomereﬂ91ff the

998286 75201580 VDG WHIS) _ont. 1826508466%0896-00¢ i g3 given
9193031986467 9836=:-R01 W[130] sh4a609828032783469e001 fifdrts of

%R’ 38/48234932986:09L W[131 3 im-4.437580233023859-001: M4} T ndow
R S
1%%8512%%6&30%5 O‘ffiw[%ﬁ 93 goba09151551136- o‘B‘ilgvg%led by
5@5)67461@550894e56(§fflw[§§5)‘93é A2 FERL 78RR 0o SR tent s
9@431:719&736@6@21774179 O0ftewjr86]ce3.5896265 781 79843631 to S11 have

to be multiplied by (-1) (i.e. a sign change) to obtain the
window coefficients of the window function shown.
Accordingly the relations given in the table in Annex 3
have to be treated accordingly.

It should be noted, that in the framework of the present
application under an equation being based on an equation an
introduction of additional delays, factors, additional
coefficients and an introduction of another simple function
is understood. Further, simple constants, constant addends
etc., can be dropped. Moreover, algebraic transformations,
equivalence transformations and approximations (e.g. a
Taylor approximation) not changing the result of the
equation at all or in a significant manner are also
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wherein the second number is an even number; and a calculator for

calculafind’thé dutiié ¥dbband - ¥&tues using the Hiftoweld EHiibles. ©.0-001
Apparafu8Bcéotdii§tol claimCi O\herein the apfabilus is adapiéed ts 0.001

inter_polattmg_ the wimi_cm\_/ t_caeﬁfi@i@lnts o_f the Iarg&r,_wjmdovy fumcionta 0.001
obtain the,windqw epsfficients ofgthe window fungtion. 3. ARRRIRIUS « ¢, 901

accordingg/h(i ar\llg of the preceding claims, wherein the apparatus or the
d

th
analysTg Swel' IS 1ghaipt<ec9 {idh that the windo®? Soeficiéfits bfthe 0+ 001
windowdfiiétion! arédlideally iftddpolated. 151 -0.001 < | w([636] | < 0.001

-0.001 < | w{620] | < 0.001 -0.001 < | w{637) | < 0.001
-0.001 < | w[621] | < 0.001 -0.001 < | w([638] | < 0.001
-0.001 < | w([622] | < 0.001 -0.001 < | w[639) | < 0.001



4. Apparatus according to any of the preceding claims, wherein. the
apparatus or the analysis windower is adapted such that the window
coefficients of the analysis window function are interpolated based on
two consecutive window coefficients of the larger window function
according to the sequence of the wgnpdow coefficients of the larger window
function to obtain one window coefficient of the window function. 5.
Apparatus according to any of the preceding claims, wherein the
apparatus or the analysis windower is adapted to obtain the window
coefficients c(n; of the analysis window function based on the equation
c(n} =i (c2(2n) + c2(2n + i)} wherein n is an integer indicating an index of
the wihBBArécetficibnts E@T)cARd £20h 8 Windowoesefficrehiof the audio
larger wingdew functienne.1Apparatus according to claim 5, wherein. she
apparatus or the analysis windower is adapted such that the window
coefficients c2(n) of the larger window function obey the relations given in
the tabfe " h AfRReX 4. 7. Apparatus according to any of the preceding
claims, wherein the analysis windower is adapted such that windowing
comprises amultiplyingwtheddime-domaimiaddio 1 npus samgptes x(h) of tlae-
frame tg.obtain the windowed rsampleszn? of the windowed frame based
or. the eqcueagggnzén%§ X n)ag(ngalgf Wshaenrlelﬂen is an mieagter |nd|cat|nrlg an
index o?}fhe sequence of window coefficients in the rangé of 0 t6 TREL,
whereif e{A)ds e Wiridol? LdetfitnP6f et @nalyBisRifBIWsfirEtion
correspongdirg te the indexdow wheséifiix(Nen Tl tis the tatést sime<domain
audio inpupsample-gta fiame, afirime-domainaudio inpyt samplesing  a
Wherel%%@%gna%%gfnd%\%er k?i%%?o‘x)/}edcsouec ficients derived from a
larger window function comprising a sequence of a

larger second number of window coefficients,

wherein the window coefficients of the window function
are derived by an interpolation of window coefficients

of the larger window function; and

wherein the second number 1s an even number; and

a calculator for calculating the audio subband

values using the windowed samples.

2. Apparatus according to claim 1, wherein the
apparatus 1s adapted to interpolating the window
coefficients of the larger window function to
obtain the window coefficients of the window function.

3. Apparatus according to any of the preceding claims,
wherein the apparatus or the analysis windower is
adapted such that the window coefficients of the

window function are linearly interpolated.



that the frame of time-domain audio input samples comprises a sequence
of T blocks of time-domain audio input samples extending from the

earliest to the latest time-domain audio --input samples of the frame,

each block comprising N time-domain audio input samples, and wherein

"T and N are positive integers and>Y is larger than 4. B. Apparatus
according to any of the preceding claims, wherein the analysis w;-ndower

is adapted such that the analysis window function comprises a first group
of wingay eoefficients-compriging @ -firsy pertion pkthersequence aflaims,
windoy gogffiients and,a,seeopd oroup o yndauL oaficienis, dover 15

comprising a second portion of the sequence of window coefficients,

wherelF Hie-firdt SHion corprises fess WiNdoW c&&ficients Farrthe™  the
secongertivhswheigiden erdergyivatte offife WidoWw eoaffieients Retheon

first pmﬁi@ndsmgéteﬁﬂhaﬁ anienergy valuewf tiie wirdow coéfficientsiafrger
the S%@Qﬂfb@”ﬁ@ﬂc%@@ﬂyhﬁ%@r@fﬁﬁ group-fwindew, caefficiegts ist e
used fvtv){}/lv(&ndowgg er tlmeEdongglntﬁgr@Ies and the s congl%rggép (S)If1 fo

. .C irCcle S al,der. Wl OW.
window ¢oetticients is usednfor windowin earll%rjflme-aomam samples.

9. AppataRistaccérdfng td'ans of the prededing 8Rims, Svherdifithe Window
apparatusds aaap-ed. to using an analysis window function being a
time-reversed or index- reversed version of a synthesis window function to

be “S?}‘%EOJEQ%%HO'iQC?HBPéQHgalHSS-a%%? 49- Apparalys aceording-1a, ; g

any of the preceding claims, wherein the analysis windower is adapted ,
such tHaE1fe Tarder winddwAfuhction gfasﬁﬂ%\etﬁi%%w Tespletfotie™ *°
sequehcept athdow cobfficientst e, Appadatds fopgéheratipgts c(n) of

time-demain asdipsSamplesd comprisiig: ercaleidator dar caleulatingta on
sequence of intermediate time-domain samples from audio subband

values in audio subband ghannelsthe sequencs ., 1))

wherein n is an integer indicating an index of the
window coefficients c{n), and c2{n) 1is a window

coefficient of the larger window function.

o. Apparatus according to claim 5, wherein the
apparatus or the analysis windower 1is adapted such
that the window coefficients ¢, (n) of the larger
window function obey the relations given in the table

in Annex 4.

7. Apparatus according to any of the preceding claims,
wherein the analysis windower is adapted such that
windowing comprises multiplying the time-domain audio
input samples x(n) of the frame to obtain the windowed
samples z({n} of the windowed frame based on the

eguation

z(n) = x(n) - c(n)



comprising earlier intermediate time-domain samples and later

time-domain samples; a synthesis windower for windowing the sequence

of intermediate time-domain samples using a synthesis window function
comprising a sequence of window coefficients to obtain windowed
ino~ermediate time- domain sampfes, the synthesis window function
comprising a first number of window coefficients derived from a larger_
window function comprising a sequence of a larger second number of
windowh eeefficients whereinitheawipdow caetiicients ofthe wirdow of the

unct-on are derived by;apinterpolation-otwindow, cogfficients ofghe +o 1
larger wind wfunctlon;and\g%ereln the secaond number is_even; }nd&n the
f iat

overlap-auder olitith Stagefor processitg the Windowed intsrmediats

time-doradinssamplés 46 obiain CtHeimecddinarrsahplest 12 Apparstas o
accordihg te clainx 1N whergil Japparatussis adapted ta imerpdtatmgrtherudio
Win?fowngg%f?@fﬂ@% tr&ﬁffla'égerfwmwo‘ﬂn@mﬁem&ﬁ@iﬂntg@d’@ﬂiDQOVanut
coefficients-of the window function. 154 13, Apparatys accordi y of

tho CIETT 5f 13" Mhardin s Apaatis s Mt e o len

windoWw &beffidiénts GPRR syithesiE RS finctivifare IiHEay Samples
interpolatee 14e Apparstds aecerdiig 1o anyokthedaimgnet donadin audio
whereimtherapparatusis adapteddsuch that the window ceaefiieients obthehe
synthesis window funciign.are interpolated,hased.on fwo CORSEGUIVE: e,
window c%efﬂgl ntskof the larger window fur%ctlon_aa(:grgrdqug to tftgleO S aout
sequeﬁgeC of window coéfficients of the Largerm\l/ﬁn OW function to Gbtain =
one witifBiit ESeffigiefit BRIRE WindowTtnetich: 250 Appatitusddcrging and
to anyofibe Tlainsrl L t@d 44 wherein the apparatus is adapted to obtain

the window

8. Apparatus according to any of the preceding claims,
wherein the analysis windower is adapted such that the
analysis window function comprises a first group of
window coefficients comprising a first portion of the
sequence of window coefficients and a second group of
window coefficients comprising a second portion of
the sequence of window coefficients, wherein the first
portion comprises less window coefficients than the
second portion, wherein an energy value of the
window coefficients in the first portion 1s higher
than an energy value of the window coefficients of the
second portion, and wherein the first group of window
coefficients is used for windowing later time-domain
samples and the second group of window coefficients

is used for windowing earlier time-domain samples.

9. Apparatus according to any of the preceding claims,
wherein the apparatus 1s adapted to using an analysis
window function being a time-reversed or index-
reversed version of a synthesis window function to

be used for the audio subband values.



coefficients c(n) of the synthesis window function based on equation c(n)
='z (c2(2n) + c2(2n + 1)) wherein. C2(n) are window coefficients of a
larger window function corresponding co the index n. 16. Apparatus
according to claim 15, wherein the apparatus is adapted such that the
window coefficient c2(n) ulfi.ll the rejgsions given in the table in Annex 4.
17. Apparatus according to any of the claims 1i to 16, wherein the
synthesis window is adapted such that the windowing comprises

ultiplying the intermediate time-domain samples g(n) of the sequence of
mérmexﬁg IS oTAIR SamSies 1S oBtaih fﬁg WindoREa S MpIEs Z¢H ™S

of the WitRIgwed frdyhe based ohs the deation z(hy = gfePeedNsuchn) that
155 forie= 01arbd¥ - |wlith Apparatus aeearding 1@ any ofrhe-€laimas 141 tn
to ~7, wherein the synthesis windower js adanied such: that, the synthesis
window function comprises a first group of window coefficients comprising

a first portion of the sequence of window coefficients and a second group

ot windoRP tbefitfents EorapHSiAg BlsEtoRd PORATGIT he stiefedBf €3 /
windowe coegfficients; the first portion comprising less window coefficients
than the second portion, wherein an energy value of the window

coefficzients-imthefirst portion s higherthan,an gnergy value.gfithe-. ¢
window, goeffigients of the second, partion, and,whereln the frst.aroup,of,
window coe]fﬁélents IS USGEF?OI’ win owmg ?é&%r m%ermedtlnate Lflme-domaln
sample5artFthe s8tondGrobt o iNd6w cosGBRER S usedfor Sequence
windowitgeadiet NintePrhBdistd tirheldorigifA sahtlesine -Apparatussamples
accordmgdo lamy<of therctainhenld 1 to $8mmihesein the apparatus is adapted
to using the
a synthesis windower for windowing the sequence of
intermediate time-domain samples using a synthesis
window function comprising a sequence of window
coefficients to obtain windowed intermediate time-
domain samples, the synthesis window function
comprising a first number of window coefficients
derived from a larger window function comprising a

sequence of a larger second number of window
coefficients,

wherein the window coefficients of the window function
are derived by an interpolation of window coefficients
of the larger window function; and

wherein the second number is even; and

an overlap-adder output stage for ©processing the
windowed intermediate time-domain samples to obtain
the time-domain samples.

12. Apparatus according to claim 11, wherein  the
apparatus 1is adapted to interpolating the window
coefficients of the larger window function to obtain
the window coefficients of the window function.



synthesis window function being a time-reverse or index-reversed version
of an analysis window function used for generating the audio subband
Val-des. 20. Apparatus according to any of the claims 11 to 19, wherein
the synthesis windower is adapted gych that the larger window function is
asymmetric with respect to a sequence window coefficients. 21. Method
for generating audio subband values in audio subband channels,
comprising: windowing a frame of time-domain audio input samples being
in a time sequence extending from an early sample to a later sample

18sing arpgaalysisv-adewr dinedorcto obiain windewed samples, the or 12,
analysigy window E‘%@“%Bﬁé’% (3G 3 f'%%@é@“&ﬁ&ﬂ”%‘% WOne yindow
20081049590 F.CTIER20071009200 156 coefficients derived from alarder
Windovﬁ,}unc ion comprising a sequencé/‘o aﬁarger sécond iumber of -
window EBERTEehts ™S FRFeMRE window coefficients of the window

function are derived by an interpolation by window coefficients of the

llarger wimdewefunstion; anddilerein thesegond nunilzer slanevenll to 13,
numbey;rand 10 ealeulating thecaudio subbang valugs usingHhe the window
W'”do"‘&%m@ﬁt%z- M%thoqg;%r ge%%%%% E@ef%rggwl’%%ction are
sampleshtls comprising: C%Ié:glagng a sequence of intermediate

. ihter e n TWwo . conse lve window
time-domain_ Samples from AUdio subBAnd vallies inAuis sibband

channéfs thé setftiehie Bdmpiising 8&%eF intertedifaté YotimeomaHP rding

samplescaandhate? sntepmediatettinme ddmairr csapiples awindowingtthe larger

sequencerafdnteimediate-time-domiaine samples usingsa synthesis window of

function te ohtain 25 windowed fime-domain samples, the synthesis

window

15. Apparatus according to any of the claims 11 to 14,
wherein the apparatus is adapted to obtain the window
coefficients c(n) of the synthesis window:® function
based on equation

oln) = 1 (c,(2n) + con + 1))

wherein c;(n) are window coefficients of a larger
window function corresponding to the index n.

16. Apparatus according to claim 15, wherein the apparatus
is adapted such that the window coefficient c;(n)
fulfill the relations given in the table in Annex 4.

17. Apparatus according to any of the claims 11 to 16,
wherein the synthesis window is adapted such that the
windowing comprises multiplying the intermediate
time~domain samples g(n) of the sequence of
intermediate time-domain samples to obtain the
windowed samples z(n) of the windowed frame based on
the equation

z(n) = g{n) - (T - N = 1 = n)



function comprising a first number of window coefficients derived from a
larger window function comprising a sequence of a larger second number
of window coefficients, 30 wherein the window coefficients of the window
function are derived by an interpo|gtion of window coefficients of the
larger window function; and 35 wherein the second number is even; and
overlap-adding the windowed time-domain samples to obtain the
time-domain samples. WO 2008/049590 PCT/EP2007/009200 157 23.
Progrér?l*?NRh"é Bmg'rar'ﬁ c’oHe'forlexecuting, when running on a
processor, a method according to claim 21 or according to claim 22.

18.

20.

21.

Apparatus according to any of the claims 11 to
17, wherein the synthesis windower is adapted such

that the synthesis window function comprises a
first group of window coefficients comprising a
first portion of the seqguence of window
coefficients and a second group of window

coefficients comprising a second portion of the
sequence of window coefficients, the first portion
comprising less window coefficients than the second
portion, wherein an energy value of the window
coefficients in the first portion 1s higher than an
energy value of the window coefficients of the second

portion, and wherein the first group of window
coefficients is used for windowing later intermediate
time-domain samples and the second group of window
coefficients is used . for windowing earlier
intermediate time-domain samples.

Apparatus according to any of the claims 11 to 18,

wherein the apparatus 1s adapted to using the
synthesis window function being a time-reverse or
index-reversed version of an analysis window

function used for generating the audio subband
values.

Apparatus according to any of the claims 11 to 19,
wherein the synthesis windower is adapted such that
the larger window function is asymmetric with
respect to a sequence window coefficients.

Method for generating audio subband values in audio
subband channels, comprising:

windowing a frame of time-domain audio input samples
being in a time seguence extending from an early
sample to a later sample using an analysis window
function to obtain windowed samples, the analysis

window function comprising a first number of window
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22.

156

coefficients derived from a larger window function
comprising a sequence of a larger second number of
window coefficients,

wherein the window coefficients of the window function
are derived by an interpolation by window coefficients
of the larger window function; and

wherein the second number is an even number; and

calculating the audio subband values using the
windowed samples.

Method for generating time-domain audio samples,
comprising:

calculating a sequence of intermediate time-domain
samples from audio subband values in audio subband
channels, the sequence comprising earlier intermediate
time-domain samples and later intermediate time-domain
samples;

windowing the sequence of intermediate time-domain
samples using a synthesis window function to obtain
windowed time-domain samples, the synthesis window
function comprising a first number of window
coefficients derived from a larger window function
comprising a sequence of a larger second number of
window coefficients,

wherein the window coefficients of the window function
are derived by an interpolation of window coefficients
of the larger window function; and

wherein the second number is even; and

overlap-adding the windowed time-domain samples to
obtain the time-domain samples.
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23. Program with a program code for executing, when
running on a processor, a method according to claim 21
or according to claim 22.



