METHOD AND DEVI CE OF BI TRATE DI STRI BUTI ON TRUNCATI ON FOR SCALABLE
AUDI O CODI NG Fi el d of Invention 100011Enbodi nents of the invention
rel ate generally to scal abl e audi o coding. Specifically, enbodinents
of the invention relate to bitrate distribution and/or bitrate
truncation for scal abl e audi o codi ng. Background 100021Due to the
various scenario of applications, a scal able audio coding systemis
hi ghly favorable, which is capable of producing a hierarchical

bi t stream whose bitrates can be dynam cally changed duri ng

transm ssiMBTHOD AND-OEVEGCEFSITHAEE HISTRIBUTEONIERUNEA KIONSFOR
codi ng provides a gradual refinenent, from perceptually wei ghted

reconstruction | evel s provigegdLREIFLUPROCODY]G audi o coding (e.g
advanced audi o codi ng, AAC) core bitstreamup to the resol ution of

the original signal. The original signal is transfornmed by an integer
nodi fied discrete cosine transform (1 ntMDCT), and the resultant

I nt MDCT spectral data is coded Yﬁé i Ve§ | ementary | ayers,

i ncluding a core MPEG- 4 AAC | a erJaﬁrﬁg—gﬁﬁgrates an AAC conpl i ant
bit- stre re-define bltrate ich copstit ni mum
ot of qualii] of BHEEEeLT S0 e RidaRR ariel fostkBR e SRnBEed | ayer
t hat nakes use_ of bit-plane_ coding nethod to produce fine grain

scal abl e SPerHily] %@dﬁaﬁt? %h@)fnvmm rglate te burals disripution and{oe) OB n t he

MPEG 4 SLS encoder, the bitrate for different channels of the audio
si gnal i &ueeptian fr sgalable pudie eedlifer | ossy coding. For exanple, the
bitrate assigned to each frane, Bri , is calculated as BrxNsi f

Background

[0002] Due to the various scenario of applications, a scalable audio coding system is
highly favorable, which is capable of producing a hierarchical bitstream whose bitrates
can be dynamically changed during transmission.

[0003] For example, MPEG-4 scalable lossless (SLS) coding provides a gradual
refinement, from perceptually weighted reconstruction levels provided by the perceptual
audio coding (e.g., advanced audio coding, AAC) core bitstream up to the resolution of
the original signal. The original signal is transformed by an integer modified discrete
cosine transform (IntMDCT), and the resultant IntMDCT spectral data is coded with two
complementary layers, including a core MPEG-4 AAC layer which generates an AAC
compliant bit-stream at a pre-defined bitrate which constitutes the minimum rate/quality
of the lossless bitstream, and a lossless enhanced layer that makes use of bit-plane coding

method to produce fine grain scalable to lossless portion of the lossless bitstream.



nfj - s wherein Br is the total bitrate (kbps), Ar is the sanple
nunber/frame and Sis the sanpling rate. If there are two channel s,
Brij is evenly distributed to the two channels as "f 2 [0005] For
exanple, if the md/side joint stereo coding (MS stereo coding) is
utilized, the bitrates assigned to the m d channel and the side
channel are identical according to the equation above. The md
channel [@@04]senishd MEEAvERSRY enaidet, efctbimatel fdridffdrerclehmmels of @eaandind

t he side channel represents the Difference between Left and Ri ght
channel  didl is bquaBpAish@uteeNRkS; colifi@. FérexhmpRotht BRrafkeaoBAecBALE! S
are the |l eft channel and the right channel, and the bitrate is then
assi gned g | of right channel accordlng to the above

equati on. &Fﬁoggr @cB oss e%s bitstreamresulting fromthe SLS encoder
can be directly decoded or can be truncated by a truncator. The

|l ossless bitstreamis truncated, e.g.Bfon |ow bitrate applications,
wherein the | ossl ess bitstream my b ted for each franme based
on the target bitrate. For a franme, the "original |ossless bitstream

| engt hs ' an represent ed,as I and
BS2, r esfﬁ‘g{? eigl?/?r %{hﬁi‘&f)écﬁtrb gtr ﬁ%ggi)f g@r‘fegﬁnh d)? %nun% (ﬁ or addg In
a standard SLS truncator the truncated bltrates are all ocated as BSI
= BS2 = mamplmgra(eBBithere BﬁZw)a cB&ingls, B[,000FkMySistignebtoghaiwtgchaamelhes
used in lossy audio coding as well as |ossless audio coding, for
exanple, in MPEG 4 audi o scal able | ossless coding (SLS). |In nost
cases, there is conparatively little dlpference bet ween the audio

data for the left and right chanbe:s, dfeas in sone other cases,
there is nmuch difference between the audfo data for the left and

right ch cordlng odi.ng the da o md and, side
channel s?ﬁgﬁkil I ylfA o EEHPRIE 1 eangf‘;ﬂ&é?l b.ﬂermqué,ngw Sfeiee 15is nuch
different fromthe side channel. In this case, evenly distributing

bi t r at es WkEsde s bitFtesAstizraddn dia midfapnchand e Sidp shavar! arpidepticahudi o

encodi ng, or evenly dlstrlbutlnggtpuncated bitrates between the md
channel aeeprding tosthe equettian Akdve. Jbe orié shannelfrepreseatstthe Average of Left and

Right channel data, and the side channel represents the Difference between Left and
Right channel data. In another example, the first and the second channels are the left
channel and the right channel, and the bitrate is then assigned to the left and right channel
according to the above equation.

[0006] The lossless bitstream resulting from the SLS encoder can be directly decoded
or can be truncated by a truncator. The lossless bitstream is truncated, e.g. for low bitrate
applications, wherein the lossless bitstream may be truncated for each frame based on the
target bitrate. For a frame, the original lossless bitstream lengths for the first and second

channels are represented as BS, and BS,, respectively. The target bitstream length is

denoted as BS” . In a standard SLS truncator, the truncated bitrates are allocated as
BSI = BS2 = mln{mm(BSl,BSz) BS2 }
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Summary of the Invention [0008]Various enbodi nents of the invention
provide an efficient nethod and device for bitrate assignnment in the
scal abl e audi o encodi ng process. [0009] An enbodi nent of the invention
provi des a nethod for assigning bitrates to a plurality of channels
in a scal abl e audi o encodi ng process. The nethod i ncl udes assigning
different bitrates to different channels in the scal abl e audio
encodi ng process. [0010] Anot her enbodi nent of the invention provides
a method for assigning truncated bitrates to a plurality of channels
in a scalled7g audiDstéred!bedig &ih HerBERIdossy aedioRbdiag ad Well bORssias sadlpi ng
different truncated bitrates to different channels in the scal able

audi o tr ypgGiak i BFeRIPES FEMPERA MR halabRBQAMIBMiSe GLSY N1 hHM L ON

provi de an encoder for scal abl e audi o encodi ng, a conputer readable

medi um f%eréfs%ﬂlﬁkl%g@é{giiﬂle%?ﬁ&‘éﬁd%%eu@eegi}@&&h%rd I RINATL: SlEgmpt for
scal abl e aud!o encodi ny, a scal abl e audi 0 enco er, a truncator for
S ¢ BB 15 oo TR Bl L R Bl R B s 0,

audi o truncaflbn, and a conpu

truncatiqn. Bri.ef Description, of fhe Draw.n 0012] I n,the draw ngs,
[ ke ret SRahE EaHA R SBhnRardieTy Gher i e Ha e ar soe
t hroughout the different views. The drawi ngs are not necessarily to
scal e, efpHEsSusvallyresyds geneipation, whae thy pidshaened sgnugh) differentdrqm Het he
principles of the invention. In the follow ng description, various
enbodi mesids chinngh dnitliy exsei onnlydéstifatioe biedesetween dieanisinbenne andbe
foll ow ng draw ngs, in which:

side channel in the audio encoding, or evenly distributing truncated bitrates between the

mid channel and the side channel, becomes inefficient.

Summary of the Invention

[0008] Various embodiments of the invention provide an efficient method and device
for bitrate assignment in the scalable audio encoding process.

[0009] An embodiment of the invention provides a method for assigning bitrates to a
pluarality of channels in a scalable audio encoding process. The method includes
assigning different bitrates to different channels in the scalable audio enceding process.
[0010] Another embodiment of the invention provides a method for assigning
truncated bitrates to a plurality of channels in a scalable audio truncation process. The
method includes assigning different truncated bitrates to different channels in the scalable
audio truncation process.

[0011] Other embodiments of the invention provide an encoder for scalable audio

encoding, a computer readable medium for scalable audio encoding, a computer program



FIG 1 shows a flowhart of assigning bitrates to a plurality of
channels in a scal abl e audi o encodi ng process according to an

enbodi nent of the invention; FIG 2 shows a flowchart of
assigning bitrates to a plurality of channels in a scal able audio
encodi ng process accordi ng to another enbodi nent of the invention.
FI GS. 3A and 3B show the structure of a scal able | ossless audio
encoder 8RMenGBOsabblratdngntalitde sertitde andioescodér, & hendamrdort scelable

FIG 4 shows the maxi mum bit-plane | evel values of each scal e-factor
bands ( shijio trancasiofh,raacseputer esadakld aroi@in for scalabldduio thursiioss ad a
flomchart of assigning different truncated bitrates to different

channel s caap@eitirBgaiidhent FRQEHI MO Iudd rhit@ibavention. FI GS.
6A- 6C show di fferent truncated bitrates assigned for different
channel s according to the enbodi nents of the invention. FIG 7

shows the structure of a SLS encoder and a truncator according to an

enbodi ment of the inventiqﬂifI)scﬁEbgﬁ PﬁﬁqB%Q“gﬁ SLS decoder and a
truncator according to an tion. FIG 9
shows a i%ﬂ hart .of . a scal.abl e audi 0 decodin rocess ,according to
an enbocl AL o™ HeciDEh iRg Feforence hafegiers argetally PR AN PHE
structure of _a Sﬁa|% l e Ipssleég audi o decoder according to the
enbodi meHreIgsPUL Ry Ve, Thedapings pnot persisspibaieiseals embads nent s
of the invention are based on the finding that the md channel data
amount i &skae Berrallyremgrlaced ppemidlustratins draninsiplesat thednpmiion  thest
cases. Therefore, the smaller channel can be accurately encoded using
f ewer bi follwasg destreptopyvdrioge embodipente 9dthe deenidn ah desnbébwihpifogect
nore efficiently on the | arger channel.
to the following drawings, in which:
FIG. 1 shows a flowchart of assigning bitrates to a plurality of channels in a
scalable audio encoding process according to an embodiment of the invention;
FIG. 2 shows a flowchart of assigning bitrates to a plurality of channels in a
scalable audio encoding process according to another embodiment of the invention.
FIGS. 3A and 3B show the structure of a scalable lossless audio encoder 300, 350
according to the embodiments of the invention.
{ FIG. 4 shows the maximum bit-plane level values of each scale-factor bands (sfb)
for a frame in one channel.
FIG. 5 shows a flowchart of assigning different truncated bitrates to different
l channels according to an embodiment of the invention.

FIGS. 6A-6C show different truncated bitrates assigned for different channels

according to the embodiments of the invention.



[ 0014] An enbodi ment of the invention provides a nmethod for assigning
bitrates to a plurality of channels in a scal abl e audi o encodi ng
process. The nethod may include assigning different bitrates to
different channels in the scal abl e audi o encodi ng process. [0015]1In
one enbodi nent, the plurality of channels may include a m d channel
and a side channel of a md/side stereo encoding process. A first
bitrate i s asEl@fediows thetsruptuck afhdilifedncodandndia seoaitt abédrdiag ég amhi ch
is different fromthe first bitrate, is assigned to the side channel.
| n anot hembedibhedi sfehd invenpl ural ity of channels may include a left
channel and a right channel. [0016] According to an enbodi nent of the
invention, theisligdhewenh SbEldeaddeail £irdRh@F AcORENDRIBLnM3diment of the
psychoacoustl c information. For exanple, the different bitrates may
be det er mARgLPased on the ratio of psychoacoutic information in the
di fferent channels. [0017] The different bitrates may be assigned to
different cha I e =Pl g |

process. In oﬁfe@en%ggl manpl Cﬁ%{ﬂbpa lch %ggeal'ﬁ@()%@&l?&lgger%ségéakgg{ﬁ%%%c? 8

di fferent %fﬁ{ﬂ? cf?\:}ﬁased on bit-plane values for different channel S.

| n anot h&P°@ | Heht Ve i fferent bitrates are assigned to

di fferent channels based on the ratio of_ bit ane val ues_ for

di fferent chaffey-d04 ﬂQ?ISHO‘HtIFWWﬁ%‘Fe‘éfMH‘PﬁéHQSSeﬁsr?é‘ ¥l decedent
bitrates are_assi gned to different channels based on the ratio of

maxi mum Bsergngieethe gnhediments of e igNepfiek.ent channel s. I n anot her

enbodi nent, the different bitrates are assigned to different channels
based on the ratio of average maxi num bit-plane values for all the
scal efactor bands (sfb) for different channel. For exanple, the
different bitrates nmay be assi gnedDésorigtioh er ent channel s based on the
ratio of a first average maxi num bit-plane value and a second aver age
maxi mum pag13p! anearisak bbodilents of te ifXeRtiGiYfre BRYED BARMDiidiRg BBethy alige
may include an average value of a plurality of maxi mum bit-plane

val ues f eﬁarﬁelfdaiasetm&ﬂmriﬁﬁchqﬁff&@@c chhH bR sideYeh@fnet AR S bSnt lﬁﬂgsttdaees

second aver age maxi num bi t - p ane val ue conpr I ses an aver age val ue of
ol Ur al | Wffe%%annﬁ@ P8 BR G iRy bAloafy 28GR PRANS 1Bl Sﬁed
o o iSRS U255 %orsg SRS SeRBRLE e 0o
g\%éi ngriﬁﬁéi gegf!\n t];lglr) ment oF%ltllleCi%;[feln%gﬁ p1ov1c|es a m@odhfay gss%‘nfnfg rlt?ar‘gés toa
plurality of channels in a scalable audio encoding process. The method may include
assigning different bitrates to different channels in the scalable audio encoding process.
[0015] In one embodiment, the plurality of channels may include a mid channel and a
side channel of a mid/side stereo encoding process. A first bitrate is assigned to the mid
channel, and a second bitrate, which is different from the first bitrate, is assigned to the

side channel. In another embodiment, the plurality of channels may include a left

channel and a right channel.



bitrates. The scal able | ossless bitstream nmay be truncated to cater
for different applications according to the enbodi nent of the

i nvention. [0020] According to one enbodinent, it is further

determ ned as to whether a target total bitrate is snmaller than or
equal to the sumof a first perceptual core bitrate for a first
channel of the plurality of channels and a second perceptual core
bitrate &6k setwndlinhwmnembofintcheofthemakntion, the defaent ditsates[ap021] | f
the target total bitrate is smaller than or equal to the sumof a
first pedeephined based en psichedceudiioinfarrhationt Fohanansle, tHe differepd bitrabd tyy of
channel s and a second perceptual core bitrate for a second channel of

the pl ur akidétérngthe CHABNEH fhe retid s PiHoaddutib &b @ehtidh i B ABFFdFBH cRfnels.
assigned to different channels in a scal able audio truncation process

based on[§41g] t Ot e ddrikAitRirardtBayf bd RbigR&T GRNMEL RALRIRIFEER £dicand
t he second perceptual core bitrate, 11 one enbodi nment. |In another

enbodi ne I r . itr IS I . | to
the_ sum gFihe PRGNSRt IR, R 08 iy Be
per cept ual .cor, ifra the different truncated.pbitrates my be

D5 gned Attt Fo st SinaelerEes b biiatack SHRETIor iffrst el opforher
process based on the jotal bitrate, and a ratio between the first

per cept u&]n%‘é!%?@nb e B i AT aisisg freditlenspt chenaeds basgd oy hegatio of
[0022] In a further enbodinent, if the target total bitrate is smaller
t han or &fwlnervgluenfor diffarest chanmelsi r st perceptual core bitrate and the
second perceptual core bitrate, a first truncated bitrate nay be

assi gned [QW 81 he Ihiadutthes lsbadiment, therdifferenntatratesare hssidnad rediffeient
accordance with the follow ng equation: BSP BST
- BST BST channeli bBSR oh tRSAtid 2 marithvan biephane vilnemnfoathe dififirentahanes. In
assigned to a second channel of the plurality of channels in

accor dan@gotiértdibodBndn® | thodwe@nebitiads &8 asdBHikd to different channels based on the

ratio of average maximum bit-plane values for all the scalefactor bands (sfb) for different
channel. For example, the different bitrates may be assigned to different channels based
on the ratio of a first average maximum bit-plane value and a second average maximum
bit-plane value. The first average maximum bit-plane value may include an average
value of a plurality of maximum bit-plane values for a first channel of the plurality of
channels, and the second average maximum bit-plane value comprises an average value
of a plurality of maximum bit-plane values for a second channel of the plurality of
channels.

[0019] Based on the different bitrates assigned to different channels, the audio signal
is scalable encoded, e.g. to form a scalable lossless bitstream. The scalable lossless

bitstream may be used in different applications, which may have different available/target



TT2 BS BS Wherein BST denotes the first truncated bitrate assigned to
the first channel of the plurality of 1 channels; BST denotes the
target total bitrate; BSP denotes the first perceptual core bitrate
for the first channel of the plurality of 1 channels; BSP denotes the
second perceptual core bitrate for the second channel of the
plurality of 2 channels; BST denotes the second truncated bitrate
assi gned bitatdsh @'hs ecadatde ohdesn bitstadnt hay fd witahiet yo cater for different

applications according to the embodiment of the invention.

[0020] According to one embodiment, it is further determined as to whether a target
total bifrate is smaller than or equal to the sum of a first perceptual core bitrate for a first
channel of the plurality of channels and a second perceptual core bitrate for a second
channel of the plurality of channels.

[0021] If the target total bitrate is smaller than or equal to the sum of a first
perceptual core bitrate for a first channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the plurality of channels, different
truncated bitrates may be assigned to different channels in a scalable audio truncation
process based on the total bitrate, the first perceptual core bitrate, and the second
perceptual core bitrate, in one embodiment. In another embodiment, if the target total
bitrate is smaller than or equal to the sum of the first perceptual core bitrate and the
second perceptual core bitrate, the different truncated bitrates may be assigned to
different channels in the scalable audio truncation process based on the total bitrate, and a
ratio between the first perceptual core bitrate and the second perceptual core bitrate.
[0022] In a further embodiment, if the target total bitrate is smaller than or equal to
the sum of the first perceptual core bitrate and the second perceptual core bitrate, a first
truncated bitrate may be assigned to the first channel of the plurality of channels in

accordance with the following equation:

p
BS
BS{ =BS' -——1—;
BS; +BS,



2 of channels. [0023]It is to be understood that the above equations
for the first channel and the second channel nmay be nodified
accordingly if the plurality of channels include nore than two
channel s. [0024] Accordi ng to anot her enbodinent, if it is determ ned
that the target total bitrate is greater than the sumof the first
perceptual core bitrate for the first channel of the plurality of
channel s andhal s¢ched senaid peate spissigheddo r sedond chevaclf afithe pleradigoativtiannels
channel of the plurality of channels, different truncated bitrates
may be assi@oeldndcowith fHedsloving equarioel s i n the scal abl e audi o
truncati on process based on the first perceptual core bitrate, the
second perceptual core bitrate, a first enhancenent bitrate for an
enhancement |ayer of the fi rgch_hgsme_l, Bf a second enhancenent
bitrate for an enhancenent |ayar tE psecqpd channel . I n another
enbodi ment, if the target total bitra liPgzeater than the sum of
the first perceptual core bitrate and the second perceptual core
bitrate, Wiheeeidi fferent truncated bitrates may be assigned to
different channels in the scal able audio truncation process based on
the first rceptual core bitrate, the second perceptual core .
bitrate, %‘ﬁ%dgwﬁ%ﬁ' & Theh tiwepted %éfﬂﬁ‘? ?%Stgnéiﬁaﬂw hehagpelyofi the plusaliy of
to the enhancenent |ayer of the first channel and the second
enhancemgpdnnblst r at e assigned to the enhancenent |ayer of the second
channel . 100251l n a further enbodinent, if the target total bitrate
is greater fhan the sumof the first perceptual core bitrate and the
second pdFTefmgies thedpigeldptal bifréte; 3 first truncated bitrate may be
assigned to the first channel in accordance with the foll ow ng

equat i On:BSI?Sheﬁo%i 82 FisBRrdephBP Lote BRhte 0P W filst taldRl of %?eppltlra%‘?? of

- BSP

channels;

BSS denotes the second perceptual core bitrate for the second channel of the plurality of
channels;

BSE denotes the second truncated bitrate assigned to the second channel of the plurality

of channels.

[0023] It is to be understood that the above equations for the first channel and the
second channel may be modified accordingly if the plurality of channels include more
than two channels.

[0024] According to another embodiment, if it is determined that the target total
bitrate is greater than the sum of the first perceptual core bitrate for the first channel of
the plurality of channels and the second perceptual core bitrate for the second channel of

the plurality of channels, different truncated bitrates may be assigned to different



12 a second truncated bitrate may be assigned to the second channel
I n accordance with the foll ow ng equation: BS2 BST =BS +(BST -BS -BSP
BSI + BS2 -BS2 wherein BST denotes the first truncated bitrate
assigned to the first channel of the plurality of 1 channels; BST
denotes the target total bitrate; BSP denotes the first perceptual
core bitrate for the first channel of the plurality of 1 channels;
BSP denotksmntlkén gecodisblpexdieptntation proeesbbhgedlon thicfirst precepambeyde channel
of the plurality of

bitrate, the second perceptual core bitrate, a first enhancement bitrate for an enhancement

layer of the first channel, and a second enhancement bitrate for an enhancement layer of

the second channel. In another embodiment, if the target total bitrate is greater than the

sum of the first perceptual core bitrate and the second perceptual core bitrate, the

different truncated bitrates may be assigned to different channels in the scalable audio

truncation process based on the first perceptual core bitrate, the second perceptual core

bitrate, and a ratio between the first enhancement bitrate assigned to the enhancement

layer of the first channel and the second enhancement bitrate assigned to the

enhancement layer of the second channel.

[0025] In a further embodiment, if the target total bitrate is greater than the sum of

the first perceptual core bitrate and the second perceptual core bitrate, a first truncated

bitrate may be assigned to the first channel in accordance with the following equation:

BS; - BSY

BSIT =BS{’+[BST—BSf' —Bsg)' 5 =
BS; -BS 2

| +BSy ~BS

a second truncated bitrate may be assigned to the second channel in accordance with the

following equation:

p
BS, —BS
Bs"2F=3312’+[BsT—BSf'—Bs§)- 13 2 o
BS; —BS{ +BS; -BS

wherein
BS'IT denotes the first truncated bitrate assigned to the first channel of the plurality of

channels;



2 channels; BSI denotes a first partial bitrate provided for the
first channel of the plurality of channels; BS2 denotes a second
partial bitrate provided for the second channel of the plurality of
channel s; BST denotes the second truncated bitrate assigned to the
second channel of the plurality 2 of channels. [0026]1t is to be
under st andood that the above equations for the first channel and the

second cq%ph I e difi.ed accordingly if the plurality of
channel s |ncfﬁ'%§ﬁ53%g? g%{@§%mthannels. [ 0027] Anot her enbodi nent of

the invention provides a nmethod for assigning truncated bitrates to a
pluralit B dateinde Sirsf pacdpitab co@abitkie fr SeakiahlcBarmidlioo e plediy o
process. The nethod includes assigning different truncated bitrates
to different channels in the scal abl e audi o truncation process.

[ 0028] | n“BH8&nbodi nent, the plurality of channels includes a nid
channel and a side channel of a m d/side stereo decoding process. A

first trpgaughidithe dcbndBofcdpfuanssie bRtk foP the@cddtheRANBethe pARMIR of

second trurcat ed bitrate, which is different fromthe first truncated
bitrate, nay be assigned to the side channel. In another enbodi nent,
the plufBaiels of channels may include a left channel and a right
channel . The bitsteam nmay be a scal abl e | ossl ess bitstream derived by
scal abe difgodtinnigs an fisst diagiad itgimaie ,préodede kantbe dirstThimnbelt off denplueajitalos o
be a | ossy bitsteam derived by | ossy encoding an audio signal, in
anot her examAPke.

BS7 denotes a second partial bitrate provided for the second channel of the plurality of

channels;

BS:{ denotes the second truncated bitrate assigned to the second channel of the plurality

of channels.

[0026] It is to be understandood that the above equations for the first channel and the
second channel may be modified accordingly if the plurality of channels include more
than two channels.

[0027] Another embodiment of the invention provides a method for assigning
truncated bitrates to a plurality of channels of a bitstream in a scalable audio truncation
process. The method includes assigning different truncated bitrates to different channels
in the scalable audio truncation process.

[0028] In one embodiment, the plurality of channels includes a mid channel and a
side channel of a mid/side stereo decoding process. A first truncated bitrate may be
assigned to the mid channel, and a second truncated bitrate, which is different from the

first truncated bitrate, may be assigned to the side channel. In another embodiment, the

10



[ 0029] According to one enbodinent, it is determ ned as to whether a
target total bitrate is smaller than or equal to the sumof a first
perceptual core bitrate for a first channel of the plurality of
channel s and a second perceptual core bitrate for a second channel of
the plurality of channels. [0030]If the target total bitrate is

smal ler than or equal to the sumof a first perceptual core bitrate

for a fi phialapanshnd$ mahenchidéaabi EhanBEl 6hamat chadfkdl. PheIRGRAG may be
perceptual core bitrate for a second channel of the plurality of

channel s g (@i €1RAEsstiiRGa! &5ivRA by &abde BRMARE ASRUPNEHa! Cordlibifleent

channel s in the scal abl e audio truncation process based on the total
bitrate, A j . ept ual
cor & bi | FF Gtpdr? R S RE ey B el B By 1880 el dBnB R AR BRRAT 2,
t ot al bitrqhe IS Sfﬁ||er than or equal to the sumof the first

0 €

per cept udl®eBrE*BPrat e and the second perceptual core bitrate, the
different truncated hitrates - be assigned to different channels in
the scal i‘iﬂzg audhEOr %@&PFSWEE%B’GB%I%%@WW W%Wﬁ*sfﬁisqamaemf , and

aratio between the first perceptual core bitrate and the second

per cept uditragois smpllerthancor e 3a thegum of g s Percepblgormdhiirateifer a fifst t ar get
total bitrate is smaller than or equal to the sumof the first

per cept ughanpek of the plprlity eiretantdsls and espebng grersepitalaoraiyirate irtarsgtand a
first truncated bitrate my be assigned to the first channel of the
pl ur al i t ghamheldfahnphmlityofateorcttance with the foll ow ng equation: and
a second truncated bitrate is assigned to a second channel of the

pl ural i t yoos] chanaeltsgitno@rkigh@angaallsr than bhegdablol thivkig oAt i on: BS
B4 'BST BST 2 2 BSP + BSP 12 Werein BST denotes the first

truncat edeRiSthAtcBreaifhte RAG st dhfned bf St pRRAMSE clRfindlhsnd?] dtbaild ty of
perceptual core bitrate for a second channel of the plurality of channels, different
truncated bitrates may be assigned to different channels in the scalable audio truncation
process based on the total bitrate, the first perceptual core bitrate, and the second
perceptual core bitrate, in one embodiment. In another embodiment, if the target total
bitrate is smaller than or equal to the sum of the first perceptual core bitrate and the
second perceptual core bitrate, the different truncated bitrates may be assigned to
different channels in the scalable audio truncation process based on the total bitrate, and a
ratio between the first perceptual core bitrate and the second perceptual core bitrate.
[0031] In a further embodiment, if the target total bitrate is smaller than or equal to
the sum of the first perceptual core bitrate and the second perceptual core bitrate, a first
truncated bitrate may be assigned to the first channel of the plurality of channels in

accordance with the following equation:
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1 channel s; BST denotes the target total bitrate; BSP denotes the
first perceptual core bitrate for the first channel of the plurality
of 1 channels; BSP denotes the second perceptual core bitrate for the
second channel of the plurality of 2 channels; BST denotes the second
truncated bitrate assigned to the second channel of the plurality 2
of channels. [0032]1t is to be understood that the above equations
for the first channel and the second cha%irg;rII may be nodified
accordingly if the plurality ﬁ%Tch&@hels clude nore than two

channel s. BSf-+BSg

and a second truncated bitrate is assigned to a second channel of the plurality of channels

in accordance with the following equation:

P
BS
Bsg =psT .— "2
Bsf +Bsg

Wherein

BSPIT denotes the first truncated bitrate assigned to the first channel of the plurality of

channels;

BST denotes the target total bitrate;

BS{) denotes the first perceptual core bitrate for the first channel of the plurality of

channels;

BSS denotes the second perceptual core bitrate for the second channel of the plurality of

channels;

BSE denotes the second truncated bitrate assigned to the second channel of the plurality

of channels.

[0032] It is to be understood that the above equations for the first channel and the
second channel may be modified accordingly if the plarality of channels include more
than two channels.

[0033] According to another embodiment, if it is determined that the target total

bitrate is greater than the sum of the first perceptual core bitrate for the first channel of

12



[ 0033] According to anot her enmbodinent, if it is determ ned that the
target total bitrate is greater than the sumof the first perceptua
core bitrate for the first channel of the plurality of channels and
t he second perceptual core bitrate for the second channel of the

plurality of channels, different truncated bitrates may be assigned
to different channels in the scal able audio truncation process based

on the f itkefluRBfCERhatRk]sGAl ehdbetdndtRicchii] ®eCHIRtke FO BERcUAd cIERhE of
bitrate, a first enhancenent bitrate for an enhancenent |ayer of the

first chagnhralid W cRartREOMRANMNEERE Biradsth Al £QbndNo AIHRAGH e MENt

| ayer of the second channel. In another enbodinment; if the target
total bi I; r i .core

bi trat o SArERe LEeERUE ahdE ubdifof WL RS bhold o P FpRls B
truncated. bitrates be assi d to.different an S in.the

scal abl o Puth O FEmerRpr S eeE s, Cam b PERR e v feaimess o
bitrate, .the cond perceptual core bitrate, and a rafio between the
first enllPa}'ﬁE%ﬁEﬁﬁl%F@%ﬂaﬂe%%%e@ nhanqeREN AR EYRBrsRhangRFntdgyer Ab
first channel and the second enhancenent bitrate assigned to the
enhancendiftsependehagiel tIh anetbermpodiashdf the tayges dotplibitgate (srgrepder than the
enbodinment, if the target total bitrate is greater thanthe sumof the
first pesenpf thelfirsimeecepivpl corebitmis anfl ¢hessecoridbepepmelptonabitresy thebi t r at e,
a first truncated bitrate may be assigned to the first channel in
accor dandéfanttt ruhdreed Wwtrhtesvnag be ggsgned ro diBSienBSinme] Bofher{cBEble-aBd8

BSI. +BS2 -BS2 a second truncated bitrate may be assigned to the

second cl@fAdktion ipfocastRkdicditlie Hitsk Pert&jRudl 0bleWikAIg R4 A rcBRAl cdBS2
BST =BSP +(BST -BSP -BS) 2212P BSi + BS2 -BS2
bitrate, and a ratio between the first enhancement bitrate assigned to the enhancement
layer of the first channel and the second enhancement bitrate assigned to the
enhancement layer of the second channel.
[0034] In a further embodiment, if the target total bitrate is greater than the sum of

the first perceptual core bitrate and the second perceptual core bitrate, a first truncated

bitrate may be assigned to the first channel in accordance with the following equation:

BS| ~BS}

Bs! =BsP +(BST N —BSzpj- S 5
BS| -BS{ +BS, -BSD

a second truncated bitrate may be assigned to the second channel in accordance with the

following equation:

P
BS, — BS
BS] =BSH +(BST -BS} —Bsgj- ; 2 :
BS| -BS; +BSy ~BS,

wherein

13



wherein BST denotes the first truncated bitrate assigned to the

first channel of the plurality of 1 channels; BST denotes the target
total bitrate; BSP denotes the first perceptual core bitrate for the
first channel of the plurality of 1 channels; BSP denotes the second
perceptual core bitrate for the second channel of the plurality of 2
channel s; BSi denotes a first partial bitrate provided for the first

channel 1the pluraljty of channels; es a s |a
bitrate gﬁ)v et RiinBetn BBt RERo1o ﬁﬁeéraq Wavﬁtcff thy bikaliner s
channels;
BST denotes the target total bitrate;

BS}) denotes the first perceptual core bitrate for the first channel of the plurality of

channels;

BSS denotes the second perceptual core bitrate for the second channel of the plurality of

channels;
BS; denotes a first partial bitrate provided for the first channel of the plurality of
channels;
BS» denotes a second partial bitrate provided for the second channel of the plurality of

channels;

BSE denotes the second truncated bitrate assigned to the second channel of the plurality

of channels.

[0035] It 1s to be understandood that the above equations for the first channel and the
second channel may be modified accordingly if the plurality of channels include more
than two channels.

[0036] According to an embodiment of the invention, the bitstream may be truncated
based on the assigned truncated bitrates, such that a prioritized truncation is performed on
different channels.

[0037] Another embodiment of the invention relates to a method of decoding a

bitstream in a scalable audio decoding process. In one embodiment, a bitrate assignment
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BST denotes the second truncated bitrate assigned to the second
channel of the plurality 2 of channels. [0035]1It is to be
under st andood that the above equations for the first channel and the
second channel may be nodified accordingly if the plurality of
channel s i nclude nore than two channels. [0036] According to an
enbodi nrent of the invention, the bitstream may be truncated based on
t he assi grfenhation nmytbededsived ditbasgnoshec Hevidrat.gaa pralablel dulvehcodennThd | on
is perforned on different channels. [0037] Anot her enbodi ment of the
i nvent i obitfaed Btigtmen iRformititadnof betathedddiginan Rhdodkd Biddiehin iA at@hdrabl e
audi o decodi ng process. In one enbodinent, a bitrate assignnent

i nf or mat eRBodR¥nD e @tedty 8didhiem BReh g K8k the %1fﬂ=:rerﬁbﬁf%@és%@sl1§ned
audi o encoder. The bitrate assignnment information may be enbedded in

an encodegdbigteRd-& 8 8nnBls %?g‘ferﬂ) tr é%ﬁprQhér&@fableEﬁlglo%wogﬁfpx%é%k gRIRAt

information i ndicates the erent bitrates assi

i 1 er enty SRARNGS 1ol DSBS RERMLS, HS6al ARl e ol Ouencadhg

process. ase rate’assi nnen
bitstream j.s .de oded in the scal abl e audi o decodlng process. [0038]In
anot her QW%%HFWawgpnﬁﬁgsbltrate assi gnnent i nformation indicates the
different truncated bitrates for different channels used to truncate
the encod¥d8hi t b perthst cbedinesh th‘%létrbqeta?%%@%&f@m%ﬂ@ indifaigs thet i on,
the encoded bitstreamwhich is further truncated in a scal able audi o
t runcat i eHfopmsereatadegytraes gedidireant phannele useddp Ayncateihieierroded bigtisam.
process. [0039] O her enbodi nents of the invention provide an encoder
f or scal Bbsed cmublé bitrate assignment information, the encoded bitstream which is further

truncated in a scalable audio truncation process may be decoded in the scalable audio
decoding process.

[0039] Other embodiments of the invention provide an encoder for scalable audio
encoding, a computer readable medium for scalable audio encoding, a computer program
element for scalable audio encoding, a scalable audio encoder, a truncator for scalable
audio truncation, a computer readable medium for scalable audio truncation, a computer
program element for scalable audio truncation, which will be described in more detail in
the examples below.

[0040] FIG. 1 shows a flowchart of assigning bitrates to a plurality of channels in a
scalable audio encoding process according to an embodiment of the invention.

[0041] At 101, different bitrates are assigned to different channels of a signal. For
example, different bitrates may be assigned to mid and side channels of an audio signal.

At 103, the signal is scalable encoded based on the different bitrates assigned to different
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encodi ng, a conputer readable nmediumfor scal abl e audi o encoding, a
conput er program el ement for scal abl e audi o encodi ng, a scal able
audi o encoder, a truncator for scalable audio truncation, a conputer
readabl e nedi um for scal abl e audi o truncation, a conputer program

el enent for scalable audio truncation, which will be described in
nore detail in the exanples below. [0040]FIG 1 shows a flowchart of
assi gni Ngndink k24 Pond Rafiph! el biarfibl GAABIRL b mBreHEdBOLEN R
encodi ng process according to an enbodi nent t he invention.
[0041] At 1 if feren Lbr re igned to different channels
of a si grrlnég%hﬁggl?l %gadlrgrﬁ#%)%edﬁ?‘#‘ﬁoé%?c%lﬁ%i‘at es may be assigned to md
and side nel.s,.0 n audi o.signal . At 103, the signal. s scal able
encoded WTBAL"5 Fiene Bt Ruf e Rrebie il ba nar b chimef &
channel s. In._one exanple, the m d _channel may_be assii%ne,d nor e

bi t r at es SEAROK FUdig ereREingPEPcERARFRIfing 49 anqtier epbaragniplithe iypriion.
accuracy. 100421FIG 2 shows a flowchart of assigning bitrates to a
pl ural i t Y0OMB] chakdir?él sbit-plape sdlugsdbr diffgrent hasrdvel nyep.ca o dilferentdi ng
to anot her enbodi nent of the invention. 100431At 201, bit-plane

val ues f ohandiels o€ eehtfranieanfaelagdiofsignals isgletdrmined g Diffarentdiitfdtesr e sssigned
channel s of each franme of an audio signal, is determned. D fferent
bi t r at es tadiffesensitgneds based b thertgnslachanre fs: difisest chandehest D03 .- Pdrane
values for different channels at 203. For exanple, different bitrates

nmay be asgiylediti@ e uaBOns) BeasiatNR) 1fidehd 3/de 3H4Hnels S SN Akdio JiBRal.
bitrates may be assi gned based on the ratio of bit-plane values for

the diffapg Bftra%%me%séi%uéaﬁﬁsﬁmqgé %B%fbﬁ{b@anﬁ?ﬁlg?ﬁo@ﬁ?ei gfgdndased

on the ratio of maxi mum bit-plane values for t erent channel s
in anoth i r i (A .

b ra es%@f%iggﬁ%%g%ggt%s%tﬁ jﬂfjﬁf@‘i’e@t ”?%0“55?%&%5%%%?‘%??#“
it-plane, val ues assigr o,t he, di ent .chann : sigal.is

b1 t- bl andalR i B0 He IRttt iop abh SpPEREE Badfudiuime,

di fferent, channel s at 205, For exanple, the md channel nmay pe

assi gned 6 STHeHBRAFY PaY Be assigapd P& Of e TR CHARAB MY S PEPIRE 0dled

wi t h higher accuracy. 100441FI GS. 3A and 3B show the structure of a

scal abl e Vhlygsasgigaedigdhodifiseeatighanndy Thsasa isditplangyencedsgddranesi @n the
embodi ments of the invention. 100451It is to be noticed that a
circuit dtffaieybitidrsdsiignednd diffeeent chapnilont 29y Hoe exramde, whe il dhogiet, a
controller, a mcrocontroller, or a mcroprocessor (including e.g. a
conpl ex nmythewstigred vadt moehpmiter suCiCthSChe miid ckamelrdatr is ancoelddiodt] higher
instruction set conputer (Rl SC) processor).

accuracy.

[0044] FIGS. 3A and 3B show the structure of a scalable lossless audio encoder 300,

350 according to various embodiments of the invention.

[0045] It is to be noticed that a circuit as described in this description may be hard

wired logic, a controller, a microcontroller, or a microprocessor (including e.g. a complex

instruction set computer (CISC) processor or a reduced instruction set computer (RISC)

processor).

16



[0046] In FIG 3A, the scalable |ossless (SLS) audi o encoder 300

i ncludes a domain transformcircuit 301 configured to transform an
audio signal to forma transfornmed signal. The domain transform
circuit 301 nay be an integer nodified discrete Cosine transform
(I'nt MOCT), for exanple. The encoder 300 includes an encoding circuit
303 configured to encode the transfornmed signal to forma core-|ayer

bi t st reanqpodspr exan@! A, thd&aRBRAGIsNEs B dhdio 3D dBRIN0ABCIAIRY degRiH al
(l ossy) encoding circuit or a core-layer encoding circuit, which may

gener at etﬁali‘sefoﬁ&&?aﬁ@()‘?rco}?ﬁ%.ﬁ&d RHIEBAT bh hidib Q%nﬁl*i&‘fdﬂnrﬂ dFormed .
rate/quality unit of a lossless stream [n one exanple, the encoding
circult 3031 1@ aifho i Af‘éc%n(:argl‘ﬁ?%er% a0 GO NG ENGRASE. Cosine

500 tUrt he U i df' St ing

[0047]The“§i8 encoder r-inc es a € enco

circuit 305 confi to encode . the transfor signal.to for

0 S de BREGREHCHh L o SARlen A Encdep TR S PR St O s

| eft and right channels, the_m d/side encoded sjgnal. is encoded to
have ni d canigeuEsddfe casndsils Sansfogmadsianal & fsm arepglapeg kitskeam-t Fagprample,
included to performan error napping process based on the m d-side
encoded Shemapdingcireic 8 anas. ecmsreepiebllosancadios Fintroratchumaye ch
has been encoded into the encoding circuit 303 is then renoved from
t he transhodimedisigrahich meg gendratg thercoamlagerbistranycmistitufif® e infihien®h S
encoder also includes a bit-plane encoding circuit 309 configured to
bi t - pl aneate/geae uhilnef £losdéss Sir¢pmal Inlvas efarple thé Etoding chtdif 303kisat 0 form
an enhancenent -1 ayer bitstream The bit-plane encoding circuit 309

may i ncl piEE@A A86I(ANVAREY MillfoGdliingraibigured to assign the different
bitrates to different channels of a plurality of channels in the

bi t - pl angog@fli NOTHY AEEER0ddr8H0 XNAHIP|Bludbemill/ SidELRBAInR iR 5 My be
assigned based on the bit-plane values for different channels, as
expl ai “@ﬂﬁ@&&ﬁﬁﬁ?&gﬁ%‘tﬁ'@&éﬁ&%ﬁ{ IEE-EP%)QQE%MA IBidesﬁer e@a%&'&egi‘éké{ai?'l%%' ng

circuit s confl red to nu e core-Tayer ream and

th h t.- it . t.h i t.he. | ab
bncoded BREBHPL Gt RS R b PR e R ERFLE B stdSieR BR800t | cou
that the above en q?iq% circui ,§0§lof the SLS encoder 300 is

signal is encoded to have mid and side channels.

[0048] An error mapping circuit 307 is included to perform an error mapping process
based on the mid-side encoded signal and the core-layer bitstream. The information
which has been encoded into the encoding circuit 303 is then removed from the
transformed signal, resulting in an error signal.

[0049] The SLS encoder also includes a bit-plane encoding circuit 309 configured to
bit-plane encode the error signal based on different bitrates to form an enhancement-layer
bitstream. The bit-plane encoding circuit 309 may include an assignment circuit
configured to assign the different bitrates to different channels of a plurality of channels

in the bit-plane coding process. For example, the different bitrates may be assigned
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used to generate the core-layer bitstreamfromthe transformed audio
signal in accordance with the enbodi nent of the invention. [0052] FI G
3B shows a non-core scal abl e | ossl ess audi o encoder 350 according to
anot her enbodi nent of the invention. [0053] The SLS encoder 350

i ncludes a domain transformcircuit 351 configured to transform an
audio signal to forma transfornmed signal. The domain transform

circuit BaskdBBYhdSt-plAné PAICGEHr dTERichi @UnsllS 6§ Bt Raik&@BinAR: dhBashedt
(I'nt MDCT), for exanple. [0054] The SLS encoder 350 further includes a

m d/ si de ;,gneoding circuit 353 configured to encode the transforned
signal to forma md/side encoded signal. For exanple, if the

transfor :ﬁﬁggf g ng loitﬂ%%ml Iglfllh egﬁg Ur%n{ 3 ﬁl}g @&ﬁigzlﬁealttg I?ndJét%{:l%x i g?lrel-lgyhetr

channel mation 1S enco 0O pecone m anne

o1 1 - pl an @ A B N EIeAE Ut Gl fraeBine e oty Eeded

bitrates for different channels. The bit-plane encoding circuit 355
may i ncl GH¥ream, ¥hshdhadase e%’*ir']:’i“étﬂ‘?afn'conf igured to assign the different
bitrates to different channels of a plurality of channels in the

bi 1 - pl anddWaki ng sotiesishatier skexaapiodingtcHeuH0T of ERBLEErrodeelliay be
assi gned based on the bit-plane val ues assigned to different

channel s psaigo grpirate tlec-oral ayérdiwrirod frerths traiséorened Afidie sightlén peadidinde
encoded signal is encoded through the bit-plane encoding circuit 355,
a | ossl esdthhhé ahbehmentofflerifeatioh0056] The non-core SLS encoder 350
may be used such that perceptual information of the audio signal is

not used [¢052p et eFIGL BB shdies &lhdr-€r€ Bdalddid b @S aldds ebotiéeysontcsriapne! s
in the bit-plane coding process. [0057] The non-core SLS encoder 350

may al SO HAME GGk UE Bie Yfvehiig. SLS encoder 300 of FIG 3A, wherein
the encoding circuit 303 is disabled.

[0053] The SLS encoder 350 includes a domain transform circuit 351 configured to
transform an audio signal to form a transformed signal. The domain transform circuit

351 may be an integer modified discrete Cosine transform (IntMDCT), for example.
[0054] The SLS encoder 350 further includes a mid/side encoding circuit 353
configured to encode the transformed signal to form a mid/side encoded signal. For
example, if the transformed signal has left and right channels, the left and right channel
information is encoded to become mid and side channel information.

[0055] A bit-plane encoding circuit 355 is included to bit-plane encode the mid/side
encoded signal based on different bitrates for different channels. The bit-plane encoding
circuit 355 may include an assignment circuit configured to assign the different bitrates to
different channels of a plurality of channels in the bit-plane coding process. For example,

the different bitrates may be assigned based on the bit-plane values assigned to different
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100581The assignnment of different bitrates to different channels in
the nethod of FIGS. 1 and 2 and in the SLS audi o encoder of FIG 3 is
explained in nore detail with reference to FIG 4. [0059]FIGS. 4
shows the maxi num bit-pl ane val ues of each scal e-factor bands (sfb)
for one frame in one channel. For each scal e-factor band (sfb), the
maxi mum bit-plane level is the bit-plane |evel of the maxi num

anpl i t udeh&pels! dsuabriel id Gk efibodih28RAbSeY. Affer itiid/sMde dcéddBmaDRAl
data vector x= {x0, xi ,..., xn_1}, each elenment xi =n-1 can be

representgddid tl‘fi‘o@h"fﬁé it Eﬁﬁg@ﬁcoﬂi 8'(:11(:1%? 555, Ji)lossfes@mtstl €dm ﬁmﬁnéd" cl udes
a sign synbol 1xi thé bit-plane synmbolse {0, 1}.

The bit- @d(}%@? Sﬁﬁl%%ﬁ-cﬂ?e”ﬁé é’nc%&&%%é ey B 8ed BSh AL Lt i hat

satisfie

of the audio signal is not used to determine the different bitrates for different channels in
the bit-plane coding process.

[0057] The non-core SLS encoder 350 may also have a structure of the SLS encoder
300 of FIG. 3A, wherein the encoding circuit 303 is disabled.

[0055] The assignment of different bitrates to different channels in the method of
FIGS. 1 and 2 and in the SLS audio encoder of FIG. 3 is explained in more detail with
reference to FIG. 4.

[0059] FIGS. 4 shows the maximum bit-plane values of each scale-factor bands (sfb)
for one frame in one channel. For each scale-factor band (sfb), the maximum bit-plane
level is the bit-plane level of the maximum amplitude spectrum coefficient.

{0060] For an input of n-dimensional data vector x= {x,,x,...,x__ } , €ach element

x,,i =0,...,n—1 can be represented in a binary format

x,=Qs,-1): > b, -2

f=—w

that includes a sign symbol

and the bit-plane symbols b, ; € {0, 1}. The bit-plane symbols usually starts from a

maximum bit-plane M, that satisfies
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2ncl max ttil) < 2m 100611In bit-plane coding, the input data vector
is first scanned into sign and bit- plane synbols, usually from MSB
to LSB. The resultant binary string is then entropy coded with a
properly assigned statistical nodel. In the decoder, the data flowis
reversed where the sign and anplitude synbols are decoded to
reconstruct the original data vectors. The conpressed bitstream
resultant fromthe bit-plane coding can be arbitrarily truncated to

| ower rates which still can b MﬁﬁgodegTiozaicoarse reconstruction
that conprises partial bit-plane 3% 4= Thus, bit-plane coding
provi des a convenient way to inplenment an enbedded code with
sequentially refined step size. [0062]In one enbodinent, the bitrates
for diff¢oosn} cHabitgllsmeuséng)the inpat ditd vertaneficoshiatg:dinecamandbit- be
assigned/ di stri buted based on the average val ues of the nmaxi num

bi t - pl angkné MeMolf, akuLiFG e VEER! L.SB MEheA¥QNRBELIMER sivik WethEPéntRPGH
channel is cal cul ated based on the MBP for each scal efactor bands as

shown i n Blds.with 2 Fi®peBPsRicht PMRistit GnRUETRIR: MBEINBhE BSa ALS is reversed
calculated as follTows VIN1 IVI Li=01,1 M Average,’ IVI M Average, 2

wher ef n ARENSKOGE, il ivc AR 0 Selie: BYELAGRABE raluipsyd or the

first an e se nne he frane, respectivel t he

PR EDEE I Ea A Y E A MO RIES SR
truncated to lower rates which still can be decoded to a coarse reconstruction that
comprises partial bit-plane symbols. Thus, bit-plane coding provides a convenient way to
implement an embedded code with sequentially refined step size.
[0062] In one embodiment, the bitrates for different channels used in the bit-plane
coding process may be assigned/distributed based on the average values of the maximum
bit-planes (MBP) for each channel. The average MBP value for each channel is
calculated based on the MBP for each scalefactor bands as shown in FIG. 4. For each

frame, the average MBP values are calculated as follows

N-1
Zi=o Ml‘l'

MAverage,l = N ?
N-1
> M,
M w0 T
Average,2
¢ N

wherein M, .. and M, are the average MBP values for the first and the second
channel of the frame, respectively. N is the number of total scalefactor bands (sfbs) in

the frame. M, ; and M, ;denote the MBP of the bit-planes for the stb i in the first
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channel and the second channel, respectively. Then, the ratio of the
average values in the first and the second channel, r is conputed as

Average,' M Average,2 and the bitrate assigned for each channel
B1-
B,- B. r +1 wherein Brij- is the total bitrate for each frane.

t hen assigned according to the follow ng equations B., X r

f

S
;

+1

[0063] From t he above equations, it is noticed that nore bitrates are

assi gned cf Sk dSRARRENd dMahdb] ']JeQJ%@t'ive?}V Sf 1A SthE Rt BT Ddver Ak 38Rie

[0064] I n anot her enbodi ment, the bitrates for different channe

in the bighe RS second channel, » is computed as

@l Hes.

s used

_ MAvemge,l

Average 2

and the bitrate assigned for each channel is then assigned according to the following
equations
B

_ B X4
r+1

Br."f

r+1

>

B, =

wherein B, is the total bitrate for each frame.

[0063] From the above equations, it is noticed that more bitrates are assigned to the
channel with higher average maximum bit-plane values.

[0064] In another embodiment, the bitrates for different channels used in the bit-plane
coding process may be assigned/distributed based on the average maximum bit-plane
values for each channel, wherein the average maximum bit-plane values for each channel
is determined in consideration of the number of spectrum coefficients in each scale factor
band.

[0065] For each frame, the average MBP values are calculated as follows

N-1
£
p _ i=0 Ml,r' W;
Averagel — N ]
N-1
- > M, KW,
M ppage = 2 1
Average,2
¢ N
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codi ng process may be assigned/di stributed based on the average

maxi mum bi t - pl ane val ues for each channel, wherein the average

maxi mum bi t - pl ane val ues for each channel is determned in

consi deration of the nunber of spectrumcoefficients in each scale
factor band. [0065] For each franme, the average MBP val ues are
calculated as follows vIN-1 s wlLei. fri" I 1 Average,' M *w
Lj i =02, ltwhewex agg,.2., andhelr al.J). Nk alag evelagendtal MBRvalyes Zorathe firkteand the
average total MBP val ues for the first and the second channel of the

(sipe | RARRE Y r%of”w Rttt ey 2 ib 2 R Pl Sealditerands

for the sfb i and. M1 denote the MBP _of the bit- planes for_ the
sib i in(he lmth%fra@ﬁ»ameéﬁﬂotﬁhéﬂeswéwa of pRasHBM, coctligiats foy éhg/sfhren,

the ratio of the average values in the first and the second channel,
ris corr%tl iegntfl 74 zj‘ijd%&ote the MBP of the bit-planes for the sfb i in the first channel and the

second channel, respectively Then, the ratio of the average values in the first and the

second channel, r is computed as

Average,l
r= £

SIS

Average 2

and the bitrate assigned for each channel is then assigned according to the following
equations

_Br,,fxr

B,
r+l1

Br.’f

B. =
S|

wherein B, is the total bitrate for each frame.

[0066] From the above equations, it is noticed that more bitrates are assigned to the
channel with higher average maximum bit-plane values.

[0067] FIG. 5 shows a flowchart of assigning different truncated bitrates to different
channels in a scalable truncation process according to an embodiment of the invention,
[0068] At 501, it is determined whether a target tota] bitrate BS” is smaller than or
equal to the sum of a first perceptual core bitrate BS;” for a first channel and a second

perceptual core bitrate BS,” for a second channel of a plurality of channels.
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Average,' | Average,2 and the bitrate assigned for each channel is

t hen assigned according to the follow ng equations Br ,1 r Bl r+1 B2-
rif r+1 wherein Brij is the total bitrate for each franme. [0066] From
t he above equations, it is noticed that nore bitrates are assigned to
t he channel w th higher average maxi num bit-plane val ues. [0067] FI G
5 shows a flowhart of assigning different truncated bitrates to

differ ent[omfn Nek §ed, Biffereht BlRdated Hhif 4GRS AREnBd RCBASeACHRAHIM 5h9 an
enbodi ment of the invention. [0068] At 501, it is determ ned whet her

. target pholiah dW il RuBBTLS 5STa Sl SaBnAl (AaHRlud Bt Bt AUMANg 2

first perceptual core bitrate rst channel’ and a second
per cept gl 6ar g Bl diake A8P2 T b oAnBS A4aGRABAPhinRl AR dilided"

channel s:
into two different truncated bitrates based on the ratio between the first perceptual core
bitrate and the second perceptual core bitrate.
[0070] If it is determined at 501 that the target total bitrate is greater than the sum of
the first perceptual core bitrate BS;” for the first channel and the second perceptual core
bitrate BS,” for the second channel, different truncated bitrates may be assigned to
different channels at 505 based on the target total bitate BS”, the first perceptual core
bitrate BS;", the second perceptual core bitrate BS;, a first enhancement bitrate for an
enhancement layer of the first channel, and a second enhancement bitrate for an
enhancement layer of the second channel. In one example, the target total bitrate BS’
may be divided into two different truncated birates based on the ratio between the first
enhancement bitrate and the second enhancement bitrate.
[0071] After the different truncated bitrate is determined for different channels at 503
or 505, a bitstream may be scalable truncated based on the different truncated bitrates. In
one example, an input audio signal has been encoded into a lossless bitstream by the SLS
encoder 300, 350 described above. The resultant lossless bitstream is then
truncated/compressed using the different truncated bitrates as assigned in 503 or 505
above, so that a truncated bitstream may be formed for situations with only limited target
total bitrate.

[0072]  The embodiments of assigning different truncated bitrates for different

channels are described in FIGS. 6 A-6C in more detail.
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[0069] If yes, different truncated bitrates are assigned to different
channel s at 503 based on the target total bitate BST, the first
perceptual core bitrate BS/" and the second perceptual core bitrate
BSI'. In one exanple, the target total bitrate BST nay be divided
into two different truncated bitrates based on the ratio between the
first perceptual core bitrate and the second perceptual core bitrate.

[0070] | f [4073] S dEGe6AIshess flos§est bithtedand, Rcteal BStant GisatepRisthiadie 1S
greater than the sumof the first perceptual core bitrate BS/' for
the first.ch t I re.hitrate ftor the
second c%g%%%ﬁﬂ%gpg e?@ﬁ%mgfﬁﬁ@g %3Oﬁfﬁ%gﬁgg%%§§h§%§a§%i8%§ S%o

di fferent, channel s at 505 based on the target total bitate BSfirst
per cept udFNEs e PEiceREpleopstey theding a§é&5’r§6°%§%r‘$é‘ﬁﬂ§dﬂ thedpsslass biisieamps” |
a first enhancenent bitrate for an enhancenent |ayer of the first
channel , @B Gitﬁreﬁﬁl‘é%‘!ﬂ' EBB#EE& ot E’S{ FptRerdt e BRaRRPRAASREMM k¥R of
the second channel. I'n one exanﬁle, he target total bitrate BST may
be divided into two different truncated birates based on the ratio
bet ween ?ﬁ%CQ?F@km@ﬁﬁ%ﬁ%@ﬁ%ﬂ?“%ﬁﬂ?%?@“&ﬁﬂ the second enhancenent
bitrate. $0071]After the different truncated bitrate is determ ned
for diffdbA cHamnermbedimsyza targas vral bitree BSt semallerdharg equd e Blee
truncated based on the different truncated bitrates. In one exanple,
an i nput saudi thesirgnpricepmsl doeehitaRCRE[Cand tht eccdnd peGERES chiclbtdte BR DY
the SLS encoder 300, 350 described above. The resultant |ossless

bitstream.i rh Br ted/ conpressed using the di.ffere runcat ed
b1 t 7 at o8 56 Pedt Bied 1 S0 CoREG (% ags PrHaRal apfifin e iheed
bitstream may be fornmed for situations with only limted target total
bi t rat e. bitwterArerHiocad avthowntin FEF. (Bsadegisingfo dhe %&ewg cgnrationat ed
bitrates for different channels are described in FIGS. 6A-6C in nore
detail. [O0073]FI G 6A shows a _lLoss|gss Bsfstream wherein BSI and
BS2 represent the bitstrean1f@ﬁlfﬁ@sffg—f;qgahnel and the second
channel, respectively. BS( and BS: denot'e t é perceptual core for the
first and the second channel s jdgr t herl osdéS¢ss bitstream The
bitstreanms B81 - BS[ and BS2 - BSr repBg§aq%gThe enhancenent
bitstreamfor the first channel and the second channel, respectively.

[0074] I n enbpdi ment tar.ge tal .bitra ST.i s sma % r_than

or equal 03! he SuirvpoprBe iRt pdelnin 10T 67 ¢ o rotlr B BLp it ne

second perceptual, core hitrate BS , j.e., BST BS( +B,Sf ., In order to

oot 1 m 26 FEC BHCF g A BteRron hrine) e et e b 200 Dlec TR RS

al l ocated as shown in FIG 6B accordin%_to the follow ng equations:
core bitstream and the second perceptual core bitstream have been truncated based on the
ratio between the first perceptual core bitstream and the second perceptual core bitstream.

[0076] In another embodiment, the target total bitrate BS” is greater than the sum of
the first perceptual core bitrate BS;” and the second perceptual core bitrate BS;, i.e.,
BS™ > BS; + BS{. In this case, the perceptual core bitstream may be remained, and the

enhancement bitstream may be truncated. The resultant truncated bitstream for each

channel as shown in FIG. 6C is determined according to the following equations:
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P BS; = BSTBSI nn , BS( +BS; BS27. = BST BS; BS( +BS2P 100751As
seen fromthe resultant bitstreamin FIG 6B, the enhancenent
bitstreans for the first channel and the second channel have been
renoved, and the first perceptual core bitstream and the second
perceptual core bitstream have been truncated based on the ratio
between the first perceptual core bitstream and the second perceptual

core bitstream [0076]1n another enbodi ment, te_t@arget total bitrate
BST is greater tha#SthSS§uniRs +R8& f-iBSépO-m%bi trate BS('
and the second perceptual core bitrate BS?,™ .ef,@B BSI + BS,

In this case, the perceptual core bitstream may be remained, and the
enhancenent bitstream nmay be truncated. The resultant truncated

bitstream for each cfannqj as_shown in FIG 6Qg s geterm ned

according to the f8§ 6Mﬂﬁg+é@ﬁ%tﬁ@ﬁsﬂ%§BS§§;§§EF*qﬁé$—j?S[ -BS')

BSI - BS( LT85, - B85,

[0077] As seen from FIG. 6B, the first perceptual core bitstream and the second
perceptual core bitstream have been retained, and the enhancement bitstreams for the first
channel and the second channel have been truncated based on the ratio between the first
enhancement bitstream and the second enhancement bitstream.

[0078] It is to be noticed that the lossless bitstream may be a non-core bitsteam
without the first perceptual core bitstream and the second perceptual core bitstream. The
different truncated bitrate may be assigned based on the ratio between the first bitstream
for the first channel and the second bitstream for the second channel.

[0079] In other embodiments, the truncated bitrates for different channels may be
assigned such that the bitrate for one of some of the plurality of channels is truncated
more. For example, more truncated bitrate may be assigned to the mid channel compared
to that of the side channel such that the side channel bitstream is more truncated than the
mid channel bitstream. This illustratively means, the bitrates is truncated with priorities
on the mid channel.

[0080] FIG. 7 shows the structure of a SLS encoder and a truncator according to an
embodiment of the invention.

[0081] The audio signal is encoded through the SLS encoder 710, resulting in a

lossless bitstream 712. The lossless bitstream 712 includes header information, side
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BSI -BS( +BS2-BSf BS; = BSf +(BST -BS( -BSf) B52 -BS BS1- BSr
+BS2- BS; [0077] As seen fromFIG 6B, the first perceptual core
bitstream and the second perceptual core bitstream have been
retai ned, and the enhancenent bitstreans for the first channel and
t he second channel have been truncated based on the ratio between the
first enhancenent bitstream and the second enhancenent bitstream
information, and the data for each channel of the plurality of channels. In this example,
the SLS encoder 710 may be the SLS encoder 300, 350 of FIGS. 3A and 3B.
[0082] A truncator 720 is included to assign different truncated bitrates to different
channels, such that the lossless bitstream 712 is truncated to form the truncated bitstream
722 based on the assigned different truncated bitrate. A target bitrate 724 is used by the
truncator to determine the different truncated bitrates for different channels. And the
different truncated bitrates may be assigned according to the embodiments described with
reference to FIGS. 5 and 6 above.
[0083] According to the above embodiments of the invention for the assignment of
different bitrates and/or different truncated bitrates for different channels, no additional
side information and complexity is involved as the bitrate per channel is encoded in the
bitstream in the original codec.
[0084] FIG. 8 shows a SLS decoder for decoding a truncated bitstream from a
truncator according to an embodiment of the invention.
[0085] A lossless bitstream 812 may be truncated by a truncator 820 to form a
truncated bitstream 822, similar to FIG. 7 described above. The lossless bitstream 812 is
truncated based on different truncated bitrates assigned to different channels by the
truncator 820. As seen from the truncated bitstream 822, the data for each channel has
been truncated.
[0086] An SLS decoder 810 decodes the truncated bitstream 822 to form a

reconstructed audio signal. The reconstructed audio signal may be a lossy signal as the

truncated bitstream 822 is a lossy bitstream.

26



[0078] 1t is to be noticed that the | ossless bitstream may be a
non-core bitsteamw thout the first perceptual core bitstreamand the
second perceptual core bitstream The different truncated bitrate may
be assigned based on the ratio between the first bitstreamfor the
first channel and the second bitstreamfor the second channel.

[0079] I n other enbodi nents, the truncated bitrates for different
channel s [0087] be HeshghebofSualblt Qedodidyen Hitstreah end e conapoidis®BES of t he
plurality of channels is truncated nore. For exanple, nore truncated

bitrate FBybdBEacRSRIENE thd @nBodtnditofGhamRehticherP&s8Ghddan tabll®kinghe
si de channel such that the side channel bitstreamis nore truncated

Chan the h : i DNl '
an e[ﬁﬂs‘ﬂ{ chanaed siivsSt ﬂ@sﬁéﬂartﬂ?!décddﬁdg%?chiés&ﬁn‘é &l z%sc'ﬂﬁﬁ %uffohﬁccidﬁ?%

bitrates is truncated wwth priorities on channel . [ 0080

7 shows tr . e a truncator according to
an errbodﬁjrrPE:FﬁQs agy&{lﬁg?? %%/aen%)%l%ﬁ%%ff‘f%gg%udi o signal is encoded

t hr ough LS der. 710, .resul ti iin a.lossless hitstre 712.
The | oasIUBETG: AXDT L Fints Hesieittie Adhaiin 3 pPOiFaT o e o ZripEE The
information, and the data for each channel of the plurality of .
channel s bIHaF 4spigamentd P@?ﬂqnﬁaa@z@gee%%fé?m mhsrdevise aha salablepdivier
300, 350 of FIGS. 3A and 3B. 50082 A truncator 720 is included to
assi gn dichgadet af may bp baeabieddied inthe itsteean f f er ent channel s, such that
the | ossless bitstream 712 is truncated to formthe truncated

bi t st r eal®0P2R bds ede ombedimenis tiedrtetdeadi fhebeatosslessiatatredh dicoded ey thé
target bitrate 724 is used by the truncator to determ ne the

di f f er entscdlablnioadlesd eheddent (8 35@of HIGE T 2 naht B,dhasxasipte. Thabitiatee
different truncated bitrates nmay be assigned according to the

enbodi meRssgrelese nifkadtivh iy iefietedigrehobilrhieSassfrnad @ t8e aifRY@t channels
[ 0083] According to the above enbodi nents of the invention for the

assi gneRk 1R fhitdkdahemant sdiablcahg®, eﬁe&({iﬁg pdtdsh 8¢ entritdgun Rt weotd trates

for different channels, no additional Side information and conplexity
is invol ygd &lﬁae[aﬂ%bmet rate per channel is encoded in the bitstreamin
t he origina? codec.

[0091] In another embodiment, the bitstream may be a truncated bitstream derived
from a truncator 720, 802 of FIGS. 7 and 8, for example. The bitrate assignment
information may indicate different truncated bitrates for different channels used to
truncate the bitstream as described in the embodiments above.

[0092] Based on the determined bitrate assignment information, the bitstream is
decoded in a scalable audio decoding process at 903.

[0093] FIGS. 10A and 10B show the structure of a scalable lossless audio decoder
1000, 1050 according to various embodiments of the invention.

[0094] In FIG. 10A, the scalable lossless (SLS) audio decoder 1000 includes a
bitstream de-multiplexing circuit 1001 configured to de-multiplex an encoded lossless

bitstream into a core-layer bitstream and an enhancement-layer bitstream.
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[0084] FIG 8 shows a SLS decoder for decoding a truncated bitstream
froma truncator according to an enbodi mrent of the invention. [0085]A
| ossl ess bitstream 812 may be truncated by a truncator 820 to forma
truncated bitstream 822, simlar to FIG 7 described above. The

| ossl ess bitstream 812 is truncated based on different truncated
bitrates assigned to different channels by the truncator 820. As seen

fromthe éaaylspcatm dRtécdet 160 AR indlhks ApbRepill RBSdIngHanfnealoohas been
truncated. [0086] An SLS decoder 810 decodes the truncated bitstream

822 to f QrdPatholRE OIS UANE bRtreAN b Roril SORL ’ T

si gnal may beg; fossy)gfdﬁgf as ine trun?’§§%¥§?§§?§%%%fé§§u?§ggg

| ossy bi iy ] 0 T t hod ,of ..scal abl-e decodi a bitstream
and the. tPPER leicnuRiROin G BEHIES HaBitna” e PSRN Phdhe SR e
inventio e descrjhed.in the fo]low ng. [0088]FIG 9 sho a

1 o har 405} 5B 5 e 55 dstipler e Herdind Sieutt ap el pns HBC0H: 1
process according to_an anbodi nent of the inventiogn. [0089] At 901, a
bitrate &S8odFgratilAPLsRRMIFGAAC hrdvanged spdipsodisgdsspdfdd. The
bitrate assignnent i nformati on may be received from anot her device,
e.g. a stth9gbl e Budils wnedrnidP00 veludesa ieplanc derbdingsiiciinl @0feconfigured
bitstream [0090]1n one enbodi nent, the bitstream may be a | ossl ess
bi t st r eamo krphdededoge tifieenhancement-layer bitstream to form a bit-plane decoded

enhancement-layer signal. The bit-plane decoding circuit 1005 may be configured to
decode the enhancement-layer bitstream based on a bitrate assignment information,
which indicates different bitrates assigned to different channels of the enhancement-layer
bitstream, for example.

[0097] An inverse error mapping circuit 1007 is included to perform an inverse error
mapping process based on the core-layer signal and the bit-plane decoded enhancement-
layer signal, resulting in an error corrected signal.

[0098] The SLS decoder 1000 further includes a mid/side decoding circuit 1009
configured to decode the error corrected signal to form a mid/side decoded signal. For
example, if the error corrected signal has mid and side channels, the mid/side decoded
signal is decoded to left and right channels.

[0099] The mid/side decoded signal is then input to an inverse domain transform
circuit 1011 to be inversely transformed to a decoded audio signal. The inverse domain
transform circuit 1011 may be an inverse integer modified discrete Cosine transform
(inverse IntMDCT), for example. The decoded audio signal may be a lossless

recontruction of the original encoded audio signal.
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scal abl e | ossl ess encoder 300, 350 of FIG 3A and 3B, for exanple. The
bitrate assignnment information may indicate different bitrates
assigned to the different channels of the bitstreamin the scal abl e
audi o encodi ng process as described in the various enbodi nments above.
[ 0091] I n anot her enbodi nent, the bitstream may be a truncated
bitstream derived froma truncator 720, 802 of FIGS. 7 and 8, for
exanpl e. éﬂ'dleopi tIf Rindtid&isth@R@aHove PérE TRl ldecbdimyciictil 068 6f dd ST ent
truncated bitrates for different channels used to truncate the

bi t st r eae@ledaROE Bl tb ool refpﬁqay@m@ré?ﬁ\a%gg&s)&%glv%ﬁ_%ﬁéiab%oet he

determ ned bitrate assignnent infornmation, e bitstreamis decoded
in a Scakﬂﬁbﬁnﬁﬂgio decodi ng process at 903. [0093]FIGS. 10A and 10B
show t he 'structure of a scal abl e | ossl ess audi o decoder 1000, 1050

accordin vard.pu odi mrents of the Lnventiqn.,[0094 Fl 10A,
e scal Tt S RIpb 08 PR Mk o™ setfie BT AR heree T Dacbutiingan
de-nultiQIexing §%$$uit épOl_configured to de-mul ti plex an encoded

| ossl ess "biMoiT eBRPHImEt & tholEenioPer bitstream and an
enhancenent -1 ayer bitstream (£0095]The decoder 1000 further includes
a per cepl¥02heclByiH§ decedanil P50ipolydesy bitiplapeilergding sirewt H151 ppafigured
bitstreamto forma core-|layer signal, which may constitute the

m ni num tabithlonaledogde addsslessfbitsteannto fgimalbiteplatiealesddyd algnalTHdhe bit-plane
per ceptual decoding circuit 1003 may be called as the core-1|ayer

decodi ng decading dircas 1084 nay becofiguedaniitoede thedodeoltitsngam basedioh a1003
is an MPEG 4 AAC (advanced audi o codi ng) decoder. [0096] The SLS

decoder BARR: asBighteMSnRritonplvaits iftBEO diFerehttGttes skOQRedoo Wifftgerted to
bit-pl ane decode the enhancenent-layer bitstreamto forma bit-plane

decoded @RURABKAMERILIsRYEHitsHksNdor exb¥@I1Di t - pl ane decoding circuit 1005
may be configured to decode the enhancenent-|ayer bitstream based on

T R T e T
for examgrﬁigured to decode the bit-plane decoded signal to form a mid/side decoded signal. For
example, if the bit-plane decoded signal has mid and side channels, the mid/side decoded
signal is decoded to left and right channels.
[00104] The mid/side decoded signal is then input to an inverse domain transform
circuit 1055 to be inversely transformed to a decoded audio signal. The inverse domain
transform circuit 1055 may be an inverse integer modified discrete Cosine transform
(inverse IntMDCT), for example. The decoded audio signal may be a lossless
recontruction of the original encoded audio signal.
[00105] The non-core SLS decoder 1050 may be used such that perceptual information

of the encoded lossless bitstream is not used to determine the different bitrates for

different channels in the bit-plane decoding process.
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[ 0097] An inverse error mapping circuit 1007 is included to perform an
i nverse error mappi ng process based on the core-layer signal and the
bi t - pl ane decoded enhancenent-|ayer signal, resulting in an error
corrected signal. [0098] The SLS decoder 1000 further includes a

m d/ si de decoding circuit 1009 configured to decode the error
corrected signal to forma md/side decoded signal. For exanple, if

t he err o[00106] eclirtoficgfBlL hd&oddrd 080 eha§ a6 heviadiRkcure bfte BLY/de¢dder
decoded signal is decoded to left and right channels. 100991The

m d/ si de 1ggrodae, 36 NRhertia tlﬁé}f‘e‘l’cépﬁﬁl’&ecb@in @1r&d?tVfU0§@s giefpdd) transfonn
circuit 1011 to be inversely transforned to a decoded audio signal.

The. | nveigfodP il fRTAIAGM GlsLEU! barkid J@%ﬁw@%@%&cﬂ?&f@ﬁh e

nodi fi ed S|ne transtorm {1 nver exa

The d g Bl Lho

or ' gi nal ‘CRERE SRR | E‘aﬁcrurffbfaw%ﬁéﬁo%ﬁy hESRBRR e At kv
tua d the S der 1000 t

decode tf ng%%’%dfpaﬁ o) L T 0, S50, 40003yt 10

enbodi nent. [00101] FIG 10B shows an non-core scal abl e | ossl ess
audi o deéwwért thysuveatienaydatiged by Hissppeided plaisen. nEls scope efbe inygrtinnisn.

[ 00102] The SLS decoder 1050 includes a bit-plane decoding circuit
1051 conthugimrdichteddbsiihe apiended deivsded all cagtesbichiceme within thomicaning a
bit-pl ane decoded signal. The bit-plane decoding circuit 1005 nay be
conf i gur end tangeeCapieratdney bhihs klagss dre tistefemimtbadzddo baicablacéd. at e

assi gnnent information, which indicates different bitrates assi gned
to different channels of the |ossless bitstream for exanple. [00103]
The SLS decoder 1050 further includes a m d/side decoding circuit
1053 configured to decode the bit-plane decoded signal to forma

m d/ si de decoded signal. For exanple, if the bit-plane decoded signha
has m d and side channels, the m d/side decoded signal is decoded to
| eft and right channels. [00104] The m d/side decoded signal is then
input to an inverse domain transformcircuit 1055 to be inversely
transforned to a decoded audi o signal. The inverse donmain transform
circuit 1055 may be an inverse integer nodified discrete Cosine
transform (inverse Int MDCT), for exanple. The decoded audi o signal
may be a | ossless recontruction of the original encoded audi o signal.
[ 00105] The non-core SLS decoder 1050 may be used such that
perceptual information of the encoded | ossless bitstreamis not used
to determine the different bitrates for different channels in the

bi t - pl ane decodi ng process.
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[ 00106] The non-core SLS decoder 1050 may al so have a structure of
the SLS decoder 1000 of FI G 10A, wherein the perceptual decoding
circuit 1003 is disabled. [00107] Wiile the invention has been
particularly shown and described with reference to specific

enbodi ments, it should be understood by those skilled in the art that
various changes in formand detail nmay be nmade therein w thout
departing fromthe spirit and scopeCHfimshe i nvention as defined by

t he appended clains. The scope of the invention is thus indicated by
t he appe@ﬁﬁgkﬁh hﬂﬁi@“d al | changes which come within the neaning and
range of ‘equival'ency of the clains are therefore intended to be
enbraced., d ainms is.claiped is: 1. A .nethod for .assigning ..

b1 1 at o5 1t 0 a plHSHRR oy a5 SR s ¥ Bl kb Bl 3 S elikpguaio
process, the nethod conprisin%:%fssigning different bitrates to

di fferent chafROPMERIOgERD thedaftaed OMENg” encodi ng process; wher ein
the different bitrates are assigned to different channels in a

bi t - pl ane encéwigingpdibierss bitrates Tth elifieren othawfelt inaths sealablp apdiorereeding
plurality of channels conprises a md channel and a side channel of a
m d/ si de st er emcesscodi ng process; wherein a first bitrate is assigned
to the md channel and a second bitrate, which is different fromthe
first bifratewht=irmgri differtnt bitiahe #¢ desighRdnoeadiffe@nt dhp@néietil@dbioplane
claim1l, wherein the plurality of channels conprises a |eft channel
and a right cbhaaglgprydeesein a first bitrate is assigned to the |eft
channel and a secon§ bitrate, which is different fromthe first
bitrate, is assigned to the right channel. 4. The nmethod of claiml1,

2. The method of ¢laim 1,
wherein the plurality of channels comprises a mid channel and a side channel of a
mid/side stereo encoding process;
wherein a first bitrate is assigned to the mid channel and a second bitrate, which is

different from the first bitrate, is assigned to the side channel.

3. The method of claim 1,
wherein the plurality of channels comprises a left channel and a right channel;
wherein a first bitrate is assigned to the left channel and a second bitrate, which is

different from the first bitrate, is assigned to the right channel.

4. The method of claim 1,
wherein the different bitrates are assigned to different channels based on bit-plane

values for the different channels,
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wherein the different bitrates are assigned to different channels
based on bit-plane values for the different channels. 5. The nethod
of claim4, wherein the different bitrates are assigned to different
channel s based on the ratio of bit-plane values for the different
channels. 6. The nethod of claim5, wherein the different bitrates
are assigned to different channels based on the ratio of maxi num
bit-plane values for the different channels. 7. The nethod of claim
6, wherein the different bitrates are assigned to different channels
based onsthe mat Rl ofchii gt average maxi mum bit-plane val ue which
conprises an average value of a plurality of maxi mum bit-plane val ues
for afirst C%@%EJ th@ kit F&}&é‘i&ﬁé Yssfhed RAMRELCS: HRNGEI2HREE B the rati
aver age maxi mum bit-plane val ue i Ch conprises an average val ue of
plurality of 1 mum bit - pl ane wval ues, for, a second channel of the
plurality of & %élﬁﬁ]épesyalg?sql%@e#ﬁ%ggCl&?mgllsai m 1, further conprising:
assigning different truncated bitrates to different channels in a
scal abl e audi o truncati on process. 9. The nethod of claim8, further
conprising: deternining as to whether a target total bitrate is
smal | er than dhe agthed of elatmé sum of a first perceptual core bitrate
for a first channel of the plurality of channels and a second

per cept ual comdeisin thaddidrent bifratescon abstgnad teediffofent ¢henpdlubasked py thefratio
channels; in case the target total bitrate is smaller than or equal
to the sum of of mexifriunsbit-planeegdtesdbr the défdertt chdrmelsor t he first channe
of the plurality of channels and the second perceptual core bitrate
for the second channel of the plurality of channels, assigning
different truncated bitrates to different channels in the scal able
audi o trygncat TREnRIHRERSSlakmeed on the total bitrate, the first
perceptual core bitrate, and the second perceptual core bitrate. 10.

The method of wGbRINMHE different bitrates are assigned to different channels based on the ratio
of a first average maximum bit-plane value which comprises an average value of
a plurality of maximum bit-plane values for a first channel of the plurality of
channels, and a second average maximum bit-plane value which comprises an
average value of a plurality of maximum bit-plane values for a second channel of

the plurality of channels.
8. The method of claim 1, further comprising:
assigning different truncated bitrates to different channels in a scalable audio

truncation process.

9. The method of claim §, further comprising:
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wherein, in case the target total bitrate is smaller than or equal to
the sumof the first perceptual core bitrate for the first channel of
the plurality of channels and the second perceptual core bitrate for
t he second channel of the plurality of channels, the different
truncated bitrates are assigned to different channels in the scal able
audi o truncation process based on the total bitrate, and a ratio

bet ween t he f ideistmipeipcspd whktheos ardet tatdtbdtrand smdeshenndequel wapé siah
core bitrate. 11. The nmethod of claim 10, wherein, in case the target

total bitrateofs fisstpedcepruilivar Kirae Gotad fifsOcHabel ¥ MeHlukh§ dfichsinels and
perceptual core bitrate for the first channel of the plurality of

channel s and Ta@@co%@%@x@@ptgﬁrcgﬁeocmfﬂla f&%rs%ccﬁfdtcﬂlml 50he bfﬁ?alﬁ%ﬁpaﬂnnels
channel of the plurality of channels, first truncated bitrate iI's

assigned to a; t f

accordance wi trL'cgsE th? Q?B%\;e\gnohag bé%%gtl f%ﬁﬁl%éﬁﬁg @%Fw%lté IBf theBEEtl 2
a second truncate itra | S assi d to a cond chann t he

o ural 1ty of SRsHEnSorpalesieh M BR e B PG T eralsotr T

= BST BSP 2. secom? pelcepl%usal core bitrate for the second channel of the plurality of channels,
assigning different truncated bitrates to different channels in the scalable audio

truncation process based on the total bitrate, the first perceptual core bitrate, and

the second perceptual core bitrate.

10.  The method of claim 9,
wherein, in case the target total bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of the plurality of channels and
the second perceptual core bitrate for the second channel of the plurality of
channels, the different truncated bitrates are assigned to different channels in the
scalable audio truncation process based on the total bitrate, and a ratio between

the first perceptual core bitrate and the second perceptual core bitrate.

11. The method of claim 10,
wherein, in case the target total bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of the plurality of channels and

the second perceptual core bitrate for the second channel of the plurality of

channels,
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| 2 wherein BST denotes the first truncated bitrate assigned to the
first channel of the plurality of channels; BST denotes the target
total bitrate; BSP denotes the first perceptual core bitrate for the
first channel of the plurality of channels; BSP denotes the second
perceptual core bitrate for the second channel of 2 the plurality of
channel s; BST denotes the second truncated bitrate assigned to the
second channel 2 of fikdienpbatedbitiaye Bf ascilgadanel § fird Zhalie offeld plhrity of
claim8, further conprising: determining as to whether a target total
bitrate is small erciafads BracESace Wbt B cqladdrt St per cept ual
core bitrate for a first channel of the plurality of channels and a
second perceptual core bitrate for a second channel of the plurality
of channels; in case the target total bitrate is greater than the sum
of the first perceptual core bitrate for the first channel of the
plurality of channels andythe gecorSperceptual core bitrate for the
second channel of the pB8jat By - 5| s, assigning different
truncated bitrates to different &%nhBBs in the scal abl e audio
truncation process based on the total bitrate, the first perceptual
core bitrate, the second perceptual core bitrate, a first enhancenent
bitrate for an enhancenent |ayer of the first channel, and a second

enhancenent bitrate fon, o, ehancament Javel, of Lhe seeand shannsl

of channels in accordance with the following equation:

P
BS,

P P’
Bs! +Bs?

T _neT
BSz—BS .

wherein

BSir denotes the first truncated bitrate assigned to the first channel of the

plurality of channels;
BST denotes the target total bitrate;

BSF denotes the first perceptual core bitrate for the first channel of the

plurality of channels;

BSE denotes the second perceptual core bitrate for the second channel of

the plurality of channels;
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wherein, in case the target total bitrate is greater than the sum of
the first perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core bitrate for the
second channel of the plurality of channels, the different truncated
bitrates are assigned to different channels in the scal able audio
truncati on process based on the tot al bitrate, the first perceptual

core bitrate, the tond perce core . hitrate, rati

the first enhancen@ﬁﬂ &619{)?&6 ef: Wcéﬁﬂg’ t@é‘?‘r@ﬁgnfs@féﬁwosfmqnﬁecl?’?
channel and the second enhancenent bitrate for an enhancenent Iayer
of the second changfghe plbfelithef ofetdepd of claim 13, wherein, in case
the target total bitrate is greater than the sumof the first

perceptual core bitrate for the first channel of the plurality of
channel s and the second percept uaI core bitrate for the second

channel q% thepplnakickYialh s q? 5 n@inF.j rst truncated bitrate is

assigned to a first channel ura Ity of channels in

e e LT EOUPRA R e e L o 4P

RN R IR RN SV ENR SRR S

- BSP - BSP) a second perceptual core bitrate for a second channel of the plurality of channels;
in case the target total bitrate is greater than the sum of the first perceptual core
bitrate for the first channel of the plurality of channels and the second perceptual
core bitrate for the second channel of the plurality of channels, assigning different
truncated bitrates to different channels in the scalable audio truncation process
based on the total bitrate, the first perceptual core bitrate, the second perceptual
core bitrate, a first enhancement bitrate for an enhancement layer of the first

channel, and a second enhancement bitrate for an enhancement layer of the

second channel.

13. The method of claim 12,
wherein, in case the target total bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel of the plurality of channels,
the different truncated bitrates are assigned to different channels in the scalable
audio truncation process based on the total bitrate, the first perceptual core bitrate,

the second perceptual core bitrate, and a ratio between the first enhancement
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2212P BSI + BS2 -BS2 wherein BST denotes the first truncated bitrate
assigned to the first channel of the 1 plurality of channels; BST
denotes the target total bitrate; BS1 denotes the first perceptual
core bitrate for the first channel of the plurality of channels; B$ P
denotes the second perceptual core bitrate for the second channel of
2 the plurality of channels; BSi denotes a first partial bitrate
provi ded for bin@te fof ai estintdm@int Ofyet Sfthp vt dhddny) Hfd (EH aR6Rd SihaB&Mment
denotes a second partial bitrate provided for the second channel of

the pluralityp@fatecipa&hanceBRht H?&Q)tf% debshasaead truncated bitrate
assigned to the second channel

14.

The method of claim 13,
wherein, in case the target total bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the

second perceptual core bitrate for the second channel of the plurality of channels,

a first truncated bitrate is assigned to a first channel of the plurality of

channels in accordance with the following equation:

BS; -BS}
1 2)

BSir =Bsf +(BST —BsP —Bs? =

P
BS; -BS 2

[ +BSy ~BS

a second truncated bitrate is assigned to a second channel of the plurality

of channels in accordance with the following equation:

p
BS; - BS
Bs:?r =Bsg +(BST -Bs? —BSP] 2-

L 772) gy - -BS +BSy - BSP

wherein
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of the plurality of channels. 15. A nmethod for assigning truncated
bitrates to a plurality of channels in a scal able audio truncation
process, the nethod conprising assigning different truncated bitrates
to different channels in the scal able audio truncation process; and
determning as to whether a target total bitrate is smaller than or
equal to the sumof a first perceptual core bitrate for a first
channel of the pl urall f .channel s ..a.second. perceptual cor
bitrate for a secon Ic‘lalée{llr?%éltheo s encﬁ eﬁ?’gfﬁt? @Ssgfle% Oatrﬁ?ﬁg'gsst ;Cﬁar}nﬁp%tgtgg
the target total bitrate is smaller than or equal to the sum of the
first perceptual cphomliydfichhenetsopr the first channel of the plurality
of channels and the second perceptual core bitrate for the second
channel of the plutaln of .channel s, .assigning different truncated
bitrates to differ@%tc%ﬁﬁﬁH@FgﬂgﬂtTﬁgnggﬁlable audi 0 truncation
process based on the total bitrate, the first perceptual core
bitrate, and the SB‘SE”&nQ@ﬁ @RPLME here&teal Riotd RitiBte 16 thel1it BRIMAAD ke
claim 15, wherein the plurality of channels conprises a md channel
and a side channel; wherein a first truncated bitrate is assigned to
the mid channel anbfuipliseighanietsincated bitrate, which is different
fromthe first truncated bitrate, is assigned to the side channel.
17. The method of gs¥i fanbhs MRESIdLEOBR Ledbidae R 1ENARAA Shannel of
conprises a left chasnel and a right channel; wherein a first
truncated bitrate is assigned to the |left channel and a second
truncated bitrat e, thamiuality of eheppdsient fromthe first truncated
bitrate, is assigned to the right channel. 18. The nethod of claim
15, wherein, in ca®§)idesottsandett patial bibatermoeded fantht Ifest ¢Haanel af the
equal to the sumof the first perceptual core bitrate for the first

channel of the plug@ldityohasiannel s and
BS» denotes a second partial bitrate provided for the second channel of

the plurality of channels;
BSE denotes the second truncated bitrate assigned to the second channel

of the plurality of channels.

15. A method for assigning truncated bitrates to a plurality of channels in a scalable
audio truncation process, the method comprising
assigning different truncated bitrates to different channels in the scalable audio
truncation process; and
determining as to whether a target total bitrate is smaller than or equal to the sum
of a first perceptual core bitrate for a first channel of the plurality of channels and

a second perceptual core bitrate for a second channel of the plurality of channels;
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t he second perceptual core bitrate for the second channel of the
plurality of channels, the different truncated bitrates are assigned
to different channels in the scal abl e audi o truncati on process based
on the total bitrate, and a ratio between the first perceptual core
bitrate and the second perceptual core bitrate. 19. The met hod of
claim 18, wherein, in case the target total bitrate is smaller than
or equal to thecsanthoftarpdtetofal bitatper eagdienahancar equal ta dteesuno of ttke first
first channel of the plurality of channels and the second percept ual

core bitrate peatejthd cvecpindiechiammrelirsothdnie ¢f e phirklity OF cEidRRedn, tha
first truncated bitrate is assigned to a first channel of the

plurality of chandpeSeliial 36£YiHARES e ddohid Enahfdl] RWNAuRAHALE PBrnelR,
BST = BST BS 1. 1 BSP + BSP 12 a second truncated bitratée iIs

assigned to a, ?@ﬁg@d?igll}aﬁgpﬁ{m&iedt Bl W alaf%}éét QarfrBRNAGHS sédlable audio

accordance wt W ng equati on:

truncation process based on the total bitrate, the first perceptual core bitrate, and

the second perceptual core bitrate.

16.  The method of claim 15,
wherein the plurality of channels comprises a mid channel and a side channel;
wherein a first truncated bitrate is assigned to the mid channel and a second
truncated bitrate, which is different from the first truncated bitrate, is assigned to

the side channel.

17. The method of claim 15,
wherein the plurality of channels comprises a left channel and a right channel;
wherein a first truncated bitrate is assigned to the left channel and a second
truncated bitrate, which is different from the first truncated bitrate, is assigned to

the right channel.

18.  The method of c¢laim 15,
wherein, in case the target total bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of the plurality of channels and

the second perceptual core bitrate for the second channel of the plurality of
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TT 2 BS2 BS BSP + BSP 12 wherein BST denotes the first truncated
bitrate assigned to the first channel of the BS plurality of
channel s; BST denotes the target total bitrate; BSP denotes the first
perceptual core bitrate for the first channel of the 1 plurality of
channel s; BS2 denotes the second perceptual core bitrate for the
second channel of the plurality of channels; BST denotes the second
truncat ed bit tladn@elgsSthe gitederdt ruhfiedBiGans athasipmdd to different channels in the
scalable audio truncation process based on the total bitrate, and a ratio between

the first perceptual core bitrate and the second perceptual core bitrate.

19. The method of claim 18§,
wherein, in case the target total bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of the plurality of channels and
the second perceptual core bitrate for the second channel of the plurality of
channels,
a first truncated bitrate is assigned to a first channel of the plurality of

channels in accordance with the following equation:

Bsf
P ooP’
BS1 +BS2

leT —gsT.

a second truncated bitrate is assigned to a second channel of the plurality

of channels in accordance with the following equation:

P
B82 .

P P’
BS1 —i-BS2

~-Bst.

T
B82

wherein
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2 of the plurality of channels. 20.A nethod for assigning truncated
bitrates to a plurality of channels in a scal able audio truncation
process, the nethod conprising assigning different truncated bitrates
to different channels in the scal able audio truncation process; and
determning as to whether a target total bitrate is smaller than or
equal to the sumof a first perceptual core bitrate for a first

channel of the pl ugalli f ,channel s _and. a second, percept ual cor
bitrate for a secofr%gl c%%ﬂ%sefheg% StHE C%tieﬁggfaltet VSlgpedcﬁ)athﬁglPSi c ﬁ?nﬁelc(ggge

the target total bitrate is greater than the sumof the first

per ceptual core biglnatiey df@hadnels; fi rst channel of the plurality of
channel s and the second perceptual core bitrate for the second
channel of the plugafrity of channel s, .assigning different truncated
bitrates to differégtdE%ﬁWHE?E“%%“Fﬁémgﬁﬁlable audi o truncation
process based on the total bitrate, the first perceptual core
bitrate, the seconBsEefeﬁ&e; HR! firs€ PérBeptid lcdfeShitrite bF Hle BONSNERNRIH the
bitrate for an enhantenent |ayer of the first channel, and a second
enhancenent bitrate for an enhancenent |ayer of the second channel.
21. The nethod of R Jebani§liein, in case the target total bitrate
is greater than the sumof the first perceptual core bitrate for the
first channel of tRePoidibal tlese@indGRARDRLPCR ditkfrod BRORERSHA AR YR
core bitrate for the2second channel” of the plurality of channels, the
different truncated bitrates are assigned to different channels in

t he scal abl e audi othe plwsdHy poehaprddsess based on the total bitrate, the
first perceptual core bitrate, the second perceptual core bitrate,
and a ratio betweepsTheunbiot e SONANGEIERL bhlh( Alfinllo AR SAAANBEIED
| ayer of the first channel and the second enhanc nt bitrate tTor an
enhancenent | ayer of the second channel. 22. The nmethod of claim 21,
wherein, in case téfght plupdity efchatnefs.t rate i s greater than the sum of
the first perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core bitrate for the
second channel of the plurality of channels, a first truncated

bitrate . asai @e@6d f& Bsikhing trushadnghael d Helpdiy af channdb i€ hasngls
in accordance with the foll ow ng equation

audio truncation process, the method comprising

assigning different truncated bitrates to different channels in the scalable audio
truncation process; and

determining as to whether a target total bitrate is smaller than or equal to the sum
of a first perceptual core bitrate for a first channel of the plurality of channels and
a second perceptual core bitrate for a second channel of the plurality of channels;
in case the target total bitrate is greater than the sum of the first perceptual core
bitrate for the first channel of the plurality of channels and the second perceptual
core bitrate for the second channel of the plurality of channels, assigning different
truncated bitrates to different channels in the scalable audio truncation process

based on the total bitrate, the first perceptual core bitrate, the second perceptual
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a second truncated bitrate is assigned to a second channel of the
plurality of channels in accordance with the follow ng equation: BS2
- BS2P BST = BSP + (BST -BSP -BSP BSI -BSIP +BS2 - BS2 wherein BST
denotes the first truncated bitrate assigned to the first channel of
the 1 plurality of channels; BST denotes the target total bitrate;
BSP denotes the first perceptual core bitrate for the first channel

of the 1 plurabretbitrxt, §HRANGhSIceBSAt BRNG &% dnhenhsaeakdt REEC opthakirst
core bitrate for the second channel of the plurality of channels; BSI

denotes a firghanRal tahdla BKcbh@lehfcombaesiuh@r fok N Eitafdenthamnel #fmt he
plurality of channels; BS2 denotes a second partial bitrate "provi ded

for the second. ghapngheof the plurality of channels;

21.  The method of claim 20,
wherein, in case the target total bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel of the plurality of channels,
the different truncated bitrates are assigned to different channels in the scalable
audio truncation process based on the total bitrate, the first perceptual core bitrate,
the second perceptual core bitrate, and a ratio between the first enhancement
bitrate for an enhancement layer of the first channel and the second enhancement

bitrate for an enhancement layer of the second channel.

22, The method of claim 21,
wherein, in case the target total bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the

second perceptual core bitrate for the second channel of the plurality of channels,

a first truncated bitrate is assigned to a first channel of the plurality of

channels in accordance with the following equation:
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BST denotes the second truncated bitrate assigned to the second
channel BSI of the plurality of channels. 23. A nethod for assigning
bitrates to a plurality of channels in a scal abl e audi o encodi ng
process, the method conprising: assigning different bitrates to
different channels in the scal abl e audi o encodi ng process; wherein
the different bitrates are assigned to different channels in a
bi t - pl ane encodi ng process; and wherein the difﬁggq_ bitrates are
assigned to differgal ch Hﬂﬂ?ﬁ§bg?ﬁ@_ggsbgt-pla lya %bs for.the
di fferent channels. 24. Al od fol asStgnjgg hiPrages tara’
plurality of channels in a scal able audio encgdlng proiess? t he
met hod conprising: assigning different bitrates to different channels
in the scal abl e audi o encodi ng process; wherein the different
bitrates are assigned to different channels based on a ratio of a
first average maxiastbhd trufidadsdebivtatk UeassizthedtoCOB§ebhd €anadl G\BRE pReality
value of a plurality of maximum bit-plane values for a first channel
of the plurality off GRainghsccodthcawsiBERNEIISVRERGRatiBAXI MUm bi t - pl ane
val ue which conprises an average value of a plurality of maxi num
bit-plane values for a second channel of the plurality of channels.
25. A scal able | ossl ess audi o encoder, conprising: a domain transform
circuit configured to transforman audio signal to forgp a transfonned
signal ; an encodin i rcupt confi qured tpyencoddIoheBB ansf or ned
signal to forma cglsg-ﬂ: §§gr" lﬁﬁnlfsr%@aPrerrBsgp)‘ o i
BS; -BS; +BS; -BS,

wherein

BSiI‘ denotes the first truncated bitrate assigned to the first channel of the
plurality of channels;

BST denotes the target total bitrate;

BS%3 denotes the first perceptual core bitrate for the first channel of the
plurality of channels;

BSS denotes the second perceptual core bitrate for the second channel of

the plurality of channels;

BS; denotes a first partial bitrate provided for the first channel of the
plurality of channels;

BSy denotes a second partial bitrate provided for the second channel of

the plurality of channels;
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a md/side encoding circuit configured to encode the transforned
signal to forma md/side encoded signal; an error nmapping circuit
configured to performan error mappi ng based on the m d-si de encoded
signal and the core-layer bitstreamto renove information that has
been encoded into the core-layer bitstream resulting in an error
signal; a bit-plane encoding circuit configured to bit-plane encode
the error signal basgd,on different bitrates to forma

enhancenent - [ ayer gStz s{5PRigMhe eamg th“ntcﬁtggbftfqt?) ?Séfgé‘e‘in&odﬁ‘ﬁf%qnficcgﬁ?nel
conprises an assignnment circuit configured to assign the different
bitrates to differefithe pladlinedSchadnets. pl urality of channels in the

bi t-plane codi ng process; and a nmultiplexing circuit configured to
mul ti pl ex the core-layer bitstream and the enhancenent-| ayer
bitstream thereby generating the scal able encoded bitstream 26. The

scal abl e 5 0SsheggiRHdLP a%%ﬁ’:%eﬁin%{?s G a ]Fi\é%%t 4 \S’E.%ﬁzﬁﬁn@lstiﬁ & ?%?a'fb%g%

circuit is configured to assign the differe itrates to

channel s base%u%ﬁng&igggﬁ%ngﬁ&@&) or.the different channels. 27.

The scal abl e ['0Ss SCGudr 0 encoder Tor "¢l ai m 26, wherein the
assignnment circuit i onfigured to..assign the di.fferent bitrates to
Tt orent chanmirioeBEEFRL RS Yo din3SH Anicpitine SHRYE 0ty Teing
different channels. 28. The scal abl e | ossl ess audi o encoder of claim
26, wherein t BE®&8signnent circuit is configured to assign the
different bitrates to different channels based on the ratio of

maxi mum bi t - pihgrsiny Hleydigferent bitiates dirg pesignet teifeiehischangels The bitplaa®l e
| ossl ess audi o encoder of claim 26, wherein the assignnment circuit is
confi gured tocmmdingpredess;dind f erent bitrates to different channels
based on the ratio of a first average maxi num bit-pl ane val ue which
conpri ses an awerchphe diffenent dfiratesprdasaighéd/toafifferaxt dmely Has@l @neit-phheies
for a first channel of the plurality of channels, and a second

aver age maxi mysuéy for Pl aAfervatlcHamneiki ch conpri ses an average val ue of a
plurality of maxi mum bit-plane values for a second channel of the
plurality of channels.

24. A method for assigning bitrates to a plurality of channels in a scalable audio
encoding process, the method comprising:
assigning different bitrates to different channels in the scalable audio encoding
process;
wherein the different bitrates are assigned to different channels based on a ratio of
a first average maximum bit-plane value which comprises an average value of a
plurality of maximum bit-plane values for a first channel of the plurality of
channels, and a second average maximum bit-plane value which comprises an
average value of a plurality of maximum bit-plane values for a second channel of

the plurality of channels.
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30. A truncator for scal able audio truncation, conprising an
assignment circuit configured to assign different truncated bitrates
to different channels of a plurality of channels in the scal abl e
audi o truncation process; wherein the assignment circuit is
configured to determne as to whether a target total bitrate is

smal ler than or equal to the sumof a first perceptual core bitrate
for a first channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the plurality of

channel spsin %%%aﬁl@%s%ﬁ%&otéhtc@&erwo g@%ﬁgl s smaller than or equal

to the sun1of the first perceptual cor rate for the first channel
of the pluralit C t cor rate
for the seconh(% g%hgﬁﬁﬁ@%{guaﬁ C&ﬂ%?ﬁ%'gnga gﬁ%@? %%{% gggb%ﬁ%h
circuit is COﬁf%gureﬂ @SS|gn dlfferent truncated bitrates to

di fferent chaflf *h St scal abl e audi o truncation process based on
the total bitrate, the first rceptual core bifrate, and the second
per cept ual cof® CRjoding Gircuy fongﬁ% ‘FE{J?P(?S@%F hedranglogned sgnal jp dora A coren
case the target total bitrate is smaller than or equal to the sum of
the first pertwpthiireadre bitrate for the first channel of the
plurality of channels and the second perceptual core bitrate for the
second channeh nof/sidhengldingadircnit coffigynethteadnsqdetthetrassirgredwoignalad fom &
is configured to assign the different truncated bitrates to different
channel s i n t hed/sidakedolded siglil,o truncati on process based on the tota
bitrate, and a ratio between the first perceptual core bitrate and

the second pergefbtalapgiag @irdhit tadfaurdlio ferfoimEadredr hapise Bhal| @ the
audi o truncation, conprising an assignment circuit configured to

assign differghisidk ‘éﬁ&ﬁtegglgjﬁhlt d’r@%ﬁ@ c$1@ 180ef bRERAR ©NeRBE fif@nafon that
plurality of channels in the scal able audio truncation process;

wherei n the agsiQRIBA,ACH [Edint chi- 1§gafbft9twa§grésﬁmqgt§%x{g O?gt%ﬂ £ sum Of

whet her a target tota Itrate I's s an or

a first perce core hitrate fo t . chann f the

of channel s aﬁg% Iggégﬁﬁg%%Fﬂc Eﬁ??ggggg)éﬁ §n?g$t§ %BW%lghgﬁ e
of the pluralit annel s; Jin case the target total rate
greater than oh it of betes 4 o A ehue et fY i g Bh bt
first channel of the plurality of channels and the second perceptual
core bitrate PBRC CRAEINGSISAY ORBAPS) aropssigrancpl ireis eqnfighredhientreies, the he
assignment circuit is configured to assign different truncated
bitrates to didiffesensbitratesatarieiferentchaneels obi abirditagfichanmelariv dhd bit-plane
process based on the total bitrate, the first perceptual core
bitrate, the sedognpropescayt ual core bitrate, a first enhancenent
bitrate for an enhancenent |ayer of the first channel, and a second
enhancenent bhatmdtiplekigg cduie Rbafigeerd nuliitex e dohelayechidretiadmaethe
33. The scal abl e | ossl ess audi o encoder of claim 32,

enhancement-layer bitstream, thereby generating the scalable encoded bitstream.
26. The scalable lossless audio encoder of claim 25, wherein

the assignment circuit is configured to assign the different bitrates to different

channels based on bit-plane values for the different channels.
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wherein, in case the target total bitrate is greater than the sum of
the first perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core bitrate for the
second channel of the plurality of channels, the assignment circuit
is configured to assign the different truncated bitrates to different
channel s in the scal abl e audi o truncation process based on the total
bitrate, 2fhe fThe sdalapbriosghdss ahdic eicedé dfichie 26f Wkersiacond per cept ual
core bitrate, and a ratio between the first enhancenent bitrate for

an enhancenenthel ayighmedt diRQitfik eehfighanfehssaintht & aa Aitlated R BFRIEAT
bitrate for an enhancenent | ayer of the second channel.

channels based on the ratio of bit-plane values for the different channels.

28.  The scalable lossless audic encoder of claim 26, wherein
the assignment circuit is configured to assign the different bitrates to different
channels based on the ratio of maximum bit-plane values for the different

channels.

29. The scalable lossless audio encoder of claim 26, wherein
the assignment circuit is configured to assign the different bitrates to different
channels based on the ratio of a first average maximum bit-plane value which
comprises an average value of a plurality of maximum bit-plane values for a first
channel of the plurality of channels, and a second average maximum bit-plane
value which comprises an average value of a plurality of maximum bit-plane

values for a second channel of the plurality of channels.

30. A truncator for scalable audio truncation, comprising
an assignment circuit configured to assign different truncated bitrates to different
channels of a plurality of channels in the scalable audio truncation process;
wherein the assignment circuit is configured to determine as to whether a target

total bitrate is smaller than or equal to the sum of a first perceptual core bitrate for
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31.

32.

a first channel of the plurality of channels and a second perceptual core bitrate for
a second channel of the plurality of channels;

in case the target total bitrate is smaller than or equal to the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel of the plurality of channels,
the assignment circuit is configured to éssign different truncated bitrates to
different channels in the scalable audio truncation process based on the total

bitrate, the first perceptual core bitrate, and the second perceptual core bitrate.

The truncator of claim 30,

wherein, in case the target total bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of the plurality of channels and
the second perceptual core bitrate for the second channel of the plurality of
channels, the assignment circuit is configured to assign the different truncated
bitrates to different channels in the scalable audio truncation process based on the
total bitrate, and a ratio between the first perceptual core bitrate and the second

perceptual core bitrate.

A truncator for scalable audio truncation, comprising

an assignment circuit configured to assign different truncated bitrates to different
channels of a plurality of channels in the scalable audio truncation process;
wherein the assignment circuit is configured to determine as to whether a target

total bitrate is smaller than or equal to the sum of a first perceptual core bitrate for
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33,

a first channel of the plurality of channels and a second perceptual core bitrate for
a second channel of the plurality of channels;

in case the target total bitrate is greater than the sum of the first perceptual core
bitrate for the first channel of the plurality of channels and the second perceptual
core bitrate for the second channel of the plurality of channels, the assignment
circuit is configured to assign different truncated bitrates to different channels in
the scalable audio truncation process based on the total bitrate, the first perceptual
core bitrate, the second perceptual core bitrate, a first enhancement bitrate for an
enhancement layer of the first channel, and a second enhancement bitrate for an

enhancement layer of the second channel.

The scalable lossless audio encoder of claim 32,

wherein, in case the target total bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel of the plurality of channels,
the assignment circuit is configured to assign the different truncated bitrates to
different channels in the scalable audio truncation process based on the total
bitrate, the first perceptual core bitrate, the second perceptual core bitrate, and a
ratio between the first enhancement bitrate for an enhancement layer of the first
channel and the second enhancement bitrate for an enhancement layer of the

second channel.
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