WO 2010/003546PCT/EP20091004523 aratus and a Method for Calculating aer of Spectral Envelopes
5Specification The present invention relates to an apparatus and a method for calculating a number of
spectral envelopes, an audio encoder and a method for encoding audio signals. 10 Natural audio
coding and 3peceH ®8hifg are two major tasks of codecs for audio signalENARAFEP S coding is
commonly used for music or arbitrary signals at mledium bit rates and generally offers wide audio
bandwidths. On the 15 other hand, speech coders are basically limited to speech reproduction, but can
also be used at a very low b|t te. Wide band speech offers a major subjective quality improvement
over narrow band Sn§tffe bIOTIRA FRork Rk SRty 9hd 20
naturalness of speech, but also the speak&esrmooghi miedsand speech coding is, thus, an
important issue in the next generation of telephone systems Further, due to the tremendous growth of
the multimedia field, transmission of music and other non-speech signals' at high quality over 25
telephone systems is a desirable feature. To drastlcally reduce the bit rate, source coding can be
performedfhsmg split-band perceptional audicé s& hatural audio codecs exploit
perceptional irrelevancy and 30 statistical redundancy in the signal. Moreover, it is common to reduce
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perceptional degi&®ation. 37 drdef R Ntor8 thE REaMY erfdtidhce €paLfial band replication is
used as drbefficient method to generate high WO 20101003546PCT/EP2009/004523 2 frequency
signals in a high freguency reconsiigiiag (HhR) Hasedicodeeing are two major tasks

of codecs for audio signals. Natural audio ceoding is

commonly used for music or arbitrary signals at medium bit
rates and generally offers wide audio bandwidths. On the
i% other hand, speech coders are basically limited to speech
reproduction, but can alsc be used at a very low bit rate.
Wide band speech offers a major subjective guality
improvement over narrow band sgpeech. Increasing the
bandwidth not only improves the intelligibility and
20 naturalness of speech, but also the speaker’s recognition.
Wide band speech coding is, thus, an important issue in the
next generation of telephone systems. Further, due to the
tremendous ¢growth of the multimedia field, transmission of
music and other non-speech signals at high quality over
25 telepheone systems is a desirable feature.

To drastically reduce the bit rate, source coding can be
performed using split-band perceptional audio codecs. These
natural audio codecs exploit perceptional irrelevancy and
30 statistical redundancy in the signal. Moreover, it 1is
common to reduce the sample rate and, thus, the audio
bandwidth. It is also common to decrease the number of
composition levels, occasionally allowing audible
quantization distortion and to employ degradation of the
35 stereo field through intensity coding. Excessive use of
such methods results in annoying perceptional degradation.
In order to improve the coding performance, spectral band

replication is used as an efficient method to generate high



Spectral band replication (SBA) comprises a technique that 5 gained popularity as an add-on to
popular perceptual audio coders such as MP3 and the advanced audio coding (AAC). SBR comprises
a method of bandwidth extension in which the low band (base band or core band) of the spectrum is
encoded usiNgoAGS8RE 6T the art codec, whereas the upper band (or 10 HEgR/BEHEYREBGArsely
parameterized using few parameters. SBR makeg use of a correlation between the low band and the
high band by predicting the wider band signal from the lower band using the extracted high band
features. This is often sufficient, since the human ear is less sensitive to 15 distortions in the higher

band compared o REIBEr BATE NEw Hdfo SodEts SHRAMBRS YercBaRTAE TWELSPechibRR Using, for
example, MP3 88AAT, g¥itEreas the higher band is encoded using SBR. The key to the SBR algorithm
is the information used to describe the higher frequency portion 20 of the signal. The primary design

goal of this alg%glg@tiﬁg r%%%tryg{?&h&%igtﬂg%bég%ﬁpe%t%%@ JLyvithout int@oed%in %a% e%é;[ifacts and

to provide good spectral and temporal resolution. For example, 4 64band c’orﬁp%(- %Iyphase
3
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reference valuesdap an sswelppeadidstment sghemeasedeatithg degoder, 30.Spectial gnyglopes refer
to a coarse speglraldisyibution gf.the sjonalin.a geneal sens, and comprise,for example, fer
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coefficients in a linear. predictive-based coder or a set of time querﬁ:y averages of su P

samples in a sUb*BAFd BdEF Erivetdpe- BStafrete ROt furn Miorthesss §hantsandepded 2pectral
envelope 1Bspetidly itbtedowdefreqaerrsylbane iscodediwithd lowibitrafesthpanvetoperdata
constitutes a latgex pasteftheditstream.c W 2040/003546RG EHER2Q09/004523,3 Henee, jitds
important to regresent g, spegiral snyelape;comnactly whap using especially lower bit rates, The
spchaIbandr%@&g@Ogé%%k%%%%%ogggkgx%égéggé high band features. This is
often sufficient, since the human ear is less sensitive to
15  distortions in the higher band compared to the lower band.
New audioc coders, therefore, encode the 1lower spectrum
using, for example, MP3 or AAC, whereas thé higher band is
encoded using SBR. The key to the SBR algorithm is the
information used to describe the higher frequency portion
20 of the signal. The primary design goal of this algorithm is
to reconstruct the higher band spectrum without introducing
any artifacts and to provide good spectral and temporal
resolution. For example, a 64-band complex-valued polyphase
filterbank is used at the analysis portion and at the
25 encoder; the filterbank is used to obtain, e.g., energy
samples of the original input signal’s high band. These
energy samples may then be used as reference values for an
envelope adjustment scheme used at the decoder.

30  Spectral envelopes refer To a coarse spectral distribution
cf the signal in a general sense and comprise for example,
fiilter coefficients in a linear predictive-based coder or a
set of time~frequency averages of sub-band samples in a
sub-band coder. Envelope data refers, in turn, to the

35 quantized and coded spectral envelope. Especially if the
lower frequency band is coded with a low bit rate, the

envelope data constitutes a larger part of the bitstream.



5 based on a replication of, e.g., sequences of harmonics, truncated during encoding. Moreover, it
adjusts the spectral envelope of the generated high-band and applies inverse filtering and adds noise
and harmonic components in order to recreate the spectral characteristics of the 10 original signal.
Therefore, tREQAPIXBFIHe SBR tool comprises, for example the quantized %WWWB%"@%%?
miscellaneous control data, a time domain signal $rom the core coder (e.g. AAC or M23). The output of
the SBR tool is either a time domain signal or a QMF-domain (QMF = 15 Quadrature Mirror Filter)
representation of a signal as, for examgle, in case the MPEG surround tool is u?'(zed. The description of

the bit stream &ISRTEMs for tﬁ‘egséﬁpﬁaﬁfj‘éﬁ‘ car? bé F6UAF 7 the ‘St&nd&aT5BIECIIF96E2005,
sub-clause 4.5 28 p#ddomphise alforPothePHElRSBR dtensioni20 dafetan SBR header and
indicates the number of SBR envelopes within an SBR frame. For the implementation of an SBR on

the encoder sidg, an.analysisys perfarmed erdhesiBRuksignal. information 2bobtained;from this
analysis is used to choose the ap%ro riate tlme/féfequgnr% resolution of the Clg]re{lt SBR frame. The
IS of the'

algorithm CalcuPE§ the Stait ard Rlo fimeBor SBRENVEIOPES iff the CUITEH SBR frame,
the number of SBRreaEEpesas Well asthsiPHeetiency!Se pestigtion. The difereatRequdiey
resolutions are gadatiatet asrdestiped,dar examplesria the 50/HHGH44968 Standargin sub-clause

4.6.18.3. The algorithnyalsp caloulates ihe numherof.naiss fiaorsfor e aivep, SRR Jiarae and the

start and stop time borders of the same. Th§r35 start and %[opgime borders of the noise floors should
al

be a sub-set of the Start &hd &BpAE Borddlz of the%ps JERHESITHE Migorithm divitfes the
current SBR fratné dritesour Tiagses: W 2086003546 CT/EPZ009/0045234 FIREIX - Both the
leading and the-tsaiting 4wse borpler equalngrnimal SBR-fragme boundaries: leIBR=envelope,time
e e e
o e (24 it Destngimg by sapls helenng pomac e . he
either a time domain signal or a QMF-domain (QMF =
15 Quadrature Mirror Filter} representation of a signal as,
for egample, in case the MPEG surround tool is used. The
description of the bit stream elements for the SBR payload
can be found in the Standard ISO/IEC 14496-3:2005, sub-
clause 4.5.2.8 and comprise among other data 5BR extension
20 data, an SBR header and indicates the number of SBR

envelopes within an SBR frame.

For the implementation of an SBR on the encoder side, an
analysis 1s performed on the input signal. Information

25 obtained from this analysis is used to choose the
appropriate time/fregquency resolution of the current SBR
frame. The algorithm calculates the start and stop time
borders of the SBR envelopes in the current SBR frame, the
number of SBR envelopes as well as their frequency

30 resolution. The different frequency resolutions are
calculated as described, for example, in the ISO/IEC 14486
3 Standard in sub-clause ¢.6.18.3. The algorithm also
calculates the number of noise floors for the given SBR
frame and the start and stop time borders of the same. The

35 start and stop time borders of the noise floors sheould be a
sub-set of the start and stop time borders of the spectral
envelopes. The algorithin divides the current SBR frame into
four classes:



10 time borders between the leading and the trailing time border can be specified as the relative
distance in time slots to the previous border, starting from the trailing time border. 15 VARFIX - The
leading time border is variable and be defined by bit stream elements. The trailing time border equals
the trailing NG i#APEFE boundary. All SBR envelope time borders betw8eh/ & EdHitié*and trailing
time borders are specified in the bit stream as the*relative distance in 20 time slots to the previous
border, starting from the leading time border. VARVAR - Both, the leading and trailing time borders are
variable and can be defined in the bit stream. All SBR 25 envelope time borders between the leading
and trailing time borders are also specified. The relative time borders starting from the leading time
border are speéffidd1as the refsiive @istanéé i iicpravidus-iifie baret iTHe relative Bimedsarders
starting from theduailingytimenkarderarerd@ specifierhds the selatveldistBRee tortiaspreviougdime

border. There g[eno.estrictions.on SER frame %‘g%%&&%‘}?#'ocﬁ‘fsE%l%%ééq%n%%ﬁfec'a%%s is
allowed in the Sta(r{!dard 35 How ver in accordance h this Standard, the maximal number of SBR

envelopes per BR frante g% egf3 %‘?ecf o 2Por Q58 FiXPR'GAd S OF LrasS VARYAR. Classes
FIXVAR and VARFIX are syntactically limited to four SBR envelopes. WO
2010/003546PETYERRO09/(004523m1The speatrabenviiopesyobthe SBR flameiare estiniated over the

time segment and.with the fraquency-resolution given by;the timefrequency qrid Tha SBR envelope is

estimated by averagkgg the squar d complex sub-band s ? Ies over the 5 given time/frequency

regions. Transiets EBR, MYgenaral, 2 &5edicHreatent by Embloyiy spetfic@ivelopes of
variable Ieﬁgth§.l1ﬂ|€an§?léﬁfé@€aﬁ‘n DesdefrRl b?%ruéﬁ@-%ﬂﬁn c@h@en‘%ﬁaltfailing time

border can be specified as the relative distance in time
slots to the previous border, starting from the trailing

time border.

1% VARFIX - The leading time border is wvariable and be defined
by bit stream elements. The trailing time border equals the
trailing nominal frame boundary. All SBR envelope ti{ime
borders between the leading and trailing tTime borders are
specified in the bkit stream as the relative distance in

20 time slots to the previous border, sterting from the
leading time border,

VARVAR - Both, the leading and trailing time borders are
variable and can be defined in the bit stream. All SBR

25 envelope time borders between the leading and trailing time
borders are also specified. The relative time borders
starting from the leading time border are specified as the
relative distance to the previous time border. The relative
time borders starting from the trailing time border are

30 specified as the relative distance to the previous time
border.

There are no restrictions on SBR frame class transitions,
i.e. any sequence of classes 1is allowed in the Standard.
35 However, in accordance with this Standard, the maximal
number of SBR envelopes per the SBR frame is restricted to
4 for class FIXFIX and 5 for class VARVAR. Classes FIXVAR
and VARFIX are syntactically limited to four SBR envelopes.



10 signals, wherein a strong increase in energy appears within a short period of time, which may or
may not be constrained on a specific frequency region. Examples for transients are hits of castanets
and of percussion instruments, but also certain sounds of the human voice as, for example, the 15
letters: P, T, KO 249@eétection of this kind of transient is implemented so FArTARAH% ikHEéE same way
or by the same algorithm (using a transient thresrﬁqld), which is independent of the signal, whether it is
classified as speech or classified as music. In addition, a possible 20 distinction between voiced and
unvoiced speech does not influence the conventional or classical transient detection mechanism.

Hence, in case X frarrdieiis HetEQEH RSB R WatAShBERI 75 BERdfitePRCdraRF Brat A §Ecoder
can replicate theltetéded trarsientapproprately. 1havO e 126698, ar appardtas aptiveemethod is
disclosed for speetrakenvelope goding, whichdakesintaarceunt aidgiected trapsignt itheraudio

signal. In this cagentional meffiod 2,009+ 30 ynifprLime and frequency, sampling pf the spectral

envelope is achieved b%]an adaptively grouping sub-band samples from a fixed-size filterbank into
frequency Band® At time"Segr&itsS Ba¢h bE At generates one envelope sample. The

corresponding system defaults to long-time 35 segments and high-frequency resolution, but in the
vicinity of a trarsientsskorter tmesegmanis sue usefl, whesehy largerdirequency steps eanbe used in
order to keep the, datg-gize within liniis Jo.case a.H3nsigpLls defgcted, v sap1e  1engens.
Transients can be defined by portions within conventional
10 signals, wherein a strong increase in energy appears within
a short period of time, which may or may not be constrained
on a specific frequency region. Examples for transients are
hits of castanets and of percussion instruments, but also
certain sounds of the human voice as, for example, the
15 letters: P, T, K, .. . The detection of this kind of
transient is implemented so far always in the same way or
by the same algorithm (using a transient threshold), which
is independent of the signal, whether it is classified as
speech or classified as music. In addition, a possible
20 distinction between voiced and unvoiced speech does not
influence the conventional or classical transient detection

mechanism.

Hence, in case a transient is detected, the 3BR-data should
25 be adjusted in order that & decoder can replicate the
detected transient appropriately. In WO 01/26095, an
apparatus and a method 1s disclosed for spectral envelope
coding, which takes into account a detected transient in
the audioc signal. In this conventional method, a non-
30 uniform time and freguency sampling of the spectral
envelope is achieved by an adaptively grouping sub-band
samples from a fixed-size filterbank into frequency bands
and time segments, each of which ¢generates one envelope
sample. The -corresponding system defaults to long-time
35 segments and high-frequency resolution, but in the vicinity
of a transient, shorter time segments are used, whereby
larger frequency steps can be used in order to keep the
data size within limits. In case a transient is detected,



WO 2010/003546PCT/EP2009/004523 6 the system switches from a FIXFIX-frame to a FIXVAR frame
followed by a VARFIX-frame such that an envelope border is fixed right before the detected transient.
This procedure repeats whenever a transient is detected. In case the energy fluctuation changes only
slowly, the tréiisignt/tiBtdétor will not detect the change. These changes nPal/BBisev@rsbe strong
enough to generate perceivable artifacts if not tredted appropriately. A 10 simple solution would be to
lower the threshold in the transient detector. This would, however, result in a frequent switch between
different frames (FIXFIX to FIXVAR + VARFIX). As consequence, a significant amount of additional
data has to be tFAHSmiYEd FHpIFHLEPBSr 15 CBdifg B oy 28pekfally if THE SRRy ihersuse last
over longer timef(eld covat multipleVit@iies): Tihisiis notcdcceptablersircevihibcsighal slagsmat comprise
the complexity, whighawaulghiustife adigherdataseate anddhencg, thisds not an pptin. [o-solye the
problem. 20 An opjective O‘,];glfé% E%ﬁ%srent i%\é%nﬁigqﬂp&g% %helref%retto Clprovide an apparatus, which allows an
efficient coding without perceivable art?facts, especially for seighea g%%mprising a slowly-varying energy,
which is tod’low to be 25 detected by the transient detectors. This objective is achieved by the
apparatus accordingaesgtairnll thenencodertdcedrdingitorclaimaliysasmethod foricalqulatingrtbe
number of spectrabeiavielapes aseeksting:to 3Q claimnb3 or adnethod for, gengrating.a datg, stream

according to clajm 14, The present invention is baged on the finding that the perceptual quality of a
transmitted audio si 4%al can bé§ 35 increasedC by a j‘fastir“?g‘t Fnog?lexi%fécvl@g%/l thetr‘cl’umggf%e tp@ectral

envelopes withif Bh-SBRAAfe ifactdfddite thia giveh sidiQaTRE is iR s edmparifg the
audio sigridl of ridighBeringimé portionswiithinkhe SBR frameez the threshold in the

transient detector. This would, however, result in a
frequent switch between different frames (FIXFIX to FIXVAR
+ VARFIX). As conseguence, a significant amount of
additional data has to be transmitted implying a poor

15 coding effieciency - especially if the slow increase last
over longer time (e.g. over multiple frames). This is not
acceptable, since the signal does not comprise the

complexity, which would 3justify a higher data rate and
hence this is not an option to solve the problem.
20
An objective of the present invention is therefore to
provide an apparatus, which allows an efficient coding
without perceivable artifacts, especially for signals
comprising a slowly-varying energy, which is toc low to be
25 detected by the transient detectors.

This objective is achieved by the apparatus according to
¢laim 1, the encoder according to claim 11, a method for
calculating the number of spectral envelopes according to

30 claim 13 or a method for generating a data stream according
to claim 14.

The present invention is based on the finding that the
perceptual quality of a transmitted audio signal can be
35 increased by adjusting in a flexible way the numbers of
spectral envelopes within an SBR frame in accordance to a
given signal. This 1is achieved by comparing the audio
signal of neighboring time portions within the SBR frame.



WO 2010/003546PCT/EP2009/004523 7 The comparison is performed by determining energy
distributions for the audio signal within the time portions, and a decision value measures a deviation of
the energy distributions of two neighboring time portions. 5 Depending on whether the decision value
violates a thré@&hedd/aisenvelope border is located between the neighboring timegertians The other
border of the envelope can either be at the beginning or at the end of the SBR frame or, alternatively,
also between two further 10 neighboring time portions within the SBR frame. As result, the SBR frame

is not adapted or changed as, for example, in a conventional apparatus where a change from a
FIXFIX-frame to' & EIXVARRAME SR to a VARBIKFRATESE 15 BErforfREERbraeRD treanBaagients.

Instead, emboditierits isets vayingfmumbéhef ervetbpes, for @xampleqwithimFIXERé-framies; in order
to take into accuntivanying flastuations of heaudiosignalsedhat.even glowyvarying.sigpals can

result in a changing number. of 2Q enyvelopes and, therewith, allow a better audio quality to be
produced rk:%/ the SB&%QI ina (%écoder. ﬁ%ge d%terrrl%%%d enn&vie?(l)joﬁjeosrrlh% 15 EampBRt t598F portions

of equal time lef§RaHtHIRhe SBR FARENEEr exdifiplettfel SBRfrariie taf betividedanto &
predetermined ridmbeioftime portions 261 épleichimayisfor exampleycoreprise4 ;-8 & otherristeger
Eowgrs ﬁ-f ?F]) -_ Th&§Qﬁ@@@ﬂ%@ﬁﬂ&g@#ﬂ%ﬁr%ea?h%n‘@ﬁ@a%rﬂoﬁJE%EOB%V iy t@%wﬁ?swﬁquincy

and, which is replic . e qther, hand, the spectra) energy distribution may_also be
related to the Wﬁgf% %%%gﬁgy E%i?&tup%g}ea%f %Wg‘r},n\/%he%in%qﬁe %gSer%rXe%uce)#():yt%endsr%%y or may
not be weighted oFE thaft e loReF FERAEAGPDENd. BY AR prte P& Palreatip onelvislation of the
threshold V8lue msdywBb beisuffitishetricisasestheimimberbbesddopesos to use maximal number of
envelops within the SBR frame. WO 2010/003546PCT/EP2009/004523 8

As result, the SBR frame is not adapted or changed as, for
example, in a conventional apparatus where a change from a
FIXFIX-frame to a FIXVAR-frame or to a VARFIX frame is

15 performed in order to treat transients. Instead,
embodiments use a varying number of envelopes, for example
within FIXFIX~frames, in order to take into'account varying
fluctuations of the audio signal so that even slowly~
varying signals can result in a changing number of

20 envelopes and, therewith, allow a better audio quality to
be produced by the SBR tool in a decoder. The determined
envelopes may, for example, cover portions of egual time
length within the SBR frame. For example, the SBR frame can
be divided into a predetermined number of time portions

25 {which may, for example, comprise 4, 8 or other integer
powers of 2). -

The spectral energy distribution of each time portion may
cover only the upper fregquency band, which is replicated by

30  SBR. On the other hand, the spectral energy distribution
may alsc be related to the whole frequency band (upper and
lower), wherein the upper frequency band may or may not be
weighted more than the lower frequency band. By this
procedure, already one violation of the threshold value may

35 Dbe sufficient to increase the number of envelopes or to use
maximal number of envelops within the SBR frame.



Further embodiments may also comprise a signal classifier tool, which analyses the original input
signal and generates control information therefrom, which triggers the selection of different coding
modes. The different coding 5 modes may, for example, comprise a speech coder and a general audio
coder. The aWaly8id/83d4€ input signal is implementation-dependent with f#eT&F¥tPEREG3e the optimal
core coding mode for a given input signal frame. The optimum relates to a balancing of a perceptual
high quality 10 while using only low bit rate for encoding. The input to the signal classifier tool may be
the original unmodified input. s%nal and/or additional implementation-dependent parameters. The

output of the sigrHi CiEsifiePrSE1 Ma] or Bt SBe SUBRELF Sighalto ToRtroltha Ealdctivh 15 of
the core codec.9fddr exaffiplel the2sigaalkis sdentified orEfdsified asispuekh, thedime-likerabolution
of the bandwidthex¢ensies (BYErmny berinereasesh(etg.dneinese envelopest so dbat-a; 2@ fine-like

energy fluctuatiqq {slowl,orstrongly-uctuating) may beftssde take Inig ceount, Thisapproach

takes into account that different si%nals withdifferenttime/frequencycharacteristicshave 25 different

demands oh chAFEEErsHE BN tHe BanditiatR ExtenSidRP ESF ExafnpRP §&h8iert &sitals¥8pearing, for
example, in spegehesigRalsiwesd £fde fempdml rselutivhsof tie BWE, ineelossdwarafiequiency (that
means the upperdseguennysharser af thecerercadar): shawldignas highas 39 possikigtEspecially in

voiced speech, @O@Qtor&%qig%po@égu%rg can dgﬂ;.%@e gg?q&a&'vegg&qgty. (}r}g}geotheﬁ@nd, tonal
signals often need a stable reproduction of sgs?[ctral ‘components and a matching harmonic pattern of

the reproduced PigH FFeguhicy boftions. ThestaBfe raproductioR®s Piotat partg infiédhé 'tére coder
bandwidth-0it dogs kot Heada BWEXvithPfihebtenpbrdle bdtdlstead adfinar spébtal tesolitiore In a
switched speechfaudioi gorelcosles slesigng it ismoreaver possiblestodsedheLore: aaderi W4

2010/003546PQW§R20%%d99%§23 2rlerizion to,adapthath, the ferparal apd spegtral.characteristics
of the BWE as we Iaasetgea apt %e core cod%-r l%%nojE idth to the signal characteristics. 5 If all

envelopes comBralléfe e S§ame Ienfth ?ﬁlﬁﬁ%, depen !ﬁg S IRE efectsd vi ]ré;’tﬁ)nt(g?\;vh%ﬁ%i’me), the
number of envefsesanaleiifer fRim frafRtb¥rdméE EMBddientoadtefrhinethe hkfer bPn

envelopesifor aniSBRdramegsfor@xample, in the following way. It is possible to 10 start with a partition
of a maximum possible number of envelopes (for example, 8) and to reduce the number of envelopes

step-by-step so that ending on the input signal,.na more envelopes are used than needed to
enable a reprod%%fio%e%% tﬁexg%%gﬁ'n a ;}%rcse]ﬁqﬂjnaail%/ hjigsh a%g |t4i§/.l f&'—%r%&acmfp?es,sé r\%’i:(L)TEa%p‘?‘is’detected

already at the fifR¥rder SPEmeITdAS RithFP e framR Rhy TBsulPRTESiMat iRt BF
envelops, wherd&@8)viglatiorbenlydetecteddt the gecdrd border mayaésplein halbthehat a

20 time-like energy filuctuation {slowly~- or strongly-

fluctuating) may better be taken into account.

This approach takes into account that different signals
with different time/frequency characteristics have
25 different demands on characteristic on the bandwidth
extension. For example, transient signals (appearing, for
example, in speech signals) need a fine temporal resolution
of the BWE, the crossover frequency {(that means the upper
frequency border of the core coder) shcould be as high as
30 possible. Especially in volced speech, a distorted temporal
structure can decrease perceived quality. On the other
nand, tonal signals often need a stable reproduction of
spectral components and a matching harmonic pattern of the
reproduced high fregquency portions. The stable reproduction
35 of tonal parts limits the core coder bandwidth - it does
nott need a BWE with fine tempcral, but instead a finer
spectral resolution. In a switched speech/audio core coder

design, it i1s moreover possible to use the core coder



20 maximal number of envelopes. In order to reduce the data to be transmitted, in further
embodiments the threshold value may depend on the time instant (i.e. depending on which border is
currently analysed). For example, between the first and second time portions (first border) and
between 25 W@ #ipd&iaébfourth time portions (third border) the threshold Rfal/Hi286Hi%a%Es be higher
than between the second and third time portions {’second border). Thus, statistically there will be more
violations at the second border than at the first or third border and hence fewer 30 envelopes are more
likely, which Wogld be jpreferrgg (foré%jor% derggigee bgg)gv). 'Qél%rtg?_f ?[mbodi ents the Ie%%th in time

of a time portion of the SPedetermine “HUmber 0 sUbseguént tlme%or ions i€ 3 eqﬁgfet%ta%: nimal

length in time, fEPRRRI-4 Sirftd ehveldpeciRetétirfetl, #fd in VitficH-the téRIsfontueséaiulator is
adapted to calculatea decisiondatue:fortive WIQ 201 OBR3ISAGERGTE/EP2009/004523 10 neighboring
time portions having the minimal length in time. Yet further embodiments comprise an information
processor %for fpvidigg adedzi}t‘ijor'}% seiagse infocgrrrpa%igg the %%ditionaﬂll sidelinrfjor ation comprises the first
envelope border and the sefond eneelopecborger Wﬁhintt € timseasgquen%ego I}he aldio sjiﬁﬂr?al. In
further embodiniEmentHa Hetetlor (' 9d4HEE T AV e Sigata fi aitenipbralbidet ehéhef theTB=borders
between neighbarinigetime pbrtiens:Empedimentg alst Gise the dpparatds tesecaladatiny thesnumber of

envelopes withig.an.encedars The eacadercomprisas i apnaratys @ calsylate-the numbeg of the 15
spectral envelo%% and a%egv%lgge Cfl|CU|%tgr pses £h|§ Pumber to calcuj!ate‘the s{gectraéenvelope data

for an SBR frame. Embodiments also %6mpr|se a me?hoé)?{olrnc%lé’gualgting the-Rumber b? ﬁvglgps and a
method f&%ncéﬂiﬁ@%n wiElb sqsgngﬁrtition of a maximum possible number of

envelopes (for example, 8} and to reduce the number of
envelopes step-by-step sc that depending on the input
signal, no more envelopes are used than needed to enable a
reproduction of the signal in a perceptually high guality.
15
For example, & violation detected already at the first
border of time portions within the frame may result in a
maximal number of envelops, whereas a wioclation only
detected at the second border may result in half the
20 maximal number of envelopes. In order to reduce the data to
be transmitted, in further embodiments the threshold value
may depend on the time instant (i.e. depending on which
border 1is currently analysed). For example, between the
first and second time portions (first border) and between
25 the ﬁhixd and fourth time portions (third border}) the
threshold may in both cases be higher than between the
second and third time portions (second border). Thus,
statistically there will be more violations at the second
border than at the first or third border and hence fewer
30 envelopes are more likely, which would be preferred {for

more details see below).

In further embodiments the length in time of a time portion
of the predetermined number of subsequent time portions is
35 egual to a minimal length in time, for which a single
envelope is determined, and in which the decision wvalue

calculator is adapted to calculate a decision value for two



20 Therefore, the use of envelopes within FIXFIX frames aim for a better modeling of energy
fluctuation, which are not covered by said transient treatments, since they are too slow in order to be
detected as transients or to be 25 classified as transients. On the other hand/ they are fast enough to
cause artifa®{ #xHEpHERE not treated appropriate%, due to insufficient timg{-ﬁﬁ(@}*’?g@%}ﬁ%ﬁﬁ. Therefore,
the envelope treatment according to the present invention will take into account slowly varying energy
30 fluctuations and not only the strong or rapid energy fluctuations, which are characteristic for

ransients. Hence, embodiments of (e pesentinvenion allow.a mose.sfen! coding.n a better
quality, especu?lﬁl or sgnaﬁng a slowly-varying energy, whose fluctuation 35 intensity is too low to
be detected byth&%onventional transient detectors. WO 2010/003546PCT/EP2009/004523 11 Brief

Description of the Drawings The presentinvention willnow be described by illustrated examples.
Features of theyigventionwillbe-zmareseadily apprpeiated and bettes undersiaog by refesence to the

following detailed desclipfiof wihich.shauid pe.coosidleradiwifigelerefice tedbe aceampaRYng

drawings, in which: TOFi a agram of an apparatus for calculating a number, of

spectral envelopeSacéSrEig e eRbodfiEnts BF the Piesent Tiienfoh: iRy, SSHSWS a Bidk
diagram of an SBR meduleccamprsing antervaédopentinber thleulaiore FRpaBarsirl 3t séW block
diagrams of angnepder ¢ogyising an enyglopediumbgrealetiatars 20the  detector is

adapted to investigate in a temporal order esach of the

10 borders between nelghboring time portions.

Embodiments also use the apparatus for calculating the
number of envelopes within an encoder. The encoder
comprises the apparatus to calculate the number of the
15 spectral envelope and an envelope calculator uses this
number to calculate the spectral envelope data for an SBR
frame. Embodiments alsoc comprise a method for calculating
the number of envelops and a method for encoding an audio
signal.
29
Therefore, the use of envelopes within FIXFIX frames aim
for a better modeling of energy fluctuation, which are not
covered by said transient treatments, since they are too
slow in order to be detected as transients or to be
25 classified as transients. On the other hand, they are fast
enough to cause artifacts if they are not treated
appropriately, due to insufficient time-like resolution.
Therefore, the envelope treatment according to the present
invention will take into account slowly wvarying energy
30 fluctuations and not only the strong oxr rapid energy
fluctuations, which are characteristic £for transients.
Hence, embodiments of the present invention allow a more
efficient c¢oding 1in a better guality, especially £for
signals with a slowly-varying energy, whose Zfluctuation
35 intensity is too low to be detected by the conventional

transient detectors.



Fig. 4illustrates the partition of an SBR frame in a predetermined number of time portions; Figs. be to
Sc show further partitions for an SBR frame 25comprising three envelopes covering different numbers
of time portions; Figs. 6a and6billustratethespectralenergy distribution for signals within
neighboring Hi@&@eBeitons; and Figs. 7a to 7c show an encoder compridifd/ BREGIHEAE
audio/speech-switch resulting in different temporéf resolution for an audio signal. WO
20101003546PCT/EP2009/004523 12 Detailed Description of the Invention The embodiments
described below are merel |IIustrat|ve for the r|nC|Ie of the present invention for improving the 5
spectral band r&f > A {1R%o encoder. It is understood that
modifications and varlatlons of the arrangements and the details described herein will be apparent to
others skilled intthe artplt isstherintentn thesefose, notdolhe limited by the spegific 1 Oxdatails presented

oy way of the Gesariian.aad he xpianation pbiia emOOdipenisDerein, s hahqs an gaparatus
100 for calculating a number 102 of spectral en\\//%(‘)eges 104. The sg ectral envelopes 104 are 15

derived by sp&Ciral Egﬁtﬁif'éﬁhcﬁ?gﬁ EhEBGEF ehftheean 1S KA8P e o TR S audio
signal 105 using§@a pliralityfoflsarrpleavaldes withit a preietémiihed »numbelcbf sabsequenttime
portions 110 in aspecikat band 1eplication fiame (SBR frameexdepdingfram @nsiitiad imeito to a 20
final time tn. The,predetermined number of subsequent time portions 110 is arranged in a time
sequence given by the audio signal 105.

10 Fig. 1 shows & Dblock diagram of an apparatus for
calculating a number of spectral envelopes
acgording to embodiments of the present
invention;

15 Fig. 2 shows a block diagram of an SBR meodule comprising

an envelope number calculator;

Figs. 3a and 3b show ©block diagrams o©of an encoder

comprising an envelope number calculator;

20
Fig. 4 iliustrates the partition of an SBR frame in a
predetermined number of time portions:
Figs. Sa to 5c show further partitions for an SBR frame
25 comprising three envelopes covering different
numbers of time portions;
Figs. 6a and &b illustrate the spectral energy
distribution for signals within neighboring time
30 pertions; and

Figs. 7a to 7c¢ show an encoder comprising an optional
audio/speech~switch resulting in different
temporal resolution for an audio signal.

35



The apparatus 100 comprises a decision value calculator 120 25 for determining a decision value 125,
wherein the decision value 125 measures a deviation in spectral energy distributions of a pair of
neighboring time portions. The apparatus 100 further comprises a violation detector 130 for detecting a
violation 13576} ##Rf¥3RId by the 30 decision value 125. Moreover, the dfpHFARIE*H & Edmprises a
processor 140 (first border determination processl(%r) for determining a first envelope border 145
between the pair of neighboring time portions when a violation 135 of the threshold is detected. The
apparatus 100 also comprises a 3p processar 150 (second border determination processor) for
determining a seesRd-chvelspehaider 18 Berwden A d#trdS air of neighboring time portions or at
the initial time tO or of the final time tn for an envelope' 104 WO 2010/003546PCT/EP2009/004523 13
having the first ehvelopedirtent45 dhased nreal vipdatton 435 ofi¢he threshaldfer-the; other pair or
based on a temporal position of the, pait g the pther pair inghe,SBR frame. Eipally, the appagatus 100

comprises a processor 160 |ﬂgenv(glope nlft?ber processor% for establishing the number 102 of spectral

envelopes 104 ARG RS first8hRvelopR BERIEr 125 and the $63BRd 2nveliibotder s, "

audio encoder. If is understood that modifications and

variations cof the arrangements and the details described
herein will be apparent to others skilled in the art. It is
the intent, therefore, not to be limited by the specific

10 details presented by way of the description and the
explanation of the embodiments herein.

Fig. 1 shows an apparatus 100 for calculating a number 102
of spectral envelopes 104. The spectral envelopes 104 are

15  derived by a spectral band replication encoder, wherein the
encoder 1s adapted to encode an audio signal 105 using a
plurality of sample values within a predetermined number of
subseguent time portions 110 in a spectral band replication
frame (SBR frame} extending from an initial time t0 to a

20 final time tn. The predetermined number of subsequent time
portions 110 is arranged in a time sequence given by the
audio signal 105. A

The apparatus 100 comprises a decision value calculator 1290
25 for determining a decision value 125, wherein the decision
value 125 measures a deviation 1in spectral energy
distributions of a pair of neighboring time portions. The
apparatus 100 further comprises a viclation detector 130
for detecting a wviolation 135 of &a threshold by the
30 decision wvalue 125. Moreover, the apparatus 100 comprises a
processor 140 (first border determination processor) for
determining a first envelope border 145 between the pair of
neighboring time portions whern a vielation 135 of the
threshold is detected. The apparatus 100 also comprises a
35 processor 150 (second border determination processor) for
determining a second envelope border 155  between a
different pair of neighboring time portions or at the
initial time €0 or of the final time tn for an envelope 104



Further embodiments comprise an apparatus 100, in which a 10 length of time of a time portion of the
predetermined number of the subsequent time portion 110 is equal to a minimal length in time for
which a single envelope 104 is determined. Moreover, the decision value calculator 120 is adapted to
calculate a d&d@stompalte 125 for two 15 neighboring time portions havingetternmimaldenagth in time.
Fig. 2 shows an embodiment for an SBR tool comigrising the envelope number calculator 100 (shown
in Fig. 1), which 20 determines the number 102 of spectral envelopes 104 by processing the audio
signal 105. The number 102 is input into an envelope calculator 210, which calculates the envelope
data 205 from thé %48/ i§Ralf5S UsHRFREMMBETERE tHe 8nlsispe caloulator 24Datifl aivide the
SBR 25 frame if®Sportions leeverad dyte dpectrakenyvelope 1A4:ang for-each spactad enyeloge 104
the envelope caleulaior210calcylatss the enyelope;data 205, The anvelape data comprises, for
example, the qu&nt%ed gne %cﬂed s%%ctral envelot;\))% aﬁj this data is needed on the decoder side for
30 generating the high-band sighal and appiying vetse fiteARGPAAdRG rdise &5 hiafhoniel
components in JRIEY ¥4 PefliciBEe sPEFalIHaFACtERSti &S bRthkisigingl digmaln86idg. 38 8hows an
embodiment forein epeader=300; the Bopederi200 eempriges SBRrrelatedsnedules S10.apapalysis

QMF bank 320,32 Qo‘é/ﬂasadﬂgl%é’@@méne%r@ﬁ%% engeder-34Q and a bit stream payload formatter
350. In addition, the encoder 300 WO 2010/003546PCT/EP2009/004523 14 comprises the envelope

data calculator 210. The encoder 300 comprises an input for PCM samples (audio signal 105; PCM -
pulse code modUH&tiOHT whitPOE CipmbeteHBRES AP aRBis PMFIEENE3ZM Bind 1o the'SBR-related
modules 310 ancetoytiie dodn-samplep 830= Theiawalysis-QMn bank 320cin pirads connested to the
envelope data Galgiator 220, auaichy b dwgwisneonpegted o the bit stream paylgad formater 350. The
down-sampler 330 is canngcted {o the AA é:org encqger 340, which, in turn, is connected to the bit
stream payload 10 formatter 350. Finally, the _rélAted mBdqE HtRis BBRRAARE td tHe érivelope
data calculator 26 G fe AREEVEBNcoAEr FRETHkPBoré. ihe enrdaur 300 dowAlsahmples the
audio signal 15d®aptoegenetate coniponients in the coee fretjoencybane (in 12 dowa-sampler sampler
330), whiats arerispytinta: theyAAG eere @needsn 340 whichyencades the audio signalin the gore
frequency band.gngd forwards the encoded signal to the bit stream payload formatter 350 in which the
encoded audio 20 signal of the core frequency band is added to the coded audio stream 355. On the
other hand, the audio signal 105 is analyzed by the analysis QMF bank 320, which extracts frequency
components of & high fidtriency bandzedinpots these signalintothé envelopedata calealator
210. For 25 example] afed sulmband QMichanrlk 320 pedormsbesubhand §ltering of the;input signal.
The outptdromthe. terhask 65 g shigehand samBIeS) (e COMPIOYRTIANG. 1y 1y

an

over-sampled by a factor, of two. compared to a regular QM )
sample groce331ng thg ée %3 %l 185. The number 102 is input

into an envelope calculator 210, which calculates the
envelope data 205 from the audiec signal 105. Using the
number 102, the envelope calculator 210 will divide the SBR

udio sign

25 frame into portions covered by a spectral envelope 104 and
for each spectral envelope 104 the envelope calculator 210
calculates the envelope data 205. The envelope data
comprises, for example, the gquantized and coded spactral
envelope, and this data is needed on the decoder side for

30 generating the high-band signal and applying inverse
filtering, adding noise and harmonic components in order to
replicate the spectral characteristics of the original
signal. '

35 Fig. 3a shows an embodiment for an encoder 300, the encoder
30C comprises SBR related modules 310, an analysis QMF bank
320, a down-sampler 330, an AAC core encoder 340 and a bit
stream payload formatter 350. In addition, the encoder 300



The SBR-related modules 310 controls the envelope data calculator 210 by providing, e.g., the
number 102 of envelopes 104 to the envelope data calculator 210. Using the number 102 and the
audio components generated by the 35 Analysis QMF bank 320, the envelope data calculator 210
calculates th&erel@gEsdata 205 and forwards the envelope data 205 to tR€TsiPSHEaH jrayload
formatter 350, which WO 2010/003546PCT/EP2369/004523 15 combines the envelope data 205 with
the components encoded by the core encoder 340 in the coded audio stream 355. Fig. 3a shows
therefore the encoder part of the'SBR tool 5 estlmatln%seve ral parameters used by the hlgh frequency

reconstruction MEHRI-GF the BECEAEE ERY BT ENGWS AhEERIE forthe SBR-fISBHETHodHE 310,
which comprisesdhe shvepenudmbet caletlatér1 6 sHown 10U Fig.st)arl optidrally@ther SBR
modules 360. The13BRealatedypadules 330 receivedhe audigcsigrak b and eytput the pamber 102

of envelopes 1 p%gﬁg ?@r dgﬁqﬁggge%@d @g&hg@i@q@%ﬁﬁ q(ilélcesﬁqp A9 Tq;e o@gr SBR

modules 360 may for exam omg)rlse a conventional transient detector adapte etect

transients in théjﬁl‘j’&losﬁa‘r?&lef% may alsdBbtiittfie RimbePRAd/SF Bosﬂﬁhs?dﬁl’?e erhelops so
that the SBR modulesahay oitmay ot caivglaterpartstthe patameétere 20 25ed byhthehighfrequency
reconstruction mathod ar the dacederd SBR paeampetery A% saidhefowswithin-RBR:an SBFhtime unit

(an SBR frame)gan b, divided,infg yarays ‘i%taéé%‘}i@cé&?aﬂ%d enwelqpes. I {his diyisiongr partition

is uniform, i.e. 25 that all envelopes 104 have the same size and the first envelope beglns and the last

envelope ends witha #AheBoditary the SERPANBIS Gefified HRh8 FixBHE fahdayoad

10 formatter 350. Finally, +the SBR-~related module 310 is
connected to the envelope data calculstor 210 and to the
AAC core encoder 340.

Therefore, the encoder 300 down-samples the audioc signal
15 105 to generate components in the core freguency band {in
the down-gzampler sampler 330), which are input into the AAC
core encoder 340, which encodes the audio signal in the
core freguency band and forwards the encoded signal to the
bhit stream payload formatter 350 in which the encoded audio
20 signal of the core freguency band is added to the coded
audio stream 353. On the other hand, the audio signal 105
is analyzed by the analysis QMF bank 320, which extracts
frequency components of the high freguency band and inputs
these signals into the envelope data calculater 2i0. For
25 example, a 64 sub-band QMF bank 320 performs the sub-band
filtering of the dinput signal. The output from the
filterbank (i.e. the sub-band samples) are complex-valued
and, thus, over-sampled by a factor of two compared to a
regular QMF bank.
30
The SBR-related modules 310 controls the envelope data
calculator 210 by providing, e.g., the number 102 of
envelopes 104 to the envelope data calculator 2i0. Using
the number 102 and the audio compconents generated by the
35 Analysis QMF bank 320, the envelope data calculator 210
calculates the envelope data 205 and forwards the envelope
data 205 to the bit stream payload formatter 350, which



Fig. 4 illustrates such a partition for an SBR frame in a 30 number 102 of spectral envelopes 104. The
SBR frame covers a time period between the initial time tO and a final time tn and is, in the
embodiment shown in Fig. 4, divided into 8 time portions, a first time portion 111, a second time
portion 112, W0 2H&¥#Hth time portion 117 and an 35 eighth time portior $ T&#FF it portions
110 are separated by 7 borders, that means a border 1 is in-between the first and second time portion
111, 112, a border 2 is located between the second portion 112 and a third portion WO

2010/003546PCT/ER2009/0045 a ntil a.horder 7 is in-bet the th
portion 117 and’ %%Déﬁaﬁ% ggjr%ozﬁ%#i%.}%r? %e@%tléa%ggp ISLJC%/F%C 339§%&?%%%%%€>§m3 r(?l?r}%%%r of 5
envelopes 104 fiva BIRFEe Fantd e¥estictéd to ourtee& 2B 14 1 5aribFs5T4 6°$8.3.6). I

general, the number of envelopes 104 in the FIXFIX frame could be a power of two (for example, 1, 2,

4), wherein F|XE§?&ffaG@S %@@@Iywﬁéﬁm&eﬁw%@m@eﬁogﬁmie@f has,beemdetested. 10 In
conventional high-efficiency AAC e erj 0 io onthe o h the imal_ number of
envelopes §O4 %Sgg”r?ls?f%a%r%d t,%etyvﬁg;gggenp i%q%%é% ggec%ca%%oﬁ%f t%% st?aﬁléda?\(? %%orfeggﬁgé %ﬁgws up to

four envelopes ZRGE MR df VBRIP4 paF R afRFMA§ A5 be increased, for example, to eight
(see Fig. 4), so that a FIXFIX frame may comprise 1, 2, 4 or 8 envelopes (or another power of 2). Of
course, any other gumber 2 akenvelopesnkddeis also passiblepso-that dhe maximalinunaer of
envelopes 104 (predpterpined.numben) may qily Bs20giciectay e ims-resehion ahife QWP
filter bank which has 32 QMF time slots per SBR frame.
10 1in Fig. 1} and optionally other S8BR modules 360. The SBR-
retlated modules 310 receive the audic signal 105 and output
the number 102 of envelopes 104, but alsco other data

generated by the other SBR modules 360.

15 The other SBR modules 360 may, for example, comprise a
conventional transient detector adapted to detect
transients in the audio signal 105 and may also obtain the
number and/or positions of the envelops so that the SBR
modules may or may not calculate part of the parameters

20 used by the high freguency reconstruction method on the
decoder (SBR parameter).

As said before within SBR an SBR time unit (an S$SBR frame)
can be divided intoe wvarious data blocks, so-called
envelopes. If this division or partition is uniform, i.e.

25 that all envelopes 104 have the same size and the first
envelope begins and the last envelope ends with a frame
boundary, the SBR frame is defined as the FIXFIX frame.

Fig. 4 illustrates such a partition for an SBR frame in a
30 number 102 of spectral envelopes 104. The SBR frame covers
a time period between the initial time t0 and a final time
tn and is, in the embodiment shown in Fig. 4, divided into
8 time portions, a first time portion 111, a second time
pertien 112, . . ., a seventh time portion 117 and an
35 eighth time portion 118. The 8 time portions 110 are
separated by 7 borders, that means a border 1 is in-between
the first and second time portion 111, 112, & border 2 is
located between the second pertion 112 and a third portion



The number 102 of envelopes 104 may, for example, be calculated as follows. The decision value
calculator 120 25 measures deviations in the spectral energy distributions of pairs of neighboring time
portions 110. For example, this means that the decision value calculator 120 calculates a first spectral
energy distrif§@timofeR3tte first time portion 111, calculates a second spegﬁg@ﬁg?ag"éﬁ%istribution
from the spectral data within the second time por}i60n 112, and so on. Then, the first spectral energy
distribution and the second spectral energy distribution are compared and from this comparison the
decision value 125 is derived, wherein the decision value_125 relates, in 35 this example, to the border

1 between the firsBamaHbriich P11 4R& e SeddRtfihe portion TP THESME Pfocealire May be
applied to the seeond time pdrtiondl Ihang He tHirdemeigortien 413 so that for these two WO
2010/003546PCT/EP2009/004523 17 neighboring time portions also two spectral energy distributions

are derived and,fhiesg, fwo spegiial- energydistibutionsegres in tyin, coppared by fhedecisige value

calculator 120 to derive a further decision value 125. As next step, the dete(%tor 130 will compare the

derived dedisioPVEREIPESS With a'thiréshbid batie ZH thelthrésHold Vafte i5idi&iea, i Getector
130 will detect & viotatior-135. |fahe zetestbr ¥3Pdéfects & violditongE3B: 1D the PrecessBP $40
determines a firstrenmelene berder 445 ihoraxample; i the tieieetor330 detestsaa violation af the

border 1 between,the first time portign 111 and the segond ime pettion, 112, the first gnvelope border

145a is located at the time of the border 1. 15 In the Fig.4 embodiment,in which onl\é several

possibilities for Gfftiedborders Ae 2iBFedT IS wdtid FeHHtha? the Akl Brocess S fifidhed, and
all borderg @re Set as indicated by ke siall envelgpesihbicated ay 2010442£04b. Inghi8XEHSE borders
would be on all fifgesetheh 2at 4 dh ¥Yhes; however; the first harder is:torlaex seke.gnombiere of

envelopes 104 is constrained to @ two, even if the
specification of the standard theoretically allows up to
four envelopes. This number of envelopes 104 per frame may

15 be increased, for example, to eight {see Fig. 4}, so that a
FIXFI¥X frame may comprise 1, 2, 4 or 8 envelopes (or
another power of 2). Of course, any other number 102 of
envelopes 104 is also possible sc that the maximal number
of envelopes 104 (predetermined number) may only be

20 restricted by the time resclution of the OMF filter bank
which has 32 QMF time slots per SBR frame.

The number 102 of envelopes 104 may, for example, be
calculated as follows. The decision wvalue calculator 120
25 measures deviations in the spectral energy distributions of
pairs of neighboring time portions 110. Feor example, this
means that the decision value calculator 120 calculates a
first spectral energy distribution for the first time
portion ill, calculates a second spectral enerqgy
30 distributicon from the spectral data within the second time
portion 112, and so on. Then, the first spectral energy
distribution and the second spectral energy distribution
are compared and from this comparison the decision value
125 is derived, wherein the decision value 125 relates, in
35 this example, to the border 1 between the first time
portion 111 and the second time portion 112. The same
procedure may be applied to the second time portion 112 and
the third time portion 113 so that for these two



instant 4, then the search for the second border has to be 25 done. As indicated in Fig. 4, the second
border could be at 3, 2, 0. In case of the border being at 3, the whole procedure is finished, since the
smallest envelopes 104a, 104b are set. In case of the border being at 2, the search has to be
continued, sHEH }OPEEGet sure that the 30 medium envelopes (indicate8GY T488)%¢4itbe used.
Even in case of the border being at 0, it is not yetlaetermined that in the second half, i.e. between 4
and n, there is not a border. If there is not a border in the second half, then the broadest envelopes
can be set. If there,is a border 35 e.qg. at 5, then.the smallest envelopes have 1o be used. If there is a
border only at G?ﬁle%r} S& HsHiunt Jé%]?/elo §’§ g%eoﬁlged. E\]?/%%Ol%é%%i%ﬁ&%lgg20069986%’23 18
When, howeverda Eekitetelp féxiié or & TorEFxiBRApaltBfs for tHePeniBRPEEIL alRUREE the

procedure contindes, miben adnist border ahl hasmheencgiermiedy Théw, tHe piedessovd50e

determines a second envelnpe; 5 borders155, yuhigh is either-befween; another gairof neighboring time
portions or gcoincides with the initial time tO or the final time tn. In the embodiments as shown in Fig. 4,

the second %nvelope border 155a coincides with the initial time tO (yielding a first envelope 104a) and

10 another secdidl eRgélopés bdrder A85h e6inefdesiwith’the Bbider 2BMAEEN TS setdRd A portion
112 and the third4imes portiorvd 18« yieldihy awecbndeenvelopetkdidb). fahere isnd vidtatiomdetected
at l}he btc?rdertl %W@t;@!@c%h‘@f Jk&%tltﬁdaeio@rt&%%iééi@g meesmt_ e p@ﬁltdfzra«;lcidz, rt}ﬁlﬁ%’i:@%ector %30
will continue to investigate r we sec ime, portion a e thir. e portion
115 1 hine is S At e T b T er 3. 50
Accordingt8 emboRlinkeMS BT IRE inVERti6R B & st ofnelghbting v eRResPeaiddeciston value
125 measures tlte dewiation iof the Spebtratienergydistiibltions,antierein each spéctrakeéndrgy
distribution refergdegportiop of fae audiq.signalwithina.tipe portion.1n the gxample ek838d
e e LA 004 MEOSIERL ol RO R DETURE DI g POt
general, if there are n éanve.opes, there are n-1 measures (decision values 125). Each of these
decision values 55 &y f&Fb8 LohifarRa 5/ a threshold and if the decision value 125 30

(measure)haolates the threshold, an envelope border will be located between the two neighboring

envelopes. Depenrgding-gr therdefinition of hedrcisientyalueile5 angiefiithe tiesholddhe vialation

may either be thst{%égﬁ@[ 9%@165%%5 gixaa@wfe%%%ewetpg threshaldh I, case the; 35 degision value
resho [

125 is below the the spectral distribution may. not strongly vary from %\gl%poert&e%gvelope.

Hence no enveld|5&BortiB? al e resdsd AttRSPositioh (£ Rt tiR).

2010/003546P CAYEP 2309/G04 528U g Preterrdd embidirde e rfber IO 6P&EMeIGHes 104
compriseszaypowiardef twoens, moreavers eaels envelopexonyarisedarhequal timel period: sThis means
that there are foyr pgssibilities: A first possibility is that the whole SBR frame is covered by a single
envelope (not shown in Fig. 4), the second possibility is that the SBR frame is covered by 2 envelopes,

the third possibility is that the SBR frame is covered by 4 envelopes and the last .
When, however, the first border 1is to be set e.g. on time

instant 4, then the search for the second border has to be
25 done. As indicated in Fig. 4, the second border could be at
3, 2, 0. In case of the border being at 3, the whole
procedure is finished, since the smallest envelopes 104a,
104b are set. In case of the borxder besing at 2, the search
has to be continued, since it is not yet sure that the
30 medium envelopes (indicated by 145a) can be used. Even in
case of the border being at 0, it is not yet determined
that in the second half, i.e. between 4 and n, there is not
a border. If there is not a bordér in the seccend half, then
the broadest envelopes can be set. If there 1is a border
35 e.g. at 5, then the smallest envelopes have to be used. If
there is a border only at 6, then, the medium envelopes are

used.



10 possibility is that the SBR frame is covered by 8 envelopes (shown in Fig. 4 from the bottom to the
top). It may be of advantage to investigate the borders within a specific order, because if there is a
violation at an odd 15 border (border 1, border 3, border 5, border 7), the number of envelopes will
always be el {e#@6#Hfe assumptions of equal sized envelops). On theSthEFRERE #Fthere is a
violation at border 2 and border 6, there are four %ghvelopes and, finally, if there is a violation only at 20
border 4, two envelopes will be encoded and if there is no violation at any of the 7 borders, the whole
SBR frame is c \{)ered b){lgne single envel([)rpev[e ence tﬁg

sigle enve - e appayatus 100 may investigae fit the
border 1, 3, 5, 7'and if a violaton is detected at one of t ese Jbor&ersﬁhe 25 apparatus ﬁ)B can
investigate the R&¥SBR frafRE, sitbE, in TRIETHRETRe whdle 3BRIFERe willhR ertoeedBi the

maximal numbetai ehwetopeswAler inveStigatingotheseroddiboitdens: and:#«o vidtatkonsi arsddetected
at the odd bordeis..the detegtor 130 may dnvestigate, asdhepext30 stepstheperdes2andparder 6,

so that if a iola% velopes will be %our and
ar i

tog Cﬁ% getel(%%d at otge qrg th%se twa ?Qédrers théa numbera %f (%21
the apparatus 1 t ons

8 can, again, ’turr)w o the nex‘?_ SBR frame. Rs? a"‘fgsetnstep,_l ere aré ?]%)#Vio_%.
detected so far 88 H&BOFIEIS 1128 5PBL? 199 the HetetRI B &S iWdHtigdtBthelfdrticf 4 and if a
violation is detettedkatitibrder 4;lthe filndder i eaveloped aretfixedetotindinditrs as shown

2010/003546PGHER2Q09/904523 2Q4zarthe ganerabsase fntime postions; whese § is apreven
number) this pr(%%edur.e nﬁ% ISC% peere-@gura eg s follows. If errS%xam le,.at the (B%gf_?ordaenra no

violation is detectéd and théreforé the decisioh va 3511%5%%&5 be owgh%pt%rés 0 (f meaning that

the neightdring@Relspes BRRRAAre S&araRt by HEEE botders) @ipiisess stithtdiffeénces with
respect to the specttaleneripye distrbutidn: thereasifotniesd tpadivitlerthé SBR:framehinto:h envdelopes
and, instead, n/2 ghvelepas May be syfficient 110 Kfurthermorenthe detectensk30 gdeleats na yiolations
at borders, whic,are twice an ogd e (e alporgers.2 6,40, it s alsg g egd o,ut an
envelope border at these positions ancfjhence, the number of envelopes can further be reduced by a

factor of 2, i.e. t6 HF& THidMS BioEedtre Kcorttiet e B58tEp (e &R StePRoliktbe thE border,
which is 4tfmescatedt mumbag, i.ei4 112 ciat attet these Borders hg ¥iotatich $s detested, assingle
envelope for thesewhale=9BR flameds sufficieninOlhdiawever,10me of #hie deeisiophvatdes dkeat the

odd borders is ghove the threshold; 1 ppyelopes shoulshhg egnsidsred, isince.aply then angnvelope
border will be positioned at the correspondln%gosmon (since all envelgpes are %ssumed to have the
same length). I E§nds from the starting time t0 to the border 2.

20 According to embodiments of the invention, for a pair of
neighboring envelopes, said decision value 125 measures the
deviation of the spectral energy distributions, wherein
cach spectral energy distribution refers to a portion of
the audio signal within a time portion. In the example of 8

25 envelopes, there are a total of 7 measures (= 7 borders
between neighboring time portions) or, in general, if there
are n envelopes, there are n-1 measures (decision values
125). Each of these decision wvalues 1253 may then be
compared with a threshold and if the decision wvalue 125

30 (measure) violates the threshold, an envelope border will
be located between the two neighboring envelopes. Depending
cn the definition of the decision value 125 and of the
threshold, the violation may either be that a decision
value 125 is above or below the threshold. In case the

35 decision value 125 is below the threshold, the spectral
distribution may not strongly wvary from envelope to
envelope., Hence no envelope border may be needed at this

position (= moment in time).



25 case, n envelopes will be calculated even then if all other decision values 125 are below the
threshold. The detector 130 may, however, also consider all borders and consider all decision values
125 for all time portions 30 110 in order to calculate the number of envelopes 104. Since an increase
in the numberBfzeEIgFes 102 also implies an increased amount of datah6eraeligastted, the
decision threshold for the corresponding envelopéborder, 35 which entails a high number of
envelopes 104 may be increased. This means that the threshold value at border 1, 3, 5 and 7 may
optionally be higher than the threshold at the borders 2 and 6, which, in turn, may be higher than the
WO 2010/003546PCT/EP2009/004523 21 threshold at the border 4. Lower or higher thresholds refer
here to the case that aRA6Iafion B e HREdHGIt s moke ortEsasiket Fop exampte. aitigherQAreshold
implies that the denmiatiDpdn the spestat enefgy disiribatian betweenbetwo neighboringtimeportions

may be more lolaaple;than with auiower tigshald anddiencg far aaighhreghield more seygee

deviations in the s§ectral enerqtﬁdlstribution are needed to demand further envelopes. e chosen

threshold may atSo'teaid oh the Sighal ad to-whatheP e dighatisioldssifitdeds a-8pedthcdinal or a
general audio s, figMsowee S Pioe Hsel case that Siadaeision teresheld itk alwslysywe réduced (or
increased) if thersignal4ds classified asapeegh d3epanding on the: k3 applicatienrit mayxaowever, be

of advantage f fa2 gsgeEa) audig;signalo e, thigshold s high.5a halin fais case. dhe nugjher of

envelopes is genericall%/ smaller than forvae‘%)eech signal. 20 Fig. 5 illustrates further embodiments in
0

which the lengti? 6f the driVefopetarict Bvet the SBR ffam& ThRIGPES, arf@kampiBds sHéwh with

three envélBpes P04 i& first envefope 44 e séEdhdEenisope 10dbearia lthvird eavelepern®4dc. The

first envelope 104aextends fram the imtiakiirmr4Odetthen? Scbordes 2raddime t2, the second envelope

104b extends from border 2 at time t2 to border 5 at time t5 and the third envelope 104c extends from

border 5 at time._t5 to the final t%:ue Qr.alrf]gll time portions are, a%ain, ?{%he same Iengt,h nd if the SBR
t3

frame is, again, dividad ints e1g e PoHicHs, the fifst aAvsfope foA ESVets the-firdt And second
time portions 113P39>E fife S&cHitr erRRTGHE 204 cHRE the thirdl, therdbaithdndahe fifth 8t
portions 113 to bd5ded thedhid enveldpertddc Govers thie sixih, theséventh and the eighitle time
portions. Therefgte,dh@clopes will always be eight (under the assumptions of
equal sized envelops). On the bther hand, if there is a
viclation at border 2 and border 6, there are four
envelopes and, finally, if there is a violation'only at
20 border 4, two envelopes will be encoded and if there is no
viclation at any of the 7 borders, the whole SBR frame is
covered by one single envelope. Hence, the apparatus 100
may investigate first the border 1, 3, 5, 7 and if a
vielation 1is detected at one of these borders, the
25 apparatus 100 can investigate the next SBR frame, since, in
this case the whole SBR frame will be encoded by the
maximal number of envelopes. After investigating these odd
borders and 1f no violations are detected at the odd
borders, the detector 130 may investigate, as the next
30 step, the border 2 and border 6, so that if a viclation is
detected at one of these two borders, the number of
envelopes will be four and the apparatus 100 can, ageain,
turn to the next SBR frame. As a last step, if there are no
violations detected so far as the borders 1, 2, 3, 5, 6, 7,
3% the detector 130 can investigate the border 4 and if a
' viclation is detected at border 4, the number of envelopes
are fixed to two.



35 first envelope 104a is smaller than the second and the third envelopes 104b and 104c. WO
20101003546PCT/EP2009/004523 22 Fig. 5b shows another embodiment with only two envelopes, a
first envelope 104a extending from the initial time tO to the first time ti and a second envelope 104b
extending fr&Y#® t4a%fi&4tne tl to the final time tn. Therefore, the 5 second’&AVEISHE 4R extends over
7 time portions, whereas the first envelope 104a &tends only over a single time portion (the first time
portion 111). Fig. 5¢ shows, again, an embodiment with three envelopes 10 104, wherein the first

envelope 104a extends from the igkttialctirgg t(?tét% the stejc_:ond time t2, the sewondeenvelope %04b
extends from the Second tifie "0 the fourth tie {4 and the Hifd" éﬁ\l}leﬁépe G4E extends ffom the

fourth time t4 tGH#RfinalERE A, 15 HesemBodiments gy, fdridkarkiple, 15 BSed FfCasé that
borders of envelepas464 are onlyput betwedrepeighboring tire potiofsria whichrya victatiamof the

threshold is c_ietggtegég@;{@% |ng@giartq3g%lﬁtg@@? tQ,:1A. T(;Igg%ggmgar_\\%@;@gm 139, 53,9 viglation is
detected a%tlm tér;a]nd ﬁ}VIOL@%Oﬂ |%g%§cteda%t.%me %% v%:/hereas no,wglggggg ar(%3 dgtefée% at the
remaining time PéntstFt3- 4,56 4n f“glmi}arﬁ/, in Elg. %Bfea@?o:‘lgtion IS oﬁly detected af the time
ti, resulting in a BBrdeRfoR Hfe 2SRt ERVRlOpE 1DBa%hdI6E fRrsecoRtrEivelépe T04btaitd fh Fig. 5,
a violation is detedted:ay-atthe seadnd timed2sard thetdfourth time t4. dpeordexthat a«decogder is able

to use t_h_e envelopg daia 30 apd tegeplicaie aﬁSOEQé'éQiY_EQﬁ SReStrRl *ﬂﬂ@e%ﬁﬁn%x@%@e@%r needs
the position of the enveIlLo es 104 and of thce c%{resxppﬁdlnrgverlvelope bgrdekgs. IQ t}%% emboqclments as
shown before, Which ré y 1y 2aid's énd“anr%, whetein afl eavelo %%el%zfncgmpﬁse ttie sla?r%igrfeﬁgth and,

hence, it Was safficiERt 2B e HaRgmitthe ntfibes o envelBp&ess fiat the dEésdericams at

borders, which are twice an odd number {e.g. at borders 2,
6, 10, ..), there is alsc no need to put an envelope border
at these positions and, hence, the number of enveldpes can
further be reduced by a factor of 2, i.e. to n/4. This
15 procedure is continued step by step (the next step would be
the border, which is 4 times an odd number, i.e. 4, 12, ..).
If at all of these borders no vioclation is detected, a
single envelope for the whole SBR frame is sufficient.

20 If, however, one of the decision walues 125 at the odd
borders is above the threshold, n envelopes should be
considered, since only then an envelope border will be
positioned at the corresponding position (since all
envelopes are assumed to have the same length). In this

25 case, n envelopes will be calculated even then if all other
decision values 125 are below the threshold.

The detector 130 may, however, alsc consider all borders
and consider all decision values 125 for all time portions
30 110 in order to calculate the number of envelopes 104.

Since an increase in the number of envelopes 102 also
implies an increased amount of data to be transmitted, the
decision threshcld for the corresponding envelope border,
35 which entails a high number of envelopes 104 may be
increased. This means that the threshold value at border 1,
3, 5 and 7 may optionally be higher than the threshold at
the borders 2 and 6, which, in turn, may be higher than the



decide where an envelope border has to be. In these embodiments as shown in Fig. 5 however, the
decoder needs information at which time an envelope border is positioned WO
2010/003546PCT/EP2009/004523 23 and thus additional side information may be put into the data
stream so th#CAUIHYPHESIde information, the decoder can retain the timefhbHEE rere a border is
placed and an envelop starts and ends. This addftlonal information 5 comprises the time t2 and t5 (in
Fig. 5a case), the time ti (in Fig. 5b case) and the time t2 and t4 (in Fig. Sc case). Figs. 6a and 6b

show an embodjment g)rt e decision value calculator 120 by using,the spectral energy distribution in
10 the audio sigﬁféffﬁ © Il‘lg. 84 sg]}?)%vsbg ?igsetrs& bfgg%ep?e gglue%%i%rfor %‘i”"ee Sah r?bc{sgllgﬁgﬁﬁra given

time portion, e.dief@ first ihe geriich tEeand cohpares thisSanipied BbaRFSIghal with B%°second
set of samples afthe=auslia signal 626 dr the:segdrd timeiggrtion 1 2e Fhelaudiosignat walsa t

transformed inta.the frequency domain @ that the sets of samRie vallies 610, 620-0r their lavels P are
shown as a function of the requenéyf The lower and the hi%h rfre%%récytbalnds %rfeseggrated 20 by

the Crossover fr&’fl?en%?ljfg ir%%ﬁ/:iﬁl th%il%er th%%?fr%%%er%ﬁ s than sample valaes Wil nét'be

transmitted. Thevdédoder spioald indteariveplicaethbse SEmpRrvalubsd By UsSHE HeSBR'®4tE. On the
other hand, the samples kelowdhe @ressonenfrequeney f@ ate eneoded, forsaxarhplei by ther25 AAC

encoder and trapsmifted 1q,the-decodef rther envelopes.

10 The chbsen threshold méy also depend on the signal as to
whether the signal is classified as a speech signal or a
general audio signal. It is, however, not the case that the
decision threshold will always be reduced {(or increased) if
the signal 1is classified as speech. Depending on the

15 application, it may, however, be of advantage if, for a
general audic signal, the threshold is high so that in this
case, the number of envelopes is generically smaller than

for a speech signal.

20 Fig. 5 illustrates further embodiments in which the length
of the envelopes varies over the SBR frame. In Fig. 5a, an
example is shown with three envelopes 104, a first envelope
104a, a second envelope 104b and a third envelope 104c. The
first envelope 104a extends from the initial time t0 to the

25  border 2 at time t2, the second envelope 104b extends from
border 2 at time t2 to border 5 at time t5 and the third
envelope 104c extends from border 5 at time t5 to the final
time tn. If all time portions are, again, of the same
length and if the SBR frame is, again, divided intc eight

30 time portions, the first envelope 104a covers the first and
second time portions 111, 112, the second envelope 104b
covers the third, the fourth and the {fifth time portions
113 to 115 and the third envelope 104c covers the sixth,
the seventh and the eighth time portions. Therefore, the

35 first envelope 104a is smaller than the second and the
third envelopes 104b and 104c.



The decoder may use these sample values from the low frequency band in order to replicate the high
frequency components. Therefore, in order to find a measure for the 30 deviation of the first set of
samples 610 in the first time portion 111 and the second set of samples 620 in the second time portion
112, it may e Beiggsfeient to consider only the sample values in the higRReERRRE) S2id (for f > f0),
but also take into account the frequency componezhts in the 35 low frequency band. In general, a good
guality replication is to be expected if there is a correlation between the frequency components in the

high frequency andvz\a%l ectgtapgigél% freun%%/é:om pl(%nent§ in thel V\E‘J’ngeg@i o s,
d [

2010/003546P n a first step, it may be stfficient to consider onfi/ sample

values in the high-ffé§uéensiEpant (aliote treErdtuer ﬁéﬁ’ﬁbﬁ?ﬁ/@foﬁwi&d&ealéﬂr%& & Rorr&lation
between the first set dfisampleivalued 640dvith te-seconthSskbbpd saipte ealues By Theaorrelation

may be calculated by psing-standard statistic methods;and may cemprise, fa{oxample, thene
5  second envelope 104b extends over 7 time portions, whereas
the first envelope 104a extends only over a single time

portion (the first time portion 111).

Fig. 5c shows, again, an embodiment with three envelopes
10 104, wherein the first envelope 104a extends from the
initial time t0 to the second time t2, the second envelope
104b extends from the second time t2 to the fourth‘time t4
and the third envelope 104c extends from the fourth time t4
to the final time tn.
15
These embodiments may, for example, be used in case that
borders of envelopes 104 are only put between neighboring
time portions in which a vioclation of the threshold is
detected or at the initial and final time €0, tn. This
20 means that in Fig. 5a, a violation is detected at time t2
and a violation is detected at time t5, whereas no
violations are detected at the remaining time moments tl
t3, t4, té and t7. Similarly, in Fig. 3b, a violation is
only detected at the time tl, resulting in a border for the
25 first envelope 104z and for the second envelope 104b and in
Fig. 5¢c, a violation is detected only at the second time t2
and the fourth time t4.

In order that a decoder is able to use the envelope data
30 and to replicate accordingly the spectral higher band, the
decoder needs the position of the envelopes 104 and of the
corresponding envelope borders. In the embodiments as shown
before, which rely on said standard, wherein all envelocpes
104 comprise the same length and, hence, it was sufficient
35 to transmit the number of envelopes so that the decoder can
decide where an envelope border has te be. In these
embodiments as shown in Fig. 5 however, the decoder needs

information at which time an envelope border 1s positioned



calculation of the so-called cross correlation function or 10 other statistical measures for the similarity
of two signals. There is also Pearson's product moment correlation coefficient, which may be used to
estimate a correlation of two signals. The Pearson coefficients are also known as a sample correlation
coefficient. WW@enb¥alt3Eorrelation 15 indicates the strength and directioﬁcﬁ%?ﬁi’f?ﬁ”f‘é?gtionship
between two random variables - in this case, the’fvo sample distributions 610 and 620. Therefore, the
correlation refers to the departure of two random variables from independence. In this broad sense,

there are several 20 coefficients,measuring the degree of correlati d%rge [&thglg\%ur%ﬁédata SO
that different codfficie g%reaagég grntﬂflfe?gﬁfg 3tug%%o%§.nﬁ%}88 s%% S athi?%l set of sample values

630 and a fourtH@Ssettafesimpe Vdlads B2ANRhichemay o BXARDIE e RlattitoIRE Whiple
values in the third siime: pettion: 13 anddhadowth imeporion ki dgain, Snprderetd compaie the two
sets of samples.(ar sighals). fwe neighboxing dime. portions are gansiderad In contrastiedhecase as
shown 30 in Fig. 6a, in Fig. 6k a threshold. T is introduced sQ.that @nly s le value cansidered
whose levet P acf‘é’%%%e%%r %@retgl&%rgﬁvi%%?eéghg }tﬁrzgjﬁ%fd $?fo?€v§;%i@ﬁ P%L%' SY%E;I%) OC?Z% In this
embodiment thel evigiien iRthe 3peetrarehdrs disiutionShfhye mdastiréd sl By Tounting the
number of sample values with violating this threshold T and the result may fix the decision value 125.
This simple met%@gsW%O&Q@O@MQBQJ@P@@%@%%% wilt yielba serselation between both
signals without performing a detailed statistical analysis_of. the.variou t es n the
various time poﬁ%]r]%urlﬁlfdg%tefr%agt‘ia\%’iy,ug %?ﬁisﬁggl asrﬁjai?l)(/:étlg,g é.géggﬁ?o%ge%%?g{%\é?gm%?nbe
applied tolthe samplesthi violgiesthé{Rreshold T only. Figs. 7a to 7c show a further embodiment
where the encoder 300 comprises a switch-decision unit 370 and a stereo 10 coding unit 380. In
addition, the engqder 399 algp.cmprises the bandwidih extensinn teels assfosexantple, thaenvelope
data calculator 210,and the SBR-related modules.310. T itch-decision.unit 3 vidgs.a switch
decision signal 7L %ﬁat%l\“/\ﬁf}:%slbnetv%e A E%Hau%%é%oge%efg\%ﬁé agrldgé ,’sggé{(%h %&%egr%??}l Each of
these codes mayriche the hubiFsiGRARATRE core'FedidMRy ShndHishty ditrdRsht nlimbers of
sample valies (egrd024sfer adfighempsoiutioh 6256 5k lowerresoltfiBn ) TH$witGTra8Eision
signal 371 is alsp;suppieditodhe bandwitth exiansios {BYUE) toet 202440 83 BnFhe BWE took210, 310

wil then use the.swiich degision 31 s or axanyle sloiusiibedhiashalds reletesmning the
number 102 of the spectral envelgpes 104 and to turn on/off g@n%itlfggl tr%n ient %ertec%)é. The audio
signal 105 is inpRf intd thé sWitth 35 HedkTorttTF 376 2nd id HbUt itto the stereo coding 380 so that

the stereo coding 380hmay- preducaithe Bagnpid vakEs SWABRIEYNRRIAD tAE DafGRRER EXtension
unit 210, 319. Depending ontbedaeaision=3Zhgenenatetitby the switoh-urihdécisferr unitizze; the
bandwmﬂhexuﬁ?%ﬁhﬁ%ﬁcies than f0 sample values will not be transmitted.
The decoder should instead replicate these sample values by
using the SBR data. On the other hand, the samples below
the crossover frequency f0 are encoded, for example, by the
25  AAC encoder and transmitted to the decoder.

The decoder may use these sample values ZIrom the low
freguency band in order to replicate the high freguency
components. Therefore, in order to find a measure for the
30  deviation of the first set of samples 610 in the first time
portion 111 and the second set of samples 620 in the second
time portion 112, it may not be sufficient to consider only
the sample values in the high frequency band (for f > £y,
but also take into account the freguency components in the
35 low freguency band. In general, & good guality replication
is to be expected if there is a correlation between the
frequency components 1in the high frequency band with

respect to the frequency components in the low Ifreguency



30 210, 310 will generate spectral band replication data, which are, in turn, forwarded either to an
audio coder 372 or a speech coder 373. The switch decision signal 371 is signal dependent and can
35 be obtained by the switch-decision unit 370 by analyzing the audio signal, e.g., by using a transient
detector or St dEEeidss, which may or may nat comprise a variable tht%%ﬁgf(%’%{%ﬁ%%ively, the
switch decision signal 371 WO 2010/003546PCT/EP20091004523 26 can also be manually be
adjusted or be obtained from a data stream (included in the audio signal). The output of the audio

coder 372 and the speech cade gain .be jnput into itsiream formatter. e Fig.
3a). Fig. 7b shotLGVaénégr)i eﬁanmgﬁe oj?%%(? sr\./%%r?aec?ﬁon%%n%??ﬁ%ﬁlﬁcggn%%r&i%(?' %ilésﬁeal for a
|

, |

time period belGW19 a¥i@Pthfe Y3 BR8hbble 428chdlimé Tio BRI PR irstAimE ta &R¢ the
second time tb, thre switehdedisienuatity70tetectsralspeechasigualimiplying differert bidcrete values
for the switch degisigpsignal 374 1bAsaresut, asshownya Figs7 & duringdhe time, she audio signal

Is detepted?thatscrrpiag f%% %:ng b@%?l{ﬁel?, géeotprr_]poral resolution of_the.encoding is Iow,_whereas_
signal is detected the first tinte ta and the second time tb), the resolution is increased. An increase in

the resolution implies a shorter analyzing window in domain. The increased temporal resolution implies
also the aforem@htionerbincedadetnrumiber of Spectréfenvdlapest (seevdestriptien t6 Fgiaprd

statistic methods and mnmay comprise, for example, the
calculation of the so-called cross correlation function or

10 other statistical measures for the similarity of two
signals. There i1s also Pearson’s product moment correlation
coefficient, which may be used to estimate a correlation of
two signals. The Pearson coefficients are also known as a
sample correlation coefficient. In general, a correlation

15 indicates the strength and direction of a linear
relationship between two random variables - in this case,
the two sample distributions 610 and 620. Therefore, the
correlation refers to the departure of two random variables
from independence. In this broad sense, there are several

20 coefficients measuring the degree of correlation adapted to
the nature of data so that different coefficients are used
for different situations.

Fig. 6b shows a third set of sample values 630 and a fourth

25 set of sample values 640, which may, for example, be
related to the sample values in the third time portion 113
and the fourth time portion 114. Again, in order to compare
the two sets of samples (or signals), two neighboring time
portions are considered. In contrast to the case as shown

30 in Fig. 6a, in Fig. 6éb a threshold T is introduced so that
only sample values are considered whose level P are above
(or more general violates) the threshold T (for which P > T
helds) .

35 In this embodiment the deviation in the spectral energy
distributions may be measured simply by counting the number
of sample values with violating this threshold T and the
result may fix the decision value 125. This simple method



25 Forspeechsignalsthatneed anexacttemporal representation of the high frequencies, the decision
threshold (e.g. used at Fig. 4) to transmit a higher number of parameters sets is controlled by the
switching decision 30 unit 370. For speech and speech-like signals, which are coded with the speech
or time-dom#iR é&diAtFP4rt 373 of the switched core coder, the decision tRFeSEBI 8 more
parameter sets may, for example, be reduced antf, therefore, the temporal resolution is increased.
This, however, is not 35 always the case as mentioned above. The adaptation of the time-like
resolution to the signal is,independent of trﬁ WO 2010/003546PCT/EP2009/004523 27 a system in
which the SBR le Ebfistised ol SihdleSre S5 Rithobgh ‘Sonte 8BFdd&s hwa%/%ﬁ@é%n
described in theveoftexndhs an afpamitdsdt i8eiddrhatthbse aspestsalsoirepresefied Heseription of
the correspondigg#pethgd, yharea blaak:esdevice wosrespands.to agnathod siep ona featare of a

method step. Apglogously, gRects Igesggg@mm%ﬁong@zg %&@Fthgqaj!epaagsor&s%m@

description of a 10 corresponding block or. item or feawre of a corresponding aEparatus.
5 above, may be applied to the samples that  violates the

fhreshold T only.

Figs. 7a to 7c show a further embodiment where the encoder
300 comprises a switch-decision unit 370 and a stereo
10 coding wunit 380. In addition, the encoder 300 also
comprises the bandwidth extension tools as, for example,
the envelope data calculator 210 and the SBR-related
modules 310. The switch-decision unit 370 provides a switch
decision signal 371 that switches beitween an audio coder
15 372 and a speech coder 373. Each of these codes may encode
the audio signal in the core frequency band using different
numbers of sample values (e.g. 1024 for a higher resolution
or 256 for a lower resolution). The switch decision signal
371 is also supplied to the bandwidth extension (BWE) tool
20 210, 310. The BWE tool 210, 310 will then use the switch
decision 371 in order, for example, to adjust the
thresholds for determining the number 102 of the spectral
envelopes 104 and to turn on/off an optional transient
detector. The audio signal 105 is input intce the switch-
25  decision unit 370 and is input into the stereo coding 380
so that the stereo coding 380 may produce the sample
values, which are input into the bandwidth extension unit
210, 310. Depending on the decision 371 generated by the
switch-unit decision unit 370, the bandwidth extension tool
30 210, 310 will generate spectral band replication data,
which are, in turn, forwarded either to an audio coder 372
or a speech coder 373.

The switch decision signal 371 is signal dependent and can
35 be obtained by the switch-decision unit 370 by analyzing
the audio signal, e.g., by using a transient detector or
other detectors, which may or may not comprise a variable
threshold. Alternatively, the switch decision signal 371



The inventive encoded audio signal can be stored on a digital storage medium or can be transmitted
on a 15 transmission medium such as a wireless transmission medium or a wired transmission
medium such as the Internet. Dependingoncertainimplementationrequirements, embodiments of the
invention cavBesi&irénted in hardware 20 or in software. The implem&RtEESH ¥ EEerformed
using a digital storage medium, for example a floﬁf‘)y disk, a DVD, a CD, a ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, having electronically readable control signals stored

thereon, which cooperate (Qr are capable of cooperating) 25 with a rammahle computer system
such that the regﬁég:t?\gsl%e fod" anﬁigr% éo? Sigaﬁjlé} om %&frlﬁé%?s §%corﬁ?ne§t3| t%%r?n\%r%ilaotna
comprise a datasE&&ier havirgleldefionically: e ddbte cohEBRIiIgnals, 30 which are capable of

cooperating with a programmable computer system, such that one of the methods described herein is
performed. Generally,, gmhpdiments-f thepresenidavention canbe 3s iplemented as.a gamputer

program product with a program co%e, utjge é%%ra%%‘)dﬁ %ér{% § erative for %e;{é)lzrggg% /o 6e2 gfz ;th

methods when {ﬁféycoaﬁﬁ?ujter progr‘]an? productruns on a 0
computer. The prégramaode may for example be stored on a machine readable carrier. Other
embodiments comprise the computer program for 5 performing one of the methods described herein,

stored on a maghine repdablg catries,In gihgrwerdsan embodiment f the inwentive methad is,
ﬂnﬂeﬁwe,acong%%?r%g%g%még%gg%g[ggggggggd%f%hal for a time period below
10 a first time ta and above a second time tb. Between the
first time ta and the second time th, the switch-deciszion
unit 370 detects a speech signal implying different
discrete values for the switch decision signal 371.

15 As a result; as shown in Fig. 7c¢, during the time, the
audio signal 1s detected, that means for times before ta,
the temporal resoclution of the encoding is low, whereas
during the period where a speech signal 1is detected
{between the first time ta and the second time tb), the

20 temporal resclution 1is increased. An increase in the
temporal resolution implies a shorter analyzing window in
the time domain. The increased temporal resclution implies
also the aforementioned increased number of spectral
envelopes (see description to Fig. 4}).

25
For speech signals that need an exact temporal
representation of the high frequencies, the decision
threshold (e.g. used at Fig. 4) to transmit a higher number
of parameters sets 1s controlled by the switching decision

30 unit 370. For speech and speech-like signals, which are
coded with the speech or time-~domain coding part 373 of the
switched core coder, the decision threshold to use more
parameter sets may, for example, be reduced and, therefore,
the temporal resolution is increased. This, however, 1is not

35 always the case as mentioned above. The adaptation of the
time-like resolution to the signal is independent of the
underlying coder structure (which was not used in Fig. 4).

This means that the described method is also usable within



10 performing one of the methods described herein, when the computer program runs on a computer.
A further embodiment of the inventive methods therefore, a data carrier (or a digital storage medium,
or 15 a computer-readable medium) comprising, recorded thereon, the computer program for
performing o€ 8 #H&iAkthods described herein. A further embodimeRESFFRIHOMSEYe method i is,
therefore, 20 a data stream or a sequence of sig Hals representing the computer program for described
herein. The signals may for example a data communication 25 Internet. performing one of the
methods data stream _Qr th the sequ%nc%of l}{e co&ggured to_be transferred via cc% nnection, for example

via the A furthe? embodiment comprises a processing Menns ToFekAfble 87 Vnpﬁte?’lcﬂ'

programmable fEfEdEFeexconfigured to or adapted to perform one of the methods 30 described
herein. A further embodiment comprises a computer having installed thereon the computer program

for performing m@%@@mgm@s@%@gdﬂmg%é&'n&@g@%m&@%eeﬁ ayeoapmaple logic
device (forgxamﬁ]e a field gro%v able te ar %g sz be used to %grsfor? some or all of the
functionalities of thé methods WO OfC?/O B46p P2058/00%ER3 b RABRTEHr some
embodiments, £fieRSsToHPArRTaIE ghle afiay iay eoepEataatithos mistoprscassot ircérdef to
perform one of theviethods deseribed berein. Genesalyydheanethods are preferabhepedormed by any
hardware appargty$od step. Analogously, aspects described in the context
of a method step also represent a description of a
10 corresponding block or item or feature of a corresponding

apparatus.

The inventive encoded audic signal can be stored on a
digital storage medium or «can be transmitted on a
15 transmission medium such as a wireless transmission medium

or a wired transmission medium such as the Internet,

Depending on certain implementation reguirements,
embodiments of the invention can be implemented in hardware

20 or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, a
CD, a ROM, & PROM, an EPROM, an EEPROM or a FLASH memory,
having electronically readable control signals stored
thereon, which cooperate {(or are capable of cooperating)

25 with a programmable computer system such that the
respective method is performed.

Some embodiments according to the invention comprise a data
carrier having electronically readable control signals,
30 which are capable of cooperating with a programmable
computer system, such that one of the methods described

herein is performed.

Generally, embodiments of the present invention can be
35 implemented as a computer program product with a program
code, the program code being operative for performing one

of the methods when the computer program product runs on a



5 The above described embodiments are merely illustrative for the principles of the present invention It
is understood that modifications and variations of the arrangements and the details described herein
will be apparent to others 10 skilled in the art. It is the intent, therefore, to be limited onl¥ by the scope
of the impertifhélpteHtElaims and not by the specific details presented By WA 8Pd8& tion and

. ) ) i) :
explanation of the embodiments herein. 30 Claims An apparatus for calculating a number of spectral
envelopes to be derived by a spectral band replication (SBR) encoder, wherein the SBR encoder is

adapted to 5 encode an audip signal using a plurality of sample values within g _predetermined
number of subgé)ﬁt?e“fniﬁﬁﬁe E%r igﬁg?ﬁj Eﬁ%ﬁg%m%gx%&ng *on %é% ir%)l%al%tn?éﬁ ?os a%:;r?alatime, the
predeterminedFAiiarofsissEetenE #fel5dttions being arranged in a time sequence given by the

audio signal, the apparatus comprising: 10a decision value calculator for determining a decision value,
the decision valyq, measyying aideviation ip speetrakenergy. diskibutions of apabpiaeighbering time
portions; a_detector for detecting a violation of a.threshold by the decision.value; 15 a processor for
determinin% a fﬁ?f:éfﬁ\fé%lﬁg b%[f%erg k%(;'%vthe%nmt%%hpoa[?rso r?éﬁﬁ%%%ﬁr%g %r%fggﬁor’ﬁons when t%e violation of
the threshold iSr@stette; e prdes80F - fof Hetérmining a second envelope border between a different

pair of 20 neighboring time portions or at the initial time or at the final time for an envelope having the

first envelope barderhased,onthe viglatiqngf the-threshold for the; other pairorhasrg oniastemporal
position of the pair or the different p%Er {&thre SBXI% frggne; gngriZSa ngmbg:ro%rloagrgss&g&%r e%a}glishing
the number of Sp&ctra %ﬁ%éloﬁescﬁa\ﬁng fie first eqivemopeaborggr and the econd envelope border.
2. The appAratuResTPam- 19inMictP4 Iehigth MM 0P a R porieH oftfiesin, when the

computer program runs on a computer.

A further embodiment of the inventive methods is,
therefore, a data carrier (or a digital storage mwedium, or
15 a computer-readable medium) comprising, recorded thereon,
the computer program for performing one of the methods

described herein.

A further embodiment of the inventive method is, therefore,
20 a data stream or a sequence of signals representing the
computer program for performing one of the methods
described herein. The data stream or the sequence of
signals may for example be configured to be transferred via
a data communication connection, for example via the

25 Internet.

A further embodiment comprises a processing means, for

example a computer, or a programmable logic device,

configured to or adapted to perform one of the methods
30 described herein.

A further embodiment comprises a computer having installed
thereon the computer program for performing one of the
methods described herein,

35
In some embodiments, a programmable logic device (for
example a fiéld programmable gate array) may be used to
perform some or all of the functionalities of the methods



predetermined number of subsequent time portions is equal to a minimal length 30 in time, for which a
single envelope is determined, and in which the decision value calculator is adapted to calculate a

decision value for two neighboring time portions having the minimal length in time, 31 3. S 4. 10
5. 15 6. 20W0 2010/003546 PCT/EP2009/004523

29

described herein. In some embodiments, a field programmable
gate array may cocoperate with a microprocessor in order to
perform one of the methods described herein. Generally, the
methods are preferably performed by any hardware apparatus.

The above described embodiments are merely illustrative for
the principles of the present invention. It is understood
that modifications and variations of the arrangements and
the details described herein will be apparent to others
10 skilled in the art. It is the intent, therefore, to be
limited only by the scope of the impending patent claims
and not by the specific details presented by way of
description and explanation of the embodiments herein.



7. 258. 9. 30 10. 35 The apparatus of claim 1 or claim 2, wherein the processor is adapted to fix
the first border at a first detected violation, and whe¥ein the processor is adapted to fix the second
envelope border after comparing of at least one other decision value with the threshold. The apparatus
of claim 3, further comprising an information processor for providing additional side information, the
additional side information comprises the first envelope border and the second envelope border within
the time sequence of the audio signal. The apparatysgf one of the preceding claims, wherein the
detector is adapted to investigate in a temporal order each of the borders between neighboring time
portions. The apparatus of claim 1 or claim 2, wherein the predetermined number of time portions is
equal to n with n-1 Bordersueetwencabighbog rgrimbporiops; twhichvatemmaitbereltanedi drdeéred with

respect to the time ggdhal the,Rerderscom@rise) eyrirndaddhorderssanchwdrigin g -rumber
processqr is adapted to stabégé} n as the numbe{ of s%eé:ftrsaal1 er]velol%es ifitttﬂe detepéotr.detegés the

violation“at an odd Border. Fhé aﬁ}p%%}ﬁ}su%]flglgi%lg;a% érein the detector IS é%%ﬁ’ &d 16 detect first the

violation at odd bordeisbahel sppsaditastdipneofipRs prete diRG diaims cWRaden theyretdiak
adapted to determingithessefiancpesdee suehictbahtheispectial ehuelopescaimpriserdcsamerigmporal

length and the num?x%ﬁ%e%)ﬁlcga}n%né/e ll?&%% @9&8%\9’%@%&% signal, the apparatus comprising:

10 a decision value calculator for determining a decision value, the decision value
measuring a deviation in spectral energy distributions of a pair of neighboring

{ime portions;

a detector for detecting a violation of a threshold by the decision value;
i5
a processor for determining a first envelope border between the pair of

neighboring time portions when the violation of the threshold is detected;

a processor for determining a second envelope border between a different pair of

20 neighboring time portions or at the initial time or at the final time for an
envelope having the first envelope border based on the violation of the threshold
for the other pair or based on a temporal position of the pair or the different pair
in the SBR frame; and

25 a number processor for establishing the number of spectral envelopes having the

first envelope border and the second envelope border.

2. The apparatus of claim 1, in which a length in time of a time portion of the
predetermined number of subsequent time portions is equal to a minimal length

30 in time, for which a single envelope is determined, and in which the decision
value calculator is adapted to calculate a decision value for two neighboring time

portions having the minimal length in time.

35



The apparatus of claim 8, wherein the predetermined number is equal to 8, and wherein the number
processor is adapted to establish the number of spectyal envelopes to 1, 2, 4 or 8 such that each of the
spectral envelopes comprises a same temporal length. The apparatus of claim 8 or claim 9, wherein
the detector is adapted to use a threshold, which depends on a temporal position of the violation such
that at a temporal position yielding a larger number of spectral envelopes 32 a higher threshold is

used than fosa temppial pRsAn oI RIdiRY PP WEIRUMRRL L SRREKAI RNGIPRS: iy The@RRaralus of
one of the precedlngéc aims, further, comprlsgﬁ a transient Sdetector with a transient téweggold, the

transient threshold B&HhGMEIGer R tha<RrahsiaARdo ARIFARFE JIFY SR v topR Hata
calculator, the envefopéhdatacadcatatdprpeing doapfed tocaoutate Spedtet emgelope datisona
spectral envelope extending.framthefitst envelope border to the second envelope border. 10 12. The
apparatus of one of the preceding claims, further comprising a switch decision unit configured to
provide a switch decision signal, the switch decision signal signals a speech-like audio signal and a
general audid-like alitio atigrraliwHersititne detottsyr isemapeatcibWwer e tiore JHORE R s plech-like
audio 15signals. 13,ARigngoger fmansodingamatigio signaieamprisingirdsereicadanieriencoding
the audio signal Withi ;9 [leREnaPANC,0 a1 RRBIAS RIGAICYIRHRD & MkmARL ofsectral
envelopes according fo one of the ¢ aims Ito fB and an envelope data calculator for calculating
envelope data base¥oiftié %@'i%az‘%i’g%&ﬁ@nd the number. 14. A method for calculating a number of
spectral gnvelopes to be derived by a spectral band replication (SBR) encoder, wherein the SBR

encoder is adapted {9, encode.an audio signal Using;aPluality of spmplR-values Withided 0
predetermined 30 number of subsequent time portions i N B%fra e extending from an. initial time
d%"s&aﬁéﬁ?t%%

to a final time, the prEtRSHEFH NG IFTBEFLFY fEh S BEIRG P ARy e e e
sequence given by thetaudio signal, the method comprising: 33

i5 6. The apparatus of claim 1 or claim 2, wherein the predetermined number of time
portions is equal to n with n-1 borders between neighboring time portions, which
are numbered and ordered with respect to the time so that the borders comprise
even and odd borders, and wherein the number processor is adapted to establish
n as the number of spectral envelopes if the detector detects the violation at an
20 odd border.

7. The apparatus of claim 6, wherein the detector is adapted to detect first the
violation at odd borders.

25 8. The apparatus of one of the preceding claims, wherein the detector is adapted to
determine the second border such that the spectral envelopes comprise a same

temporal length and the number of spectral envelopes is a power of two.

9. The apparatus of claim 8, wherein the predetermined number is equal to 8, and
30 wherein the number processor is adapted to establish the number of spectral
envelopes to 1, 2, 4 or § such that each of the spectral envelopes comprises a

same temporal length.

10.  The apparatus of claim 8 or claim 9, wherein the detector is adapted to use a
35 threshold, which depends on a temporal position of the violation such that at a

temporal position yielding a larger number of spectral envelopes



detecting a violation of a threshold by the decision value; determining a first envelope border between
the pair of neighboring time portions when the violatid@ of the threshold is detected; 5 determining a
second envelope border between a different pair of neighboring time portions or at the initial time or at
the final time for an envelope having the first envelope border based on the violation of the threshold
for the other pair or based on a temporal position of the pair or the different pair in the SBR frame;

L0and establishing ihe,pUmhstal spscualemlones havingdha st 6veiens baiderand s second

envelope border. 1515.Computer program for performing, when runnin rocessor, a method
according to claim 1o spectral envelopes.

11.  The apparatus of one of the preceding claims, further comprising a transient
5 detector with a transient threshold, the transient threshold being larger than the
threshold and/or further comprising an envelope data calculator, the envelope
data calculator being adapted to calculate spectral envelope data for a spectral
envelope extending from the first envelope border to the second envelope
border.
10
12, The apparatus of one of the preceding claims, further comprising a switch
decision unit configured to provide a switch decision signal, the switch decision
signal signals a speech-like audio signal and a general audio-like andio signal,
wherein the detector is adapted to lower the threshold for speech-like audio

15 signals.
13, Anencoder for encoding an audio signal comprising:

a core coder for encoding the audio signal within a core frequency band;
20
an apparatus for calculating a number of spectral envelopes according to one of

the claims 1 to 12; and

an envelope data calculator for calculating envelope data based on the audio
25 signal and the number.

14. A method for calculating a number of spectral envelopes to be derived by a
spectral band replication (SBR) encoder, wherein the SBR encoder 1s adapted to
encode an audio signal using a plurality of sample values within a predetermined

30 number of subsequent time porfions in an SBR frame extending from an initial
time to a final time, the predetermined number of subsequent time portions being

arranged in a time sequence given by the audio signal, the method comprising:

determining a decision value, the decision value measuring a deviation in

35 spectral energy distributions of a pair of neighboring time portions;



15

33

detecting a violation of a threshold by the decision value;

determining a first envelope border between the pair of neighboring time

portions when the violation of the threshold is detected;

determining a second envelope border between a different pair of neighboring
time portions or at the initial time or at the final time for an envelope having the
first envelope border based on the violation of the threshold for the other pair or
based on a temporal position of the pair or the different pair in the SBR frame;
and

establishing the number of spectral envelopes having the first envelope border

and the second envelope border.

Computer program for performing, when running on a processor, a method
according to claim 14.



