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Met hod for Encoding a Digital Signal into a Scal able

Bitstream Method for Decoding a Scal abl e Bitstream
wBaokgseend of the Invention Recently, wth theCT/SG2004/000323

advances in conputers, networking and conmuni cati ons

stream ng audi o contents over' networks such as the

Internet, wreless | ocal area networks, hone networks
MeNbAC Qmﬁﬁw&lﬁ@lé WA fRH0RE gAY St EABoi & HELPILIW Hitstream;

mai nst ream neans” of audi o service delivery. It is
Mefidlode ot Phoeding a tfralnkdgr Bisssreane br oadband

network infrastructures, including xDSL, fiber optics,

and broadband w rel ess access, bit rates for these
Bachanwoehd aretigeli Tkientappt oachi ng t hose for delivering

hi gh sanpling -rate, high anplitude resolution (e.g.

96 kHz, 24 bit/sanple) |ossless audio signals. On the
RN yhandint bies ea@¥ en&dd lin apRbuedEEONNaER8SKIAE! £nd

hi gh -conpression digital audio formats, such as MPEG
commpnAset { §BS o F BRRINE RO [34Iioacont 8RR BUST ABSAWPELH| $uch as
tHé“ﬁﬂH%QﬁE§b|§1§Qi§§é c&f“gré%rhggﬁoEQg CHERENMetworks and

channel's and the rapidly energi ng broadband channel's
caameritiighl getbnwhaderhons %ndﬁiemsoﬁs beenmihena bingabaneam

n . e h dwiyd :

Im%%%%?ﬁg?ﬁgﬁg ??lnate %ifg: % 1% é ?? g?GEHat with the
prapasabbé tbdlhgosysﬁmmnﬂéuﬂonks1®&mabkeut0upeedut3chuding

jer hical bit -stream whose bi.t -rates can
U amiBaF) PERERGe G AT En S P B RECaRpr it zates
£ Ak el auahabl €. a FOr qexanp} epdrebcappyl eabsensowh@EBivering

packet 1 oss occurs occaS|onaIG£tHue to accidents or

highs arpe 18HaF R Ry rRYW r eMRdntt ESehHFERP BPoddbahdkHz, 24

bN@Mﬁ&@ﬁ@bf@85§§§Q£a£u@ﬂé Supthias BeMctBUbLsBeE0HENd, there
Modul ation) and | ossless coding formats
are still application areas where high-compression digital

audio formats, such as MPEG-4 AAC (described in [1}) are
required. As a result, interoperable solutions that bridge the
current channels and the rapidly emerging broadband channels
are highly demanded. In addition, even when broadband channels
are widely available and the bandwidth constraint is ultimately
removed, a bit-rate-scalable coding system that is capable to
produce a hierarchical bit-stream whose bit-rates can be
dynamically changed during transmission is still highly
favorable. For example, for applications where packet loss
occurs occasionally due to accidents or resource sharing
requirements, the current broadband waveform representations
such as PCM (Pulse Code Modulation) and lossless coding formats
may suffer serious distortions in a streaming situation.
However, this problem can be solved if one could set packet
priorities in the case that network resources are dynamically

changing. Finally, a bit-rate-scalable coding system also
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may suffer serious distortions in a stream ng

situation. However, this problemcan be solved if one
waeomk@3eset packet priorities in the case that PET/sG2004/000323

resources are dynamcally changing. Finally, a bit

-rate -scal abl e codi ng syster al soprovi des the server

advant ageous for audi o stream ng services, where

s ful, [ caul d -be achiev if_an .

oo AR VT SR ReR0N, e A SFebdn geservices,
whigrev goase Fulrenys |dsslaekes iandicoutddbagaahjovéd his Hrave

been proposed (see [2]-.[8]). Mst approaches rely on
ex&%ﬁrség\ec R F B :éjre[“tf’]<5“¥~°’e195'36\9’81 FllréePEdth%ﬁc?%?- t he

original audio signals while the residuals are entropy

coded ias described in [%$é [12]). Due to the
PIEVioveAr ety t Hes e @i fiodiags algpeiphms -haye degmn
IRa8LAt ed. by Pr eflisGt 1,081 appy 9aghes Jf&qicti
pigPer cu?tean?ﬂﬁf@e)ffi cisgtnta%?)segéﬁgf, Feﬁ), ]Ff Hofediction
fiiligeos spbremove e scaledancyacti éhe biriginat eaudio signals

alability. . Other_approaches, such as described in _

wiigE B FYIAE TE DTS ol @R dRghtsbRao Y ()
[U2gyer papptoacie Wher e drite @fi ghralbraddiceisegnal Seas e the bit-

first coded w a | ossy encqder, and its residual is
SHRERS| 8%%%%%@%%@&%%% PFere&ideR PBRETdRPPT AR EhdUGH
ditffHiSul Woah@y@st dest Il HtoVisdes [$qNB 639t ief nbtt impSéLible,

scalability, its granularity is too coarse to be

toapisr E6rbeedt Dy iR & Stirteamtey SapprPéat FynsOthandrrproaches,
SL&‘Pld%%SdEQQEi}Qéc@VirgePt]h,e 18 gﬁl@ rio%]‘éﬁgﬁg' %li%]k 08k £

-rate were previously proposed in | .
thyoweher, tunl lkeet hrmystiamwibhe dse tdies ous gédaheredio hosgnals

w529965, S0, PO 2 L0, PRERIBLS SAPRLLELIN DL e
ldssdespatotiéed witlany medistualg emudidercodéthough this two layer
design provides some sort of bit-rate scalability, its
granularity is too coarse to be appreciated by audio streaming
applications. Audio codecs that provide the fine grain
scalability on bit-rate were previously proposed in [4] and
[18], however, unlike the system to be discussed here, those
codecs don’t provide the backward compatibility that the lossy

bit-streams produced by both codecs are incompatible to any

existing audio codec.

In [21], [22], [23] perceptual models are described.

The object of the invention is to provide a method for encoding
a digital signal in a scalable bitstream wherein backward

compatibility can be maintained.

Summary of the Invention
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In [21], [22], [23] perceptual nodels are descri bed.

The object of the invention is to provide a nethod for
wer@smsdsgs a di gital signal in a scal abl e bitstPeBsG2004/000323

wherei n backward conpatibility can be maintai ned.

Sunmary of the Inven tionA méthod for encoding a

digital signal into a scalable bitstreamis provided,

whi ch net hod conprises: quantizing the digital signal,

and encodi ng the quantized signal to forma core-|ayer
A hiettdbredntr pecddimyg g ddiealosigappi hgtdbasestambhe

_%%gital signal and the core-layer bitstreamto renove
PILSEGPAR 8NP AatI%ths 'Heeh BRESREIPRPEI R’ (BT HEET the

diliitstir 83hal £Sahd i dMEddl ndn takr %ﬁaﬁltgﬁéﬁ;sp%}r‘ial PteN€orm a
coding the error signal based on perceptua

Corgf-dpiari bhtotreae diafiftcamigggral erresurePpyng Paged on the
: cen - [ ' ey pe al

P an o7 Y e i a2 gnar o 5 eller o red Ui ng

ingogeeteépthubha hoes ;beard emmddedliexiongheheoceréalyayebitstream,

re@if3yreamand the, e”h-a%%g]”fe tiltqé%ranbi Lsream, Inereby oignal
genera?ing tHhe®STat abi% bi't Ste Eu??ﬁer? an- encoder>t9d

bafsed encpdirbgpeudll giddrmgitgal ofntheadsgatabl €ignal,

bi tstream a conputer readable nedium a conputer
r P&%ﬂé‘fﬁ efefiBnt ?%?%&%W@%Q&G&Fﬁﬁaﬁr s‘é}gg%% the

pelidept-igami hab ena i gid@alend gnalicad @@gﬁggr if Mletermined
decodi ng a scalable bitstreaminto a digital signal, a
USLct RePeE6RPLiLel Redriabla@dredi um and a further

-n&‘i@%h@&éﬁ&ggﬁ@”&@}eeﬁi%}}e_lg%g@sfyr%mt Inbinen 8L fiogdh cement -

descri bed above are provi . I'n one enbodi nent, a
layegshbésstagdno Cotlerbit lmsneachiiegeshei neagebia bitstream.
-rate scalability (FGBS) with the follow ng

Further, an encoder for encoding a digital signal into a
scalable bitstream, a computer readable medium, a computer
program element, a method for decoding a scalable bitstream
into a digital signal, a decoder for decoding a scalable
bitstream into a digital signal, a further computer readable
medium and a further computer program element according to the

method described above are provided.

In one embodiment, a lossless audio codec that achieves fine
grain bit-rate scalability (FGBS) with the following
characteristics is presented:

- Backward compatibility: a high-compression core-layer bit-
stream, such as MPEG-4 AAC bitstream, is embedded in the
lossless bit-stream.

- Perceptually embedded lossless bit-stream: the lossless bit~-
stream can be truncated to any lossy rates without loss in the

perceptual optimality in the reconstructed audio.



10

15

20

25

30

characteristics is presented: - Backward

conpatibility: a high -conpression core-|ayer
wbrisoseasn such as MPEG - 4 AAC bitstream i SPETREen€000323

in the lossless bit -stream - Perceptually enbedded

| ossl ess bit -stream the | oésless bit stream can be

truncated to any lossy rates without loss in the

erc Jmal ity e 0 e 0. .-

R T £
AABACH( ha nar yrarhridinet icodeatdeay aslivds asryekimitad treghory.

menory. The abundant functionality provided by the

present ed audi o codec suggests its capability of
The€bBLAGaRE Bunditi MeIISaly' pueh8efiopfathé OpH@edntdte audio

various rate/quality requirenments for different audio, ,
cogleFeBRIAGSBY StDreRpaldgpitiveati SASVIFGragxanpieiversal” audio
£ RTR! tanﬁe&fE&é P ARG Pih reFHheaM YhEChu | SekiSOt a8 r

the core - layer bitstreamcan be easily extracted
difffemetheabiltio - st rearmge wer stedagsi aAgplheatboes- figr example,
 Gomuent ) ongl, VPEG s 4 AAC audi0 REEKI €S, OR Lhe 0l Nfe-

frand, “1'ossl es3 conpression is also pFOVI%ed by the
lagedebitetrauti caedid igagidy skarageedppronathensiwdtream

| ossl ess reconstructjon requirenent. | IO X
G ARG Sl e ARRE AarerenRE EERe L BPHaCHARC Fpstio
sdr@8sk8SSoRi the séfeammind, ha ceedessCabmpeebyibfiels also

truncated to lower bit -rates at the encoder/decoder, X
prowidgdt kg EBemepieativn admeritdndaRy storage applications
witdl 655deL L5t ¥4 ComP AxddihC halhkstl hah FBYibestreaming

arisen in practical systens. 1n one enbodi nent a
appétiised 1PoF , evicedt nghan RERS tigl neiegral thef dpaphess bit-stream

<ﬁ%%%£agkﬁe9iE§ﬁrﬁ@“%ﬁéuﬂ&?&k%%%at@GEESi@o&@? ﬁf@lég%gé at the

itstreamcan be truncated at any point to produce a
erdapger /decoder or in the communication channel for any

rate/fidelity/complexity constraints that may be arisen in

practical systems.

In one embodiment a method for encoding a digital signal to
form a scalable bitstream is provided, wherein the scalable
bitstream can be truncated at any point to produce a lower
quality (lossy) signal when decoded by a decoder. The method
can be used for encoding any types of digital signal, such as
audio, image or video signals. The digital signal, which
corresponds to a physical measured signal, may be generated by
scanning at least a characteristic feature of a corresponding
analog signal (for example, the luminance and chrominance
values of a video signal, the amplitude of an analog sound
signal, or the analog sensing signal from a sensor). For
example, a microphone may be used to capture an analog audio

signal, which is then converted to a digital audio signal by
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quality (lossy) signal when decoded by a decoder. The

nmet hod can be used for encodi ng any types of digital
wak@saBes2such as audi o, i mage or vi deo si ghal sPCTh€2004/000323

digital signal, which corresponds to a physical

measured signal, may be generfated by scanning at |east

a characteristic feature of a correspondi ng anal og

signal (far _exapple, the |um _nance _and chromninance
Jifide 8paLabrREE: Srgnte 'PRsuRngh ArdaeSor dioanarbaL - A
visiHNd agleghahayobet ige@na QG 3RS BAG 3hgnal fheBbasignal,

sensar) . For exarrgl e, a mcrophone may be used to
ka%?ﬁ’t te tQﬁnaﬁaPB_@r_ R P g%ﬂ}ﬁll_,ta\?vhivéﬁ‘eps Stlﬁ_éﬂl using a
SR gqaﬁgﬁatgLaimaﬁ%ane%t@ﬁ! nbyganpking19Nda digital

quantizing the captured anal og audio signal. A video
CageaTey @ayapebesadeto t &l vaptiyr et uavalogoei deovéidgnabignal
oY ¢y 'i?ﬁangQ fi88¥eg¢ﬁé’s e >9!atsa'di§'i@§‘i fﬁ,&gﬁg&s.

using a sdi'table analog - to-di'gital converter.

Alternatively, a digital camera may be used to

directly.capture image or, video signal. ontqQ an image
e B e ee e L oty o At apek ichars Torheth gi Cqfe-Laver
bsd@lanl. s THHARbEela el iadad-dagh frafMsa teer finkaulr bit-
bitstream The core -]ayer bitstreamforns the m ni num
rafiq/ Maddty ghaFheysetlithe LdIsiNSE™it stream An
enhancenent -layer bitstreamis used to provide an
additional bit-rate/quality of the scal able bitstream
ATiRnhaniegReairehRyer| ey tigans tirearpads toopregidecordragitional

1.0 i at Lonesb e r.m I i _
e AR B e TN i S ayae Brpdfient
layeméidsatreannier formad gradordig pur pose iofrepéibor biyng

Is to remove the inf Q

ery Qr .nmappin rmain?lnichhas
oG ey B dn L6 aE AT O e ot O Ay “hrrSLPEAe Sonal and
the core-layer bitstream to generate an error signal. The
purpose of performing error mapping is to remove the

information which has already been coded into the core-layer

bitstream.

The error signal is bit-plane coded to form the enhancement-
layer bitstream. The bit-plane coding of the error signal is
performed based on perceptual information, i.e. the perceived
or perceptual importance, of the digital signal. Perceptual
information used in this present invention refers to
information which is related to the human sensory system, for
example the human visual system (i.e. the human eye) and the
human auditory system (i.e. the human ear). Such perceptual
information for the digital signal (video or audio) is obtained
using a perceptual model, for example the Psychoacoustic Model
I or IT in the MPEG-1 audio (described in [21]), for audio

signals, and the Human Visual System Model for image (described
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The error signal is bit -plane coded to formthe

enhancenent - |ayer bitstream The bit -plane coding
w@boosloasses ror signal is performed based on perBEpBGzI04/000323
information, i.e. the perceived or perceptua

i nportance, of the digital si@Qnal. Perceptua
information used in this present invention refers to

n c i S. ated to, t h nso
PN 3R et et Bl b YR R PERo
dEHﬁﬂleweﬁnamd3ﬂhe human audi tory systen1(|.e. the
human ear) . Such perceptual information for the

digital signal (video or audio) is obtained using a

Twr@%@@cou@@@b, mb@&1 xR L4 e PaycBoasesthet MoHe! human
| or in the MPEG - audio (described in [21]), for

eHudi o og]ulgnaioée Apderi¢le mmnﬂ%wawhsysﬁeﬁfﬁ%aén papd of

S T
£1dEae dides akbhfden, ‘Z’Eéﬁ% (éntvjiﬁg ?)@h'tgﬁ EBRA% &k ons .
SbgybhdacomgblﬁVMDdbmmas'bassd.m@deﬂe eéff besetthah the effect
hu e IS onIy abl e to qunds,, Wi. t hi
t%%ﬁﬁghﬁw hand o?efr%q%%ﬁ%|%s€H§:v%d%ngcgﬁtééPlgaglon’ colors
arehwigmyyaeit.al conditions. Simlarly, the HYM (human
visual nodel) is based on the effect that the human
eye is nore attentive to certain notion, colors and

TKONMd@astlayERe e s erbay eindi dind re%%@n@%ﬂleh'ﬂelgﬁ}géng‘fﬁﬁﬁt:eam
-layer bitstreamare nultiplexed to formthe scal abl e

anst tatdmhexrRe techPEB| BhDi 1% ddm PdirshEcdBeoded to

| ossl essly reconstruct the digital signal. As

nmenti oned above, the core-layer bitstreamis an
Thartreided lsi bétsbamemhien Yordmades kionilegmlbesly reconstruct

tﬂ§u§¥#y€§ll%ngglthgsSﬁg$€$gneéngﬁg§%€a%hea%gr%h§ayer
bitstream is an embedded bitstream which forms the minimum bit-
rate/quality of the scalable bitstream, and the enhancement-
layer bitstream forms the lossy to lossless portion of the
scalable bitstream. As the enhancement-layer bitstream is
perceptually bit-plane coded, the enhancement-layer bitstream
can be truncated, in a manner such that data in the
enhancement-layer bitstream which are less perceptually
important are truncated first, to provide perceptual
scalability of the scalable bitstream. In other words, the
scalable bitstream can be scaled by truncating the enhancement-
layer bitstream, so that the enhancement-layer bitstream, and
hence the scalable bit-stream, can be perceptually optimized

even when truncated to a lower bit-rate/quality.

The method according to the invention can be used as a lossless
encoder for digital signal, such as image, video or audio

signal, in high bandwidth or hi-fidelity systems. When the
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| ayer bitstreamfornms the | ossy to | ossless portion of

the scal able bitstream As the enhancenent -I|ayer
whRdaoswsaasn i s perceptual |y bit-plane coded, theCT/SG2004/000323

enhancenent -layer bitstream can be truncated, in a

manner such that data in the7enhancenent -I|ayer

bitstream which are | ess perceptually inportant are

ncated first, to provide r ual . sca ility of
168k St Bttt oot o LGy B At er A Sl i g rean
gvidisitlegan Cahe bénS&dd e thaly bler BAGakEAJatber&M@ng er®feet the
- layer bitstream so that the enhancenent -I|ayer

chsingst AdaRpnawEd Hengktireneadisabfechi & IstpedntarR i be

r I t d a
EASRLL LY, 00 gt St SRt YOS Ehn el et s,

inapeermidomidan bemprshian @8 dP8Geg§08ncoder for

digital signal, such as inage, video or audio signal,

in high bandwidth or hi-fidelity systens. \Wen the7
Admmxdiﬁdn@t hor eguetiesniercharfgaede tiheebhitiony atkeofligitenl signal

stream epnerated b encoder changed
S ARGt O Haet THEE e B P RRGNE dr RELD fiantized to
fdeuineRahsi z SWCH gndEt hod cagikeli BphaRENLEd Ha many
appl i cations and systens such as MEG audi o, image, and
LA TG ApresRibnt Y SAtEG owd R rA@éonfapﬁgo% dpfmain to

ﬂH@H@y @%&Elﬁflﬁhgréé9“¥ﬂ'HElté&h%e%kngﬁk %hgnéigi§al signal,
transfornmed into a suitable domain before being

ammrﬁé"y to &bkowtdre cpmnEnedféiigaght Whendiginaland
b f d
ofsdro one &ﬁi?&‘f 9{ d1 Wt R %eséggr ?5‘9% ?Jgilffstream,

G 0 an omaln in or
Sudpreserin trheg thglicdd, smgnaio,t drichittledr by tbeatimev domain,

easy and efficient quantizing.and_coding.of th
e e R af USnE b A B8 Qe 0 "R g, pld freauency
domains. The transformation of the digital signal may even be

carried out by a unitary matrix, I.

In one embodiment, the digital signal is transformed to a
transformed signal using an integer Modified Discrete Cosine
Transform (intMDCT). The intMDCT is a reversible approximation
to the Modified Discrete Cosine Transform (MDCT) filterbank,
which is commonly used in a MPEG-4 AAC coder. Other transforms
for transforming the digital signal into a suitable domain for
further processing can also be used, including, but not limited
to, Discrete Cosine Transform, Discrete Sine Transform, Fast

Fourier Transform and Discrete Wavelet Transform.

When intMDCT is used to transform the digital signal to the
transformed signal, the transformed signal (specifically the
intMDCT coefficients which describes the transformed signal) is

preferably normalized or scaled to approximate the output of a
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Such domain may include, but not imted to, the tine
domai n, the frequency domain, and a hybrid of the tine
war@shsaegiency domai ns. The transformati on of PEESG2004/000323
digital signal may even be carried out by a unitary
matrix, | . In one enbodinenB, the digital signal is
transfornmed to a transfornmed signal using an integer

Modi_fied D screte Cbsin?_Transf rn1%intht§%% . The
MDEht TRank y elhs g a&b?%x?ﬁa*f’? - PR W Fhoged
siBhatrgh e Kosiserulr anst e MDGhhehi &t @ibaHae iGN S

commonly used in a MPEG - 4 AAC coder. O her .
quephhsiey nehe ofransivsmednishgnehe @Pgi eapmBignan AN odwantizer,
haSUl | e. ' L furt 0gess|

R i e e B e s S
gldbahsfaim oDi siox etreeMBCAe Tt apshankn Fash Fourdlerzing process

Transformand Di e Wavel et Transfor When i
DPEBILRALTD THansT G KB HE G FRr o Bt |t bP ¢ e Mot
fitrapshokned shPnalt isheuticapstotrsedestgnattly quantized and

%specifically the i nt MDCT coefficients which descri bes
Coflg PY abd® of ARt 3 &) FPEMpEBEeFabPyL Ab? FrelP+ T T -

scal ed to approxi mate the output of aMDCT filterbank.

The normalizing of the intMDCT -transforned signal nay
Fogeepsedimgian t Hedicasd owfien aigoahti tee fbgl &% 3l Ffprmed

: tEan ' [ n tyi
R\ b e S e =80 P e G AR g e
ARChepgtbbatagedm of deheraneMDEE tpkeetbmak. bBustiream. This is
normal | zi.ng_ proces pproxi mates the, i nt VDCT. .
bR b i ST T8 (e SVBET FLPL B BanR RS thatud o

coddngualabt et ber djeneekltynguantbzediandatodedt yighejuality
oGBSkl AL B 20" Bl ALEL BLLSL BRI EOln goncrace
usdhgi hat/ (renstosdes sagnal tssrpaaf ehabl ¥ gvambizehedd and
coded according to the MPEG _
even when the scalable bitstream is truncated to the core-layer
bitstream, the perceptual quality of the truncated bitstream is
still high. It should be noted that other quantization and
coding algorithms/methods, for example MPEG-1 Audio Layer 3,
(MP3) or other proprietary coding/quantizing methods for

generating the core-layer bitstream can also be used.

The error mapping which removes information which has already
been coded into the core-layer bitstream and which generates a
residual signal (or error signal) is performed by subtracting
the lower quantization threshold (closer to zero) of each
quantized value of the quantized signal from the transformed
signal. Such error mapping procedure based on quantization
threshold has the advantage that the values of the residual
signal is always positive, and the amplitude of the residual

signal is independent of the guantization threshold. This
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AAC specification to generate the core -1|ayer

bitstream This is because AAC is one of the npst
webdososaet per ceptual audi o codi ng al gorithm f BET/SG2004/000323

generating a low bit -rate but high quality audio

bitstream Therefore, the cor%e -layer bitstream

generated using AAC (referred as AAC bitstream has a

l.ow bit -rate nd. even .t he _scal abl itstreami.s
liom aa e it et i eoly Bufituind pERLER biafeme co
beUadplicyhedt etineIt r unciadvedrdy taStsloeaBsissbsti tb Bupbratt a

shoul d be noted that other quantization and codin )
TGOS FEEROHSET IS 6KdipILs OVPERS - CARTP GOLHyr Signal to
gdcMR3) O net Bek 1 RLROPr & £y, codi ng/ quanti zi ng met hods

for generating the core -layer bitstreamcan al so be

used. The error mappi ng which renoves i nformtion

' a a 0 i .the core-l g .
e A e Y DS AP LB LB P e (BBE g sional
fagr art-pilgnal Fodsnpesf orimecdinprsyhignadt i hhet heytbwecoustic
ntization threshold (closer to zero) each .

nAESak e hebd 57 i Ritkar ved SFORL. FrnPERgRoacoustic
nddeAnsfgr pedbskgaabn Bkedh RIdAs tiRpPioAg1prosedur eubagedh

on quantization threshold has the advantage that the
MRFaﬁ*ﬂe§u6‘flOt hesSr deserrediighdi2lild rarkafepbsy Ehoacountic

uddre amphirkede Qfaibededdualirdiggnal (hs1hNdgREeRdgNbePleptual
the quantization threshold. Thisallows a .
TURWESHpl exrhyaanthefoneiwmnd ansedddagcsai AJCschemased for

qJ% ﬂﬂﬂgkﬁngﬂﬁegodiﬁ iéhé] L&I5 1959 %%§hghes?9nal the

subtract a reconstiucted ttanstor e si gnal om f he
pancapsfuiednegdsil gnatdt on gere e dpftearlegindnal zsirgnaly . also be

rm he perceptual infarmation of the digital
R E e e S e e
cqusiyghodc atset eerapdel gian. e usedkrasiorhie, par eeptuatke

pé¥§$%tua1h%082¥093a§8€$§éé6ed in this case to provide the

perceptual information for bit-plane coding of the error signal.

The perceptual information for bit-plane coding of the error
signal is preferably also multiplexed with the core-layer and
enhancement-layer bitstreams to form the scalable bitstream as
side information. The side information can be used to

reconstruct the error signal by a decoder.

The error signal is arranged in a plurality of bit-planes, with

each bit-plane having a plurality of bit-plane symbols.

In an embodiment of the invention, the arrangement or order of
the bit-planes of the error signal is changed or shifted, and
the bit~planes are subsequently scanned and coded in a

consecutive sequential manner. The bit-planes are shifted in a
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nodel may be based on Psychoacoustic Mdel | or |

used in MPEG audio (as described in [21]), or the
w@sgshe@eousti ¢ Model in MPEG 4 audi o (as deseci/hezhow/noo323

[19]). Wen a perceptual quantizer, such as the one

used according to AAC, is usHHd for quantizing and

codi ng the digital/transforned signal, the perceptua

nodel ed | erc quanti zer

t
ways GPo LRt S Spﬁéﬁtuardrﬂror%aﬁ¥%€i?%r$’on the

shRiftcepl BRE- ppﬂrewg Qfl’d-@ﬂ_a@l’érsol&oﬁpgﬁﬁing | thotherfe WrdSptually
a separate perceptual nodel is not needed in this case
impersreti BECTHE e re@RUsl arRf SFAREFOPIOrcMied -Hizte In

th‘i%d'eﬁgoétﬂméﬂf‘@ & 0rtt§é Qﬁ%‘ pIQﬁep%rE@cpiélain'i‘fkﬁ)fﬂt%laQ% are
for bit-plane coding of thé error signal is preferably

coailesio bﬁﬁbte p¢cedaed; vitteh ke pd ene- b ayerl andf enhsidesamsnt
eggs to formthe scal able bitstream as

a%; %%%&n |on The side informati on can be used to
reconstruct the error signal by a decoder. The error

si gn ed in lyrali lan
Iro A e SRR (i 1R APRPPEOBe bht. BHaderdne dvhboLs
oS RO bS t —p Dadds ermdscraaﬁtedoanaheoueaenﬁl @nse&ph”@nce based on
arrangenment_or order of the bit-planes of the error

thy gracepsuzhahyer st il f £8dOthRE VRIS t ROl ahksthy 1t~

pl%tﬂl%segrreettylé%m@%ece%dcbaea SORSBEULEYEng the bit-
sequential manner. The bit -planes are shifted in al0

plwagse suwhol haframernatieebiti t-plane - cBa ngcranped fandrerpding
e%%% 8? £%§g?f%tpfgﬁg1 %ﬁ% fEE NEReC gggf%fl@f 5%“%lt—

re percep y 1 nport bit ane S
plscasned aadenmihﬁﬁfbasﬂd quthhrgeenbpﬂuatninfaimatimﬁ such

bi.t .-pla b d
SR RE" D) T Hh& EyTbarE BECa CHRSERuERtLY Liortant

are coded first.

The perceptual information of the digital signal determined by
the perceptual model may include the first (or maximum) bit-
plane M(s) (i.e. a number (index) specifying the first bit-
plane) of the plurality of bit-planes for the bit-plane coding
of the error signal, and/or the Just Noticeable Distortion (JND)
level of the digital signal. It should be noted that the
perceptual information relates to the digital signal for every
different domain characteristics (for example frequency, time,
signal amplitude, etc) or a range of domain characteristics.
For example, when the digital signal is transformed to the
frequency domain, the perceptual information of the digital
signal at every frequency or in a band of fregquency (frequency
band s, or more generally, domain band s) values may be
different, indicating that the signal may be more important

perceptually at certain frequencies.
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adj acent bit -plane. In another enbodi nent of the

invention, the bit -plane synbols of the bit -planes
wae@sps@eied and coded in a sequence based on PEESG2004/000323

perceptual information. In other words, not all the

bit - plane synbols in a bitltplane are coded before

coding the bit - plane synbols from another bit

-pl ane. The scanni ng and codi ng sequence of the bit

-pl ane synbols fromthe plurality of bit - planes is

1iehethbBadndas eds od herRekGeRt Uk ricBbOLARL & Do SECance P (s)
that bit -plane synbols which are nore perceptually

ofi iber dapttat estotield fdarstespPhdiper tepeaah frediemey dpand s,
. of I.gj,t ' ' percept ual ,
R
tHY SND( Le€elacifuher HHandax) tspeetbyibngcbheedpssdidd tto the

pl ane) of the plurality of bit -planes for the bit
bitpirdaeecodi hige ofride srgrerl disguaiterandedr t Bee Jost-plane

Noti ceahle Distortion (JND). | evel ,of fhe digjtal
C%ﬁﬁiﬁﬂoPgFPgsﬁﬂuYQFngprﬁﬁﬁﬁ} ﬂhéﬁ Fﬁetbché yejcted from the

LAQLOLEALLQN L ELatss 1o Lhe of Ghlal 3hanat ! Ok BYEIY1anes for
iTTerent domarh characteristics .6 or exgnp e
tHe édueptynet covingighathamyrndrudé gneticM (et boramgelofin the

domai.n_characteristic For .exanpl e, en the digital
PR s St PRSI BT | 6 nd T GRTGREY donit ROLE Resice B(s)
cqreneepiedl fonf osmatd 0N f dhe stiigittialy sifgpak Biteyeiyes, so

frequency or in a band of frequency (frequency, band s, _
gt %&rtépé@ﬂg?amww FH5arts) P@&&&Bgﬂﬁiyybwpomnﬁ bit-
pHidd efaBblsi BdE Catdfited hatd thRicd gnalstMMobeCalPiftageously,

i nportant perceptually at certain frequencies.11 In an
thenrsdicrpitadf st fel FinaTe dh s)p&rdepeuaisedi §ai FPehheE the
ségﬁying and coding sequence of the bit-plane symbols from the
plurality of bit-planes so that bit-plane symbols which are

more perceptually important are coded first.

In a further embodiment of the invention, the perceptual
significance P(s) is normalized to form a normalized perceptual
significance Ps’ (s). In this embodiment, a common perceptual
significance Ps common of the digital signal is defined based
on a function of the perceptual significance Ps(s). Examples of
such function of the perceptual significance Ps(s) include the
average value, the maximum value, the minimum value or a
normalized value of the perceptual significance Ps(s). The
common perceptual significance Ps common is subtracted from the
perceptual significance Ps(s) to result in the normalized
perceptual significance Ps’ (s) for each frequency band s. When
the frequency band s contains at least one non-zero value

quantized signal, the frequency band s is a significant band.
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of the digital signal, corresponding to each frequency

band s, is determ ned as the perceptual infornmation.
wo pooslosas2enbodi nent, the JND | evel t (s) of thecTisgronabhoo323

signal corresponding to the bit-plane of the error

signal is determ ned. The bifl2-pl ane corresponding to

the JND | evel t (s) is then subtracted fromthe index

f the f|r t Iane of the plurality of _bit-plane
oS R bEREpP BRI RISt % HE 6 GRSLPRHARCRLE) BRes 5+ For

sifreSWilcanm baﬁdpeﬁ@@ﬂfﬂaie YONHd ¢aeRsBosNindhBerceptual
perceptual signifjcance P(s) can be used for

sicarfAsrrcRgPERR) shi fI9th oftiche Bive- pEakbs, CeBMPRaperceptual
| t ant
oAliplates semprislas dle msercatorbly, oher o

bi t pl ane sy Irst. Mre
QH%&%NQ@@@DQShyrmilmzqﬂupagnapﬂuam @n@hnéanaec@(§> ¢an 1s
t the canni cod |n uegnce
L{iﬁte%éi%?(egp gﬁg é Trool's From't he tﬁ] egfnl £ ggg Sn8lment-
lahidr- pliasesean fhﬁtgéhdratplraya:kﬁeyrﬂmllab\uél phtaceesnr €or
erceptuyal ly |?gortant are coded first. In a further

CERFIPRAP - oF Dt ReP T Tk Oh PRSPl e pELgaf T 1cance Bs” (s) is

trsirgifdteanca PhS)sdS1 1T il Z8d-dath 20 Biaen9nmBkhZedon for
perceptual significance Ps'(s) . In this enbodiment, a

desoion fBPcEpR bRl SiHiTinam P dewreRTof the
digital signal is defined based on a function of the
perceptual significance P (s) . Exanples of such
THQM“QﬂM@ﬁi@ﬁHUhefp@h@mﬂﬂnﬁﬂpﬁnqﬁﬂ#ﬁgnﬂﬁd@aﬁ0€3?5iﬁtlbﬂe
16,34 LG8 USs - LG TIBXT ST Al G, ! BE RN oo the
ue “or a nor & val ué PeErcep
adnqyna@ecaﬁCEeEhts@g ﬂH&aan&nnﬁncﬂﬁ@&ﬂp@p&ha&lgnfbrmaﬁmen to

oo AATRAAEE PL(S)S T HrF A e opHariidd=ing
inraeptival obtgnhéd Gange Cf?ﬁar(t&)zifrﬁj' t@@clauf;rieqmeﬁ@anbﬂaﬂmed
sf%dafN@%ngenerate the core-layer bitstream. Therefore,
perceptual information, in particular the normalized perceptual
significance Ps’ (s), is only needed to be transmitted to the
decoder side for insignificant band, as such perceptual

information for significant band can be easily regenerated by

the decoder.

The index of the first (or maximum) bit-plane of the plurality
of bit-planes for the bit-plane coding of the error signal M(s),
which is part of the perceptual information of the digital
signal, can be determined from the maximum quantization
interval used for quantizing the digital/transformed signal.
For significant band, the maximum quantization interval (the
difference between the higher and lower quantization threshold
corresponding to each quantized value of the quantized signal)

is determined, and the said first bit-plane (specified by M(s))
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the frequency band s contains at |east one non-zero
val ue quanti zed signal, the frequency band s is a
wa@k@nhiosdseant band. 12 Ot herw se, the frequency PEmEGH0#/800323
an insignificant band s . For significant band, the
val ue of the correspondi ng péBceptual significance P
(s) is set to the value of the commobn perceptua
ni fi cance Ps COTnDn For i nsigni ficant band,

th
l% FESHoRarng CRBF AR 26 Pt Jrs AAPER g hean fnterval

cdls' {190 i kbRl gX@A Wt the LRkeshaker JRlt BEh8AM the said
and t he enhancenent - | ayer bitstream for generatlng

Eirrt qudl-aBleachilepecbbind dry tf@nsnmnesdonotThestransmitted as
i,zed u a P |
o o Fred r Phe BLaT ATy ol S fsanad gy sionificant
bamd)or mati on for decodi ng the scalable bitstreamin a
decoder. The nornalizing of the perceptua
significance P (s) by defining a comon perceptua
ABtIghidH GaRCenPsdengnen hasidite ladviamiaage neb éeauamgle
t he anmobunt of perceptual information to be transmitte

b} b5 {HRETS Al ABFETBPESt banTHL Lt 150 ity WREGFREPRORNET “tne

10RdA e SN squantbzi g theedigid dld thansfanaBde bitstream
signal to generate the core -layer bitstream

imprerefdncedegedéoptadl sigiidk kit ity HaveFset icdulthe pakhod as
rceptual significance Ps'(s), is only
d%%%%ﬁ%kfg&fggtransn1tted to the decoder side for
i nsi gnificant band, as such perceptual information for
51 ni fi cant. band an be, easily regenerate
dé%bdeﬁ%ogﬁg‘ nd8§ Q?e %Fv?nt! Kor ﬁ%§hﬁ€§$¥bdfcoﬁln% the
sedlddies mltﬂsalretam ahtbi thl dnescdorsiidia biits pploatided which

COdlng 6%1 g%ﬁ%%;%%ggggt$égiﬁqﬁg“(¥%§€iégﬂwin.2 ahgore—

layer bltstream and an enhancement-layer bitstream, decoding

and de—guantizing the core-layer bitstream to generate a core-
layer signal, bit~plane decoding the enhancement-layer based on
perceptual information of the digital signal, performing an
error mapping based on the bit-plane decoded enhancement-layer
signal and the de-quantized core-layer signal to generate an
reconstructed transformed signal, wherein the reconstructed
transformed signal is the digital signal. It should be noted
that the method for decoding the scalable bitstream may be used
in combination with but also separately from the method for
encoding a digital signal into the scalable bitstream as

described above.

The reconstructed transformed signal may be transformed to
generate the digital signal, if the digital signal is in a

domain different from the reconstructed transformed signal.
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signal, can be determ ned fromthe maxi num
guanti zation interval used for quantizing the
wale@snadseg r ansf ormed signal. For significant beemsG200¢000323
maxi mum quanti zation interval (the difference between
t he hi gher and | ower quantiz#&ion threshold
corresponding to each quantized value of the quantized
signal) is determned, and the said first bit sligl)lane

T}tesﬁé@lcftl é’apia‘?m‘m%%]i%n i FoeerRiCREd e eor BRRgPF2 L Zaksh

b A dHaghhZal t ONci Nt BIMRl 1030 g@ala30dbBeHEE €6 &M the
at the decoder side, and hence, the said first

swhabéleahétégp%@mfi%dewde(dsw (raed crerdBE - t Fanems t2xaple,
I r tpLs
o Boh oS Lpb e SERL AN Grltd RUGAT, W Bko cERREEGHRAa ysing
imﬂMpmm tbngenarstaJtﬁéeﬁigﬂtaﬂrsammas déhercbed layer
h al so be under 0 t the.i.nvention SO
b s a0s MRS ta Ty g AT S PEEBFLRT: Fe ot MeEC
AKlecored rdtgtiah. stig@adriyr thepieverise pekfbhgedebiosi@bng the
descri bed above. I n one enbodi ment of the invention, a

LonathSHansi Zabiomi Far e Heo k1S5 & 1 CSrrRamtiALRIt Hae

tfﬂdﬁﬂdﬁme@'gﬂahalsaﬂﬁoﬂﬁékﬁiﬂMﬂﬂﬁﬁé'a@c%@%a enhancement-layer
de-nul tipl exing the scal able bitstreaminto a core -

bitplercapi tot gennraned Hre arffreredmnted é;r@psﬁpr@@(fieawnal The
aaiﬁa%%%gfég ang gergvantiziig {he J %r% ayer g gsaggegmet&mlar

generate a core - | ayer si gnal , ane decoal ng
tQHHNEWMandenenWhitayhasbﬂ&@@dquﬁmtebﬁaahbedfabqaeLon

of the digital signal, performng an error nmapping

based on the bit -plane decoded enhancenent -1|ayer
Tisd Gralcepidat heéndergaandh zetl ey elidiaydr ssuggaal mh9 be

enerate an reconstructed transf d si.gnal, whereiLn
EH fRpRE prlex{ng the sca ;Ei %1% stream, Ef the

perceptual information has been multiplexed into the scalable
bitstream as side information. Alternatively, if the core-layer
bitstream is perceptually encoded, the perceptual information
obtained by decoding and de-quantizing the core-layer bitstream
may be used for bit-plane decoding of the enhancement-layer

bitstream.

In an embodiment of the invention, the enhancement-layer
bitstream is bit-plane decoded in a consecutive sequence to
generate a plurality of bit-planes comprising a plurality of
bit-plane symbols, and the bit-planes are shifted based on the
perceptual information of the digital signal to generate the

bit-plane decoded enhancement-layer bitstream.

In another embodiment of the invention, the enhancement-layer
bitstream is bit-plane decoded in a sequence based on the

perceptual information of the digital signal to generate a
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transfornmed signal is the digital signal. It should be

noted that the nethod for decoding the scal able
whRdaossaasn nay be used in conbi nati on with butPel/s62004/000323

separately fromthe nethod for encoding a digital

signal into the scal able bit&ream as descri bed above.

The reconstructed transforned signal nmay be

t ransf or to generate the digital signal, if the
Pldﬁr@iqﬂav of 3%-9%5311% £OgBfasATEi ff BIBAT LT ¥t Hett-plane
sy@GARSt EHEE &6l tdansierinRd taiopak -14a18eq8X884d enhancement-

i mpl enment ation of the decoding of the scal able
layerrsbibahredgenerate the digital signal depends on

how t he scal able bitstreamis encoded by the encoder.

In one exanple, the reconstructed transforned signa
Thrapelbeeptransf Orfachatdiong cifntMBCHitdtgéneiat el tihey be at

ldi%ital s%ga%%. The core-layer bitstream may be

GECodEd 8hd -%ﬂi&ﬁ%&%ﬂ according to the MPEG AAC

-t3Reoittpathonhilde ®IMrspdRpRi 18 thepehhefoBdeRy-layer
addi ng the | ower quantization threshald used for

PigergGant Feeh gt & 4 aHsP6r AeGosigAaPtahet ARDBRESPRelayer

bideecedad sphancament. -Jayer bitstreamto generate the
reconstructed transforned signal. The advant ages and

~thehdustnipehesrlatd dHistortiwa dddibdetedeed sfnfhardigital
: enco [ Nas 4 dy bee j OVE.
B e e R L e e
dilge teBt aiigedl by de-nul tipl exing the scal able
bit-stream if the perceptual information has been
mul ti pl exed into the scal able bitstream as side
Thenfodtrpl ena. wiidl drerdwmidasglondsi frot iBecenkRantayent-layer
er cept ual

bitstreamis perceptually encoded, the
o1t PR ol T oy e SBG0 in 2 L LG USREFO PSRt aver
biGechRyStabid M (HAMs determined from the maximum
guantization interval used for de—quantizing the core-layer

bitstream.

The second aspect of the invention not only relates to a method
for decoding a scalable bitstream into a digital signal, but
also includes a computer program, a computer readable medium

and a device for implementing the said method.

Detailed Description of the Invention

Various embodiments and implementations of the invention shall
now be described in detail with reference to the figures,

wherein:

Figure 1 shows an encoder according to an embodiment of the

invention.
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may be used for bit -plane decoding of the enhancenent
-layer bitstream In an enbodi nent of the invention,
wo b@sesdsasicenent -1 ayer bitstreamis bit-pl anePrdesGu®d000323
in a consecutive sequence toagenerate a plurality of
bi t-planes conprising a plur&ity of bit-plane
synbol s, and the bit-planes are shifted based on the
perceptual information of the digital signal to
generate the bit-plane decoded enhancenent -Iayer
Figiuret Peabwh Nna adwaidverr erbodidiengt tof ah hemboaemdh O £ ties
. _enhancenent -|ayer bitstreamis bit-plane decoded in a
IJEGeRBe based on the perceptual information of the
digital signal to generate al5 plurality of bit-planes
comprising a plurality of bit -plane synbols, thereby
Figeger at ilﬂ;guﬁhléafzﬁq a gltanetdecodédaehhbneéaentcodiny grrocess.
bitstream The perceptual information of the digita
signal may be at |east one of the follow ng: -the
Figinrepldasbowhi eh @uradespends rdéngheoeahasneogitent | @f erhe
jjg;gﬁﬁggan1mhen the bit -plane decoding of the
enfiancernent - | ayer bitstreamstarts Ms); and -the
Just Noticeable Distortion (JND) |evel of the digital
Si gnal_, wherein s corresponds to a frequepcy band of
Fie SPgPPANS s? (HRficdethé B ipPake ahi BROEOHR@RpoRdsthe
idventthenenhancenent - | ayer bitstream when the bit
- pl ane decodi ng of the enhancenent - |ayer bitstream
starts Ms) is determ ned fromthe maxi num
Pidia! l628hbos A& MSRE S ndet8UZAL LALBY: hdYer COF &ne
invegiion.

Figure 7 shows a decoder according to an embodiment of the

invention.

Figure 1 shows an encoder 100 according to an embodiment of the

invention.

The encoder 100 serves for generating a scalable bitstream, and
comprises two distinct layers, namely, a core-layer which
generates the core-layer bit-stream, and a Lossless Enhancement

(LLE) layer which generates the enhancement-layer bitstream.

The encoder comprises a domain transformer 101, a gquantizer 102,
an error mapping unit 103, a perceptual bit-plane coder 104 and

a multiplexer 105.

In the encoder 100, the digital signal is first transformed by

the domain transformer 101 to a suitable domain, such as
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bitstream The second aspect of the invention not only
relates to a nethod for decoding a scal abl e bitstream

WO 2a06/036528 gi t al signal, but al so includes a coPQLBE2004/000323
program a conputer readable nediumand a device for
i npl ementing the said methodl7 Detail ed Description of
the Invention Various enbodi ments and inpl enentations

e Qp gy B4GRL oS0 fovbe gsecpbedn fetgl |

cRIFEAEeEnasCor dimy traryToetbadsMghk1ohré hguimyvedd oy ke
Fi gure 2 shows a decoder accordlnggto an enbodi ment of

q izavehP? omnd FERfiat 1 dePeSeEat BBcactp Ut vfe iftsfrean.
Eﬂyor—meﬁEﬁgcfg'ﬁgkfgfﬁéﬁs %hguégrérsﬁg¥§%n &HE%KEUB which

according to an enbodi ment of the inven Figure 5
cqﬁm&wsoaddetodemeahwbrkhya; t@oanemﬁmedtheninimrmaﬂ;on from

th'e”‘é ke 08 eﬁ#g P tﬁn QIS s3 ﬁ”&OQEr Qicgﬁgtﬂgat%gé‘n used
8 i hvention. ufe® 7 shows decoc
orﬁ@@@bdlmg tnea@ofﬁﬂﬂxyememb @brthhenuené+Dmyefﬁmﬂustﬁeam.

shows an encoder 100 accordin n embodi rent_. of the
THeFEREL DAL THe. St TG0 e eI YRR T 0PPenET 11 HG S TO

corgdiabbathi t st& 0N - AN QBREESBY tWe BistbNete | @y0S:5,104 to
nanmely, a core -|ayer which
generate the embedded LLE bitstream. This embedded bit-stream
can be further truncated to lower bit-rates at the encoder 100
or at a corresponding decoder (as the decoder 200 shown in
figure 2 and described below), or in the communication channel
to meet the rate/fidelity requirements. A perceptual model 106
is used to control the bit-plane coding of the error

coefficients, so that the bits of the error coefficients which

are more perceptually significant are coded first.

Finally, the resultant LLE layer bitstream is multiplexed with
the core layer bitstream by the multiplexer 105 to generate the
scalable bitstream. In addition, perceptual information for

controlling the bit-plane coding of the error coefficients may
also transmitted as a side information so that a corresponding
bit-plane decoder is able to reconstruct the error coefficients

in a correct order.

When the LLE bit-stream is truncated to lower rates, the
decoded signal would be a lossy version of the original input

signal.

Figure 2 shows a decoder 200 according to an embodiment of the

invention.
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generates the core -layer bit -stream and a Lossless
Enhancenent (LLE) | ayer which generates the
wenbansapent | -ayer bitstream The encoder conpCi/S€ex00#&000323
domai n transfornmer 101, a quantizer 102, an error
mappi ng unit 103, a perceptué$ bit -plane coder 104
and a nmultiplexer 105. In the encoder 100, the digital
signal is first transformed by the domain transforner
101 to a suitable domain, such asl7 frequency domain,
THeeSldcoideg R0oadécadsd of iRd 1sbgrabitihecanebbherenés ©f the
t he transforned signal are quantized by the quantizer
engysiegnd 0 QoH@dr?6O%%H%%ﬁiéh@hglééFél Pé?@?lbWFéFPe%%§ encoded

Xqug;en@gggkngobs performed by the error mapping unit
103, which corresponds to the LLE layer, to renove the

information fromthe coefficients of the transforned

Tk?é %@od%?aﬁ 0BAZREENS IS %b dg)l}ri aGQd et@a,'?% £bfeGObE 1| aYehe-

ormthe core a er ream e resul tant
qu&ﬁhﬂﬂﬁﬂ 2o6e, eanoerso@umﬁpprm@emmﬁmcamBy ar perceptual bit-

coeff nts Ian e bit plane
Pl efoz8gn%?gt%(f &é& Eégbltstreanl Thi s
enbedded bit-stream can be further truncated to | ower

bit -rates at the encoder 100 or at a correspondi ng
7”&%65H@Wl€é§l?ﬁ@rd%%%mﬁﬂcgﬂﬁ?%ﬂﬁ§ﬁnSFﬁlPPéﬁr@lﬁséﬁﬁam as input

arftesQ1iiRed thel QWh1apPE B it dhe 40T ¢akl eBrehannel botstream
meet the rate/fidelity requirenments. A perceptua

anghddle pobansensed-tayTomitaitnapae Bist gengreteddbigthe encoder
1dde ”%r‘é"?%éf'ﬁfﬁ&r&% tlféatde%%{e?ﬁ L8 Okel B aﬁEEQéd by

coefficients which are nore perceptual I'y signi |can
trey elecomed tizest 20Fi balform thhe cegw-tlayerl sEghajer The

QA TIGERTh 8y L PLexed, vid D Lhe Gore 1| AYet-BILAL §80aca
based on the perceptual information given by a perceptual model
206 by the perceptual bit-plane decoder 204, and is
subsequently error mapped by the error mapping unit 203 with
the core-layer signal to generate an enhancement-layer signal.
The enhancement-layer signal is finally transformed back to the
domain of the digital signal by the domain transformer 201,

resulting in an enhancement-layer transformed signal which is

the reconstructed digital signal.

The processing carried out by the encoder 100 and the decoder

200 is explained in detail in the following.

The input signal is normally transformed to the frequency
domain by the domain transformer 101 before it is quantized by
the quantizer 102 (which is part of the core-layer encoder) to

generate the core-layer bitstream. Various transform functions
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scal able bitstream In addition, perceptua
information for controlling the bit -plane coding of

wWo b@sesases coefficients nmay al so transmtted aBCEHSG62004/000323
informati on so that a corresponding bit -plane decoder
is able to reconstruct the e or coefficients in a
correct or der. V%en the LLE bit -streamis truncated

| ower tes decode naI woul d l.oss
mayope) Bt a] B i oA rplt. S St ks A1 e agency
doﬂl@.@@deéualﬁ)oa@@l@dileﬁt@ tesane enbogh fent  ofct) he Modified
i nvention. 18 The decoder 200 decodes a scalable

Digrirst e eads Henerzied B tMBCEhc o490 M- elgnRqfot or

FatstEnghgheJ?l 754, Wisgh) Was encoded by the encoder
. The decoder 200 conprlses a domai n transformer

201, a dequanti zer 202, an error napplng unit 203, a

r ual t e
S HEREUE] Al leng I ANS B8R0 L. 2Me A & Laver encoder (for
audie sdghabl e MD@Btmfaﬁmﬁen&yputeandosptamsf¢he the input
scal abl e |tstrea nto the core -layer bit
8 TRERCeHBrS [P BT SEPBRTT ns BeIBT ST U Byt e - I
[18NGodaEed8P. vJde Cor@mcayehsbptsbbeam as ﬁeﬁ@ﬁ@ﬁtiﬁlﬂe

de-quanti zed by the de-quantizer 202 to formthe core
apprgyéragignato thie MaHdrneenBhECrehgeropi pet Feampsform (MDCT)

FiReeeBRhMalk¥q b frr Rliranerpgecedgi-basedop. tzklegenerall used
perceptual information given by a perceptual " nodel

walyy tphémpéesept uddle BinttMpiCané sdéeodertopiize ailge | ¥DCT
fl%%%%ggﬁﬁ H%’Xo e£ ré)ar Jé%%p%ﬁi. @fv%ﬁg ngQE:LgEQpngtHQ' form of:

e core-1 ayer signal to generate an
( hangeﬂﬁnu) | ayer signal.

sina cosda
which is further factorized into three lifting steps
- -1
cosa -sina 1 cosa -1 1 0\ |1 ESE;L———
. = sin a ) 1 sin o .
sina cosa 0 1 sin o 0 1
Each lifting step can be approximated by a revertible integer
to integer mapping with the rounding to the nearest integer
operation r:R—=7Z . For example, the last lifting step is
approximated by:
cosa -1
(xl,xz) —= |X] +r _'—"_—XZ)IXZ ’
sin a
which can be losslessly reverted by:
vt ) cosa -1 , '
(xl,xz) - |Ix] ~r|—x2|,X%X2].
sin a

IntMDCT is thus obtained by implementing all the Givens
rotations with the revertible integer mapping as described

above.
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The enhancenment -|ayer signal is finally transforned
back to the domain of the digital signal by the domain
wo e@ssdaesrer 201, resulting in an enhancenment PCEH§E2004/000323

transfornmed signal which is the reconstructed digital
signal . The processing carri®¥ out by the encoder 100
and the decoder 200 is explalned |n detail in the
I n he, signal__i.s Y, nsf rned to
nt%@'f?%ﬁ%%%gy SQQ%ﬁ?b Rd2d0 u %%n%#o?%erg
trkaefs(fbemet P81 qmrﬂﬂazrﬁacfobyn the quaahcareenﬂ{)ﬂajevvhlsztgnaﬂ to
art of the core -|layer engoder) to generate the core
thq AFECOBPEELF M AAHiTGds SERBALE or m functi ons19 may be
used for transform ng the input signal to the
frequency domai n, such as Discrete Cosine Transform
AY DGE) corwbﬁaﬁ$ed Eheunaaﬁfleasnne Tr(ansbbr hin¢ MDET) s formed

integer NDCT ( Fast Fourier Transform (FFT)
signgden"RPES k 2 ]AAC eﬂ@@@lellsl sheskanash tihe 2ore@ng fferthe

co%%cq%ggr(f)%s@y@ér@ %wﬂu)antlwbystﬁgng@mylyéfdldp and

transformthe Tnput audio signal to the frequency .
CQﬂ@l‘?}allﬂthEhﬁeQ@rék‘bbﬂlam Hitlstreanm} 131, that egefenDCIE an input

. tNDgI ose reverti j ' 0
a'%h% %l scre %%?%hgﬁ rg%s?%gﬁfgﬁigﬁ%gq£équ§
qdddtnaehaakcusdihgmﬁd1ﬂHuaqMBEGizaﬂiAACvehugﬂeof #A MPEG-4 ACC

Y G R SR Al LR R e S Py

adddtatdoass.in the formof: /cos - sin a sin cos J'
which is further factorized into three lifting steps
cos - 1\ cos - 1\

When the MPEG-4 ACC coder is used in conjunction with the

IntMDCT, the transformed signal coefficients (also known as the
IntMDCT coefficients), c(k), are first normalized as
c' (k) = a-c(k)
to approximate the normalized outputs to the outputs of the
MDCT filterbank. The normalized IntMDCT coefficients, c'(k),
are then quantized and coded, for example, according to an AAC
quantizer (see {19]) which is given as follows:
' 3/4

+ 0.4054}.

e’ ()

ﬂ2scale__factor(s)

i(k) = sgn[c’ (k)]

Here f] denotes the flooring operation which truncates a
floating operand to integer, i(k) is the AAC guantized
coefficients and scale factor (s) is a scale factor of a scale-

factor band s in which the coefficient c(k) belongs to. The
scale factors can be adjusted adaptively by a noise shaping

procedure so that the quantization noise is best masked by the
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'cos - sinc ' 1 sinsinsincos c sin 1l Each lifting
step can be approxinmated by a revertible integer to

WO naos@ads2srappi ng with the roundi ng to the nearBS1/SG2004/000323
i nteger operation :R Z . For exanple, the last lifting
step is approximated by: \ (2¥cos - 1 (X ,X) - X + X
, X, ({ sa) ) which can be | osslessly reverted by:

mals§lf1ﬁu§h68?%?ﬁ‘éo°%fhie I“é‘ﬁBnPP%bg%FY ﬂﬁ“zegc%ﬁlv% chsl

adoptcabl appryhém ﬂﬁﬁtﬁﬁ%ehbhgeeShﬁﬁ@ﬂ@rpﬁﬁﬁéﬂ&ﬁbfﬁ% the nested
descri bed above .20 In the decoder, intMDCT can again

qUpatiZediny emd @uhaich HoPRNSFoRABEL 2Radt BN t iRt b mit hel 1 -
enhancenent -| ayer signal to the (reconstructed)
digital signal. At the core |layer, the coefficients c

Thiek yuahttbedt tcaéreﬁmmdssilgﬁr:@l arehabesklesdly.coddP4(is this
the length of a frane of the core-layer bitstream are
X@a@meu bydthy awentyran ilP@ , 162randanpded woind tHhel Gore code

or Bﬁ%e 19'%8t§ gﬁﬂSAHQLFg%d%oqgsﬁgée%Fa&eégpyﬁe@uﬂ%g[17]. BSAC

gnal ornmed signa icrents ma
qu@amfezeddamﬁomiﬂ+mﬁua)admia@uamtyzaslﬁurvaéueseqmized in the

04%2E§ﬁ§e5r§g§%§$%$§ f%éwg%glé EQXEErg é%glgigggﬁgné§§¥¥y
encoded, for example, by the DPCM encoding process described in
[1], or using Huffman code. The core-~layer bitstream can then
be generated by multiplexing all the coded information

according to the AAC bitstream syntax.

A more comprehensive description on MPEG AAC can be found in

[1] or in the International standard document on MPEG AAC [19].

It should be noted that although the mechanism of embedding the
MPEG-4 AAC compliant bit-stream is described, it is also
possible to use bitstreams which are compliant to other coders
such as MPEG 1/2 Layer I, II, III (MP3), Dolby AC3, or SONY’s
ATRAC proprietary encoders as described in [20].

When quantizer 102 works according to the MPEG AAC coder, the
de—quantizer 202 preferably works according to a MPEG AAC
decoder for decoding and de-~quantizing the core-layer bit-
stream in the decoder 200. Specifically, the de—-quantizer 202
is used to generate the core-layer signal which is subsequently
used for error mapping by the error mapping unit 203 in the
decoder 200 to generate the enhancement-layer signal as will be

described below.
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audi o coder. \Wen the MPEG - 4 ACC coder is used in

conjunction with the Int MDCT, the transfornmed signa
waeowshsaseent s (al so known as the | nt MDCT coef f PCT/86G203/000323

c (k), are first normalized as c' (k) = a c¢ (k) to

approxi mate the normalized o puts to the outputs of

the MDCT filterbank. The normalized | nt VDCT

coeff|C| nt . €' (k), ar e uanti zed and coded
HeETRoh 0. CaSBOR I HE° P L SARCqURREP 90T (FaEs Tag30ing to
oﬂM@rCprﬁigﬁMQBiéﬁ%féﬂdhow% M8B4oLkpEhSgNpi6ptKetarMdercoders

0. 4054 4lLscal e factor(s) Here denotes the fl ooring
megph&catisef wAi ERS tdtArIRte<04-f1 oati ng operand to

integer, i (k) is the AAC quantized coefficients and

scale _ factor (s) is a scale factor of a scale -

factor band s in which the coefficient c(k) belongs

scal e factors can J pt LV

n0| seq‘g a%.a Srbr%%e Ure St sgggﬁgg %éggﬁgg |'I§IJ§£1t|&]n 15%e|c§eto
rem@vbeﬁhenaﬁkedmbyldﬂuﬁﬁhﬂnmaklagrbhdgsbeéd obdedheihurhen core~-

audltory system_ A w d adopt ed, approach for this
Lt b L A RG o bR s SEREORGL B8 it SHEF o

mapAndY plreeBdase desasy haghdr célehal ksel Nofdl. (dhéser to zero)
quanti zed coefficients i (k) are n0|selessly coded (in

q‘ﬁﬂtézé%&ﬁﬁl Ehpyshakd RfamAcke AueRP) 2edf GPeBkafppRt from the
%OHH hhaepLeR fbfﬁe&mﬂh?u§l%qggaérhbgﬁgihgeﬁede

escribed in BSAC is preferred if bit
-rate scalability is further required in the

This can be illustrated as:
e (k) = c (k) - thr (k),
where the thr(k) is the lower (closer to zero) quantization

threshold for c(k), and e(k) is the error coefficient which

represents the error signal.

When the MPEG-4 AAC coder is used as the quantizer:

ﬂzscale__factor(s)[i(k)__o-4o54TV3

(04

thr (k) = sgn [c (k)]

In practical applications, to ensure robust reconstruction, a
mapping from integer i(k) to integer thr(k) may be performed
using a lookup table. As can be clearly seen from the above
formula, a total of 4 tables are required for different values
of scale factors (as the same table can be shared among
different values scale factors if they have a modulus 4 by bit-

shifting), wherein each table contains the mapping between all
possible values of i(k) and corresponding thr (k) for any

scale factor from the set of those with modulus 4.
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core |layer bitstream.The scale factors are

differentially encoded, for exanple, by the DPCM
We@r@ems43gs pr ocess described in [1], or using HedT/eGZ004/000323

code. The core -1l ayer bltstreantcan t hen be generat ed

by multiplexing all the code# information according to

the AAC bitstream syntax. A nore conprehensive

description on MPEG AAC can b e found in [1] or in the

I nternational standard docunment on MPEG AAC [19] . It
Itsheukdsbepass gl ¢ hat pﬁrﬁb@mghheherﬂaﬁhmm@@ingﬁprocedure by

ugarrbeddln the MPEG - é@ %ggllant bit -streaméé%

ELRFERBE, 2 FeF LI UT Y565 SPBIEELE6° T eCbi TR reahts Wit

1n?>h% e@gahtae&etpl@té}&r feOdCEBeSHEAN3So MES didndayer
11 (MP3), Dol by AC3, or SONY'S ATRAC

Coﬁﬁéepﬂeﬂér?Seﬁ%%@ﬁﬂhﬁdaéndé§dv|UbéchnC?QO@e ilfpescrated as:

quanti zer 102 works according to the MPEG AAC coder,

the de-quantizer 202 preferably works according to a
e \BEG ALL) deeddpr for decoding and de-quantizing the

core -layer b it streamin the decoder 200.

Specifically, t he de- quantizer 202 is used to generate

the .cor.e e nal which subs uentl used for

NSRRI e G B3t B O SSp R oA X305 i he

Cdg§yyyg 1200 to generate the enhancenent - layer signa

as w Il be described bel ow 22 However, it should be

not ed that de-quanti zers according to other

ifications_s S r.at priet .

TRy b Tt T T R B Ber pering
prdapetireabaeprdotusimppi Nng procedure is enployed to

renmove the informati on that has al ready been coded in

the corelayer bit -stream A possible approach to

epyj;dcqugh.§qkerror

wherein f(k) is any function which corresponds to c(k), such as
£ (k) =-%(thr(k + 1) - thr (k).

Clearly, for c(k) that has already been significant in the core

layer (thr (k) = 0), the sign of the IntMDCT residual e (k) can
be determined from the core layer reconstruction and hence only
its amplitude is needed to be coded in the LLE layer. In
addition, it is well known that for most audio signals, c (k)

can be approximated by Laplacian random variables with the

probability density function (pdf):

) = ol 2.
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mappi ng procedure is by subtracting the | ower (closer

to zero) quantization threshold of each quantized
wa@o@biseseent from the correspondi ng transf or neBCT/AE2M04/000323

signal coefficient. This can be illustrated as: e (k)

c (k)- thr (,k) where the th?4 (k) is the |ower (closer

to zero) quantization threshold for ¢ (k) and e(k) is

the error coefficient whic epresents the error .
Wh§rGn&l 1P (V& 1RPES °oF 402)&{:- ot fhe oy iass
L zep: " e.._actar(s) . hr (k)= sgn ( J-

o R ZEE. o B0 i PGS g BIEH A5 0BT Ey (e e

amiRGONaLr Uet EqR) Bs NPdUNAG- fd-amyi At 8geEbhtkK) 250
integer thr (k) may be performed using a | ookup table.

can bg ¢ d(¥)seen fromthe above fornula, a total
£ @?S(]ﬁ)ﬂt 'sé Q%L (r)g

abYe gui réd’for different val ues of

scale f actors (as the same tahle,can he shared anpn
WhGTef EF%nf‘léEFb%‘ét%%lpélffa&?tt&Fs i@‘)t A8y REGEMANRBdRY ushe

TR R bePvln AR “BPeti 1 ¢ VAR (56 TOF CRfCahgyer duantizer.
THad pesperdingnibicd k) Jar, %@%%EIQ%)E ggglxgiagé o&%ﬁg schene,

of thoSe w th nodul us is al so possi
sugdér B6r bhehelibrpbanerdppiony modeedBPEChy0shbtramtoditna the

ergi%gogﬁggggtﬁg ]gge%gé'lcjje%t of the transformed input

n coefrrcren romthe transforned signal
coefficient as described in [3], which can be

ilg‘ustrat d as; e{k%‘:c K).- (k% erein IS, .
Ty B BEBRGTFUZiRn H e rred argnat The erntFdrméa signal
may be reconstructed by the error mapping procedure performed
by the error mapping unit 203 according to the following

equation:

wherein e’ (k) are the decoded error coefficients which describe
the bit-plane decoded enhancement-layer bitstream, which
corresponds to the error coefficients e(k) in the encoder 100.
Hence it can be seen that with the transformed signal
coefficients c(k) can be regenerated from the decoded error
coefficients e’ (k) (possible a lossy version if the LLE bit-
stream is truncated to lower rates) and the quantization
threshold thr (k) generated in the same manner in the encoder
with the quantization index i(k) contained in the embedded

core-layer (AAC) bitstream.

Similar to the encoder 100, the transformed signal coefficients

c(k) in the decoder 200 may also be generated using (adding)
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coefficient. In general, it is also possible to
performthe error mappi ng procedure based using: e (k)
we 205089528 f (k) wherein f (k) i s any functi onP@tysGno4/000323
corresponds t o ¢ (k), such as f (k) =- (thr (k +) -
thr (k)). dearly, for c (k) 26hat has al ready been
significant in the core layer (thr (k) 0), the sign of
t he | nt MDCT resi dual determ ned fromthe
e qosirel er‘féesng??ﬁéf%#% h@ﬁ ENgnfy PP CakplPtude
cbsr needed st @ rbeneodgdel Mafdie dilids traer.. AhBoaddhti @PRans formed
it is well known that for nost audio S|gnals c (k)
s k@R heogdprionenised (bY Maplhe iconarargdmivangalredingl hthe
Ll df (kk) 24
U nal! i FR SRR Ys Gy ol B chne bR BB ot
nenoryless property o f a Laplacian pdf it is easy
od 0 Ve hat t np
IO R Sy SaPLRPEBLr bt e Th BEk Trh 6% PRy KpPL
eﬁﬂéd&ﬂﬁﬂ@s@hés@l5htkbutéﬂm pateaeisdtug 1( bk er$or signal is
detern1ned b y the variance of ¢ (k) and the step size

Fof e adee Pé(yEPqu%ﬁ‘F?Q"'é%al Tits Weén&lgl‘legséng bit-

pl’ﬁ{é’ cﬁa‘oflln@,eah BhbeaBtaneo£adi NG SehamRy suek assthedely
| ane Gol onb code éBPGﬁ) 0 for encoding the error

ing apydd ogpprliied. [$h ehemeod@dingo,[Stlhein the LLE
ficients o f the transfornmed signal may b e
reconstructed by the error mappi ng procedure perforned
by the error mapping unit 203 according to the

Af§ggé¥%ﬂ¥10n of a general bit-plane coding procedure can be

found in [4] and [15]. Consider an input n-dimensional data
vector xp = {xl,...,xn} where x4 1is extracted from some random

sources of some alphabet A C R . Clearly, x; can be

represented in a binary format
Xj = (2§ - Zblj 2,i=1,...,%

by cascading of binary bit-plane symbols that comprises of a

sign symbol

A{l xi = 0
Sy =

Oxi<0’

and amplitude symbols by 4 € {o,1}. In practice, the bit-plane

coding could be started from the maximum bit-plane M of vector

Xn where M is an integer that satisfies
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equation: ¢ (k) = e ' (k) + thr (k) wherein e ' (k)
are the decoded error coefficients which describe the
wbrdosopisame decoded enhancenent | a-yer bitstrer@T/SGHi0Eh00323
corresponds to the error coefficients e(k) in the
encoder 100. Hence it can b ® seen that with the
transfornmed signal coefficients c(k) can b e
regenerated fromthe decoded error coefficients e (k)
(possible a lossy version if the LLE bit streamis
M-luncat edit g | owsrr .rates) and the quantization
z t hr €s gﬁﬁﬁ%ﬂkfk?agénérgféd’%ﬁ the sane manner in the
encoder with the quantization index i(k) contained in
the enbedded core -layer (AAC) bitstream Simlar to
andheteppedext IO, -glend Nansf apnmed si gndlegeoefrbictoent s
c(k) in the decoder 200 may al so b e generated using
(addi ng) 25 the decoded error coefficients e' (k) and

Thic€EQRSHT 4L b £08S fd ki RS9t PEoEOES-4AYSFding to one
bitstream Al so, the transforied signal coefficients
emPOREINARY BB Hemekrtaad iesi Agd( addfag) cxder e RpekPeredroy the

|.ch e fiynct j;o f T
PR P OB S BES o ke p Rk e P LR
delcoslsire884 bi ¢ -stpleaimed he tesi doalowingrwdth sighatense to
fifu&thgr coded by the perceptual bit -plane coder 104
@giﬁg bit - plane coding, an enbedded codi ng

technol ogy that has wi dely adopted in audi o coding [ 3]

eiGpogI0r FOOLIO 2], n, Uhe LLE | ayer. A SSELIBLLSD coning
(Be) [ $lodsds ] ke rLantilanpaRr kBRULrNigi PEASE Mdédoldd fed into
the binary sign and amplitude symbols, which are then scanned,
in a desired order, by a bit-plane scanning unit 301 and coded
by an entropy coder 302 (e.g. as arithmetic code, as Huffman
code or as run-length code). In addition, a statistical model
303, for example based on a Laplacian distribution of the input
signal, is usually used to determine the probability assignment
for each binary symbol to be coded. 1In the corresponding
decoder, the data flaw is reversed, i.e. the output of the
entropy encoder 302 is decoded by an entropy decoder 303 using
a corresponding statistical model 304 and the result ;s used by
a bit-plane reconstruction unit 304 to rebuild the bit-plane,
where the sign and amplitude symbols which are decoded to
rebuild the bit-plane of the data vector follows the same

scanning order in the encoder.

The most significant advantage of having a bit-plane coding
system as above is the resulted compression bit-stream can be

easily truncated to any desirable rates, where a reproduction
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vector X = x ,...,x where X is extracted from sone

random sources of sone al phabet A C. Cearly, X can
wheoosepisesented in a binary format -00 X = (2SPCT/SG2004/p00323

by cascading of binary bit-plane synbols that

conprises of a S|gn symbol 022 O X < ' and anplitude

synbols b G{, . In practice, the bit-plane

odi ng, coul.d be s e omt he xi mum bhit -plane M
TEEEOE % il & M‘Lﬁ DanoS e b T iticy; Resg s pucted
bﬂﬁﬁplén%s,dbccdéd from -this taRchcStepPgdtattbbim: PkanepOst
if x is ainteger vector. The bit -plane codi ng and

CHEEGdPRE THrBRRSS: atit (iaflach beracimbedilAent [of 11 hes usually
addﬁeé@ﬂlﬁn apd §§c§f5153( ld%l%%rEggngggb%lggg Sﬁ%?o%?tare

perceptua bi t ane co 104 an er cept
codgidane d@eodedeQOﬂf|@eqnqﬂaﬂn@e¢aWR—dhetbotiomﬁﬂgop@t$p that

f t f 3 t t
=S5 by ROt PG e i (upd) b ooke. URof bha

dmﬁrtumupeveﬁnot tastd s aqu;rip@s)aadl piesthe binary
sign and anplitude synbols, which are then scanned, in
a desired order, by a bit-plane scanning unit 301 and

THOGRd by 18R s_ﬁtﬂ@@yoﬁ@@roﬁ%%t(-%lgneagcaﬁhmaeaélsends on the
code, as Huffman code or as run-length code) . In

dqﬁﬁ;qq GistarsiapiBerswremaitel When the mean square error (MSE)
or the expectation on the square error function is used as the

distortion measurements as shown:

wherein d(gn,gn) is the distortion wvalue, x, is the original
data vector, and %X, 1is the reconstructed vector of x, at the

decoder. Results from [24] shows that the embedded principle is
satisfied well by a sequential bit-plane scanning and coding
procedure for most sources, except those with very skew bit-

plane symbols distribution.

An example of a simple sequential bit-plane scanning and coding

procedure comprises the following steps:

l.Starting from the most significant bit-plane j =M - 1;
2.Encode only bj 4 with bjy-1 = bjmM-2 =... = bi,y4+1 = 0. If
bLj = 1 in the significance scan, encode si 7 (significance

pass);
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303, for exanple based on a Laplacian distribution of
the input signal, is usually used to determ ne the
w@e@bakisks t y assi gnnent for each binary synbol PCDSE®04/000323
coded. In the correspondi ng decoder, the data flawis
reversed, i.e. the output of 2§ he entropy encoder 302
IS decoded by an entropy decoder 303 using a
rresp ndi atlstl nodel 3 the result is
3 %% y%%ibqgl pFafe’r rec ns?? €al'cgn uﬁgt oA reance pass
h . -pl ane, where the sign and anplitude
<R%§§%ok§n% $ % are decoded to rebuild the bit - pl ane of
4 .tPregdata vecbbr-gladdeows~-tthe sane scanning order in the
encoder. The nost significant advantage of having a
bit -plane coding systemas above is the resulted
Ll%Q”Hre§§t°519ﬁé s {EHY %aGoBQnGa?kb¥e&ﬁ980ated to any
desirable rates, where "a reproducti on27 data vector x
can still be obtalned by a partial reconstructed bit
I d £ rom.thi d t
Thbep ?%CO dg%&g re rln%‘nlcéér%an e%@%g 8Qk£a1§ £$§rm(ncjt:’é)1ng
cdizéklpnrswhSUHIiyrﬂdﬁﬂﬂ@darprBPﬁefanedrdaﬁg/dxsmdmtibn
pl ane SY nb are, coded in the ord
B 84St ng § At BTGt ot R LOLGRe SOYERSE SYMBOILRF (3
comsly skgOeht€ath o Liaptirdikahicenpkest heyfbBatequired if bit-
distortion per unit rate are always_coded first. The
%9&eeéﬂm€ﬁ16fat%eﬁdFHEﬁbeaﬂetunﬁﬂ&ﬁe gééﬁﬁthﬁtd@ﬁ%ﬂds
on the desired distortion nmeasurenent. \Wen the nean
square error (MSE) or the expectation on the square
Angegrpfaneti be i Foeedamsienfid adi spéinponrasaderenent s

1f¥ﬁs§QQ%@d gy cgﬁgiaerlng a data vector x with dimension 4,
say {9,-7,14,2}. So it is bit-plane coded from its most
significant bit-plane 4. The significance pass is begun with
since all elements are insignificant yet. (X denotes the bypass
symbols). The sign is coded as follows: positive is coded as 1,

and negative is coded as 0.

Data vector 9 -7 14 1
1°% significant 1(sign: |0 1(sign:1) |0
pass (sign) 1)

1°° refinement X X X X
pass

2™ significant X 1(sign:0) | X 0

pass (sign)

28 refinement 0 X 1 X
pass
3*@ significant X X X 0

pass
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i =l wherein d(x ,x ) is the distortion value, x is the

original data vector, and x is the reconstructed
woewso0s6se§ x at the decoder. Results from [ 24] P6TeGE004/000323

that the enbedded principle is satisfied well by a

sequential bit -plane scanni?d¥g and codi ng procedure

for nost sources except those W th very SkeM/bIt -

p| T SYAPBol-s—a+-Sst++ H-0h- t?\allpl e—pf—a—sti ||p| €

se &%ntﬁ%ﬁ’Qﬁ%enﬁﬂ ane%scannlagLand COdIW% procedul &
cormydsges the followiing stepst 1 .Start{ng fromthe
nost QI Onlj_L cant _bit |- plane | = l\/l -1 12 _FEncodeignl Vi

b j| A thignificant= | [X0 . 1% 1 in theXsignificandeion:1)
sca%mé%ncode ; (signilficance jpass) ;28 B .Encode b
that _are not be encoded in thie significance pass

(Ref4"hereeftngass) ; 4.Progresslto bit -plane j - 1X
List 1 . Bit-plane sclanning & coding procedure Thg
abgV& 5t ocedure is itlerated until certain terninat

ng

criterton, which is usually a pre -defined
rate/dlstortlon constraint, is rea

i ] .
ThflerF%ero%@%twémrywtésamngss%a%?a%o@%l%‘mllllo Tunich is

th%hQQﬁ FGANCE RAS P RE t8aHhECebbabit At PN ®lecoder, the
nbol s are found to have unequal distributions. An

blexah@m% @trmmeu@moVbt@eqeem@ﬂaﬁlc@éFﬁgV%¢%%%dM%e is

rego£g§£u@E§ S'%% %ggs nggg s¥§&£ﬁrl§ ﬂ%%é&ved by the
Mensi on I's bit ane

decoded fthmnbiﬁrpﬂnne sﬁgth|oamg1baﬂ dptaneedtor T be

rest Qé&lgggcghgass If%é% ss %%Egnstructlon of the original

data vector is obtained. If only a subset (most significant

part) of the binary stream is received, the decoder still able

to restore a partial bit-plane of the original data vector, so

that a coarse reconstruction (quantized) version of the

original data vector.

The above is only a simple example of bit-plane scanning and
coding procedure. In practice, the significant pass can be
further fractionized to explore the statistical correlation of
elements in the data vector, such as the bit-plane coding
process in JPEG2000, or that in the embedded audio coder (EAC)

described in [4].

The above sequential bit-plane scanning and coding procedure
only provides an effort to optimize the MSE performance. In
area of audio, image or video coding, minimizing perceptual
distortion instead of MSE is normally a more efficient coding
method for obtaining optimal perceptual quality in

reconstructed audio, image or video signal. Therefore, the
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since all elenments are insignificant yet. (X denotes

t he bypass synbols). The sign is coded as foll ows:
w@omisdases i s coded as 1, and negative i s codedP@rsSG2004/000323

Data vector 9 - 7 14 1 1st significant 1(sign: O

(sign: ) O pass (si gn) D 1st30refinement X X X X pass

2nd significant (sign ) X 0 pass (sign) 2

refinenent 0 X pass 3rd significant, X ass?29

segignt &t ri%]nterﬂla@el ci’dﬂ(nﬁa%g HRR ST 15 icH tinftely a

subtshOhal ASSAth refinement 1 1 0 X pass Thus t he
output binary streamis 11011010001001111110, which is

then entropy coded and sent to the decoder. At the

Ind€ﬁ8d§£00&g¥3f5 HN a%g;é%rgﬁéfffcfgng (%fg éfgrS%

ctor 1s reconétruct e entire binar tream
grpepedvadtdayfndmledmo@andst be bhét- @ahcanefma‘qudre:y band s

' | dat t d and t
Coggég%gggIP§§%ﬁgfc @Fgggng?eF%ggagrg%réﬁ]consedutlve order.

(The scale factor band grouping may be based on the band
grouping adopted in the quantizer 102 if a perceptual coder is
used as the quantizer 102. However other band grouping is also

possible).

A frequency band s is said to be significant if there exist an
error coefficient in the frequency band s such that the

gquantized coefficient thr(k) from the quantizer is not zero. In
other words, if e (k) is an error coefficient in frequency band

e (k) = c(k) - thr (k),

frequency band s is significant is thr(k) = 0 (thr(k) = 0 when
i(k) = 0), and hence e(k) = c(k), else frequency band s is

considered insignificant.

Perceptual significance of bits of the error coefficients can
be determined by the level of Just Noticeable Distortion (JND)
at a frequency location i. This level of JND, T;, can be
determined from a perceptual model such as psychoacoustic model
(I or IT) or any proprietary perceptual models. When a
perceptual quantizer is used for forming the core-layer

bitstream, the perceptual model used in the quantizer may also
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data vector is obtained. If only a subset (nost
significant part) of the binary streamis received,

wo b@sdssesler still able to restore a partial bPCT/SEL@INE00323
of the original data vector, so that a coarse
reconstruction (quantized) vékS|on of the origina
data vector. The above is only a sinple exanple of bit

' d
b SRR F R e e Bt BT BREPRE e L LSS cddlfhg of

thexplrebe thersiatdrid.cal correl ation of elenents in the
data vector, such as the bit-plane coding process in
JPE&000, or that in the enbedded audi o coder (EAQC

Fd@e%gﬁbﬁgglt [ﬁgrcég¥%HQb%!%n§?95§HEéabfbbitsp&@”@he error

scanni ng and cod ing procedure only provides an effort
coed foptientzein e WBR derfenarcbaniinsafen b¢ #ridi &y the same
vaTRge or video coding, mnimzing perceptua
3‘stort|on instead of MSE is normally a nore efficient
codi ng net hod for obtalnlng opti mal perceptual quality

in.reconstructed audio, e d
o T A et SR e A £ R0t g TR AL bt~
pleideOicogiggal s | Sxghefindd eh)tha reibreptemab ppgion. In
t he encoder 100, the error coefficients are preferably
grouped into frequency bands so that each frequency

rRANG 9 CABLAI DS ShiuHber of Leichbetiagethbi gheBhSoliflnent of the
consecutive order. (The scale factor band groupi ng nay

ipeenddoad on the band grouping adopted in the quantizer
102 if a perceptual coder is used as the quantizer
102. However other band grouping is al so possible)
Analogously to the encoder 100, the encoder 400 comprises a

domain transformer 401, a quantizer 402, an error mapping unit
403, a perceptual bit-plane coder 404 (using a perceptual model
406) and a multiplexer 405.

The perceptual BPC block, 1.e., the perceptual bit-plane coder
404 comprises a bit-plane shifting block 407 and a conventional

BPC block 408.

In the bit-plane shifting block 407, the bit-planes are
perceptually shifted, and the perceptually shifted bit-planes
are coded in the BPC block 408 in a conventional sequential

scanning and coding manner.

Consider the following (modified) perceptually weighted

distortion measurement
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A frequency band s is said to be significant if there
exi st an error coefficient in the frequency band s
waook/osdsag t he quanti zed coefficient thr(k) frpor/sGm04/000323
quantizer is not zero. In other words, if e (k) is an
error coefficient in frequerdy band s: e (k) ¢ (k)-
thr (k,) frequency band s is significant is thr (k) O
(thr (k)= 0 when i (k) = 0), and hence e (k)= c (k) ,
| se frequensay, band _s\s ¢onsidered insignificant.

d é%‘r' Tal; Sgﬁﬁ{i i‘cﬁéé”’io XJ& ts of the error
coefficients=tan be determ ned by the | evel of Just
Noti ceable Distortion (JND) at a frequency | ocation

This level of JND, can be determ ned froma

Inpeheepduiadxtrodelpesuebtaal psydhoacodsty c Hodeludilo grignal is

I1) _or an roprietary perceptual nodels. Wen a
uset i e e ohs tba s CFBRNG (HECa GO that the
dathay€et bt 81T €amnd her Pt capidplaymdelsigaad bRdt bge

quanti zer may al so31 be used to generate the JND for
wepgheepy uahndi forplnéxcpdinghef itpereanoe obekf i ehitfferent

For sinplicity, perceptual significance of bits of the
fregpepcyobbtaiciari ¢/ i -&-same frequency band s can be

set to the sane value . In the follow ng, a possible

i npl ementati on of perceptual bit - plane coding is

.eﬁgbaineﬂ with reference to Fig. . Figure 4 shows an
Yiekgod&r T400 according to an enbodi ment of the

i nventi oh. Anal ogously to the encoder 100, the encoder
400 conprises a

The above perceptually weighted distortion function may be re-
written as follows:

2
1

d (x 2)=lni(X'—§<')‘2=li X'—-——l——f('
anr &n nigl Ti 1 1 ni=1 \/E'I 1 \/ﬂ 1

where

Hence the weighting square error function now becomes a square
error function on the scaled vector xp = %ﬁ,...,xh}. Therefore,
perceptually optimized coding of xp can be achieved by simply
performing sequential bit-plane coding on x,. In the

corresponding decoder, each element of the bit-plane decoded
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domai n transformer 401, a quantizer 402, an error
mappi ng unit 403, a perceptual bit -plane coder 404
W@ a®is0ge35as8 per cept ual nodel 406) and a mnul ti pl eR€T/SEDH4/000323
The perceptual BPC bl ock, i.e., the perceptua
bit-pl ane coder 404 conprlsé§5a bit -plane shifting
bl ock 407 and a conventional BPC bl ock 408. In the

bi t - p hifting block 407, the bit-pl
285y EBRERAI By i PLoRCa LRt TR ol O By e FEggucted

aabbt velagess agg £00ed,d n the BPC block 408 in a
conventional sequential scanning and codi ng manner.
Consi der the follow ng (nodified) perceptually
wei ghted distortion measurement32 nd U) = (i i ) i
(4 JE;| g] ,in=the.comt.ext of perceptual audi o coding,
the audio signal is usually quantized and coded in the
frequency domain so that the data vector x is the
cﬁégmf opged,audia S 9nak apdrkberyei ghlhag: fnetionny
(X)J s the inportanceof at different frequency
dehodarl@aSSLdellmiorm?len-lf th¥leaapovekper ept Udlg ylecoder.
wei ghted distortion function may be re witten as
follows: ' = -
wy is further quantized to an even integer power of 2 so that

it becomes

B o= 2%,
where

1
T = —2- logy T4

and the scaled data vector can thus be obtained by bit-shifting

each element in the original data vector as follows

[ ~Tq .
Xl = 2 le.

which is easily obtained by performing right shifting operation
on xi by T3 . For example, if x; = 00010011 and t{ = -2, the
scaled data vector element xj is then 01001100; if w3 = 2 it

will become 00000100.11.

In this way, the bit-planes of the error coefficients are

perceptually shifted in a manner such that when a sequential
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i=l where .. - - - 1 i Hence the weighting square
error function now becones a square error function on

wo b@sss@bed vector = ..., . Therefore, perceptpel/Bg2004/000323
opti m zed codi ng of x can be achi eved by sinply
perform ng sequential bit-pl&he coding on x . In the

correspondi ng decoder, each elenent of the bit-plane

.decoded33 data vector.' ¢ be aled_pback, tp obtain.a
o R RS A P s oS PP GG PR oL -SRI 1 e

wHdceanlry, mbhe perghituaans prieherabhytt (ansaehdeds tiadiey the
decoder as side information if they are unknown in the

hIgOesFeSEYY c- Be e GuditiSEed to an even integer

power of 2 so that it becones T =, where = and the
scal ed data vector can thus be obtained by bit o
Clestyilpti A§ each elemmit im thife osiPghnaadl daapaveetebrigsinteger

.ol | = j i il bt aiengd Ry i ng..right

wishl PR e bEY, Longe Y0 Yool SRERLAEM §0 bRt

nBAM00 bl taptatie =of I, thes=Sealsedodahg wECkorcael eeeAthisved
then 01001100; if =2 it wll becone 00000100.11. In

15 WiverWays thetbpt Sphbe@svedtathd selidrpdaars icodedt §rapeoit-

plane -t ~ L - Ti .

As mentioned earlier, information on the perceptual
significance such as the level of JND can be provided to the

bit-plane shifting block from a perceptual model.

In the bit-plane coding process, a maximum bit-plane, M(s), can
be used to specify the starting bit-plane at which the bit-
plane scanning and coding should start. The maximum bit-plane
M(s) and T should preferably be transmitted as side
information in the scalable bitstream to the corresponding
decoder in order for the decoder to be able to decode the
bitstream correctly. To reduce the amount of side information,
M(s) and ®; may be constrained to the same value for the same

scale factor band s in the encoder.

The value of the maximum bit-plane M(s) in each frequency band
s can be determined from the erxrror coefficients e(k) using the

following expression:

M(s)—1

2 < max (|e (x)]) < Mk es.



10

15

20

25

perceptual ly shifted in a manner such that when a

sequential 34 bit -plane coding is perforned on the
wabiosad2bi t - pl ane, bits which are nore perceptT/aéop4/000323

significant (instead of having the highest MSE) can be

encoded first. Clearly, if edfh elenment in the

original data vector is integer vvith limted word

ength, e.qg., if each ele as _a Xi mum bi t
SN s Dhe e R BEte eIt 2 a0 AR PEGRR |
SYEL AN NG SR EE)/ S5 90k s DUk pLane: caded Jrambit, o

rler

a%%ﬁﬂ%%%?%%? Eat: %{1‘%#Cﬁé‘feinsﬁ%éﬁﬁfgﬁiﬁffi“??héiﬁ%% Bt o

gqaamperzept ual nodel. In the bit -plane codi ng process,
a maxi nrum bit-plane, Ms), can be used to specify the
starting bit - pI ane at which the bit - plane scanning

ho mum bit -plane Ms)

mgggleg(%mlsg%r e(if.i 6‘ b]E aﬂ) tgggngﬁn‘ﬂtted as side

information in the scal able bitstreamto the

correspondi ng decoder in order for the decoder to be

Tla@t@fdrwa,de@éderehelbst St rigemreorirwet byit-pdaneddde) t her each
ide infor t|on

Do e S P R P BRd TR o e el s e the

féRodwimdaxpresstiohhe encoder. The val ue of the maximum

bit -plane Ms) in each frequency band s can be

deternmned fromthe error coefficients e(k) usi ng the

FSertlg\e%' %j]%pr{%e@s QT%%QJ&@W?\F of' Ji P‘T:e Serr or

Since the quantized coefficients of the perceptual quantizer
i(k) is known to the decoder, it is thus not necessary to
transmit the maximum bit-plane M(s) as side information to the

decoder for the significant frequency bands s.
The value of the maximum bit-plane M(s) may also be predefined
in the encoder and decoder, and hence, need not be transmitted

as the side information.

Figure 5 shows a decoder 500 according to an embodiment of the

invention.

The decoder 500 implements a perceptual bit-plane decoder

which comprises bit-plane shifting and conventional (sequential)

bit-plane coding.
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coefficients max (|e (k)|) in each significant

frequency band s are bounded by the quantizer interval
wobosshassper cept ual quantizer: max (|e (k)|)thrPCT/SGRp4/000323

) - thr(i (k.)) Therefore, this results in the maxi mm

bit -plane Ms) for each sigBéficant frequency band s

to b e determned fromthe foll ow ng expression: 2")

MRS EBert ARHEE 0P b FerEablasl SHRaRorBerses 2

ddnfk)n tsakpovhnee 3de @ecc@delruamttlzles_r Ebos BAt e REELSHRAHYing
to transmit the maximumbit - ne Ms) as side

uidf ofat Poﬁe%e@ﬁealdé@&d@rlam@r dteﬁ@d§Fg Pfi daptng a

y s Valu XEgym bi t
p%ﬂf%gﬁga%(ggaﬁgy5§ géﬁgﬁe g?% egfﬁgggfggtﬁgyencoder and

decoder, and hence need not be transmtted as the

Sfﬂf*%ﬂ QfoEggt erc lgirﬁﬁg:ég%¥se%o%%%oggﬁ 59&% perceptual

accordlng I'AVent 1 oh
bidegdder ﬁ@ﬁodﬁblE@Er&dmptum@ﬁc@pkuanbahe phafeidecoldeck 507

ich co ises_bit - e shifting and conventi ona

éhﬁ@ﬁ?gg%}oﬁ?% B?ﬁz§i9%k) g. 36 Anal ogously to the
decoder 200 the decoder 500 conprises a donain
transformer 501, a de-quantizer 502, an error

Thfhianhsogengnpsl 2Epk i t Hiteap | we rgsesdey 5ba eagpﬁgra400 is
blp@rpclea%ualecaegﬁl by 08le At de smd tl'npltﬁée[:oﬁgécutﬁve

lar to the perceptual bit -plane coder 404
qsmec@pta&amabner p$ 2 mnmvé:rlaaoblc,to@éar@egcanbmg procedure

a§gﬁﬁp%n%ghgkiQQOP'&?K%QQ%mtruct the bit-planes. The

reconstructed bit-planes are shifted in the reverse manner of
the encoder 400, based on the received or regenerated value 75,
to generate the decoded error coefficients e’ (k) which describe

the bit-plane decoded enhancement-layer bitstream.

Figure 6 shows an encoder 600 according to an embodiment of the

invention.
The encoder 600 uses perceptual bit-plane coding.

The encoder 600 comprises a domain transformer (intMDCT) 601, a
quantizer (ACC guantizer and coder) 602, an error mapping unit
603, a perceptual significance calculation unit 604 (using a
psychoacoustic model 605), a perceptually bit-plane coding unit

606 and a multiplexer 607.

In this implementation, the scanning order of the bit-planes
and the bit-plane symbols need not be sequential, but based on

perceptual importance of the bit-plane symbols corresponding to



10

15

20

25

and a conventional BPC bl ock 508. The enhancenent
-l ayer bitstream generated by the encoder 400 is bit
WO pioassssaecoded by the decoder 500 in the consPCI/BGU®4/000323
sequenti al manner (sane sequential bit -plane scanning
procedure as the encoder 400¥7to reconstruct the bit
-pl anes. The reconstructed bit -planes are shifted in
i reverse manner. of the encoder 400, based, on the
R TSP EBER T R LI ieter o8  FRBCE S the
bidegaded ermbblsoes fdeianiine (k) cehicthadesgr pheainbeers
bit -plane decoded enhancenent - |ayer bitstream
r#ﬂ%ﬂ%ﬁ*@’§H6m€eéﬁ§%ﬁéﬁbéﬂ“@m@%%%%%dPH&ht6Saﬁerceptual
s BfP0diBRL Qhdat PEr4OVENT:L Qfim) ThE renaader £800puseslane
perceptual bit -plane coding. The encoder 600
demmpimosedhe dohanhatiamsiOryher pEnvevbeR)l éoforgation
ofBNIAS! (AL AUaDL L 2%, AN, LQIGIL 6021 0485 Eance
nmappi ng “uni t B5°°% perceptuﬁ S|gnP icance
cxlahldtatdroblonkt 604, [ usiergp e epolddgobdtt-p landekboding unit
6605), a perceptually bit -plane coding unit 606 and a
%%1tip|exer 607. In this inplenentation, the scanning
order of the bit -planes and the bit -plane synbols
need not be sequential, but based on percept ual i
TRYHFO AN RIS OB ReWRY$ LR dffes WiiRso| (s HISFESPEHEIngrportance,
of OHedif i &ne ttﬁée%&f@&ﬁt&ﬁﬁ“g&gﬁmﬁid%ﬂa%gpbﬁakhe bit-plane
I nportance of the bit -plane synbols is determ ned by
syabeid atqnngspandieyers defrrant Cuamiparyc dpnggl- One widely

' | on.. §UC il Lanegiand, ey as th
b el b BB o PR PR R e A gen 2 the
PIheh@atadtdlcisoModel 2 hdeperdept ual [1¥lor el ittwe input digital
s@%&%??} 2§éé%tr%8£§éggé g 5§5§£¥%f§¥cfgﬁﬁ¥ﬂlevel T(s) for
each frequency band determined using the psychoacoustic model

can be converted to the unit of bit-plane level t(s) as follows:

T (s) = %logz (7 ()

However, this invention does not constrain the method on how

T(s) or =T(s) can be obtained.

Now let Ps(s) represent the perceptual significance of

frequency band s, which can be determined by the distance from

M(s) to T (s) as,
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cal cul ation block, i.e., the perceptually bit-plane
coding unit 604. There are nunerous ways to determ ne

wo b@spsadseept ual i nportance, or specifically theCT/SG2004/000323
per ceptual significance, of the bit-plane synbols
corresponding to different f3%quency bands. One widely
adopted way is by using the psychoacoustics nodel,

such as the Psychoac ti.cs Mdel 2 described jn [19
1 BB B ORI TSt e ohES; HE Shot PEenb Hevel of
tHH StaMican e 3DP) cdbervelc iHngk kak)eaeh1br eqdaney bantiat with
deter m ned usi ng the psychoacoustic nodel can b e

reHRceT tted the PNB avel dfomistanpfagentebands (3§ asresult of
I : = T , LS+1 nyen

t%egélsoq\r%%t 5%8%2%1?&%&??&15%%%)5%\3%%2% T E)@c))r' ty s?tkg@a% words,

thse velitual oédPsNeWw vetldPoe senvepglesent ifheopeideptitedl, for

signi.fi cance of frequen nd s, ich can_b .
= PG Sy uC i ST TPamines) 60 Po(gplgred in che
ndRH®) adosHiny( 8o) 88 linvantibe byr sheringt adcbhi@bn t hector

noi se |level, or the | evel of th%ﬁg%%NDCI enﬁgr ,
PLSFTID /s 28 Lk TRt 4@ o I-at AFPtRIFespLettions of
Pd &dnfnI NRn! g¥etnt ofvsign fiaart, hardaakasud TESHES Ohe

the noi se shapi ng nmechanismin the core coder) . In

gt Worlds, PRealdl Yt ASpakdel dupetieryoE| B3es) for
all NUhdledll Caln i FOkaet ORI QAN )T BALEACK BaNASmalized as

This fact can explored in the nethod according to
felewstventi on by sharing a common factor Ps_common for

all the significant bands. Possible selections of Ps_

common can be the average val ue, the maxi num val ue,

p$'l(g) = Ps (s) — Ps _ common,

Since it is known that for significant band s, P§(s) would be
zero, and therefore, need not be transmitted to the decoder.
Otherwise, for insignificant band s, Ps'(s) should preferably be

transmitted to the corresponding decoder as side information.

In some other examples when there is no significant band,

Ps _common can be set to 0.

It is also possible to use the noise shaping procedure in the
core encoder to cater to the need for perceptual coding. Hence
there is no need to further implement any noise shaping, or
perceptual significant identification in the enhance layer. In

such cases, Ps'ﬁﬂ = 0 can be set for all s. Usually they do not

need to be transmitted to the decoder if it is known by the

decoder that they are all zero.



m ni num val ue, or any other reasonabl e function of
Ps(s) for all s that are significant. The Ps (s) can

w0 bes/obas2aor mal | zed as follows @ Ps' (s)= Ps (sSPeT/F62004/000323
common, Since it is known that for significant band s,
Ps' (s) would be zero, and th& efore, need not be
transmtted to the decoder. O herw se, for

insignlflcant band s, Ps' (s% shoul d referabl be
A mogidhiet sBPLEme MR iy ©Spbhai RGEHER bet Bitwipne coding

mddHa@h BR LR bé N SHE I ek 1 BYaRREESo VISR £ HEF Lol do NBde .
significant band, Ps_conmon Can be set to . 1t is also

Heges $hsl sotalusenidie qhoithe shaphAgCEroeedute denetrd as
s %% g encoder to cater to the need for perceptua
&'ng Hence there is no need to further inplenent
any noi se shaping, or perceptual S|gn|f|cant
identification in the enhance Ia n such cases,
ﬁsln(ds)freeueaﬁywéa%%ts cEtralprge s tLBT) y they do not
0 J gt d r [ S
2 R naon L nar iR o BT PRty wlphoa B e band =
3lmn@ erent(ali on; oP@@ﬁef&éiﬁﬂptual bit -plane coding
mechani sm can be described using the follow ng pseudo
4.dddéherer exthestloard nfitrewhdcht HE(Deeueney Joand i s
denoted as s__total. |I.Find frequency band s with
| argest Psys) 2 .Encode bit -plane synbols of bit
A ritaed Wog) obohie{kd diHe hardrSm3bisplanM H)s} lis described
Ps'{s) Ps'{s) - 1 4. f there exists band s for which
) 0 goto 1 . A nethod for obtaining the nmaxi mum bit
-plane M's) is described

For significance band, M(s) can be determined from the maximum
quantization interval of the quantizer if a perceptual
quantizer such as an AAC quantizer is used. Specifically, M(s)

is an integer that satisfies:
M1 ¢ max (|jehe (1 (k) + 1) - [enr (L )]) < Mk e s.

In this case, M(s) does not need to be transmitted to the

decoder as 1{k) would be known to the decoder.

For insignificant bands M(s) can be calculated from e (k) as

follows:

ZM(S)_l < max (Ie (k)l) < ZM(S), k €s,
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here. For significance band, Ms) can be determ ned
fromthe maxi num quanti zation interval of the

waee@ssses i f a perceptual quantizer such as aPCPE®G2004/000323
quanti zer is used. Specifically, Ms) is an integer
that satisfies: max (|thr(i 40Kk) ) - |t(hir (k<))|2])
,k s . In this case, Ms) does not need to b e
transmtted to the decoder as i(k) would be known to

anflh oy elelfeRst Papgs i NdsgnpheedkitP Mg PP o the
deeehgw@ée&%{é qrnf%(rhqgt%nf Qu&@% mxlde{dddd s rh)tE
O and for those bands, M's) should preferably b e
COQ@ﬁ@n¢® theltecoder layesi det+ stoeamt i on such an
information is not contained in the core -layer bit
-stream The value of the maximumbit -plane Ms) may
Thal salie eoﬁ)ft&fhéfrdaﬂ;&dxu'mnbﬁhepEﬁﬁ@dersﬁﬁﬁhgarnjlstd]eae predefined
._correspondi n ecoder, and hence, need, not e
g PAROTTTERT SO ERe SPaeCP R STMRit BiE pisier ” and hence,
nealt g6Nabe Vier ARPIGACHES st eheXpl ok eipesan@tesn PS (s) in
a bit -plane coding approach, towards sonme desired
noi se shaping goals, are al so possible. In general, Ps
othS) EPHASAR GBALAY PoveAYold éfa@m@t@rf Ms;)
5 e %Q% exg ecthg I?%gy%g q%s S) ina
bi@sp}a@¢ codlmggﬁgmpapg) Pe{s¥ds . sQue de31red n01se shaping

goals, are also possible. In general, Ps(s) can also be

obtained by any functions of M(s) and ¥s), for example the

following:
Ps(s) = M(s) — 2u(s), or
Ps(s) = M(s) — t(s)

2

Figure 7 shows a decoder 700 according to an embodiment of the

invention.

The decoder 700 is the corresponding decoder of the coder 600,
wherein the perceptual bit-plane decoding is implemented using

the perceptual bit-plane scanning procedure as described above.

The decoder 700 accordingly comprises a domain transformer
(reverse intMDCT) 701, a de-quantizer (ACC de-quantizer and
decoder) 702, an error mapping unit 703, a perceptual
significance calculation unit 704, a perceptually bit-plane

decoding unit 706 and a de-multiplexer 707.
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Figure 7 shows a decoder 700 according to an

enbodi nent o f the invention. The decoder 700 is the
waeeoosesgendi ng decoder of the coder 600, wher eP@T/BGHE04/000323

perceptual bit -plane decoding is inplenmented using

t he perceptual bit -plane scéinning procedure a s

descri bed above. The decoder 700 accordingly conprises

a domain transformer (reverse intMDCT) 70&
IndéhauﬁﬁFP%%W 1@QI:§%§ Sqeﬁﬁfﬂﬁéﬁta%@“@ec%% §) ¥92selnto zero,

rEL 50 aERro DT F0ATSH pEPRopLBalTy BT L pramer index &0x

1ndeﬁ@dlsﬁﬁeLtﬁurtne710@naﬂtdeaedc:6dm_ﬂl tipéexer 707 41 In the
decoder 700, for significant band Ps'(s) is set to

zero, and M's) can be cal cul ated fron1the AAC

apti zati X i (k magy, in the
@codérmﬂ &h‘fr(22)< rha;(?(jlﬁiﬂr(ﬂ @Wﬁ &Tt k(Frs -
(k<))|2|]) ,k s . For insignificant band, P (s) and
b(s) can sinply be recovered fromthe transnitted si de

equg§£i9gands %iEF %%) nH(ﬁX 5Sc£ (T géﬂ {3dvered

he Int error’ coe f|C|e
froan the Easn$m1tm£bnskkuamédrmytdeuod®ngethe $bC@mweﬁ is

- st truct it nbol
reRorie (AT s BRRETCNe eaRs” athtniEEARCT hEFRRE S er
CO%QQlCE@ﬁtgxér(p* €cart e %%%qqyng;e%%eeacﬁea bedecoding the

encodi ng exanpl e gi ven above would b : . Find
rddemweenbytbammbamwmddwﬁe@m@estues (sy Bit-DPegodespitols in a

orcfém g; Eyﬂb%}%gg t%lset (s_s%i)rleag% g 1§r2§e(%%c{>%eé$2’?&0.3 For
ex@Xip3ts BRAAdScEDIn MY relt s ) ol gﬁéOeﬁcoding example given

above would be:

1. Find frequency band s with largest Ps'(s)
2. Decode bit-plane symbols of bit-plane M(s) for & (k) in band
3. M(s) = M(s)-1; Ps'(s) = Ps'(s) - 1

4. If there exists band s for which M) = 0 goto 1.

Determining the maximum bit-plane for bit plane coding of error

coefficients.

For a significant band s (i.e., the error coefficient
e (k) = c(k) or Ik € 5,i(k) = 0), the maximum absolute value of

e (k) is bounded by the quantizer interval in the AAC quantizer

as:

max (fe(x)) s thr (1 (k) + 1) - thr (i (k).
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Determ ning the maxi mum bit -plane for bit plane
coding of error coefficients . For a significant band

W@ 2¢05/086528 t he error coefficient e (k) ¢ (k) orP@kSG2004/000323
s,i(k) 0 ), the maxi mum absol ute value of e(k) is
bounded by the quantizer int4drval in the AAC quanti zer
a: max (|e(k)[)thr (i (k)+ ) - thr(i (k.))42
Therefore, the maxinumbit -plane Mk) can b e
determ ned using: max (|thr(i (k) + ) - |t(hir

ThEk £ 12 ) th& ruximBnSbh (Kp1hSe al (leadyakMawidte di@ed using:
decoder, MKk) need not be transmtted to the decoder
since the decoder is able to regenerate thr(k) and

M k), frami (k) for, signifjgant d . _For
2 P§S|gﬁ|m$% ﬁhrgaﬁﬂ +W¥kf|§bﬁ bdke) Ercuﬁgggdkfgom?e(k)
as follows : max(|e(k)|]) <2 ,k Gs , and the
calculated Ms) is preferably transmtted with the

cenen bi t tream '
ne RURLe R Rt sl o FOF, Q5eB0d8, 0R) TR D Aobo
tredaendeded ot ¢ eaid yiecheﬁ:edumeet bee am-smm(azofisiactele to

information, Mk) can b e f her copstrained to.
regrBEeLahe VA Ues %ﬂ&%@nﬁsr ) SBREMSURE b T (TIOHad 0T
bahB Ehe core -layer quantizer. Therefore, Mk) may b e

denoted also as Ms). In the decoder 700, the error
coefficients corresponding to the error signal can be

Fo&e Bgﬁgﬁyfi %Bé’ﬁééat v(Rharendgeodh NGy Phrdderrom e(k) as

anc ment ayer bltstrean1u3|ng the sane bit-plane
fogdawnlng

Ms)-1 _ pax (|e (k)|) < 2M(s)’ k € s,

and the calculated M(s) is preferably transmitted with the
enhancement-layer bitstream as side information for the

enhancement-layer bitstream to be bit-plane decoded correctly.

To reduce the amount of side information, M(k) can be further
constrained to have the same values for k for the same scale
factor band s in the core-layer quantizer. Therefore, M(k) may

be denoted also as M(s).

In the decoder 700, the error coefficients corresponding to the

error signal can be reconstructed by bit-plane decoding of the
enhancement-layer bitstream using the same bit-plane scanning
procedure as the encoder based on M(s). For significant band,

M(s) can be regenerated using the following:



procedure as the encoder based on Ms) . For
significant band, Ms) can b e regenerated using the
wo odososdsegy: 43 max Qhr(i (k)+ ) - |thr (i (k))P¢hse2d@4m00323
For insignificant band, the decoder makes use of the
M's) which is transmtted by3the encoder as side
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2 . The nethod of claim1, further conprising:
transformng the digital signal into a suitable
waleovaiosns2svher ei n t he transformed signal is quapti/zezhot/000323
formthe quantized signal before encoding the
quantized signal. 3 . The netthod of claim1 or 2,
wherein the perceptual information of the digital
thitgnal | S, feuc[,t her multiplexed with the core-|ayer
Bi-t $Er AP ™Nd t he enhancenment -layer bitstreamto
generate the scal able bitstream 4. The nethod of
claim2, wherein the digital signal is transforned.t
1.3 t PaliSHOPIEP PRI OG Bnal IhEThg MR T ht Byt Moerirede
biPsscEehec GRSt N nf:ansform 47 5 . The nmethod of claim
4, wherein the transforned signal is nornmalized to

~aEppiokinat ehe L wikrgus ighad, MICT $RFe@kbAaNKLe gluard zed
S ARLHOR.0L A, QN O G2l By 1cLg.3, wherein the

igital signal or the'transfornmed digital signal is
-pgudntinzed andcrnroodegpracgobdsad to the dbyirgl Rignalesnd

Ex t J G _Ad d Audi o_Codi
erE B SLpuP (DRG0 anced ouoi o, CAELIB A0t boen

enlc@dedWhgt @i thd hesreiiererappitBgreamperéoinethdyin an error
Ssubtracting the | ower quantization threshold
sw&aﬁéspondi ng to each quanti zed val ue of the quantized

-p3itgpabnbr aide Wigidalorsisggak10hatbe bk apstesprchl
_digital signal, thereby generating the error signal. 8
informatienhell Yic shygidne 6fJePar nES3ILBlTg Whetlei $Rhafrement-

LR Cg%geyé&h,c vyﬂ%ﬂ%iﬂ Schlésgqreép psl Peh EEPhYR] orostel the

eterm ning the perceptual Tnformation of the

didiigiaflabighghals @&eterMiacdetiséddgor naycentusi medehs and
; y
—dﬂit%pl%@%ﬁ&l{hérg%fgji %er bitstream and the enhancement-

layer bitstream, thereby generating the scalable bitstream.

2. The method of claim 1, further comprising:
- transforming the digital signal into a suitable domain,
wherein the transformed signal is quantized to form the

gquantized signal before encoding the quantized signal.

3. The method of claim 1 or 2, wherein the perceptual
information of the digital signal is further multiplexed with
the core-layer bitstream and the enhancement-layer bitstream to

generate the scalable bitstream.

4. The method of claim 2, wherein the digital signal is
transformed to a transformed digital signal using an integer

Modified Discrete Cosine Transform.
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signal is represented in bit -planes conprising a
plurality of bit -plane synbols, and wherein the bit

wo ploanas2ar e shifted based on the perceptual  PCT/SG2004/000323
information of the digital signal, such that bit
-pl anes which are nore perceptually inportant are
coded first when the bit -planes are scanned and coded

in a consecutive sequence durin it -plane coding, of ,
5'theT5FrB?t§?%r@ﬁ.c¥Rim'ﬁhewﬁﬁfﬁbg gkeaEga%ﬁ clgte !é%?ﬁ?l 1s
nokmhi8ed W8 &b 4 Alel @heSbAtahti S£T 8PHESENt £T: dFH k.

-pl anes conprising a plurality of bit -plane synbols,

and wherein the bit -planes and the bit -plane synbols
6.ar erAcanned, ands calpddurieng B hs- Bl BRSs COMAL Ol {4

error signal in a sequence based on the perceptua
diignfred mat yoad 8onf thd e ringifbahedi dnglifasushgtdbtidiquantized

- ! nbol f t it - pl Whi ch
gl BRSO R RO P ratnd A e eRaay piifet s  hfelBt Cappug (e
Adefanekdl mi8iercddinyvherei)n specligasttanea.of the

followng information is determ ned as the perceptua
informati on of the digital signal by the perceptua

7.0dehe nbBEoAI b1 - @ang Ot Reaghkon $b9BAl wMEHEM thge error
bit -plane coding of the error S|%nal starts Ms); and
mappiad) ist PRGEPERed |y Hudtercténg( JRP) 1PEgE| deinEheation

ol j i r R 0 eqgue
erfedidl BhOPaLeodnlFied SaChl HERRORAO RbL COERIRY
qusingriaked $2gnThefnwt hdee ofigdlitalmsigpawherethe pereept oehed

ni.fi_canc of the digital

Si. P %s ignal _1s.further
o3l gnab, i g byt
it Erasss Thetedr dalBrthi crRatraRe Fhath!
perceptual significance is determ ned by:
8. The method of any one of claims 1 to 7, wherein the
psychoacoustic model is used as the perceptual model for

determining the perceptual information of the digital signal.

9. The method of any one of claims 1 to 8, wherein the error
signal is‘represented in bit-planes comprising a plurality of
bit-plane symbols, and wherein the bit-planes are shifted based
on the perceptual information of the digital signal, such that
bit-planes which are more perceptually important are coded
first when the bit-planes are scanned and coded in a
consecutive sequence during bit-plane coding of the error

signal.

10. The method of any one of claims 1 to 8, wherein the error
signal is represented in bit-planes comprising a plurality of
bit-plane symbols, and wherein the bit-planes and the bit-plane
symbols are scanned and coded during bit-plane coding of the

error signal in a sequence based on the perceptual information
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determning the bit-plane of the error signa

corresponding to the JND level t (s) of the digital
wak@hsaBes2subt racting the bit -plane of the errpeT/SGzoan0o323

corresponding to the JND level t (s) of the digital

signal fromthe bit -plane o#8the error signal which

the bit -plane coding of the error signal starts N(s)

t hereby determ ning the perceptual significance P _(

ofyfréfernIthal pet OE Ry §ﬁﬁF|Eéﬁc@lﬁﬂ?sﬁymgohéeﬂft%Fe bit-
pﬂ%%@%r%hlkﬁea§§a&&t&qXﬁRQ$&9gH@9 §ﬁ98§€§§t0£rétcb&@étflrst
he bit -planes or the bit -plane synbols of the bit
-planes 13. The nmet hod of claim 12, wherein the
11587 GEBL ALy ShOBE T EANES B Sh | SHBRLIR! LECHSRU: one of the
non” PEF CEP dal 4 i gnifrcance Ps s§
fohﬂ@mﬁng haﬁedmmﬂlénfnﬂudeugmmahedhastheepenaéptual

et O 501 GAP LB P o WS PORFERBIa] model.

- IRy egptyaknsi gni fhe a&clenP sighalt kerehytgensi atpngné heoding

normal i zed per cept ual %Hlflcance Ps (s), wherein for
off FOGuEREPThAAENS f%ﬁamﬂﬁ StHe 3gdant i zed val ues are
~dt Rk #BEQcebBEe v i dnhq e cert @l o8 gALT | HQ@D@;?;L
Ps(s) is set to t% ue of the comon per cept ual

S1gr1@r1|,f M@ameénps_@mmpomdww@erfmemufe@pyf pagdenéythandigital

h [ , th
gL ANLSD Lhe,gramls s alies grgyel | oo the

mul ti pl exed mﬁth the core-layer bitstreamand the
enh enmen

MO, LEYEl. LIS SIS 9Snstatp b soal el enc.
Ps @)ang @het BEgEEADIsignal is further determined as the
perceptual information, the perceptual significance is
determined by:

- determining the bit-plane of the error signal
corresponding to the JND level t(s) of the digital signal,

- subtracting the bit-plane of the error signal

corresponding to the JND level t(s) of the digital signal from

the bit-plane of the error signal which the bit-plane coding of
the error signal starts M(s), thereby determining the
perceptual significance Ps(s), wherein the perceptual
significance Ps(s) is used to control the scanning and coding
sequence of at least the bit-planes or the bit-plane symbols of
the bit-planes.

13. The method of claim 12, wherein the perceptual
significance Ps{(s) is normalized by:
- defining a common perceptual significance Ps(s)_common

based on a function of the perceptual significance Ps(s); and
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signal which the bit -plane coding of the error signa
starts is determ ned fromthe maxi num quanti zati on

WO naossaEks used in the frequency band s for quaPtT/2GTg4/000323
the digital signal or the transformed signal. 15. A
encoder for encoding a digi t4d si gnal into a scal able
bitstream conprising - a quantization unit for

_ quantjizing th d@lngl 9k 20 169585 the
ﬁ ? ? % corg ?

quanti zed si @ orm ayer - an
PsamnomommpplﬁgomntmefpﬁrqyyﬂUaﬂnsmgnaﬁieaneé Hﬁp@]ngthereby

based .on the digital nal and the. cor
e RS FERENL 5 SRRGEPOHAL nat That . BabRe chE ol
wHéﬂéintE%rC@ESquéﬁafrbiﬂ&fﬂ'F%%WWhﬂéﬁufhén%uhﬂtﬁﬂe§r$£iues are
sig gerceptual bit -plane coding unit for bit

nOthaéﬂreZ@éGvn henheabire orf dibgnarreaREdabnSpantEpewage Ps(s) is
sdthfey nati 9919 geet% 9 d@lon bg%gptﬁs%&gﬂ@fwaﬁ@e

enhancenent -l ayer tstreany wherein the perceptual
Py ffopwnemt | endof the digital signal is determ ned using

rceptu nDdeI and plLexin Lt for
WH% %ipﬁgflggegﬁe c ngz ﬁngrbrﬁh%?e§§1aﬁgaPElzed values are
akﬂ1h&ﬁ©enEhb nbamellindsﬁdﬂﬁm@mubmegebyigeaahaé|ng'thﬁ is

bl e bltstrean1 16. readabl e medi um
M RIS L AT ce o SR T PE e EERAGs Shfl ERE. ShRdncement -
1RfO0IARs tWRER BXegeh&fh Y thLeRRULBN e BRkeSrLhg.
conmput er performa procedure for encoding a digital

signal into a scalable bitstream. the procedure
1&0”ﬁﬁk§hﬂgﬁoquE”&iéiﬁgrﬁh%ﬁ%ﬁ%hhakhé'EE%Lpléﬂg of the error
encod I Ng t he quantlze SI gha forma core -Iayer
signtadt mbagh the bit-plane coding of the error signal starts is
determined from the maximum quantization interval used in the
frequency band s for quantizing the digital signal or the

transformed signal.

15. A encoder for encoding a digital signal into a scalable
bitstream, comprising:

~a quantization unit for quantizing the digital signal, and
encoding the quantized signal to form a core-layer bitstream;
—an error mapping unit for performing an erxrror mapping based on
the digital signal and the core-layer bitstream to remove
information that has been encoded into the core-layer bitstream,
resulting in an error signal;

-a perceptual bit-plane coding unit for bit-plane coding the
error signal based on perceptual information of the digital
signal, resulting in an enhancement—-layer bitstream, wherein
the perceptual information of the digital signal is determined

using a perceptual model; and
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-performng an error mappi ng based on the digital
signal and the core-layer bitstreamto renove

WO pdos/0s@s on t hat has been encoded into the coPeT/SGzpen00323
bitstream resulting in an error signal; -bit -plane
coding the error signal based0on perceptua
information of the digital signal, resulting in an
enhancenent - |ayer bitstream wherein the per cept ua

—3 ifoketlicsd ngf uhkE Pgi Peltiflgrdng SheCOrRihdd tisPhfstrean

afd p@{ecee%%'cgﬁggﬁl 1a QE’ bm&éfe@ﬁwt@&ﬂe@% CRLErak 2ET the

bi t stream an e en ancenent - l'ayer bitstream
sthbrlely gdserabimng t he scal abl e bitstream 17. A
conmput er program el ement which, when executed by a
conmput er, makes the conputer performa procedure for
1encaliqighpa tdirgirbablabl gnaddiui, 0 havical ablpe diirkat reabrded
t he procedure conprising -quantizing the ?% gi tal
CRe e, %eéﬁcga@narwéaraua«mraee& Yo 2f GPRPHTST

nERES tﬂ@)&ﬁnp@t‘é%t b@%%rmpﬁrﬂﬁdﬂdiﬁ:earfo&r [Qfcol@PR B0digital
based on the di signal and the core-|ayer

Sbg@asl rigd® 9o scé @éeu h#bfﬁ*ﬁam%n et rPsedeen cORPsdedny:
@5& Jagnl h% dllamlbgggﬁgfa@n& estlldd g 'eaeaaufawc%ed

|gna IFane co the error signal based on
Sp@ma;bpimaﬂonnnfaocwmen—dmyef lwhesimegim,al si gnal ,
3 [ti.ng in an enhancenentla t,stre er
DESHLERIG, L, A0 SINICEIEIL) AYEr L LSt SR ASLEa) ana
tﬂetemfn4mayeusmﬁgsarpemce@trémowENMﬂfOﬁmutldnnumam @&xisneen
t he Q?re | ay E bi t stream and t he enhance

t - .la
SHE SB5 SGe AR BT e R o di Sl & 1% 47 BBPrToT

signal;

-bit-plane coding the error signal based on perceptual
information of the digital signal, resulting in an enhancement-
layer bitstream, wherein the perceptual information of the
digital signal is determined using a perceptual model; and
~-multiplexing the core-layer bitstream and the enhancement-

layer bitstream, thereby generating the scalable bitstream.

17. A computer program element which, when executed by a
computer, makes the computer perform a procedure for encoding a
digital signal into a scalable bitstream, the procedure
comprising

-quantizing the digital signal, and encoding the quantized
signal to form a core-layer bitstream;

-performing an error mapping based on the digital signal and
the core-layer bitstream to remove information that has been
encoded into the core-layer bitstream, resulting in an error

signal;
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18. A nmethod for decoding a scalable bitstreaminto a

digital signal conprising: - de-nultiplexing the
wae@bakises bitstreaminto a core -l ayer bitstrennT/aazhoan0o323

enhancenment -|ayer bitstream - decodi ng and

de-quantizing the core -layefl bitstreamto generate a

core -layer signal; - bit-plane decoding the

enhancenent -l ayer bitstream based on perceptua

“OLAFBLARE ORTHRY t HEE ditgicraFigrghalPasaRdor RRFER IRy an

1n@6kRkt TBRPH A O: Ha ﬁ%&ltE@gﬁh&,'@&@ﬁ@tﬂﬁ&oﬁﬁdan enhancement-
enhancenent -|ayer bitstream and the de-quantized core

layegybitstgean, whstidin #gei peaceptonst iufeemgation of the
e f sign rein.t econsir d )
G1G52081 LR, 010 MELE 105 EeGRRSLIUEA B anc

-muthpdlering| ahen d@reflavichebitsansbar ahdgthdeenhancement-
reconstructed transforned signal ipto a reconstructed
1B R COhEer B TR e dBEE PR e Lad BP gRigR -FRLT it tS LR can.
digital signal. 20. The nmethod of claim 18 or 19,
wherein the Eerceptual informatjion of the digital o
185i gAhaleFROBbE aF MdRFIHE% BhECdeaRuPt PpEekraglofnEpea digital
sigeahabbgppissigeam 21. The nethod of claim 19 or 20,
mhereln.?he core -layer signal and the enhancenent
- deapultspypainariehe randhblredistngamninno egerore-layer

biMAALLLRD, P SEH oL n LDRING  THABRL LALLM, - 52 22.  The
mstkoé O? any one% g{éalms %to%, erein the

- cecedlinyeand)i dstqwartizingetbdedoardldgeguant szeehm to
eacco%ding to the Moviing Pictures Expert Goup (MPEG
9AGvanced AUHFO %%ﬁﬁrﬁf%@ﬂk) speci fi cation

- bit-plane decoding the enhancement-layer bitstream based on
perceptual information of the digital signal; and

—- performing an error mapping based on the bit-plane decoded
enhancement-layer bitstream and the de-quantized core-layer
signal, resulting in a reconstructed transformed signal,

wherein the reconstructed transformed signal is the digital

signal.

19. The method of claim 18, further transforming the
reconstructed transformed signal into a reconstructed signal,

wherein the reconstructed signal is the digital signal.

20. The method of claim 18 or 19, wherein the perceptual
information of the digital signal is obtained from the de-

multiplexing of the scalable bitstream.

21. The method of claim 19 or 20, wherein the core-layer
signal and the enhancement-layer signal are transformed using

an integer Modified Discrete Cosine Transform (MDCT).
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23. The nethod of any one of clains 18 to 22, wherein
the error mapping is perforned by adding the | ower
waee@ssesat | on t hreshol d used for de-quanti zi ngPeT18G2004/000323
transforned signal and the bit -plane decoded
enhancement -l ayer bitstrea® thereby generating the
enhancenent -|ayer signal. 24. The nethod of any one
of clains 18 to 23, wherein the enhancenent - |ayer
bitstreamis bit -plane decoded to generate a
22pl ured ithet 1dd it anPl anesocoins NG aoplour,akinieyeah bhe
- pl ane synbols in a consecutive sequence, and the bit

COL BT HHERT -6 SHiPfled Shasea sh Ak Jreréptyaed according to
thb oY M | P Qfr dhexdigi t akosh INBEd)0 QRNEIRLE Aﬁl@ef__clgﬁ'gbding

- pl ane decoded enhancenent |-ayer bitstream 25.

(Ajet hereoffigptiome of clains 18 to 23, wherein the
enhancenent - |ayer bitstreamis bit -plane decoded to
generate a plurality of bit -planes conprising a

23pl uTlad itetlodd it angl ane synbbhing N & ted@encdchrased thr

€N N T —

thretByBd BidStiQaMe-dBanthei gt hod Wfard A Algnd3, and the
wherein at | east one of the foll ow n%;{rl nformation i s

PiteREIRRARECTIE PErREpTaaF—T AYF it TrF St HéSdisdint al

gefb 888 ng -{he Hidarnd2h@Re-Mai R cofdLsponds to the
enhancenent -1 ayer bitstream when the bit -plane

decodi ng of the enhancement -layer53 bitstreamstarts,
2 e e R et ot AT G e ene
enbdagce¢meént-layer bitstream is bit-plane decoded to generate a
plurality of bit-planes comprising a plurality of bit-plane
symbols in a consecutive segquence, and the bit-planes are
shifted based on the perceptual information of the digital
signal to generate the bit-plane decoded enhancement-layer

bitstream.

25. The method of any one of claims 18 to 23, wherein the
enhancement-layer bitstream is bit-plane decoded to generate a
plurality of bit-planes comprising a plurality of bit-plane
symbols in a sequence based on the perceptual information of
the digital signal, thereby generating the bit-plane decoded

enhancement-layer bitstream.

26. The method of claim 24 or 25, wherein at least one of the
following information is received as the perceptual information
of the digital signal:

-the bit-plane which corresponds to the enhancement-layer

bitstream when the bit-plane decoding of the enhancement-layer
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signal, wherein s correspond to a frequency band of

the digital signal. 27. The nethod of claim 26,
wok@sesds2g he bit -pl ane which corresponds to tPer/SG2004/000323

enhancenment -l ayer bitstream when the bit - plane

decodi ng of the enhancenent 33 ayer bitstreamstarts

Ms) is determ ned fron1the naxinun1quantization

: I d the fr. band_s
o1 §BEEhA LT RGeT Nt & B BReDT ForPRRhT-28. PR ACHEHRFT M
angor decoding a scalable bltstrean1|nto a dlgltal
- a de-multiplexing unit for

I
—@%QEISE BQB%%&%@%%P@ K)F@@i reanel b e gtgital
31g5§¥erwﬁéféiﬁE@”@éﬁ%ﬁéﬂ%nﬁnE@ngeﬁ§@&ue$@y35aﬁﬂté%rﬁﬁgndlgltal

de-quanti zation unit for decoding and
Sl@eaQuant|Z|ng the core -layer bitstreamto generate a
core -layer signal; - a bit -plane decoding unit for
bit -plane decoding the enhancenment -|ayer bitstream
27basedeomepE®@e¢EL&ﬂaﬂmﬁ25rnahbmeinfthhebﬁtgplamesWnﬂuﬁ'

- an error uni for ng a err r
COﬁ&ﬁﬁPﬂBdBaE‘édt%% %)‘ﬁba‘g%etmen%rgﬁge bﬁéglr%%% e bit-
plaln@yaéceaiﬁgr@ﬁn&@@%ﬂmc@&equambyéedbgeg@reé@yﬂfarts M(s)

signal, resulting in a reconstructed transfornmed

l%ﬁgﬁarrmlwa@r Bromt e Meegasiy gupBEiErRRSE of FERL SR yiated in
tHeS f_trgﬁuehelyt Bhngi gnadr c?&% ¢ nctqrm(gerth@e@@@@LQag@gl HMstream.

haV|ng a program recorded ereon, "wherein t
program mhen executed by a conputer, nakes the

ngorfauasfcoae&f o 8 é%q%ﬁed%f %cgggbggcsgkggr 2BCALAPIE qigital

i t St ream T nto I gna e procedure
sngmm&rcsmpgiSﬂng

- a de-multiplexing unit for de-multiplexing the scalable
bitstream into a core-layer bitstream and an enhancement-layer
bitstream;

- a de-quantization unit for decoding and de-quantizing the
core-layer bitstream to generate a core-layer signal;

- a bit-plane decoding unit for bit-plane decoding the
enhancement-layer bitstream based on perceptual information of
the digital signal; and

- an error mapping unit for performing an error mapping based
on the bit-plane decoded enhancement-layer bitstream and the
de—-quantized core-layer signal, resulting in a reconstructed
transformed signal, wherein the reconstructed transformed

signal is the digital signal.

29. A computer readable medium, having a program recorded
thereon, wherein the program, when executed by a computer,
makes the computer perform a procedure for decoding a scalable

bitstream into a digital signal, the procedure comprising:
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- de-nultiplexing the scalable bitstreaminto a
core-layer bitstream and an enhancenent-| ayer

whass@asn - decodi ng and de-quanti zi ng t he cPCESGzp#000323
bitstreamto generate a corg—layer signal; - bit-plane
decodi ng the enhancenent -| §Er bit stream based on
perceptual information of the digital signal; and -

- BeLLOIIIG ARELLAr sPRPRLNY DASEt: O LR Pial Rl@0Eayer
_decoded enhancenent -layer bitstreamand the
bigetppramntante@nc engahageenist kpvdr bisyindany in a

- t tr [ gn v el n.t
GECANS S AT RS S ndes IR Gigtfeean 5oa
gene3ke A computlerepr eggasmi el ement whi ch, when execut ed

by a conpuier, .nmak the conputer perform.a procedure
- $ R e 51 8Bar BB SRS R T S grean pased op
peBtghalal titepnReeddr 8F COMPrashNgal -s dgramyl tanpl exi ng

the scalable bitstreaminto a core-|ayer bitstream and

- %%r%ﬁﬂﬁﬂﬁbﬁ@h@rrpﬁy@ﬁpgi$gtb%g@ﬁ on det diifgpdige decoded
enf€s QUM ZAI NG L RS +SPLEam ! &rtﬁét&éléﬁﬂﬂéﬁzékﬂﬁﬁf@t§a§er

core-layer Signal; - bit-plane decoding the
s 1 gpdnbn cearmntt inlgayier abireson stam daee dt van peymesst gdlgnal,
wnb L AL Bl Qn.of, 406 dLgi {;ﬁimsgf?{‘zﬁ‘%d &lna1 Y LI ALSCUR)
error napplngnbaseg on e bIt-plane decoded
sigmhhncenent -l ayer bitstream and the de-quantized
core-layer signal, resulting in a reconstructed
transforned signal, wherein the reconstructed

301 r amsd PR 1S igddRlr ainS et BRe it Ol 8th Sigdd executed by a
computer, makes the computer perform a procedure for decoding a
scalable bitstream into a digital signal, the procedure
comprising:

- de-multiplexing the scalable bitstream into a core-layer
bitstream and an enhancement-layer bitstream;

- decoding and de-quantizing the core-layer bitstream to
generate a core-layer signal;

- bit-plane decoding the enhancement-layer bitstream based on
perceptual information of the digital signal; and

- performing an error mapping based on the bit-plane decoded
enhancement-layer bitstream and the de-quantized core-layer
signal, resulting in a reconstructed transformed signal,
wherein the reconstructed transformed signal is the digital

signal.



