An Apparatus and a Method for Cal cul ati ng a Nunber of Spectral Envel opes
Speci fication The present invention relates to an apparatus and a net hod
for cal clWar2dHYP3S4nunber of spectral envel opes, an audi BCEFPIN0HRAY a

met hod for encoding audi o signals. Naltural audio coding and speech coding
are two maj or tasks of codecs for audio signals. Natural audio coding is
comonly used for nusic or arbitrary signals at nediumbit rates and
general |y of f eAs Abg@raves Oabansvudi:ﬂsd e8! Eslehh%ﬁgn dd“@ders
are basically imted to speech reproduction, but can al so be used at

very low bit rate. Wde band spSReFtHale Envelapes subjective quality

i nprovenent over narrow band speech. Increasing the bandwi dth not only
inproves the intelligibility and natural ness of speech, but also the
speaker's recognition. Wde band speech coding is, thus, an inportant issue
in the bext generation of tel ephongpsysteéastiburther, due to the trenmendous
gromh of the nultimedia field, transm ssion of nusic and ot her non-speech
signals at high quality over telephone systens is a desirable feature. To
drastical | yThedpEesente bnvephfien sededescddi m cappdbapesf anded ositipd

split-band pefcepticonak ;addip HORBES: oTﬂ16§§e8€EHia|erﬁ%&dbé‘50degﬁ PRl t
per ceptional |rrelevanc and statistical redundancy in the S|gnal

Mor eover, iERFAfbndY & ¢ BURdel PRe®REAPERIr 8HE18nd19PRYS the audio
bandmﬁdbh It is also connnn to decrease the number of conp05|t|on | evel s,
occa5|onallw aIIo n audl guant zatlo dis ortlon agd to

degradati on o'f ]f%w (élr 0° taﬁll’OLfé:}’l it end Jt 3dTn onﬁ‘@éé’éﬂ %s}ifse of
such net hodsf r ezedess i rifqamn@udﬂgD p@rth}nalNategTaeldatamo | cagtidey tics

i nprove the.SRAbAYy PREEQT FBRCRusIReTY &y L ry signals at medium 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 bit rate.
Wide band speech offers a major subjective quality
improvement over narrow band speech. 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 signalslat high quality over

25 telephone 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 1is 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



replication is used as an efficient nmethod to generate highfrequency
signals in a high frequency reconstructi on (HFR) based codec. Spectral band
replicatiVA 208BR}S46onpri ses a techni que that gained pop&CAMPRYNIQ8ISIH add- on
to popul ar perceptual audio coders sug¢h as MP3 and the advanced audi o
coding (AAC) . SBR conprises a nethod of bandw dth extension in which the

| ow band (base band or core band) of the spectrumis encoded using an state

of the art t£pégeenwvheseanalile iuppernbgndriegubhel Bardndts LA GE! WFR)
paraneteri zed usi few paraneters. SBR nmakes use of a correlation between

n
the | ow band®ah ?ﬁgeﬁi’gh band by predicting the wider band signal fromthe
| ower band using the extracted high band features. This is often

fficient,ssi h r.i,s. les Siitive.to distortions in the
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t )

data refersS 1fdephe Since the human ear is less sensitive to
15 distortions in the higher band compared to the lower band.
New audio coders, therefore, encode the lower 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 wused 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
of the signal in a general sense and comprise for example,
filter 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.



guanti zed and coded spectral envel ope. Especially if the | ower frequency
band is coded with a low bit rate, the envel ope data constitutes a | arger
part of tWe2BI¥¥sHeam Hence, it is inportant to represeRCTER2003/08452% al

envel ope conpactly when using especiaPly lower bit rates. The spectral band
replication makes use of tools, which are based on a replication of, e.g.,
sequences of harnonics, truncated during encodi ng. Mdireover, it adjusts the

spectral erwehope ot tike peneredet Boghdpardeind @ppl besctpyer sdd1dsding
and adds noij se andl harguni c_conponent s &$ Oﬁder tg,recr eate the spectral
char act eri sTTERAGH Y h& Qi YP AP EPBRGH21THel8F6FePithEatRSut of the SBR
tool conprises, for exanple the quantized envel ope data, m scel |l aneous )
control dat i LD oS : t r oder .(e..qa. AAC aor MP3) .
The output r° (ree B Fonr o IP Tk I RENES B8 SRseP 13 M i n
(QW = QuadPa®ed eOoM r¥ oreFlLEcak)oneriesent at i osesfuemasiggnal dsrrforics,
exanmpl e, in-£gas€tde Naggiggrrcg%&mé_ i SM?%@@veF)e qLecscrégghggsofé e bit
stream el enents for the SBR'payload can be found in the Standard | SO IEC
14496- 3: 2003 StbRt aG8¥e40pe2. BE afvdiec ofpR ¢ 52t a0 Rg 9B endd s rd SBRREX &S| on

data, an SBihWiesslerf anget g cah@satile AuABEr agl BBRmeAYel eRapoMditd @ SBR
frame. For th(& npl ement ati gn of_.an SBR on the encoder side, an analysis is

i
performed offTHhe i HputSigiti® IHHor rRS G bt & FrIHTHSS ar ydihei s
used t @0chooskgimel apprapl at @dmefdreequehey dapakutoon et IBBRUrdst SBR

envel opes. |5 TheL St ent CSBR TERLS { hP BB ST AR CRUCr 688 aSTi1 as
their frequelRSelbamters orontheldiddtarem timguslompimesoianabngrame the
cal cul at ed asrélessddbeds . §ornrxasp! gap3h 0 the bIGHLEC.E4486 3pRtardarddn
sub-cl ause éighég'%é Tifhgjg é$;9g1agignal or a QMF-domain (QMF =
15 Quadrature Mirror Filter) representation of a signal as,
for example, 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 SBR 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 1is performed on the input signal. Information

25 obtained from this analysis is used to choose the
appropriate time/frequency 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 14496
3 Standard in sub-clause 4.6.18.3. 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 should be a
sub-set of the start and stop time borders of the spectral
envelopes. The algorithm divides the current SBR frame into
four classes:



cal cul ates the nunber of noise floors for the given SBR franme and the start
and stop tine borders of the sane. The start and stop tine borders of the
noi se fl O¥PIOEHBI4E be a sub-set of the start and stop PCKHEPBYOGR4SI3 of t he
spectral envel opes. The al gorithm divitdes the current SBR frane into four
cl asses: FIXFI X - Both the leading and the trailing tine border equal

nom nal SBR-frane boundaries. Al SBR envel ope tinme borders in the frane
are uniformy distributed in time. The nunber of envel opes is an integer

power of t ,4,8,...) ... FIXVAR.- The leading tine.border equals, the

| eadi ng no\;?lrféﬁl[ r amePBo0ndAlS . iqIa'/ﬁglfllgai ?r?cﬁg%?ﬁenetﬁﬁﬁépgi SSVRR g’ﬁr@earnd
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trailing tiTenRRF def enVpRODEes TheanehdFageri pewbor dér tivo Var2aldl, 8 ,and be
defined by bit streamelenents. The trailing tinme border equals the
trailing nomnal frame bou%gfr . Al SBR envel ope tinme borders between the
| eadi ng and 1H9rR i ngtRe nkS %%r%“&?ebgﬁ%iff?%aaﬂﬁ the predingearmdsalne

relative dist@aneebbantai® .s|Tis tﬁa&h%n@lr eafﬂuchSbbegéer ,islstaéfiénglér %mé:t he
| eadi ng tinme_ border ARVAR - Bot h, e leadin nd traili time Qorders
are vari abl€%n eca(%e%één fPP{eg)}ﬁ‘l Fh&eﬁf"t %Jl[‘:’rrg%fﬁ"fsm IﬁéBFgg%vglr‘(‘fﬁ Hre
bor der § Obettween tloerdegadi hgtaadnt rihe i Agadimg bander shar e ad isli repe ciifrieed.
The relativgolddr Bapdels shaciFigafbamifne Leadhagol i dorder; are ;g
specified as the relative stance to the previous tine border. The

rel ative tifeChdr §er $he aPEEWNEORF oMatder af ¥ @ A1 RO me toor delre atteadddaiof i ed
as the rel atinve shsdapce to the previous tine border. -

15 VARFIX - The leading time border is variable and be defined
by bit stream elements. The trailing time border equals the
trailing nominal frame boundary. All SBR envelope time
borders between the leading and trailing time borders are
specified in the bit stream as the relative distance in

20 time slots to the previous border, stérting 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 is 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.



There are no restrictions on SBR frame class transitions, i.e. any seguence
of classes is allowed in the Standard. However, in accordance with this

St andar d, WOR81WM%34ml nunber of SBR envel opes per the SBRT{EPAINE/0P4523
restricted to 4 for class FIXFIX and § for class VARVAR C asses Fl XVAR and
VARFI X are syntactically limted to four SBR envel opes. The spectral

envel opes of the SBR frane are estimted over the tine segnent and with the

frequency resel gpéeﬁrQHVﬁnvI@lom%dtdmairlié mgﬁ%aﬂgi dreTlfé%tSBrl%tféB/t ﬁd@@@ i's
estimated by, averaging the squared conpl ex sub-band sanpl es over, the given
tine/frequé%%? P&y oﬁggm%?gngpgnfétﬁeggﬁv rFﬁ“@Eﬁ?iﬁ?%ﬁiﬂﬁ%ﬂq H PRy i
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can be defi . por tions wWi.thin ¢ j,0 Si | s, erein_a_strong
i ncrease iﬁ§§%%$ §8§pﬁg§$ssaF%EF% a?gﬁgg%kpgﬁkb E%ggt%ﬁgﬁﬂﬁﬁﬁcﬂvﬁﬁy %Genay
not be Sons¥iBenebime/fregeenticregéqusncy regi on. Exanples for transients
are hits of castanets and of percussion instrunents, but also certain

sounds of the hupan voice as, for _exanple, the letters: Pfh T, K, ... .
The detecti bredFLERFS kPRELIBE LPafBRentli 9ePRpRemert sPeSd gy tasatyRenth t he

same way orbpy thplsgiRgal geeidifndg usém@ela?ﬁésanfsbﬁgt vbﬁﬁﬁiﬁl@hd)len '§._hf! Sd
i ndependent,of the signal, whether it is classified as speech or classjfie
as music. |h- A4t eron, cgnpobsesi%?gla?gt ?Dﬁctq%t%%gﬁ%{}ﬁﬁcgd’rﬁ’rﬂlmjceq
speech l@oesshonalsf | veaceinhe sbmvegt ionakase dhassiecaly tappesientwideiaction
”EPha”'S”? HengErt | e £A3& gfté§ﬂ§'eahihﬁ gggegEeﬂaytg%tS?%Wﬁgﬁ%é%(%ﬂéhbe
adj usted in order that a decoder €an replicate the’detected ransien
appropri at ePy. 2| FPYE: DiF 26098uchRYappaianus EapPa eretiivad tirandiisultos exk & or
spectral enyetopercedistaney Cond akes JeAGeRUNin s Aghest §d LLaNsiRY in
t he audio S|gnal. In this conventional nethod, a nonuniform
ce€rtaln sounds O 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 SBR-data should
25 Dbe adjusted in order that a decoder can replicate the
detected transient appropriately. In WO 01/26095, an
apparatus and a method is disclosed for spectral envelope
coding, which takes into account a detected transient in
the audio signal. In this conventional method, a non-
30 uniform time and frequency 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,



time and frequency sanpling of the spectral envelope is achieved by an
adaptively groupi ng sub-band sanples froma fixed-size filterbank into
frequencyWBIAWLEHA ti ne segnents, each of which gener aPESEFAWIEMPR} ope
sanpl e. The correspondi ng systen1defa6|ts to long-tine segnments and _

hi gh-frequency resolution, but in the vicinity of a transient, shorter tinme
segnents are used, mhereby | arger frequency steps can be used in order to
keep the dathesiszastwint hswitdles sfrbm GasEIXrix-ansimat tbs adeteoted, Eheme

system swit aFI FI XVAR frame followed by a
VARFIX—fran%ggégﬁe?hay anxéﬁggﬁép %%?dEPCF ﬁ?%e&qw%ﬂﬁe%ﬁﬂ%) %%%r 1s

det ect ed trémsednungﬁnsb@focedmherdgnﬂnse@MEnameﬁeatt{ﬂxmsN@EbSedure

det ect ed. t y of | t C s.only slowy, the transient
detector w Fﬁggﬁsdgﬁggg%%%é cﬁg%ggﬁi#ﬁggé o né%§§%ay, however, be strong
enough tD generate perceivable artifacts if not treated approprlately A

si npl e sol uthon-ywwl dnbe ér@ehﬁ)y\erfltd&ﬁaml%?hohﬂahaetsheoﬁIﬁn%fl%@tl etefLor.

This woul d, _however, result in a frequent sw tch between erent’ franes
(FIXFIX to EFWﬂﬁeﬁtVAﬁﬁF?ftorAs wddnseditdnc &Ll griiie cartangount These
addi ti onal dhbagkas tmyge tm@neﬁbtteduenMSMfwhgtp@abugﬁdlﬂg>efééﬁ§tgﬂéy -

|1 i e Iast ver ( over ltiple
pepect ally bELOg,shoy skegaRd oot vaL) ONge (L (e f el Tl
conpl exi@ y, S\Mﬁpéh vmlldt}mt |Wfqplai hbghetro ddaerat ehandt et dii $ni sthet an
option to sek¥gstAgLPr alkem: AN ol;ij%({‘]s_tl %wq]f athe RI&s ernt [ %Sunil on, is

therefore to provide an apparatus I ch dws ‘an ef i‘ci ent” codi ng M wi hout
percelvableféﬁﬂPﬁéét§WH&9&HH%QW%6HO¢1§f®ﬁ%P§ Eoapessi (T X& 1N ow YEVAYARng

ener gy, whi ¢h ivaRFIX).0ow A9 beocdeteskadehy Ehe EE?H§E§ESn€et%&kﬁﬁ§: THks

r accord
obj ective 'Sd89@&8%29 b¥a£he qggaiggu transm tted 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 justify 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 too low to be
25 detected by the transient detectors.

This objective 1is achieved by the apparatus according to
claim 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.



claiml1 , the encoder according to claim1l, a nethod for cal cul ating the
nunber of spectral envel opes according to claim 13 or a nethod for

gener at i NYOROWA08548t r eam according to claim 14. The pr eZEMEPRUIEOMSZHN i s
based on the finding that the perceptfal quality of a transmtted audio
signal can be increased by adjusting in a flexible way the nunbers of
spectral envelopes within an SBR franme in accordance to a given signal.
This i s achleved dymm=onipson ng itshe aediforsiegnal bpf ndetgddotniggt | rengaay i ons
within the cCQupari [ 2r for, y d [ ni ng _ener

di stributi o%ggf%%ggﬁ%gggdi 0 Si gn%l?gwi ?nggot hg’r}%q]r?g por%?%%}%, 5’%& aet ect si on
val ue neasupestiodsyi andog cfeairsianerajueli Beasbues oas defvikwd omeiafhiidre ng

time portio pepdingi 9 phgLhes et heygdecl si W t ; )
t hr eshol d, gﬁeéﬁele%géépb%rdtér Ao ed‘gbgﬁe‘je)fﬂb‘?’ﬁie&%eiﬂg %rﬁibg&[liorr%s
portions. TRRPRRAERIborder HICEIRL entBRopé&ecdid i€t heYa bee at ViRd a&§i nrd ng

or aL bt he eﬂl?z_r@éhbh@{ SBanrQFﬁQQbFﬁaI g&rr@%tri VQ'syAleJc%QeFft \wmh ééBeeg ;ttﬂé her

nei ghboring tine_portiops _within.,the r . resu e rame i s

not adapt edn%Jrgla}ﬂgﬁﬂ;Ba gér,nef BPrE%SHﬁI’eEﬁenOgg%&n%’rﬁq%naﬂf a%t?ared"t‘ifsl%%re a

change frontanFeXEhé:f reereato thd-| B¥dRahingeoar 410 ah¥WARFIX 6f atbel SSBR

performed ip grder o ”eaaittet{qad’éi'x?{h;j; 'F%;f.;%ad’bSQR%h”?”E»?ouseﬁfrt‘ﬁfé{' ng
e W 1'n F 0 take

nunber of envel opes, for exanp I'X-f " rames, in order

i nt o addounnevanhongnfl teémgarpraid oot whidhdnditbesiSpRalf ramea-hat even

sl ow yvarying signals can result in a changi ng nunber of envel opes and,
therewith, allow a_better audio quality to be produced by the SBR tool in a
decoder. ThRSdEE&RAEnedhEnvERofeehyls fofPt ednbFed e8vENapgead &y dfC®equal

tinme | engt hexaipis,t ha SBRdIMvamtidyl exspdt£ud hwhSBR &r amangan fiendiyi ded
into a predgEQE?kg%gaggHQ§g %T %&Q@AR9%£L8QS 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 equal 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 frequency band, which is replicated by
30 SBR. On the other hand, the spectral energy distribution
may also 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 be sufficient to increase the number of envelopes or to use

maximal number of envelops within the SBR frame.



(which may, for exanple, conprise 4 , 8 or other integer powers of 2 )

The spectral energy distribution of each tinme portion may cover only the
upper freYQeAOBHAd, which is repli cat ed by SBR On t h&CHERPIREIA t he
spectral energy distribution may also 8be related to the whol e frequency
band (upper and |lower) , wherein the upper frequency band may or may not be
wei ghted nore than the | ower frequency band. By this procedure, already one
vi ol ation ofuttket hieatalithersddsiemany abeos Wdnpriend & 0sinpbeasel 44l pueber

of envel ope to e, max nunber . of envel .Qps, Wi thin the.SBR
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therefrom &@18&&5 ggef sdfbfelsgﬂ@%bg@ngf lddEr epfie CAdieRY er %o d{}?g

di fferent coding nD es may, for exanple, “conprise a speech co
gener al JaudP@dedderay Thé dnaPysmeleh t AEMPRPEE 3 grimiesah COder and a
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si gnal and/ tigna | enent t| an- dep dent net.ers. .The ut o
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15 of the core codec.

If, for example, the signal is identified or classified as
speech, the time-like resolution of the bandwidth extension
(BWE) may be increased (e.g. by more envelopes) so that a
20 time-like energy fluctuation (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) should be as high as
30 possible. Especially in voiced speech, a distorted temporal
structure can decrease perceived quality. On the other
hand, tonal signals often need a stable reproduction of
spectral components and a matching harmonic pattern of the
reproduced high frequency portions. The stable reproduction
35 of tonal parts limits the core coder bandwidth - it does
not need a BWE with fine temporal, but instead a finer
spectral resolution. In a switched speech/audio core coder

design, it is moreover possible to use the core coder



di fferent demands on characteristic on the bandw dt h extension. For
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For example, a violation detected already at the first
border of time portions within the frame may result in a
maximal number of envelops, whereas a violation 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 is currently analysed). For example, between the
first and second time portions (first border) and between

25 the third 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 equal to a minimal length 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



may depend on the tine instant (i.e. depending on which border is currently
anal ysed) . For exanple, between the first and second tine portions (first
border) W& 2BWY0RE¥A the third and fourth time portions PCRIEPABEPEET) t he
threshold may in both cases be higherl®% han between the second and third
time portions (second border) . Thus, statistically there will be nore

viol ations at the second border than at the first or third border and hence
f ewer envel opeghloringr et imkelpgritorch Wawlithgbetpeef minémla(f orengte ditail s
see below) ;10 further enbodinents the length in tine of a time portion of
t he predeterm ned nunber of subsequent tine portions is equal to a m ninal
length in time, for which a single envelope is determned, and in which the
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cal cul ating unber eNve &s Wi tKi n an encoder fcod&

conpri §€s therdpparbetiween GGLbearenghelmenbemtobDShe spectral envel ope
and an envel ope cal cul ator uses this nunber to calculate the spectral
envel ope dat a for an SBR frane Enbodi nents al so conprise a nethod for

cal cul ati ng™T'RRIHBRBEF Fl¥nvAIShs takd BPRBFABHST of O Bnctrit Figl akl Rdditre
signal . Theumslbere, ofhe arselaipenivevdprinW el N ddedder f r amee aidAcoder

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 also comprise a method for calculating
the number of envelops and a method for encoding an audio
signal.
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 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 varying 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 coding in a better quality, especially for
signals with a slowly-varying energy, whose fluctuation
35 intensity 1is too low to be detected by the conventional

transient detectors.



for a better nodeling of energy fluctuation, which are not covered by said
transient treatnents, since they are too slow in order to be detected as
transi entWO@P1{t3e cl assified as transients. On the ot REA/ERAHNI/0045p2y are
fast enough to cause artifacts if they are not treated appropriately, due
to insufficient time-like resolution. Therefore, the envel ope treatnent
according to the present invention will take into account slowy varying
energy flucbugéioDssardpBobnoblfy thize priavargsor rapid energy fluctuations,
whi ch are characterisiic for transients. Hence, enbodi ments of the present
invention allow a nore efficient coding in a better quality, especially for
signal s w tFha slpwyenaryi igveneigy, waoie fluctuathen idésasibydi s bHeo
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description, which should be considered wt erence to the acconpanying
drawi ngs, i FONRFERTSR| Y1tE JedRE IR ok BhagrERPBPaBNiBFparaindor in
cal cul ati ngwaisyeber of spectral envel opes according to enbodi nents of the
present invention; Fig. 2 shows a block diagramof an SBR nodul e conpri si ng
an envel ope nunber cal culator; Figs. 3a and 3b show bl ock di agrans of an
encoderlOconBigsi hg anskeowsl ope hlmdedr odd @gitaai orof Fi gn 4 aipidausithal estéhe
artition of an SBR f ' redeterm nunber _of i portiaons: Figs.
ga to 5¢c shOM/furtheré%g§¥}$Fg%§ fg} angégﬁgfréﬁi sBecttlt PRI Shes
according to embodiments of the present

invention;

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

an envelope number calculator;

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

comprising an envelope number calculator;

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

Figs. 7a to 7c show an encoder comprising an optional
audio/speech-switch resulting in different

temporal resolution for an audio signal.
35



conpri sing
Figs. 6a an

three envel opes covering different nunbers of tine portions;
d 6b illustrate the spectral energy distribution for signals

wi t hi n néVgRBYYI0BY6t i ne portions; and Figs. 7a to 7c shBWTAR2ENEONHST
an optional audi o/ speech-s\itch resulting in different tenporal

conpri sing
resol ution
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4ahlgnl2Sonner eh Lhaeglatansialys 126 measures a deviation

ener gy |str|bu I'ons of "a pair nelghborlng time portions.
us 100 further conprises a V|olat|on detector 130

Fig. 1 shows an apparatus 100 for calculating a number 102
of spectral envelopes 104. The spectral envelopes 104 are
derived by a spectral band replication encoder, wherein the
encoder 1is adapted to encode an audio signal 105 using a
plurality of sample values within a predetermined number of
subsequent time portions 110 in a spectral band replication
frame (SBR frame) extending from an initial time t0 to a
final time tn. The predetermined number of subsequent time
portions 110 is arranged in a time sequence given by the
audio signal 105.

The apparatus 100 comprises a decision value calculator 120
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 135 of a threshold by the
decision value 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 when a violation 135 of the
threshold is detected. The apparatus 100 also comprises a
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 t0 or of the final time tn for an envelope 104



for detecting a violation 135 of a threshold by the decision value 125.

Mor eover ,

t he apparatus 100 conprises a processor 140 (first border

det er mi naVPAAIMI0S}essor) for determining a first envel oBETEBRUE00452%
bet ween the pair of neighboring time Portions when a violation 135
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to culat a decision ‘value 125 for
nelghboring time portions having the minimal 1length

time.

Fig. 2 shows an embodiment for an SBR tool comprising

4 and
two

in

the

envelope number calculator 100 (shown in Fig. 1), which

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
envelope data 205 from the audio signal 105. Using
number 102, the envelope calculator 210 will divide the
frame into portions covered by a spectral envelope 104
for each spectral envelope 104 the envelope calculator

the
the
SBR
and
210

calculates the -envelope data 205. The envelope data

comprises, for example, the quantized and coded spectral

envelope, and this data is needed on the decoder side

for

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.

Fig. 3a shows an embodiment for an encoder 300, the encoder

300 comprises SBR related modules 310, an analysis QMF bank

320, a down-sampler 330, an AAC core encoder 340 and a

stream payload formatter 350. In addition, the encoder

bit
300



for each spectral envel ope 104 the envel ope cal cul ator 210 cal cul ates the
envel ope data 205. The envel ope data conprises, for exanple, the quantized
and codedVOp8W(0d346envel ope, and this data is needed onPCREPAEEHHER3 si de
for generating the high-band signal ald applying inverse filtering, adding
noi se and harnoni c conponents in order to replicate the spectral
characteristics of the original signal . Fig. 3a shows an enbodi nent for an
encoder 300compei easotee 800etoppr daea SBRcuédkdabed 2iddulTese Frhodwr ad@d ysi s

bank 320 - 3 AA! bi tr
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stream payl oad formatter : e, down-sanpl er i.s _connect to

core encode?uéﬁo,lﬁhF8ﬂ?eFH89uFﬁ,tg§wgéinggfgéniSaﬁﬂémﬁfgﬁg?Fgé '%é%? ad
formatter 3BRe Bomallspmpillee SBR r et atedneodede tIOthes BAOneored drocdder
envel ope da cal cul atot 2 nd.to cqQre C T f ,

t he encoderg§80 ﬁ§§%ﬁsa%ﬁ|égr he1§u8%§%§?§%5 %fbgﬁgbqggaégéggu%g%%%%%%?s in
the corld fréqueatyebandS0in Thealbvin- sbipl FBRanplated3oyoduimi chl @rel$ nput
into the AAGAAEELBACQULTt 40 6BceNERIESchNBuRHEL? S1aNakngn therkor e

frequency band and forwards the encoded signal to the bit stream payl oad
formatter 3BBC| ROWRi BRCPABTeAéBded audi o signal of the core frequency band
is added to the coded audi o stream 355. On the other hand, the audio signal

105 i's anal¥ﬁgge?grgbet%ﬂglgﬁggdg¥FZﬁﬂpkdé%gLsgggigseﬁﬁﬁgcgadio signal
15 105 to generate components in the core frequency band (in
the down-sampler sampler 330), which are input into the AAC
core encoder 340, which encodes the audio signal in the
core frequency band and 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 the high frequency band and inputs
these signals into the envelope data calculator 210. For
25 example, a 64 sub-band OMF bank 320 performs the sub-band
filtering of the input 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 210. Using
the number 102 and the audio components 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



frequency conponents of the high frequency band and inputs these signals
into the envel ope data cal cul ator 210. For exanple, a 64 sub-band QVF bank
320 perf OVRROIHI3HAb- band filtering of the input signal PCFAB2MOPES f r om
the filterbank (i.e. the sub-band sanPl es) are conpl ex-val ued and, thus,
over-sanpled by a factor of two conpared to a regular QW bank. The
SBR-rel ated nodul es 310 controls the envel ope data cal cul ator 210 by
provi di ng, eogbineke tingmnveallPpefdanyelbpewitbs tihe tdmnmovehbpeenadbded
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t he Anal ysis ban envel op ul ates the
envel ope data 205 and forwards the envel ope data 205 to the bit stream
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conponent s encoded by the core encoder 340 in the coded audio stream
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par anet er s wmeednby ruibe ibingmeftheqlienc t Heeawtsdddict i on met hod on the decoder.
Fig. 3b shows an exanple for the SBR-rel ated nodul e 310, which conprises

t he envel ope nunber cal cul ator 100 (shown in Fig. 1 ) and optionally other
SBR nodul esF360. 3thes!SBRs elaat eeix anmolle e§0310:YreecSBRerehetaddin@:cﬁjlg:naB1(105

d t put f vel 0 a at ed
by the bt het SR maana e o Al SHRIBOE Dt FLE0cHLAER: A SERRERhE:
conpri s a &Bn¥éist-i onal 284 afBrépnaddte tdieadpR emods last @&0 trflémsl 8BRs in
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(SBR par anegengratAs bgi dhleefomrrer\msrﬂm moSBReanN 33BR time unit (an SBR frane)

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 frequency reconstruction method on the
decoder (SBR parameter).

As said before within SBR an SBR time unit (an SBR frame)
can be divided into various 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
portion 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, a border 2 is

located between the second portion 112 and a third portion



can be divided into various data bl ocks, so-called envelopes. If this
division or partitionis uniform i.e. that all envel opes 104 have the sane
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| ocat ed bet \tfi\genyf' e Sstgacnodna %o?%ogr#%;éhg%a% hi TR p(ﬂat’ﬁ 3nu _&rsoogn
until a bor gavelopesi ildetiveen FHRFI¥VENahepdst irestkittand tdef @ightbee
portion 1184,bn Sa dot 3! BCl44965 J) ¢ nunber of

envel opes 182 iR%E%FIXFP&?%r%négﬁsﬁrégﬁéfgied tgf?ggéhggéé'53%¥ba? mHeF
par agr aph 496, F8\&1®pes nl@éndépalthe hEIRERSef romeemmllshelse 184 navaheof

FI XFI X framgweoultdbeamawer of $wos(fopnexanpl e1xFix Zrarfds (Ehily
FI XFI X frames are only used if, in the sane frame, no transient has been
detected. | HS€Gnd&nt i’%‘né—f “hiSgH e iE¢iendP AdeEhcgterh 3Tt etR et eehsd- on
the othked hand, theomexintdlonalnber in(ﬁﬂ-\éeﬁfﬁnﬁserﬂcﬁﬂ :is C¥Q|Xt;§tral r@dcé@?kv\o,
even if the, [ i,on of the standard theoretjca allows up to ur
envel opes. fﬁggghﬁ§%§%lggsénﬁg}o%§§ fgieﬁeﬁu¥} netm%ym%élpﬁgré&§gﬁ?:f8
exanpl e, toeavghRopesee 4. 4p, swndtataindd XFtX f rtame nagveonprifse tthe 2
4 or 8 envelgaes fhentatal Nof RARCTsOlndald. chkot@Uiser 191, PIOGE ytber 102
of envel opes 104 is al so possible so that the maxi mal ndnber of envel opes
104 (predetéPHFn@@Wﬁkﬂ&%%'lﬁﬁﬁ%ﬂﬂ@m?ﬁg of envelopes 104 per frame may

15 Dbe 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 number 102 of
envelopes 104 is also possible so that the maximal number
of envelopes 104 (predetermined number) may only be

20 restricted by the time resolution of the QMF 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 value calculator 120
25 nmeasures 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 distribution for the first time
portion 111, calculates a second spectral enerqgy
30 distribution 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 wvalue
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



restricted by the tine resolution of the QW filter bank which has 32 QW
time slots per SBR frame. The nunber 102 of envel opes 104 may, for exanple,
be cal cul¥PeA10493346]| | ows. The deci si on val ue cal cul at or PC2EPAHAHH5EE
deviations in the spectral energy distributions of pairs of neighboring
time portions 110. For exanple, this neans that the decision val ue

cal cul ator 120 calculates a first spectral energy distribution for the
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energy di st AU é{ ue?n &r eHhﬁﬁspﬁédde%‘i"%‘ﬁ%n angd ué
cal cul ator I2Feshadey ived e fily tthieyl ddeead Sitdie V@étl@cﬁaﬁ 136 Wext aéepctthe

detector 13 Al t eri eci s alues 125 with a th hol d
val ue and if Q’ V&nle lhrrerrih%’ffd f\;lr"jllt %e‘iﬁ% t %t%%Y%c?oYl(igﬁtWPl Eggt ect

a viol at®on tiR5.pidcehworel 0t dletbaﬁudﬁseca sfarstolea)MedrmpEBSQOItdtmr pLaéessor
140 deter mi s & fd [p'at envel £§J01114153o &étgﬁémem&awsn %%8

130 detects a vi oI ation at t bor bet ween t first 111
and the secheFdanmel gortrenn 1t1}2e fhesti fdmeepeaitdpa Hdr]de¢HQ4€fae| §eP©@ét ed

at the time wnd hhargeriib, t|lri’é tiier S Gonve BHHO b SEANS ¢ 1m5a\h1§h1@813yed
sever al p055| bi I | tlt%%g or, gcran es bor ders are allowed, this would
15
In the Fig. 4 embodiment, in which only several
possibilities for granules/borders are allowed, this would
mean that the whole process is finished, and all borders
are set as indicated by the small envelopes indicated at
20 104a, 104b. In this case borders would be on all times 0,

1, 2, .., n.

When, however, the first border is 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 border being 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 border in the second half, then
the broadest envelopes can be set. If there is 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.



mean that the whole process is finished, and all borders are set as

i ndi cated by the small envel opes indicated at 104a, 104b. In this case
borders WOR2d109839H all times 0, 1, 2, ..., n . VWenPChERRWE04he fir st
border is to be set e.g. on tinme inst¥nt 4 , then the search for the second
border has to be 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
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envel ope bg?é)gr@e(l:%zg %ﬁc&deﬁﬂi ﬁ&{ﬁé E%‘Pé éggtgggvgeq%t er{ad s@ﬁ%nghf
portion 112taRg tPRrEhPRd tide (|¥é|etl|ddr*i19113 (S8 ngry sslemend 188 we |- opéf

104b) . If theke iis M@ Wid Bt 0sh dgbesteddabtt RRebOLIRIerl DejdEEed Nenki I st
time portiogi%%% %Q%et%%r %%%P tlne Iﬁé(ggéggﬁ gfﬁ% portion 112, the
15 detector 130 will continue to investigate the border 2
between the second time portion 112 and the third time
portion 113. If there is a violation, another envelope 104c

extends 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
each 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 values 125 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
on 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 vary from envelope to
envelope. Hence no envelope border may be needed at this

position (= moment in time).



detector 130 wll continue to investigate the border 2 between the second
time portion 112 and the third tinme portion 113. If there is a violation,
anot her eNPEPHYW3HO4c extends fromthe starting tine tOPCH/EPRYISBISEALr 2 .
According to embodi ments of the invention, for a pair of neighboring

envel opes, said decision value 125 neasures the deviation of the spectral
energy distributions, wherein each spectral energy distribution refers to a
portion of the audio signal within a tinme portion. In the exanple of 8

envel opes. tHeLe 3ol il AnflaindBesuL g8 Aandobondsr s PeRen el ohferi ng

time portions) of, In genera re are n envelopes ere
measur es (deeMprafedal ¥ePAPSY CﬁEadhKDfaDﬁesemdéepgﬁﬁn vahabs aﬁﬁeheyethen

be Conparedcwhﬁblget@H*%thlaQQﬂJ ﬁé%&&@c'?h@@bﬁﬁéﬁélg§a£”Q§§H&§) re

vi ol at es the t hreshol d d.. an envel ope border w | ocat ed between the two
nei ghbord ngfeHYePOFEILiBdfeiffi ‘ng® oh 1ERE RISHiIRE Gk f 1 hehaécidionvhalae
125 and of BBr tfivashold, ddwenddl BYi en sBygeet Rekehedehatnatr deticsironiNal ue

125 i s abov Io the threshold. | n case the 1 si.on ue 125 is
bel ow t he tﬁ?gshos V%rhee §$88P§alp‘%ﬁssltbrll %h%&@ ot t1g r%ﬁbl VAAKS $Fom
envelope toceneebdp@y Heneevabopeasel ape bdrided peysbeibheededsattidl sthe

Posi tion (=SHRTCHd UIfe) cbpopfreheyref eabodi gsnt, Lig nyjber 102, of

envel opes 104 conpfises ‘@ powe d, nore envel ope
conpri sk¥ anpegaabitify peritbat Thies SPEarfy anieati & fenwezad By envelopes

possi bi liti @ghofinf EhSEFiBOSAI Bk ¥ HeS dhalont & W & 3BR frame is covered
by a single envelope (nét shown in Fig. 4), the second possibility is that

the SBR frame is covered by 2 envel opes, the third possibility is that the
SBR frane i stcauegr ed yf Admreiapestandnirbethigatepossi bidriderd svitwint he

SER frame i 3o80v¢18 R eyelapes (showan s diliomifie ottompg the

15 border (border 1, border 3, border 5, border 7), the number
of envelopes will always be eight (under the assumptions of
equal sized envelops). On the ether hand, if there is a
violation 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
violation 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
violation 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 1if no wviolations are detected at the odd
borders, the detector 130 may investigaﬁe, as the next

30 step, the border 2 and border 6, so that if a violation 1is
detected at one of these two borders, the number of
envelopes will be four and the apparatus 100 can, again,
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,

35 the detector 130 can investigate the border 4 and if a
violation is detected at border 4, the number of envelopes
are fixed to two.



It may be of advantage to investigate the borders within a specific order,
because if there is a violation at an odd border (border 1 , border 3 ,

bor der 5 WORBHHWAS4F)  the nunber of envel opes will al waf§TER2MPYMS2E under
the assunptions of equal sized enveldf¥s) . On the other hand, if there is a
violation at border 2 and border 6 , there are four envel opes and, finally,
if there is a violation only at border 4 , two envel opes will be encoded
and if therBorsthe cheméitébncaseanyof)f nt heine bpodelsnst herhahred en SBE famme
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violation is detected and therefore the deci sion vaI ue 12 be beI ow t he
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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 violation is detected, a

single envelope for the whole SBR frame is sufficient.

20 If, however, one of the decision wvalues 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, 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 1in the number of envelopes 102 also
implies an increased amount of data to be transmitted, the
decision threshold 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



n envel opes and, instead, n/2 envel opes may be sufficient. If furthernore,
the detector 130 detects no violations at borders, which are twi ce an odd

nunber (eWQ.20HY00pBpders 2 , 6 , 10, ...) , there is al sEBCAEPAYRH4533 put an
envel ope border at these positions arid, hence, the nunber of envel opes can
further be reduced by a factor of 2, i.e. to n/4. This procedure is

continued step by step (the next step would be the border, which is 4 tines
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envel opes 10 edle3D tdidrehAfurtHensad simped . of data to be transmtted,
the decision threshold for the correspondi ng envel ope border, which entails
a hi gh nunber of envel opes 104 may .be increased. This neans that the

t hreshold v&hﬁaeno$mmdehresho3d nfayanall o melgpepid amal tiebeilgnglleras hao t he

threshold a LS s ggaq G5 @fé§§ ﬁdtgrnwigﬁ%? &n, hig g%ahere ‘2 the

t het hr eshol at t or der Lower er thre sre
case that agﬁﬂﬂﬁﬁh(ﬂvQﬁOt%kgﬁ%#eéﬁbF@Hfﬁ@ﬂﬁ%ﬁb{ negsthe kepge Foatekhapl e

a hi gher threshalidbd Miianhdhatyiie fdeyd @ o féﬁ&@@dskasgtiﬁ&rsggéay if
di stri bution between two HEIgHbOFI time ortlong naﬁﬁBE more tol erabl e
hr e

t han mnth a WN&ne s 1I3dshdiSd &sﬁé @dfoﬁsa RP§RC PR9dBPe Oon the

application, it may, however, be of advantage if, for a
general audio 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 Dborder 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 into eight

30 time portions, the first envelope 104a covers the first and
second time portions 111, 112, the second envelope 104Db
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 1is smaller than the second and the
third envelopes 104b and 104c.



severe deviations in the spectral energy distribution are needed to demand
further envel opes. The chosen threshold may al so depend on the signal as to
whet her tWPO 28104143346i s cl assified as a speech signal or RCHFER2/00453¥i o
signal. It is, however, not the case 2hat the decision threshold will

al ways be reduced (or increased) if the signal is classified as speech.
Dependi ng on the application, it may, however, be of advantage if, for a
gener al audﬁdgsi@mmshdwyaddUﬁﬁéKﬂehﬂdﬁimQﬂtEMhﬁmaéniﬁ thbseﬁaéeopébe a
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104c. Fig. 5b shows anot odi nent t Wo enve opes
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Ther ef or e, tt%e t%%cofnlorllaelnvtgdmé)e 104b extends over 7 time portions, whereas

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 violation of the threshold is
detected or at the initial and final time t0, tn. This

20 means that in Fig. 5a, a violation is detected at time t2
and a violation 1is detected at time t5, whereas no
violations are detected at the remaining time moments tl
t3, t4, te6 ahd t7. Similarly, in Fig. 5b, a violation is
only detected at the time tl, resulting in a border for the

25 first envelope 104a and for the second envelope 104b and in
Fig. 5c, 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 envelopes
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 to be. In these
embodiments as shown in Fig. 5 however, the decoder needs

information at which time an envelope border is positioned



the first envel ope 104a extends only over a single tinme portion (the first
time portion 111) . Fig. 5c shows, again, an enbodinment with three

envel opesWVOCA10/BHFei n the first envel ope 104a extends PESHEPRHEOP45RE | al
time t0O to the second tine t2, the seédond envel ope 104b extends fromthe
second time t2 to the fourth tinme t4 and the third envel ope 104c extends
fromthe fourth tinme t4 to the final tinme tn. These enbodi nents may, for
exanpl e, beansedHus cadeithbahaborsdetes vhfenvet bpas mbi4 ¢ epanl yirptd batween
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envel ope 104bnapdqi.nsh @asy, addvitdlaatd 9ik it dtected(onlyigt t8ecseepnd
time t2 and the fourth time t4. In order that a decoder is able to use the
envel ope data and to replicate accordingly the spectral higher band, the
decoder nee@d4gishe qosand ofibokhble aanveahlopebndd dod ahet iecst@spoadiarg

envel ope borders., Ln_t enbhod] ) 0 fore Leh rely.on said

st andard, V\k(lzeré;lu%aéclolr g%\?el%g'pg}ss 4scch(;aenpsr$ﬁbesge\g%¥lg %lg%%g%%b%l r%l%é:clﬁre]ngg, it
was suf@ci éhe eodicasdghialt H®nunber of envel opes so that the decoder can
deci de where an envel ope border has to be. In these enbodi nents as shown in

Fig. 5 however, the decoder needs information at_which tine _an enveloEe
border is p&didti obred&REWEhR &ddist opal SfdeSPAPLE nediloeha§lBe 40K FREO

the data st meamosilghall Usi g §heesi demenboifdingn.e i1 dae®dei reanthigkai n
the tine anEQ%%&M“?fﬁaaggrg%%pgﬁegl%ﬁ%%é%ghgfed audio signal with a
15 second set of samples of the audio signal 620 in the second
time portion 112. The audio signal was transformed into the
frequency domain so that the sets of sample values 610, 620
or their levels P are shown as a function of the frequency
f. The lower and the higher fregquency bands are separated
20 by the crossover frequency f0 implying that for higher
frequencies 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 crossoverlfrequency f0 are encoded, for example, by the

25 AAC encoder and transmitted to the decoder.

The decoder may use these sample values from the 1low
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 not be sufficient to consider only
the sample values in the high frequency band (for £ > £f0),
but also take into account the frequency components in the
35 low frequency band. In general, a good quality replication
is to be expected if there 1is a correlation between the
frequency components in the high frequency band with

respect to the frequency components in the low frequency



envelop starts and ends. This additional information conprises the tine t2
and t5 (in Fig. 5a case) , the tine tl (in Fig. 5b case) and the tine t2
and t4 (iWORPY/NO05H6case) . Figs. 6a and 6b show an enbodCHERROPEP4RhHe
deci si on val ue cal cul ator 120 by usird the spectral energy distribution in
the audio sigVial 105. Fig. 6a shows a first set of sanple values 610 for
the audio signal in a given tinme portion, e.g., the first time portion 111
and conpar ebanki.s Banpl efti matdi etepgnalt winkly &xsesoﬁdie&éneftﬁﬁnbbﬁsidérthe

audi o st gnaLaqe0 {dhdfle 9e¢aad Lo QT Gk 1320o [0S FulLag n% ydasy

t ransf or med I'n f equency domal n e \al Ges
610, 620 orCﬁ@@ﬁpVEGVeﬁgeHuanGYShﬁQm a@né.anunqaimuﬂatEheafrequeabytﬁon The

| over and tl&%tme%ertrter eﬂU@s”\Ws@@“Q% 3bRpIePafALRd By ¢ e G 0880VELcond
frequenc fo |n2§y|ng that or hi gher frequencies than f0O sanpl e val ues

wi |l not bes@ a - shoul d instead replicate these sanple
val ues by using the SBR data Cn t he ot her hand, the sanples belom/the

f ded,, f t he AAC encoder
crossover SRRUIS LA Are P1ogied Lo SALE DY e AG snooferannd
t he | ow fr egtieridys thand methordder arad r ey catemphiesdj ghfér eqeramylepnpohent s.
Therefore, 10t it fdnd- g TEBSULE1 LAY e deylald o of thgfLlsh et of

sanpl es 610 fir st ti e portion t he' ‘second set™ 0 sanples 620
in the %%co@&ﬂﬁﬂna%&ﬂﬂh&ﬁiqgmz njea gise hot £ oe s@hélC$emtlanltbnsodertwnly

the sanmple walyaes 4. nﬁH@%éﬂﬁﬂtJﬂéﬁN#agabéﬁﬁgiéé&auét méﬁeﬂtb93£r§i§915ﬁke

i nto account the frequency conponents in the 1ow frequenc
general , a §8&dIdEderty &G MaYorPs L% bleP e%%\ébff‘%'%lelaf‘ ‘F‘H’éF%l‘PEla“ of
correl ati onthet weieimdlhe. fTeguesay seanueNt iscidhideaheghlbbequenay dHand

DT eepecte i he L NTE, COTERISALE A R Lan. L9 ouBendh L ot
15 1nd1cates 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. 6b 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
holds) .

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



only sanmple values in the high frequency band (above the crossover
frequency fqg ) and to calculate a correlation between the first set of
sanpl e vaVQe810gP854i t h t he second set of sanple val ues BSHEPIHE/08452¢ el ati on
may be cal cul ated by using standard s¥atistic nethods and may conprise, for
exanple, the calculation of the so-called cross correlation function or
other statistical neasures for the simlarity of two signals. There is also

Pearson's pwaduct yienant acocoetelavionoehétweent , b¥bhChs 1gyabe useehbot
estimate a correlation o nal.s. .The Pearson, coefficients are, al so

f . two. si
known as a SEAPPETEEPr & a??%%li%gf PRI Gt YT LS aOLorts a¥#HhoUS
i ndi cat es t betst reehgshmpid dialaots onnoftlee | vaedbusel atmenphirt ilkeisveeh0t wo

random vari ghl g3natiBeh S £352a¢i8 510 SaRRAGHLSt I Byl QS 840 200 §20.
Therefore, the corrélatrén refers to the departure’of 1t random vari abl es
from i ndepeRBeNee. Mmavt Wiss BPbadledertse, thRersampbesevdradl vdéeflkiteisentie
measuring therdegres of ogakrel ation adapted to the nature of data so that
different coefficients are used for different situations. Fig. 6b shows a
third set of sanple values 630 and a fourth set of sanple val ues 640, which

may, for exatpgke, 7he vel At eshdw & heusanpkeemdbdementt bWt rddhitik témEogertion
113 and the b urth tinme_portion 'Jtlcﬁg—-cgq?%j n, in _order 9% compar e the two
sets of sanp gs COPPLIGRaAlI 8T, TUT HETFROLITMY t4HE por' oR8%r 8 cOhEFaRr ed.
I'n contIr@ast codinhge case as3&hownlnn &iditban,intheg. edlrcalehr el dalsos
b 2eiced S8k 3t Bt e Septd WiEmeavelfale,
In this enb&BPneRRVEREPGeydatticon Cad AHetaectddl et gythi stBRure bakedny
be nmeasur edmshimbky BYoCOURkl RY itk HEMYion unit 370 provides a switch
decision signal 371 that switches between 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 into 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



of sanple values with violating this threshold T and the result may fix the
deci sion value 125. This sinple nethodwill yield a correl ation between both
si gnal s WORBW00ESf ormi ng a detail ed statistical anal y®CIEBROPORANAr i ous
sets of sanple values in the various %ine portions 110. Alternatively, a
statistical analysis, e.g. as nmentioned above, may be applied to the
sanples that violates the threshold T only. Figs. 7a to 7c show a further
enbodi nent wvher alisbe benmatera 1300 beorqajutsed aibde hostetiseédnf tdmt a 3d8tand a

stereo codin nit 380, | itihaon,_ the encoder, 300 al so conprises the
bandw dt h e??é%??b * %&Pg%gggQ#3¥Q%§%#%%%nggqﬂ§1§ﬁvelope data cal cul ator 210
and the SBR-rel ated nodul es 310. The switch-decision unit 370 provides a

swi tch deci ghan 3icgnal o3f71tﬁebasuéweasérb@w/egﬂdar&haeudgﬁ&&&ieéo@g? 3ng a
speech coder 373. Each of these codes may encode the audio signal In the
core frequeRdy FERLUsPAg1dPter BhEO nGRBersl toTt seam| EovaptEsr (S 10922 for
a higher regglhutizan.or 256 for a |ower resolution) . The sw tch decision
signal 371 is also supplied to the bandw dth extension (BWE) tool 210, 310.
The BWE tool 210, 310 will then use the switch decision 371 in order, for

exanpl e, toFradj.ustbt baokir eshokdambie dédser mhei ngwiteh ndrdadrs it? efighhe
spectral e”‘é‘%ﬁ"%%%% A 440 T ”aoﬁ;{é?”sigﬁ gptfio‘%”%' ttirmae{‘Si ent  JeLegLyr -
i i e's ch it 370"

The audi o signal s input” into Wi eCI’Si on un and s I nput
i nt o thk0st er el xeidi hgm88(asoantarvboive st esecondditiigne3gdbrm\Baimhicethhe

sanpl e val ugg phitGiar e, i BRUL tidt G ddsh Dapine diB extension: Uil §e210; 5310
Dependi ng on the decision 371 generated by the swtch-unit decision unit
370, the bahditdt Bkt IREFET 00k 23DeeSR0 Willgnadendmptleyy Shbct ¢hf fpaADt

replicati onddaicaetehiveh udse, fdm the swiftarinaleteics i hergri£l ag7 audi o coder
372 or a speech coder 373.

15 As a result/ as shown in Fig. 7c¢, during the time, the
audio signal is detected, that means for times before ta,
the temporal resolution 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 resolution 1is increased. An increase in the
temporal resolution implies a shorter analyzing window in
the time domain. The increased temporal resolution 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 is 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, is 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



The switch decision signal 371 is signal dependent and can be obtai ned by
the switch-decision unit 370 by anal yzing the audio signal, e.g., by using
a transi WO 208YWe46r or ot her detectors, which may or nB¢THBROHMSEE se a
vari abl e threshold. Alternatively, th swtch decision signal 371lcan al so
be manual ly be adjusted or be obtained froma data stream (included in the
audi o signal). The output of the audio coder 372 and the speech coder 373
may again be isysttleni nir0 whechi i eSBR f AbABL LelcoXp} (sae Fhiy 3@)sin&ig. 7b
shows an exa gecggr the switch decision signal 371, which detects an audio
signal for a trne p%FFod below a first tine ta and above a second tine tb.
Between the first tine ta and the second tinme tb, the sw tch-decision unit

370 detects h.si.gn Lopl.yi dif ferent. di.scret.e val ue he
avi tch doci o SROSPonSr "9 g oPRes Paget peekl ek BF LD A Sl P "B
time, the adBi BPBREAENSYsifefiscrégart hartntheses @spdatss Peforeepresene

t enpor al resohag@c@mpeiohh@fe@ﬁ@dbagrieg#o%in\@h%{e%%oqurdﬁéa:é he pesépd,phere
a speech signal is detected (between the first tine ta and the second tine

th) , the tEBRPOFEI TXISHIRIYTE | £9 ndr SRR AFtiSRer 8ased i A edteltenpér ad

resol uti on maphods saephomrer] cayral 141 Nca shactosy d8sthebedne ndafi Neodbext

i ncreased tggpogalmégﬁglutg n ing&ies-agso thetaforeantiQned.incre sed
number of speéctrfal envePopes Pse8 §8scHBESE Yo B g S Hori Ypecth 2

si gnal sL& hatconeedprandérgcibltoaiporal itepr esenfedtiwre 0dft he dimredp@udiengi es,
t he decisiogpbgg§§gg[d (e.g. used at Fig. 4 ) to transmt a higher nunber
of paraneters sets Is controlled by the switching decision unit 370. For
speech and speech-like signals, which are coded with the speech or

ti me- dormai nTeedi vt tva72rfoddie swdtiehed; §Aae coder bd herdeeisi A a
t hreshol d tg.usg for e . .

igita storage medium or <can be transmitted on a

15 transmission medium such as a wireless transmission medium

Oor a wired transmission medium such as the Internet.

Depending on certain implementation requirements,
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, a 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



paranmeter sets may, for exanple, be reduced and, therefore, the tenpora
resolution is increased. This, however, is not always the case as nentioned
above. TH¥ORAH3HPon of the time-1ike resolution to th&CIEFAYO/0P4523

i ndependent of the underlying coder s®ructure (which was not used in Fig. 4
) . This neans that the described nmethod is also usable withina systemin
whi ch the SBR nodul e conprises only a single core coder. Although sone

aspects haveomsete desThebgd dgtrahecs@at @xy &b ran apuatys, skbres Jread
that these aspects alsg gggresent a description of the corresponding

met hod, wheP2“ 2 BT otk287 devi@E t6Fresponds to a method step or a feature
of a nethod step. Anal ogously, aspects described in the context of a nethod

step al so rEphesentndodaRenit | by A€ 0T ERRPONALNG, DL OCK QL LLAM Of

feature of a correspondi ng appar he Tnventi encod udi o signhal
can be $torkerbermingy gbral o5t bhageerbadsmies cadpeise heraisn ttterash en a

transm ssi of; SREhAM SYGHBS aaWrieless transm ssion nediumor a wred
transm ssi on nmedi um such as the Internet. Depending on certain

i npl enentation requirenents, embodiments of the invention can be
i mpl enent edihnobaedwWalcede, idh sehbvaifenthef M &emertahtoteCaR theerd or ned

using a digital storage nediu for exanple.a floppy disk, a DVD, a - a

ROM a P h%ﬁeéﬁﬁﬁw %an® orP TP HL Hhﬁﬁﬁﬁ£,gh§ﬁQ%f%ﬂeEPP8Mé§%Iy

readabll® coperbbrsigaalonestaf ed heherestdmodshdelk cedbper dierdior, awkeaapabd e of

cooperating ] u em such that the respective
Lofbiiet PIOGLATTRILS, SR LohpRaLe

met hod i s per Iments acc ing to the invention conprise a
data carrier having electronically readable control signals, which are

capabl e of gooperdhicRy VéhibodiRERQEr agyabl £hE0MURIn tSHAL eNhe 8HER St hats One
of the met hods dgscrlbed . L .
therefore, a data carrier (or a digital storage medium, 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 field programmable gate array) may be used to

perform some or all of the functionalities of the methods



herein is perfornmed. Cenerally, enbodinents of the present invention can be
i npl emented as a conputer program product with a program code, the program
code bei NYOSPEYUBEI0e for performing one of the methods REEEPEHELFADuUt er
program product runs on acomputer. THE program code nay for exanple be
stored on a nmachi ne readable carrier. O her enbodi nents conprise the
conputer programfor perform ng one of the methods described herein, stored
on a machi neeseadelde heateriner .In rsaidhezmbvand Usentad, eaboté v@nprofrak@able

i nventive d f Jt er _pragram havi ng a program code

for perfor gﬁtﬁg%or?ﬁc?f}I ?ﬁge}?ngéﬁ%%gaggggg%ﬁeg rllnel%erior?,r%eesnsqﬁwe o%b@? rgo

progr am r un®egr camc emsutcsr the Mmetitds ol beed érehe. | Geraraleynmetheds

I's, theref OrRthdddald £ Yrd Irdly i hidda S r%‘ﬂf ﬁ@f‘&&'ﬂl‘e% aratus.
m thet eo the co

conput er -r eadabl e nedi u conpri sing, recorde n, uter

program?or perform ng one of the nethods described herein. A further
enbodi ment  ghet B dviav eigote et hatbdSimdres ef B8 ne e Dt 81 BhE AR PFedfor
sequence of ¢ i gnals represen in% t he conput er grogramfor performn oae o]
the net hods SHESdT: B TS AL THE ddier St chRYBRLERAR- sdductt e BECER HAars
may for exarplag beodionfcguieus t ende wamnsfiernedofi ahe datwarogsmarn €abhan
connect | on, char SXAUPLE NGB! BERELL A {1t RE" SHBOCLAPNL LOPALAES 2
processing means, for exanple a conputer, or & prografm € | ogl c devi Ce,
confi guked Bkiddesdapredhe peEforkh ohe dfhe hénrenfiodstlesefobed Hareba. A
further enbadiniRRiG COMPY i 89S the OFPYLET Vi ERsEALLRE A'EAN tD8ims

conput er pro%ramfor gerform ng one of the nmethods descri bed hereln.
and not y the Specific details presented by way of

description and explanation of the embodiments herein.



In sonme enbodi nents, a programmabl e | ogic device (for exanple a field
programmabl e gate array) nay be used to performsone or all of the

funct i onaVP2PWN0EH6t he met hodsdescri bed herein. | n some PERFEANNHIPHSIS 3
fiel d programmabl e gate array may coofferate with a nicroprocessor in order
to performone of the nethods described herein. Generally, the nethods are
preferably perfornmed by any hardware apparatus. The above descri bed

enbodi nents are nerely illustrative focCliahespri nci ples of the present
invention. It is understood that nodifications and variations of the
arrangenments and the details described herein will be apparent to others
skilled in tlhhe afin dppasatge (A0ONt fathecafonkatimgbe Inumldexd 6hDY) by ft he
scope of the inp j at i n t i fi et.ai.l
present ed by my%&‘%a(}g[sagri%ﬁ%%g%gségﬁgéngq (;w?le opgfzgggrrbﬂ di%etrsl?g&ral
herein. Chains 1 bam¢ ap@%&?ﬁ%%t%q]%) (BBR) caleagiogieirng a'heimier (bg) &BR

spectral envel opesdoH) 18 hejfsrdyeddbyedcspectindl abangd repid£Lat i@ms()SBR)
encoder, wherein the SBR enco s, adapted to encode audio signal (105)

er |
using a pluralityf%anfll e lF{l%Lth hidf a pRBR&Eer nTHEYS AundB i
subsequent tine parddedrsrn(ibkd) numiser SBR $ubseqgextenting boemianasi niltlioal
time (t q) to a.linal 44 tn t he,predgeterm ned nunber  of s qgquent
time portions (1 aoneisilégérgfréaan}%e%x?%n%f)?? ngr%néqﬁ%nirellgil‘\_"/gntﬁ?et Kg%gu %0
si gnal (205), the appearal ust{me0) (toipri gihey: rrettisimwimed| usunkecul aifor
(120) for deter M & fC $hR Vgbue; b425) tdie Beehs! ofryahiea(12?)
measuring a deviation 1n spectral energy distributions of a parr of
nei ghboring ti ne {&a i 8ATUCARCRetEEI® PY30§N¢ orUgdicecEiagad vi Bl Bt ofhe135)
of a threshol d bygdweatand siiwo vatamfilhg: a processor (140) for
determining a first envel ope
15 a decision wvalue calculator (120) for determining a
decision wvalue (125), the decision wvalue (125)
measuring a deviation in spectral energy distributions

of a pair of neighboring time portions;

20 a detector (130) for detecting a violation (135) of a
threshold by the decision value (125);

a processor (140) for determining a first envelope
border (145) between the pair of neighboring time

25 portions when the violation (135) of the threshold is
detected;

a processor (150) for determining a second envelope

border (155) between a different pair of neighboring
30 time portions or at the initial time (t0) or at the

final time (tn) for an envelope having the first

envelope border (145) based on the violation (135) of

the threshold for the other pair or based on a

temporal position of the pair or the different pair in
35 the SBR frame; and

a number processor (160) for establishing the number

(102) of spectral envelopes (104) having the first



border (145) between the pair of neighboring tinme portions when the
violation (135) of the threshold is detected; a processor (150) for
det er mi niWEQ 28104889Nd envel ope border (155) between a di PEEXRAYIHH4SRI of
nei ghboring time portions or at the iHitial time (t g ) or at the final
time (tn) for an envel ope having the first envel ope border (145) based on
the violation (135) of the threshold for the other pair or based on a

tenporal positi oen%lt)@e b FaF f(hasqi TRl epfe PREESNR (iR, Eféde%“d a
nunber processor Hé\?%) for establishing the nunber (102) of ectra

envel opes (104) the firstenvel ope border (145) and the second
envel ope border (155) . 2 . The apparatus (100) of claim1l , in whi ch a

length in tijre of,a tlne rtlon predete mned subsequent
tinme porti oS (1t1r(51)e iR equa %18{23 r i h0t ?”P?én?’f alh

si ngl e ehvel ope itdmeetodr ra n‘edne apdrtmom/mo«fh ttmae pdmxia:emmi/raéduenmabeul atfor
(120) is adapted Wiat d L val ( ) t nei ghhori

time portions ha\?ﬁlerat)s%ta!r‘i‘% rtr:t nt?lnrtg? FBR% H a(tllire'rbtg ]%S‘S Iﬂ?éla\pl)ggar atﬂsgf‘Teg) of
claim1 or clai m2nathhedd n time pr Sdch(qu)al ss kbt edenvel pret hés

first border (14@bt@&m§ﬁ@d“ﬁadﬁﬂﬁﬁnﬁﬁldﬂCﬂﬁﬁ'&Ebiéé%ﬂ’v§fge“@§i@hmag
processor (150) jrg?;apt ed%%o fix the second envel ope b ter

conmparing of at ARFedediPsiTh St dfe (2 28pcdistieny h‘éaJtLI*ﬁE eéﬂt8|5él 4

The appar at us &Hﬂ»twﬂ neaghb3ringurdies SORPLbss NBadA nignftHdBhi Almal
processor for pr Qi gtﬂg 1%d‘t,1tm ional side information, the additional side
i nformation corrprl S the first envel ope border (145) and the second

3. The apparatus (100) of claim 1 or claim 2, wherein the
processor (140) is adapted to fix the first border
15 (145) at a first detected violation (135), and wherein
the processor (150) is adapted to fix the second
envelope border (155) after comparing of at least one

other decision value (125) with the threshold.

20 4. The apparatus (100) of claim 3, further comprising an
information processor for providing additional side
information, the additional side information comprises
the first envelope Dborder (145) and the second
envelope border (155) within the time sequence of the

25 audio signal (105).

5. The apparatus (100) of one of the preceding claims,
wherein the detector (130) is adapted to investigate
in a temporal order each of the borders between

30 neighboring time portions (110).

6. The apparatus (100) of claim 1 or claim 2, wherein the
predetermined number of time portions (110) is equal
to n with n-1 borders between neighboring time

35 portions (110), which are numbered and ordered with
respect to the time so that the borders comprise even
and odd borders, and wherein the number processor
(160) is adapted to establish n as the number (102) of



envel ope border (155) within the tinme sequence of the audio signal (105)

5 . The apparatus (100) of one of the preceding clainms, wherein the

det ect or WV@3010/008548dapt ed to i nvestigate in a tenporal BEIEP2YAOMSET t he
borders between nei ghboring tine portd2ons (110) . 6 . The apparatus (100)
of claiml1l or claim2 , wherein the predeterm ned nunber of time portions
(110) is equal to n with n-1 borders between nei ghboring tinme portions
(110), which are spadrafad ank pter edlov § hi f eeReclietoctbe Y(iNe)sqethat 4 he

borders conprise en .and .add borders, and wherein. the nunber processor
(160) is adapt edt(t?1 RANS gt'tt?ltilscﬁl n&aﬂ'e) Y i g(ki‘?)ﬁﬁle’()f spectral envel opes

(104) if the detector (130) detects the V|0Iat|on (135) at an odd border. 7
The appar at us 0)a et egt (13 da ted to
det ect flrsffthqug%l afé?ﬁ%%?lo wggg?bg%%gﬁs% i Yo ap%%?a?ﬁg 66) of
one of the prece&hﬁ?(ﬂ%ﬁnﬁdamﬁ@dmh®tdﬁﬁ%@%eéuast(mmﬁ Y50 hatapord (135)
determ ne the seg@nNdRPHIGdADS) such that the spectral envel opes (104)
conprise a sane tenporal |ength and the nunber (102) of spectral envel opes
(104) is a power of two. 9 . The apparatus (100) of claim8 , wherein the
predet er ni ned nuribey appeﬂ&ahstqﬂﬁg)a@ﬂ wm@fﬁﬂ the &M@%ﬁdiﬁ@c%%Ethﬂﬁo)
is adapted to establish the n 10 ra nve
2, 4 or 8 such t"R&t"SdALH r}’oe? Cﬁg é)rc @1"‘9 I% %BJE OE? f“%@? z}'ﬁ"’seame
t enpor al Ol engt h. sﬂmoﬁambemmeratm§50ﬂﬂnchﬁthhalmh&(Bp@ﬁtﬁ&ﬂQenvwhepesn

the detector (130) o‘4~°)t A £l OaUsep, (ugsheld,  whieh dspends. of foo,

t enpor al p05|t|on of ation a tenpor position
yielding a |arger(l of spectral envelopes (104) is a power of two.
9. The apparatus (100) of claim 8, wherein the
15 predetermined number is equal to 8, and wherein the

number processor (160) is adapted to establish the
number (102) of spectral envelopes (104) to 1, 2, 4 or
8 such that each of the spectral envelopes (104)
comprises a same temporal length.
20
10. The apparatus (100) of claim 8 or claim 9, wherein the
detector (130) is adapted to use a threshold, which
depends on a temporal position of the violation (135)
such that at a temporal position yielding a larger
25 number of spectral envelopes (104) a higher threshold
is used than for a temporal position'yielding a lower

number of spectral envelopes (104).

11. The apparatus (100) of one of the preceding claims,
30 further comprising a transient detector with a
transient threshold, the transient threshold being
larger than the threshold and/or further comprising an
envelope data calculator (210), the envelope data
calculator (210) being adapted to calculate spectral
35 envelope data for a spectral envelope (104) extending
from the first envelope border (145) to the second

envelope border (155).



nunber of spectral envel opes (104) a higher threshold is used than for a
tenporal position yielding a | ower nunber of spectral envel opes (104). 11.
The appar¥PF81(00Fy of one of the preceding clains, furPREEPZY™IP4533 ng a
transi ent detector with a transient tHreshold, the transient threshold
being larger than the threshold and/or further conprising an envel ope data
cal cul ator (210), the envel ope data cal culator (210) being adapted to

cal cul ate spectr gheeryspoperdat a1000n aospeele abr erve! Qe ddPMg e@l%'iﬁ\'
fromthe first e&vel%%% border (145 to t he ,second. enve| ope border %ﬂ
.12. The appar at ) OfOUNE 1Y he? pr S¥ddi cqeé?ln'%s‘-o‘? urthék cdrpgPi)si ng

a switch deci si onoumfltgu(rfem)tazqud)gﬂdedat Gwiteh thedéi S Chigeglsi(@nigi gnal
(371), the sw tc?{hge(‘slwgl e%laé o(n3 slg%ﬁépn?&ﬁﬂesg@?% ?Io%kgE%gjd ogjlk%nal

and a general io-like au I 0 signal ere
adapt ed ?0 | ower aufd ot he eghal d afn@r spgesteddlkeandibol skgnalsiid3signal,

encoder (300) f%h%%%l nghén Q%LEB&O% 93%‘30()10@ %Qﬁg %frngo %o%?érsa‘%g%er

(340) for encodi ng t he audi o signal ) within a requency
appar atus (100) foreshedd aftqrnﬁpo?erﬁhfﬂe‘-r g WPigfskgezrisal envel opes (104)

according to one of the clainms 1 to 12; and an envel ope data cal cul at or

(210) for c IcuI ting enyelo ta based on .t he audi o signal (105) and t he

number (102;i % fq}%?c\f{%]d R%ngalfﬁﬁ aﬁpﬁﬁgénﬁurﬁfératlfé?) DfIsplect L8P)

envel opE$ (104) tompeiddmigeed by a spectral band replication (SBR) encoder,

wherein the SBR encoder is adapted to encode an audi o signal (105) using a
a core coder (340) for encoding the audio signal (105)

within a core frequency band;

15 an apparatus (100) for calculating a number (102) of
spectral envelopes (104) according to one of the
claims 1 to 12; and

an envelope data calculator (210) for calculating
20 envelope data based on the audio signal (105) and the
number (102).

14, A method for calculating a number (102) of spectral
envelopes (104) to be derived by a spectral band
25 replication (SBR) encoder, wherein the SBR encoder is
adapted to encode an audio signal (105) using a
plurality of sample values within a predetermined
number of subsequent time portions (110) in an SBR
frame extending from an initial time (t0) to a final
30 time (tn), the predetermined number of subsequent time
portions (110) being arranged in a time sequence given

by the audio signal (105), the method comprising:

determining a decision value (125), the decision value
35 (125) measuring a deviation in spectral energy

distributions of a pair of neighboring time portions;



plurality of sanple values within a predeterm ned nunber of subsequent tine
portions (110) in an SBR frane extending froman initial tinme (t q) to a
final tin¥ORPHY003546he predetermi ned nunber of subsequenPCI{EFROBGAP42HNS
(110) being arranged in a tine sequente given by the audio signal (105),
the nethod conprising: determ ning a decision value (125) , the decision
val ue (125) neasuring a deviation in spectral energy distributions of a
pair of nei ghboridegetdtnmgoat i vhslaeiect i (IBF) Viod asi athfd3D1Of By  the

t hreshol d by the i.SiQn | ue ). ; determining a first envel ope border
(145) between thg%igﬁi%) ﬁ%%%ﬁﬂéﬁl d tinme portions when the violation
(135) of the threshold is detected; determ ning a second envel ope border

(155) between a dicftleanffinAld £{roel QHQQ%bEQ ?o'orf%le or ty oS 0L gLofhe
initial %IHE (t g ), or at the final time (th) for an envelope EQV|ng Pﬁe
first envel ope b&Fdér 4851888y iBA ttHae i RPEEioms (¥BSN dfhe heiphagshol d
for the other pai(13en bFseheon a2l als pasiddiy of the pair or the
different pair in the SBR frane/ and establishing the nunber (102) of

spectral envel opes (104) having the first envel ope border (145) and the
second envel ope beteemifliss).a 15ecCodpuingie Iwmgrestrdor Qastor meeshen

running on a progesfend PO £ e AGROLIINY ¢iBL "t ions or at the

10 initial time (t0) or at the final time (tn) for an
envelope having the first envelope border (145) based
on the violation (135) 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

15
establishing the number (102) of spectral envelopes
(104) having the first envelope border (145) and the
second envelope border (155).

20 15. Computer program for performing, when funning on a

processor, a method for according claim 14.



