Cont ext - Based Encodi ng and Decodi ng of Signals

Background The present invention relates to systens
war@eeddbo©ds for codi ng data, and nore parti cuP@Er/bg200e000211

cont ext - based codi ng systerrs and net hods. Cont ext

based co ba i@ 2 i: g;ﬁ !
statisti 184S ..Dﬂ i diffy - to

capture the statistical dependency of the sanpl es
generated froma source. In a context based coding

Bagkgreund t he probabi | i ty assignment in coding a given

TRE PR R Bl h TR oot G St e

&ﬁ@ﬂdﬁj} tPeHtexBasdd cOMas s dy§téiﬁs shdahimheds. t he histori cal
san‘pl es that have alrea been coded and transmtted.

The detail ed design of the context is vari ed in

i ffer tio Fo
88 o) LMDl 8] of KOR) Sl By e
stfitér oEcbnt, itd Sapdire Mtﬂﬁubaprdnaendyrbfltnelg@p:wgdhgnatddrfmm a
‘ robabl li tt)éﬁass nment of codi ng‘éﬂbdgl ven pixel is

S%t:ee rIarcen cagifng &ysism, thegprgl @ﬁsmg@@@w} coding a
aS e%ﬁ%le glﬂz}%ndélofé ttge Hoﬁt%)gmtvﬁﬁehﬁist% ﬁ@{eh %p %El{]‘ggﬂo%gtmn that is

almidy dondwn maboth }&tet emooded @nd &a@acahnﬁbeanmm tthef hletmsntﬂ e

sapeles G2k e gready DEeR et e BB -+ TS S5 Bish Pf B
cORSH GOVRRE if Bidferddt SpplRhESIY TeFeR¥ngle, G0 MxB Eém Pﬁgs%ﬁ ik

modul e 130. Conventional |y the context nodellng nddul e
corext of nexding a tetor canhedanhwkbyf ity praeadargnietiéraglnt meage coding, the

plRbD bR PRER e BBy Flhshd Mo Ry i b
adjecnedodetDpikets. f | Xxed, pre-trained frequency table that

recorded the probability assi gnment for the possible
sanpl es, which is then invoked when the context is

Pl L3RS RRALARRALAR B S LoRIBRGLY KSR NG In the

requency tab cont ext was
catjentsémtisydtent DAY, eich sanqblengxtprtdms ﬂ:eaiatamodrmglt)os tdied by

sanpl es co h that context. The hjt e. codi ng
uE RGB! ol FAbuBIE g OGRSt BB arargoiy
afRighment thaPdr€ determined by a context modeling module 130. Conventionally

the context modeling module used one of two approaches for determining the

probability assignment for a given context. The first approach used a fixed frequency
table in which each context used a fixed, pre-trained frequency table that recorded the
probability assignment for the possible samples, which is then invoked when the
context is hit. A second approach used an adaptive frequency table in which the
frequency table in each context was adjusted during the coding process according to

the samples coded with that context.

The bit-plane coding technology was previously used in image coding, e.g., A. Said

and W. A. Pearlman in “A New, Fast, and Efficient Image Codec Based on Set

Partitioning in Hierarchical Trees,” IEEE Transactions on Circuits and Systems For

Video Technology, vol. 6, no. 3, pp. 243-250, June 1996. Bit-plane coding has been
1
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and W A Pearlman in "A New, Fast, and Efficient
| mmge Codec Based on Set Partitioning in Hi erarchical
wae@enpev3é EEE Transactions on Circuits and SysPErsGEo#/000211
Vi deo Technol ogy, vol. 6, no. 3, pp. 243-250, June
1996. Bit-plane.codi | j
wi R vt Rl oD B 0RO B A e Do thas

achisvb€fihd Hrahulachit-enescalabliRy gltitplane boding, alieedigital samples to
scalability. In bit-plane coding, the digjital sanples
be epdpé aedirsieranedfintp stseesfpysetors thach veder s dhegrcoded using a

seéﬁ%nftlglf %F}-gﬁ%g Qca\ﬂﬁﬁ] %gll(rl] Igg%%g Iﬁ%élfbgeq’?%réjﬁl% ngtaaelérﬁéﬂ@ e ic@hed,

scanni n od where the data
seqLafiRy Srdh theanoke ignianichit (MSB)to the leasttsipmifimast bit (LSB).

EER L O A I T
2 |
¥ . e )
oA A A e st
c & acoadi eat.c S ekod ased bit-.
- nodul e accggllr]din%to'g; ont e Tisle%dsto tgxel '
plaghtadiie ameipes B BRS) ABRE BPCRtrogy hoceteBartly psed

forkh dif€ Q5Prichidchs DQRA 2WIEIRG POOT R TR Talbhbh, PEEER
codi ng appl i1 cati‘ons, such as JPEG 2000 [ See D

Pélf_ﬁlrglagtg Sthb@/anEaEc gommssiensdai EBCOTI Edg&E Donplmmsgei on
th. " e i :
Plgsespingool 4 nest- b1 4G - LATD, Hn g0t B S Ridin By Aiee

sIPemiS Y.1B. 1881 dod Y-S. Beo KiMmIaNEyeY bitSlic&bbit-ratd/bdalibid ayts
bit-sl |3:ed bit-rate scal abl e audi o coder," 103rd AES

casient d03| AES seryantine prprot 45200¥397]vhat i s needed is an
i nproved cont ext - based codi ng process which provides a
better nodel for the data we are interested in to
Wahiseiedddas areimprovad @atixohased chHdingpreess valridh pluvides a better

B e PR Sh eUR S BR R oo e
amm%ﬁgfé@aaﬁgti&% LBOHR RS AR BEME-F%R @dngdnd

processes t I ncorporate bit-plane coding to allow
scalability. Optionally, particular context features,
Ssuch as frequency band, distance-to-lazy bit-plane

; significance state and quantization interval of

ThéBresae fveRtic Providbdcdnisxt HaddRYciline arb&Sodiay sdems and

i ncluded to further inprove performance. A | .
prosersesthatinensporatediicplary enfinesmallpy ssrabitifh Japtiatly particular
cénqg)it lféja%f‘reé, 3981“5%'ﬂkqhér?cgl%faﬂfl,rﬂistance-to-lazy bit-plane plane,

significance state and quantization interval of the coefficients and the coding

processes may be included to further improve performance.

A context-based encoding system, in one embodiment, includes a domain transform
module and a context-based coding module. The domain transform module is -
operable to convert the input signal into a sequence of transform coefficients cfi]. The
context-based coding module includes a bit-plane scanning module, and context
modeling module, and a statistical encoding module. The bit-plane scanning module
is operable to produce a bit-plane symbol bps[i,bp] for each transform coefficient cfi]

and each bit-plane [bp]. The context modeling module is operable to assign one or

2
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nodul e and a cont ext - based codi ng nodul e. The domai n
transform nodul e is operable to convert the input

wak@haabesdait 0 a sequence of transform coeffici ePtEHSGLI04/000211
The cont ext - based coding nodul e includes a bit-plane

scanni n dul e, cont.ex

QTR s bt dhdbesatir el birRanp IR Re Seafinfhes

st%‘i)s‘#l‘[élaleco'd?n gQRETuRDs 8p Er@bl@ 1@ Ebtieash Bf the Bit%ﬂ‘;ﬁle%ymbﬁis bps [1 bp]

ps for each transforn1coeff|C|ent cl[i]

ada funpliemef dnbp} mofthef tho noresspomnrdiniecantext volges © prgduce a context-
opgrablde to assi %n one ornore context values to each

based epdpd BERRALGTH™ ) ane synbols bps [i, bp]. The
statistical coding nodule is operable to code each of
the bit plane synbols bps [i, p%@as a function of one

Theseapd ethef featueesed rtheelsp@rmn rvill be e tsetundesiped in wiepr ofdhe e

otk G B e SR R L B becr “naer st ood 1

V|em10f the follow ng drawi ngs and detail ed
description which follows. Brief Description of the
mtl@i@fthﬂmawmﬁrat es a context based coding

L
Fﬁy ?ﬁlilﬂrgfé%% o F’l‘tr%%e ﬂ{g SXE‘tafn%fkn gégglg?‘extﬁ based
FRACDAlahd 2B Glhm&hﬂa@d figdt eﬂﬂ)edlﬂtelnomﬁ a casge bBSe\i&hwder and method
accordance with the pr i nvention, Figs. 3A and 3B

of m&a@toﬂateégecaveééda RECOE EI Wé‘ﬁ’ﬂe pesent iysp 9& based
F ﬁd A E@Q % s@on@RRHBdRAt of a?&ﬁﬁé%tt b¥&h¥ncddir and4 5

ccor ance Wt e present invention. Figs. 4A and
mietHodsif bpereﬁona réspegsiveynrodicondatceot itlathe pmesent mb%lgl@d

dec met hod _of er.at
FisSooA gih A8 TR R 605 BB fien? B bR Bhtelidebosd: ndmethod
of bﬁéﬂﬁicfnak%ecﬁvazqa@@c&ﬂmg wiinhe plesént G@Rhdxk. based
decoder " and of operation, respectively

Figscoh dad5B illistitcs hecqond smbedimeptpt 2 @qmewsbﬁdldéeoder and
bk
g Bty Sp e B AR OPi R BT, Bvliitn, g -

of bit-plane syrrbol s of an input digital si gnal The

desi gn has particular applicability to audi o content,
lﬁﬁﬂ£3§¥§5§£@§ed in alternative enmbodiments for
T@IE ggegélﬁ'iﬁ%n{iméé?@ssaﬁﬂevg 8 fle83eVieh kordRe plobRATbNébntext-based
coding of bit-plane symbols of an input digital signal. The design has particular

applicability to audio content, but may be used in alternative embodiments for
processing image-based data as well as streaming video.

In accordance with the invention, four types of contexts are used separately or in
combination with each other to code the input signal. The contexts are referred to
herein as the Distance-to-Lazy bit-plane (D2L) context, Frequency Band (FB) context,
the Significance State (SS) context and the Quantization Interval (OL). As will be -
further illustrated below, each bit-plane symbol b[i,bp] of transform coefficient

c[i},i =0,..N -1, from bit-plane bp is coded with one or more of the D2L, FB, SS,

QL contexts, now described below. It is further defined that smaller bp means the

least significant bit-plane and that bp is started from 0. Therefore, we have

SUBSTITUTE SHEET (RULE 26)



In accordance with the invention, four types of

contexts are used separately or in conbination with
weawh/oedber to code the input signal. The contEXI/SGzI0€000211

referred to herein as the D stance-to-Lazy bit-plane

(D2L) context, Frequency Band (FB) context, the

S gLy ; St at Sp) context and the Quanti zat{yn
c[ﬁn_t gﬂ/gﬂ?éﬂz 258W|§\}I8{S be further illustrated belt(ivv,
each bit-plane synbol b[i,bp] of transform coefficient
whdat s[i] afid @4 are d¥pectivelfy tinsign andothamerd fEngth foodpd. wi t h
one or nore of the D2L, FB, SS, Q. contexts, now
described below. It is further defined that smaller bp

me t.he | east ,si.gnificant .bit-plan t. 1S
i AT D dRerr Gocrinib i, e By BRid Signal,
altohg® PlodB Rkillel 58 - the Brtl willl dppb@site théti dird dnddiditations to these
respectively the sign and the word length for c[i] . .
deFlgms oyl hewisad) te adape fie igeasitigndo spreodgeind rdepeds $ignale popsaining
tgfégn I nput . audi o signal, although those skilled in
otfigrdodps ofgopfen ppreci ate that mnor nodifications to

t hese designs nmay be used to adapt the invention to
encode and decode signal s containing other fornms of
Context rency Band (FBFr equency Band (FB) The FB cont ext
PP : ¢ A .
ThEBPLRRER SREAAED, SR UEHAL L BGHIAR! Fordig 10 & Thghchey
lodgpandaithys adedtd eappure birehddpendendy of thielppdtiability Hlistritetion of the

bit-plane sy |'s of the transfo coefficients t.0
bif-plane Svmsaléé{{g'ge tgRsferm roekficien | {m}leg%i%qahg% In an
SR EOShd 1ehGoin® Ghitlcidie (flaas! thodfidd o thr
e’%ﬁﬁ%@% er en]?’ Egigghgccor di ngCIt 0 |C:Es] freqSency o e
diffefeat baifils adedreing, to liw\iregaeuty(10catiof, kingly, Mowt Hadd0(~44 kHz),

M Bk 47 - Sh ERA) P ieb Hne SBRRF i 411 £h Filifontextfor cach
tr%éfdrﬂfq%f%%ﬁ gg 'Itlﬂzg éﬂg}iﬁf&cﬁfcﬁ%’%%ﬁh ch& BAHACH which it

ongs. rse, it is possible’to use
baloddser ent frequency band configuration with different
nunber of context and/or different frequency range
classification.

Context No. Frequency Range
0 (Low Band) 0~4kHz

1 (Mid Band) 4 ~11kHz

2 (High Band) Above 11 kHz

Table L.
Of course, it is possible to use different frequency band configuration with different

number of context and/or different frequency range classification.

Context 2: Distance-to-Lazy Bit-Plane (D2L)

The second context employed in the present invention describes the relationship of the
bit-plane number of the bit-plane symbol to be coded to a pre-determined integer
coding parameter lazy_bp. Implementation of this context stems from the observation

that the distribution of the bit-plane symbols from audio signal tends to exhibit similar
4
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Context 2: Distance-to-Lazv Bit-Plane (D2D The second
context enployed in the present invention describes

WO b@oeadoad i onshi p of the bit-plane nunber of tPET/SG2004/000211
bit-plane synbol to be coded to a pre-determ ned

I nteger coding paraneter |azy_ | mpl ement ati on of
sketyiof thomtobabilit whep Irhﬁsﬂmqwﬁleosag)érd;%tﬁm%rfOtth%Par@w&ter lazy_bp.

inhEREleAY bl kI ehit RBERURObS bpPDVBLG, bp,

vvhen t hey have the sane distance to the paraneter

lazy b In the present invention, D2L context is
FridpiAee, s BEWY?%) that the prolpability bﬁ!sew If&r‘%lﬁ@la% Fiémg‘iﬁts tpads to
I
OSRRRL S o TR pIBAEH S 30 asen by

grotiping alp desDRL eotitexts with| D2Ibphe Lcwhd:re)h 1sdlels;regnleuyd parameter
groupi ng al | ontexts with D2L(.b ere L..
asj @ne, CORIERts ettt @grpi SIRaGHE EklloRAtT Gppahebility
dlghf)utﬂhlgpg %IY)HMI a%lgm‘ﬁaﬁ%j with equal probability
ut ro

stri bability assignnent Vz. In a
particul ar enbodi ment, the paraneter |azy bp, selected

in the CB- encoder for optimal coding perf e
o OB e S B SR IRE BB
fopg nﬁﬂ%&’ﬂﬁ? Eﬁbm%ﬁté RGehdto IRCOBLBRC decute ! coBiectly restore the

ficant 'state (SS) The significance state context

D%Cmtéqre@nledlmwmghe correl ati on between the
anpl i tude of adJ acent transformcoefficients for an

audio signal. In a particul ar enbodi nent, the
C@it@ﬂlgfglﬁﬁﬁ@@tstaad@gl g _state(i, bp) is def i ned as .
follows: fO c\i\ Is insi nlflcant re b| r})eita‘g
Theg glgmﬁgglgieesta\xtp RS is) eynploye t()zl}‘lo e Jcoirr§ atlon een the

a:ﬁélﬂﬁ‘def bE gy ?. %c&%ft%&o%t@eﬁme;ﬁy fhek %ua@ gphdli BN Xpa«'fmlar

nsi gni ant” neans that there exists/doesn't exists
entmdiment pthe significame syerisigl_sstdyp(i, bp) 1§ definted ap fellgys: The
SS context for each bit-plane synbol to be coded is
then given by the Si gnifi cant st ate of its adjacent

coefficients gxﬂlg%&%%} gﬁfé r?t"g Pa]glj acgn:
0 [ X or bi e
Slg %Mté@ bg?‘ s{ﬁp] chil] bs sigrafigimy éqfobe;/bllplane bp Py

where “significant” and “insignificant” means that there exists/doesn’t exists non-zero

bit-plane symbols b[i, j] with j<bp. The SS context for each bit-plane symbol to be

coded is then given by the significant state of its adjacent coefficients. For example,
if 4 nearest adjacent coefficients are considered, the SS context for bit-plane symbols

b[i,bp] will be given by:

SS (i,bp) = {sig _state(i —2,bp),sig _state(i —1,bp),sig _state(i +1,bp),sig _state(i +2, bp)}
3)

Context 4: quantization interval (QI)
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55 (i, bp) ={sig _ state (i - 2,bp) ,sig _ state(i
-l,bp), sig state i +1, bp) , sig _ state(i +2, )}
W@ 3)06098&xt 4: quantization interval (Q) SeveP@l/SG2004/000211
codi ng system architectures incorporate a core
encoder, such as the Advanced Audio Zip_ [See R
Several ce;imgzayWa jEchHeRuIETInCRBOralend Cprg) cARPder, Syek s &hs Kdvanced

ABEEHESEAE 2,00 IR el osy

Lbsssesé Aﬁ&o&(&ﬁﬂe@ f(ﬁCNIEEG 4 AuSlUCStaBibteyI%ssress ChéingSrRroc. ICASSP
ncoder gerf orns the quantjzation and codi ng process

2004 TGS 2 assles 20 S0eT e e [3 Jysjenn@dhe core gncoder pgrforms
hgrl?gﬂlﬂl zatl /" a?[&{ (g)gg‘lgfc})rééegseﬁr[?é H‘ Sf(Sl%P E@e’?ﬁa&ﬁs tctl?l b‘Q}SI CN 1to

e I nput sig

proBRgR z{‘ébré Bitlseiin lﬂﬁ@ ertré%cﬂrs @wls‘a@maqdanmﬁat@mw Qgit @@ @ie input
S|gnal e[i],i = |, by renoving the

signglor manuem’ortmatplmass @heme@@@gl toepiedaerd ediransforerasisiual signal

V5300 U A 4 L S
cdtb tbhtsétfe%m Th R Ao 1€mgng;f%tie@fmfhhth% CB-BPAC coding

architecture 1s s nd described in Fig. 3A bel ow
prsesshi® pesiude ghe sﬁ@h dit-gfekin, i . =On. exentplary lembodiment of this

ety BrehBuRAnd ARG P o PIPY0 N 1. (s

anplitude is usually bounded by a val ue that depends
on the'guanpizatiqn'interval of the core encoder
Aguheatiesidual Jigeal eldli + 8]V £1] nﬁegmratﬁql]as a(mgldwiefrem the

e
N T

qedngpét| Thet igonstructed by subtractl ng c[i] to the
m d- val ue of the quantization interval, we have
interval[i] = D 2 . In order to make use of this

per 1 i nprove the codi ng performnce,
|6$’LJE 't"fe?}a/‘fl h interval context Q is also madgl)
avai |l abl e for enbodinments utilizing a core encoder,
the quantization interval context given by: Q{i,bp) +

whbie the Grﬁ)zmhm]eddg{ehds 015 tHehquapdzdtioal intercairot elif tand theabeteailed

for e[i) with all the b|t | ane synbol s
error ma[ppzng process employed. gor exam%)le %f uniform quantizer with

quantization interval A is used, and the residual signal is constructed by subtracting

c[i] to the mid-value of the quantization interval, we have interval[i]= A/2.

In order to make use of this property to improve the coding performance, a
quantization interval context QI is also made available for embodiments utilizing a

core encoder, the quantization interval context given by:

0, |efi]| + 2 < interval[i] |
o1 (i>bp) =11, lé[i]‘ +2% <interval [z] < |é[i]| L o )
2, interval[i] < |é[i]| + 20
6
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recei ved before b[i,hp] . FromEq. (4) it is
straightforward to conclude that when Q =2, the

W@ 200600930i t - pl ane synbols b[i,bp] is zero w tPCT/SG2004/000211
probability 1, and hence it does not need to be coded
(nul'l context). In addition, conpared wth cont

wiggre @[l]tlﬁ éhqopamalbﬁep@nsyudﬁd yilae 5oy ebpithedlh glqbb&mplame [gmbols
mych, | mared with when Q =l and hence they are

regiyes Plilo contexts in the invention.
Cont ext - Based Codi ng Architectures and Methods Fig. 2A
illustrates an exenplary bl ock diagram of a

FrofE@X#) ha§ @dal aftitoSaoatiate Usetvied @ROpER @ifredt/BitHlane
si gnal illustrati ng the correspondi ng net ho
symbotspé[nl,&p] ofh zerRemh probapitityr 5t andohenge itedes ot ngdotorbe coded

ram of _Fi the e er 200 clu -

o F’Eﬂ')m o dtition: gomspredy oy coties Al hE nfeebility of the
b[%g P»\Hﬂ%rmﬁﬁﬁﬁ@ﬁ@m%fr@d vl whe MO PhRXRnce by are
The” confext - based encoder 220 further conprises a A
trdakdd-iploawe coreRBiin theiébution.222, a context nodel.i ng

nodul e 224, and a statistical encoder 226, which in an

exenpl ary enbodinent is an arithmetic encoder. Now
CORLABAAICHRRE Arhifek@fes AR NRMDRB to describe the
gricoder s operatron, an audr o strgnal 202 is supplied
Fig R A likstratasnad ﬂrelmplmzl bloek A raam df & canteftdrassbencnding system

w0 o 11 i) S e LEen e i pening Fefhod o1

f oY i dice8e
%%‘@ﬁe?%ﬁ%?*gfﬁé?z‘h&?%@%@%ﬁﬁf T
ng

ingludésouginsionmanodulallY, o comitxtdrased grithmeetigicoderd 8-

BEREhE iR st 230, TECHIRE PR chEfdsr 220 Father pmaris

a BiRylaae s¢anfflg hddus 2220 a abiiteit addelifig ﬁmdﬁw APANAE diaistestical
t he present i nvention. At 252, the transform

encpdar 22, vehiels inor gxemplarg eibediment ISyn atifmsticeneeslerne
bi t - pl ane scanni ng nodul e, which operates to produce,
for each transformcoefficient c[i] for each bit plane

Now refemngili)tlpﬂodh§ rdndI2Bopsiescribpthe entoderls ¢pepdtimnean audio
SIGHG A S BRI RS AFAPIOFE EO o i B (e Topetigt
cJefﬁEEﬂtJ‘ @[b]gpx W VerEiceagbh1 M Pfg OB ] Int PpAHiBilir dtABnent,

nbol s are next supplied to both a context
thHﬂdﬁdfbﬂﬁgnmﬁiH |2Q0 fs%berable to provide a discrete wavelet transformation to

the supplied signal, although other transformations, such as the discrete cosine
transformation, discrete Fourier transformation, as well as other transformation types

may be used either in alternative embodiments under the present invention.

At 252, the transform coefficients c[i] are subsequently supplied to the bit-plane
scanning module, which operates to produce, for each transform coefficient c[i] for
each bit plane bp, a bit plane symbol bps[i,bp]. The bit-plane scanning order, in one

embodiment, is carried out from the most significant bit-plane to the least one, i.e.,

from the maximum wordlength M of cfi] to 0.
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and a statistical coder 226, the statistical coder
conprising an arithnetic coder in the illustrated

weniwedidyent . The context nodel i ng nodul e 224 PCT/SG2004/000211
i ncorporates one or nore of the four context nodel s

descri bed herein (process 25 and is era eto
Bigplang symhels sl S a&d?éasqmb?g forhoty g EantGE ‘bﬂmﬁ mgdyle 224

nbol ont xt, val ue. for one
aqqfaest%ﬁsspﬂﬁémr% e SRS ot iR DR e By B he
1088t erBY EmERN 8 leoNBkURSIMBY niodGlewrde iAcdtp@aiet ba@dCRore
state context val ue conputed usi ng%%)ew ously encoded

oibtihg /fqmlr amﬁegym@lsedesmbled Imreeq(pew crndgm pRstebly &0 afsign
LS o ABOES i SRS LA
0126:&%8 r§ & hlg'ah% ﬁl@ﬂt?o '3?1%)?[ éﬂ(}d@l%f&b&%ﬁ The one or more

e con I ng” nodul 24 may be
ceudek lvgué@day icheis iagignifitdncadtgte t:omaictyvame:onmutedmsingal ue

h | 226, f |
KOOI R P
d%fa@&!s{oqyé} ﬁ?ﬁfaﬁé ehRBt 'vaRl'é % dlishAnGEyy Be h&%b{on of the

e currently processed bi't-plane synbo
chpﬁxily phypssed bit-plaretsymbolsnibopiartrewar ernbrslimenis.che context

g e see Dot o A R SRRty ue
tobl’hE stﬁhﬁi&ﬁl &M&bﬁ% st ekhmpPRla oonexgvalue:cmteeF@ndﬁ@g {oasthéothe

frequency band context, distance-to-[azy blngglane
ﬁcquneybqndaqfdrasqifgnn cpeffigient, of the disiansedodlazy bit-rlansy

oy BEVETEN bifdule Db bo L ToiofRE Lt ARAC S e
140991%@’1%?}&2? Hlag BEe8nfidte PlolasfibRRR SutpiGhulBpRldonkRR vasesdor

unct e correspondi ng context value(s) it
theameentbsproddseed s plane sngnb;d riwebibrhass g cemed yalen far the
streamis subseghently mul ti pl exed to erate th

reombodepies e iy bR gBleRLEd Signifiapctptate
c@ﬁi& s %‘f& gfnﬁﬁ#ﬁ U Brde RARKENBAAS HiafGlso be
Syst en1use ’t 0° encode an a io signal, Fig. 3B
employsd.r ati ng the correspondi ng net hod of operation. In
addition to the previously identified conponents, the
system 300 further enploys a core encoder 310 and an
APESNhdRRNHOA JFasI rdglves @hd P6 @ UEE big pRnE §Eibolabps[i, bp] as
signal layer as known in the art.Referring both to

aFin@sion 3fthardrrédpondingesntektbalitel(s) iencoves: "Thegpwiting wnfext

audi o sj gnal
based encodeg bit stream is subsequently multiplexed to generate the compressed bit-

stream.

Fig. 3A illustrates a second exemplary block diagram of a context-based encoding
system used to encode an audio signal, Fig. 3B illustrating the corresponding method
of operation. In addition to the previously identified components, the system 300
further employs a core encoder 310 and an error mapping module 320 for producing a

residual signal layer as known in the art.
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302 is supplied to the transform nodul e 210 and
transfornmed into transformcoefficients c[i],i =
wW@2006/008436¢ 1 (process 351 in Fig. 3B). As not eBCEHROWS4/000211
the transform nodul e 210 may i npl enment any of a
vari ety of tine/frequency transfornms such as the
Refesing g(éh ikigs.&A andad fodesenitiedhe etloder’ eoperatisgi, medio signal

t scret rier_tr nsf t|o and
38 RAPRAIHS Y ranthoBS i i A e BRR ek g Pornd
c@dfﬁ@lbht@@m @o=lohe, pan %&m in iy, 3W)i AR neRAMBLES tHeO
encode the transform coefficients into a core bit
trapsfeanmodule A& fiag ieplemex( inly of hevadetyeof einegie uedddtransforms

encodes..the bit streamusing a edeflned uanti zati on
sy aélt 1scr%ﬁ W@He gtstrqawégépptb(g{j dg, cos;ng {5@ rxp%tlon iscrete

FO&i&E HThd8midien AndRprext i n the coding process of the

present iInvention. Next at 353, the error mapping
nodul e 320 receives the sequence of transform

A BF el map el Rt SHTES BLibE 68 eedee A Tpartich
opateéioaincsRahé irghsfithScRfidients REPS @@t‘é%‘i‘ttslt%amto@ %oéﬁ@ieﬁ@ x[i]

Tgl‘ ocess proceeds in a manner simlar as describ

besre emvémeﬂgﬂ aniedes ¢hs it streauugiﬁg a:p@dcfmeé[qu]antaaaeon interval,
d
GRS BB RGP S B350 e P Simual i s Pmsinges of

the[prdseriftiveatippl i ed to the bit-plane scannl ng nodul e

wi thin the codi ng nodul e 220, which operates to
produce, for each residual coefficient e[i] for each

t
BT B gl 50 LSS XIRRhcpTob
capfiiciends c[i$ appihe edretbit sichin, akevtht eifferemeehdretg twedsh dnd

and a statistical coder. The cont ext nodel i ng nodul e
Piofeess poitears of waidugrcopicientt eff heSybsequentniibx t:odmlenogess

descri bed herej n prqces, nd,is, o era l e
PREISI SAET AT B dGCTDLRvE Nereby Dhe B Rg paliionts
ep] hreRbAREe:- %éﬁ@@ﬂcoﬂpfpﬁﬁ EnddBdr 2202 Speaitieally, Wathieink @bdiRg €

nore of the aforenmentioned context nbdels (process

mBBﬂ): 22(Tthe residuad coefficients el @xd supplied® thapitiplalesdenning
ni ficance state context val ue conputed using
o Mot the @ﬁdmgi swdnlesA20,iwhich jopengtes e progngso For cadh regidual

(%Et?&é‘rﬁ ité for dlé t;%)f:( tllj)gva? Jlﬁzgi?u@%d{ ﬁaneasygrllboi a[)‘ps‘fz }Jp(i Jproc%ss

354). Residual blt—plane symbols rbps[i,bp] are next supplied to both a context

modeling module and a statistical coder. The context modeling module incorporates
one or more of the four context models described herein (process 355), and is
operable to assign and output, based upon the received residual bit-plane symbol

rbps{i,bp], a context value for one or more of the aforementioned context models

(process 356). ‘The one or more context values may include a significance state |
context value computed using previously encoded residual bit-plane symbols, or a
frequency band context value and/or a distance-to-lazy bit-plane context value that is
determined by the location of the currently processed residual bit-plane symbols.
Further, the encoding process may include implementation of a quantization interval

context model to compute a quantization interval context value. The context

9
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determined by the location of the currently processed

residual bit-plane synbols. Further, the encoding
w@e@eos®3éray i ncl ude i nplenentation of a quant P@EBGZNNG/000211

i nterval context nodel to conpute a quantization

interval context value. The contextnodeling nodule is
meqrding piosluteds apesibjn tanassigo ang autpuberméskt valueLies edchrofdhe four

coBlsb ot Bl e e, PR ool ot e g

thQ@&QﬂEQﬂﬁahﬁﬁghn. At 357, the statistical coder within
codi ng nodul e 220 receives and codes the residual

bit-plane synbol rbps[i,bp] as a function of the

i text val ' i ves. :
APET, FERRO RO Al PLiaARl P R 3 U g ppiape
bisplasesyueiol [rips[aibp]i 43l £eaetioni dfithd Elresporlingt donsdxt ealeit

generate the conpressed bit-stream Figs. 4A and 4B
recdivass {Tha tesslting contt evdiastrbeeddatbrsidel barstrepmtibh subsequently

operation, conplenentary to the encoder s i n _Figs.
gl Shh Sce P bai e et e eSS SUaem O
invention. Referring first to the decoder bl ock

diagramof Fig. 4A the decoder 400 includes a
Fige 4dudndi4B llustratesa0context-based decastes andl iethog o0& aperation

arithmeti ecod CB- BP. 0 an Lnvers .
coRRISEPTH o B8 SRt tiovnin F i, £ & nd ER Ve A G Rinerwinh
thé Prebdift inve R, | Referridg Firditto fel deabddetl @Rl @iaghdd of Myl ah, he

an_exenpl ary enbodinent is an arithnetic decoder, a
decorr 400 $ # Aeymdtiniexer 420, a eomipxirbased brplage arithmetic

r r i . 0
et e L e S
deébder 420 fuother emsribedh stadtticahdecd8& 422, whichiin enl examplary

e-mul tipl exed i nto a. context-bas encqded bhit str.e
eﬂ%@é.lm%{“ apoarithigelicy e&?@f‘gt%%te%&%ﬁﬂa&wﬁ éﬁzge@%@t-r’ ane

re6REEtonRasREt £rcoded bit stream 404, producing, in
response, a stream of decoded bit-plane synbols

bps'[i,bp] as a function of the correspondi ng cont ext

Th text I 408 t
TSI ST i derrE S Bt s 25 e o B 2B6 REBR S it 41,
a GUNEPEREGbiY ste@eDETis hédeiviell ahié de-ywaaplexduiatd 4 conpdxi-baseah
as the significance state context value , and/or based

engpdadrhit stisamtilhn Ab O Hbe satisticak odeitpoieced s the eoniesrhased
SN U 5 MR A ko o
symbols bps'[i,bp] as a function of the corresponding context value(s). The context
value 408 are generated by the context-modeling module 424, which is based on the
previously decoded bit-plane symbols bps’[i,bp], such as the significance state
context value , and/or based on the location of the currently processed bit-plane
symbol such as the frequency band context value and/or distance to lazy-plane context
value. In particular embodiments, the context modeling module 424 may be
conﬁgufed to assign and output only one context value to the statistical decoder 422,
for example a context value corresponding to either the frequency band of transform
coefficient, or the distance-to-lazy bit-plane of the currently processed bit-plane |

symbol. In another embodiment, the context modeling module may be configured to

assign and output multiple context values for the currently processed bit-plane
10
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value. In particular enbodi nents, the context nodeling
nodul e 424 may be configured to assign and out put only
wor@enBext value to the statistical decoder BCRSGL00#/000211
exanpl e a context value corresponding to either the
frequency band of transformcoefficient, or the .
syiintentl g econéext salyesdor thelfreaeensy bendceniext edistaycepodapehitplane

bi t - pl gne nbol . I n _anagther enbadi ot

oG eaiane s sl shcatbany SobibhE of B iibe,
thiad donRixEm681% %Y aMdbuempldayed! figs Goted eat hiy agusaopiesE] refers
bi t - pl anesynbol ; e.g., context values for the

tof deg ionsred preyituslytidentifisd daiade go dpeosdpd bittplgnepymbols are

. cont ext . a i ani fi CE..S J r

iR dnopRithedh W dep GRS CHRNG R Etendi SR il

edoded RasiBRPudNiesnativelyl ®nipeisig o Veasiomwhivhesthedptadds or ojmits .
refers to decoded versions of previously identified

dafadue (odmperiections Hethie BYsterys HRRlCRHBEPD Tof cxapplangs 4 et

. "L , ideal ly being an

ml'i%:é%? ftézgﬁsmigsgiﬁ%/l ag{l/}a Fﬂ%%gﬁlggg%%gg\?gr si on, %ut °
alternatively conprising a version which either

includes or onits . data due.to inmperfections.in the
ALJS3. 8w decpisd hlapsmmaios b b Pabied 10 (R late’®

. oy . \ At
R
caxffigiented12,0 Wéwe abii4; fHeastream of deenided codfbipients 42 ds inpwt to an

.Whi ch produces | esponse a streamof decoded

inygise frabsterm ogyls 30 REGADIE o e FRANEImeLiE BEReTyle 2 dogoded

oPAf fudfd §&la$ 414 2TheSinV B irardsforaimbave US@ applRe SHicOintRrse of the
nmodul e 430 operable to inverse transformed tq generate

demaiadwasiarmatiopmiscdisdhocriogerd004 3ml myp inciudp@ndaverse discrete
N e Rl

applichbld € €ipndl pressngli screte wavel et, Fourier, or
cosine transfornms, or other inverse domain
transformati ons applicable to signal processing. Figs.

F%t %ggmggﬁ ifdsHSfel 3LEmeRt 15000 Secbabian@dndRsPsIpeitidn

operation conplementary to the encoder shown
complEmgstany3a thmehcd@rabowe jn RigstB 4 ard/ 3B @aboves ithrpseviens

N R R T U
all GIA6A 1o the Pres UMY N@HHiiSied LhApOasa fe d208Hdr 500 hathee BMbYS a

. a core decoder 440 and an error_ demappi ng nodul e 450.
core decoder 440 and an error demapping module 450.

Referring both to Figs. 5A and 5B to describe the decoder’s operation, initially at 551
a compressed bit-stream 502 is received and demultiplexed into separate context-
based encoded residual and core bit streams 504 and 506. At 552, the context-based
decoder 420 operates to decode the context-based encoded residual bit stream 504
into a stream of decoded residual coefficients e'[i]. Particularly, the statistical
decoder within decoding module 420 receives and decodes the context-based encoded
residual bit stream 504 into residual bit-plane symbols rbps’[i,bp] as a function of the
context value(s) it receives. The context values used in the decoding process may be

a frequency band context value and/or a distance-to-lazy bit-plane context value, each

11
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Referring both to Figs. 5A and 5B to describe the
decoder's operation, initially at 551 a conpressed
wh2aoe®bd9e@m 502 is recei ved and derul ti pl exed PEIL/®G2004/000211
separat e cont ext based encoded residual and core bit
streans 504 and 506. At 552, the context-based decoder
ofagiiichjsafetenminet drodeihe decatitie of-tha costentlyyeeeseaddytiplgne symbol,

residual bit stream504.into a str .
» e seiscrhlzof Even bich B odn RN RAER decodea
reSiaadlibHLp1R] syHBORASHurthér MHeleBRTAL pGeBEHY iRc1d2O

recei ves ang decodes t he context-based encoded
imperheluationhifthesquagtizatiog dntprvalocontest gedel for cmppimg a

Is.rbps. [i.b f ' f
ol R ot kS Ra MRS HGrindt of Bor 8 e ehiex modets
ARG b AYSesPERERSEonfEY vilgePmiy beitiday dbadd tigoresidudl bittream

and/or a distance-to-|azy bit-plane context val ue,
5Qdinteotesivin bif-ilanedgmbplsirhady Lopb nd erHier FRECHIGHY, 1BF CRTRe
tl L i
AGPpE Mo PRSI A e R Bl ol iBcss

amawﬁpuéd i theaRrdaite pesdesk dekcribed-abbenwith yefbrehes to Figs. 3A and
Furt her, the decoding process nﬁﬁ#&gch§%§ ol
3B nphe dededed Tesidugbiplancyahols 2ps Grbp/ AtecPsiaueyhy bijplane
: ' j -4 on interval context
“%gﬁﬁéqggﬁvggﬁg#&{%g?q?%reehgﬁﬁ%%ur of the context
nmodel s and their corresponding context val ues nay be
5T oot e oS SUE Sy e HSRHERE pRYPa snertes.

nﬁla%héé Gebddéd cod@oSPicRnHe YT Nkt RDSKY, eheetfor dpmbppsifig ifvdule
sa quanti zation interval 'to the decodi ng process as

55hmeeivgythe decoded cdre andssiduplcosflisienisx'fid avd ¢ écand pwoduces,

.Wth reference.to,Figs.,. 3 - IThe.r v

e PR i b EtoPl SoPciqpi PEPE Ahstly at 555, the

stedalpEHeesdddyraakfonh lcasiiclefB @Hlt drel dipadita the inveesitchusform
error coefficients e'[i%. At 553, the core decode

meduikg|4305uhich apliey the qomplepindarydomayn ansiosmata, ip generate the

€S, sponse, decoded core coefficients
°%$Fﬁ%§ﬂ%§§?ﬂg¥£5s4, the error demappi ng nodul e 550

recei ves the decoded core and residual coefficients

“[i] and e /z/. and i
5 st Srrsats s Btte RN P HERS i Phg PR Rrogesses ppy be
ix?%l@meht@& il Nar@vare Sspftwaht fitfoivasdorof colstiadRa dfitlersf or m

efficients c'[1] are input to the inverse transform
impldmeatati GG, aswhprohriaipp Frskers soanecerabl of thdasexjbedlprgrgsses may

b‘é [fﬁ;_r)]lcserfngrrxt%ﬂataé gcpm;tm exgrgycﬁf)ﬁtiﬁst}d?:ﬁoﬁ Wb i esiabidtion aséoﬂﬁﬁ'llter

readable medium (removable disk, volatile or non-volatile memory, embedded

processors, etc.), the instruction code operable to program a computer of other such

programmable device to carry out the intended functions.

Incorporated References
The following references are herein incorporated by reference in their entirety

for all purposes:
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As readily appreciated by those skilled in the art,

the descri bed processes may be inplenented in
whanodinedoes software, firmmvare or a conbi nati onPOI/SGHO$@00211

i npl enent ati ons as appropriate. Further, sonme or al

of the described processes may be |nplenented as

c onp&haérd Sayaoddhtcodugtion iodPate RonperssioBsE eln PP ok 721, Morgan
Kl%ﬁp %gppeadable medi um (renovabl e di sk, volatile or

A 1e nenory, enbedded processors, etc.), the

I NSt AUSHild @Rd WO de PeRGhal) A ey, PAiso@haBTfEcian ﬁmmgeecrodeé based on
ot her such g@ogrannable device to carry_out

seit pargitideigg inhietardvies] tregs dﬁﬁﬁﬁﬂwcmw&é@gwﬁé Systems For

fol l.ow ng refer nces ar por at ed by
V}d% é[r%%gogiyth g’ a}l’l r%éf%ﬁojr%mg %pur poses: Khal i d
Say opdTadbiian ti¥igh lp@ﬂommnaamlaﬁmmrags Sompresﬁhn w1t,h ERCOT,”

19 - 21, Mrgan Kaufnann, 2000. A Said_an g%
TEFE T ramralmage Rrofsssing, 6k 9, 5hé pof 41138 okt /0, r’r@@i 088 dec
based on set partltlonlng in hierarchical trees," |IEEE

Tr anSddRaoin Y .dh Kinrandi ¥.<S. Seel “Yfultidnyer birsligpdiaigrate scalable
chnol o0, J 1996. D.
m*ﬁ EHEHQQ&ﬂﬂﬁﬁ&bQF?8WHQHgg“ gé%g%g ?nageuggnpre55|on

wi t h_EBCQT, E.Tran Processin .
no. 7R- B X X LingS T anﬁw Koo Seal ﬂ qﬁ&?*ykto 1pRslggs Audio
P BNPPEG- @Auéﬁcscalaw 1dssib@YESdif ¢ tohd ApRarell tn PRIcE
scala e audi o coder," 103rd AES convention preprint
1QAS8P 20B07. R Yu, X Lin, S. Rahardja and CC. Ko, "A
Scal abl e Lossy to Lossless Audi o Coder for MPEG 4
Audi o Scal abl e Lossl ess deing,' to be appeared in
Proc, | CASSP 2004. \Wile above
Wiibhs PTo R Acttied d5restin of Heerral R i fiy cxemplary
?H()dﬁﬁgtlc\(lﬁ;r hl&lﬂﬁldﬁg dhd bgatd1M mag bk @fripldyedSn #itbus
eqU|va ents may be enployed in_various apparti and
appraotc ewbprocasesclesdrihyd heteii. rAcoaedinglii thg Sgopetdh dhespraisat of

s BLSHERb YRR bR SRl APty

clained is:
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1. A context-based encoder, conprising: a domain

t ransf orm nodul e having an input coupled to receive an
wo ppao®Bgnal and an out put, the donain transfBCTEG2004/000211

nodul e operable to convert the input signal into a

sequence of transformcoefficients c[i]; and a
Ctgigiext - based codi ng nodul e, conprising: a bit-plane

scanni ng nodul e having an input coupled to receive the
Waetjisehdmedis: t r ansf orm coefficients and operable to

produce a bit-plane synbol bps[i,bp] for each

transform coefficient c[i] and each bit-plane [bp]; a
1.Cont3>ébn@ldﬂsb@&1cﬁﬁ@}9&(ﬁnn%@s‘(ﬁgig an input coupled to

receive the bitplane synbols bps [i,bp] and operable,

to aséimyrindiansfomm medelederingen inpart geuplediogaeaivesn Wput signal

recei yed bit pl.ane synbol | ] ' .
SAERERE B} BTG SR el ko EaEhe 35 905 mo
a Sdqabacelof erahsfeeil corgficaly LR]; Radi ng a first input coupl ed
to receive each of the bit plane synbols bps [i,bp], a

sec ohepnigribesed sogingdnadyle, sempijEnghe correspondi ng one

or nore c al t A
codi ng no%ﬁﬁlﬁ' i%tg% \é‘fdé' D "% 0 %%%hg%%zgﬁhg?t étaﬁgl%gl%% k%lagg gﬁe
segpterelos trbisforini cdzpficiests and opeedtilon mbdwee or-plane gymobolt he

bR B thserBeth g0 o sBh R HETEPK < he one
or more CpaLExg xﬂHagﬁﬁ%geﬂp hhwiRg aﬁ‘irﬂh%&ﬁiﬂy@&ttb%&e%@’theh bit-

bi t - pl ane context D2L[ bp], the contéxt val ue of I C
plase simted sbpsdibplcand ogembletto assigr @k nmsel comexitviabies i gach of

bet ween.the bit pl ane er [b d t '
ARG b urR Ry BPD 2ot PR B R Bt e bt tom o
cHiSA4RIdeRPhng! @i m 1, wherein the one or nore context

nodel s conprises a frequency band context FB[i], the

cont ext vastagstispl eadingrmednleibaving:? et InpEEeMlSHorecei Yrerach
of HEPHBMRY s{,ﬁgﬁg be 9, LA RERROBHE NS EADS fiRr M

cren
corresponding one or more context values and an output, the statistical coding module

operable to code each of the bit plane symbols bps [i,bp] as a function of one or more
of the corresponding context values to produce a context-based encoded symbol
stream,

wherein the one or more context models comprises a distance-to-lazy. bit-plane
context D2L{bp], the context value of which is determined according to a predefined

relationship between the bit plane number [bp] and a predetermined coding parameter

[lazy_bp].

2. The context-based encoder of claim 1, wherein the one or more context
models comprises a frequency band context FB[i], the context value of which is
determined according to the frequency location of the corresponding transform

coefficient c[i].

3. The context-based encoder of claim 1, wherein the one or more context

models comprises both the frequency band context and the distance-to-lazy bit-plane
14
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3. The context-based encoder of claim1, wherein the
one or nore context nodels conprises both the

wo e@goeqsy band context and the di stance-t o-| aRgT/SG2004/000211
bi t - pl anecontext, and wherein the statistical coding
nodul e i s operable to code each of the bit plane

cenfensoing wdwiei{l thetsitistien] soding gradsle i pparplele &ﬁqdéﬁz}@mlaf thg bit
plghf SR RN it M R bRl RIRERG Sl e

valhe GARThOIRtanvh-Rizy bit plan@REnekt vidiee cont ext nodel s

further conprises a significance state context
sig_state[i,bp], the context value of which is

4get erpl A RBEREn0the! fr Ball SARRLBRINE G 6 ik Aol

anpl e values Tor a transformcoeftficrents
mokéls it Goripriises akignifidande rtapnentprysig_state[iltpd, the context value
cont ext - based encoder o ai.m 4, wherein

¢ f clai, th
ofwhich & detarmined dicerydmg de p #rodstiperbeosplationdn e@aﬁmé‘s ¥Rlugs for

Ll R AT TP o e Add gl PP 11

di stance-to-1azy bit-plane context value and the
significance state c

nt ext. val uge. 6. The.context-ba .
SencodBs cextPaehercodes p é@ﬁm NPT t%gaté&{?glrcé’)émg iR5Ge s
ogeggtgg b bR RE &F thewit PRné 5')%&1&51_51 bp¢ ﬁ,%a} ach A AL tHe

of the transformcoefficients c[i], the core
cemsporelingfrequebtycbapd maniexevalue, thedistdedertadaiyi bit-plape pontext

i.nteryal d encode each of the transform
V@B%??&@F%@@B’[“fﬁs‘%ﬁ C‘Hﬁ?éd’é ®a core bit stream and a
error mappi ng nodul e having an first input coupled to

recei ve each of the transformcoefficients c[i], a
65 ecombe contert-bassdsmeerler of glabpily RrthpeComMBIg t st r eam

the erraor | . e

R R R s L
tragsifdrnt coepliciehic &ifp theasiakigbdeai opeebleofuantie 4t iapredefiped fritgrval
.. and.a [ tipl exer.,. wherein the. context-based encoder
eV R FIso D BB PP SO ISP A PROCH Fre D
shéQdugg. i n response, a context-based encoded residual

sigrial, and wherein the multiplexer includes a first

i npug evouphpping morhele diavisg ah éirgdrputispepled toagaeRiveeash o the

i, SRIEGGs b1 A S Tt Sorfs1eY itbadtAe e SRS am, the
error mapping module operable to remove the core bit stream from the stream of
transform coefficients c[i] to produce a residual signal of coefficients efi] ; and

a multiplexer,

wherein the context-based encoder is operable to receive the residual signal,
and to produce, in response, a context-based encoded residual signal, and wherein the
multiplexer includes a first input coupled to receive the core bit stream, a second input
coupled to receive the context-based encoded residual signal, and an output, the
multiplexer operable to combine the core bit stream and the context based encoded

residual signal onto a compressed bit stream output from the multiplexer.
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mul ti pl exer operable to conbine the core bit stream
and the context based encoded residual signal onto a
wa@eovpne®3ed bit stream output fromthe nultipl BRESG2004/000211
The cont ext-based encoder of claim®6, wherein the one
or nore context nodels further conprises a
Tquanf{lhe adnitcm -biasetdemvader obelaimx 6, Chérein thppne ortmporeeaniext

i e PO &rapan on i asnpist] Ol b o bl e
of WldMig det¥RA& A3 o fifctdh i Rt fuadliz4tRdingrvapdul € i s

operable to code each of the bit plane synbols bps
[i,bp] as a function of the correspondi ng frequency

sband o SoptrpaSid oaden ir 1t A ek Brth Stk Rpliimodue s
op&Yable Recatiéanén éfthé BR pla'ﬂé Qiﬁﬂi@(l)ls ﬁgﬁ [1\%@] aélzﬁfdﬂ@tlori)of thbe
cont ext - based encoder of claim erein the

COH@@gecmg/ frpquresicy bandecpntesbyaliee, IﬁE[ dlytamrlage@t-pl@oe copext
ed e ode clw
ug,tt %ﬁlg“b?%ﬂrcgf (izotn{eﬁj(?(yi nlée ggﬁlthee a%foﬂ Iﬂ%tﬁﬁrgl (I‘ontext value.
conprises: D2L(bp) =bp-lazy bp. 11. The cont ext - based
encoder of claima8, wherein the significance state

9eont dRe comiextbasqdenseder of plaim §) Wéeﬁglrthe frgquency band sgntexg
before bitplanebp sig state (i, bp) =\
Vhﬂg%@[;brﬁsﬁ§885| gni fi cant before bitplane bp 12. The
conteX()E%sq:‘emaﬂﬁer of claim8, wherein the
qug t| a context value QJ[i, bp]
¢a r’ etsplogg[ ?E?g&aﬂbpﬂ £ interval[i] Q{i,bp) 1,
\e\u}\zrf@pcm?m [1] <|e[i] + 2bp 1 2,
interval\i] <\e\i]\ +2bp where e[i] is the partially
reconstructed value for e[i] with all the bit-plane
s received, bef I,Bpl,.13. A.netho or,th
10 nt a45 ctyieapesiagapdrs o6 Rnish & BRI R EREpRy1a2y bitHane
cHRAER afileTIL, iséansform ng an input signal into a

plurality of transform coefficients;
D2L(bp) = bp—lazy bp.

|

11.  The context-based encoder of claim 8, wherein the significance state context

value sig_state[i, bp] comprises:

0 c[z] is insignificant before bitplane bp

tat b
sig _ state(i,bp) = {1 c[i]is significant before bitplane bp

12.  The context-based encoder of claim 8, wherein the quantization interval

context value QI[i, bp] comprises:

0, lefi]] + 27 < interval[i]
QI (i,bp) =11, |e[i]]+2” sinterval[i Ie ]I + 24
2, interval[i] < le[z]l +2%

where €[i] is the partially reconstructed value for e[i] with all the bit-plane symbols

received before bfi,bp].
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and appl yi ng context based encoding to the transforned
coefficients to produce a coded output bit stream
wo mobloeq3€onpri sing: bit-plane scanning and coRCTI§GLU0€000211
transformcoefficients to produce a plurality of bit
pl ane synbols; defining one or nore context nodels for
13 h e Airhethddfor sherdoatest-baasd egoiding, of usigiyl, themdiabd cedpnsieg:
nor e cont ext nodel s, spective_one or nore _ .
cont 85cRai ARBRRTHIEE a8 H@Ubﬁlsmg it plyrality of traggfgrm coefficients;
atistical coding each of the bit plane synbols as a
unction of the one or nore correspondi ng context
val ugplying pomeiibesed enculiinp ouh@randforimestooetiivientste peaduce a
%1% i ni ng one or more context nodel s conprises defining

dioutpyhkit pigeam, Lyrfhe OMPHSING cont ext nodel , the
cont ext lgk P%n@gca‘ﬁﬁﬁlg Bnd §0(ﬁ§%ﬁi’emaﬂ§fénﬁ%69ﬁi@ieﬂ% th Qrcﬁiuce a
e ati ons

predefin ip between the bit plane nunber
plnfalitmeflnoplamtsgmtdﬂs;g bi t pI ane synbol and a

predeter codi n ter 4 t hod .of

clai m 13; %ﬁ@%@?ﬁ(ﬁgﬁr ‘%ﬂ &%%@gﬁ?b%W‘ el's
conpris esasgfgmn@ ﬁ‘ﬁngathfa "d@ﬂﬁh%ﬂﬁﬁé o dife BONERThodBRIE kespbdiFve
context val ue 6f which is determ ned according to F

ofigr erquern cyntegicalues fordhe bihplasosyrekqlsimadng t ransfor m

coefficie

defi ni ng %ﬁtés%g R§W§ eggln({}‘{% 81%8%e?sy%1%c?%ra ﬁlv’w‘s?gl{sn% g f)fnh e
ob@bfe dohesponenigeoaixbands eoprotude Meuiiet oarpdt bibsiream,

di stance-to-|azy bit-plane context nodel, wherein

assi WheTE dsaing ongoF BIOROFAIESHE mpgelscempaingsrdediaing a distance-
toaﬁg)k Pm{a Oox{xtéﬁ%ﬁ&? th{’&ﬂxgex? oahesk W\’lfa%:hl@ det@nmﬁed according to

ane context v
a pmﬂeﬁmd&eﬂnmhip Hietwé@rthe biy phab number offtbe eomesponding bit plane

sta i cal, codjn ch bit Iane synbol conpri ses
sypby ag PE%ﬂdFS?r‘E‘&B&ﬁ%‘ﬁ%}BarB‘P? ®bl ane synbol as a

function of both the frequency band context value and
t he
14.  The method of claim 13, wherein defining one or more context models

comprises defining a frequency band context model, the context value of which is
determined according to the frequency location of the corresponding transform

coefficient.

15.  The method of claim 14,

wherein defining one or more context models comprises defining both the
frequency band context model and the distance-to-lazy bit-plane context model,

wherein assigning one or more context values comprises assigning a frequency
band context value, a distance-to-lazy bit-plane context value to the corresponding bit
plane symbol, and

wherein statistical coding each bit plane symbol comprises statistically coding
the bit plane symbol as a function of both the frequency band context value and the

distance-to-lazy bit-plane context value.
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di stance-to-1lazy bit-plane context val ue.16. The
met hod of claim 15, wherein defining one or nore
W@ b end36rodel s conpri ses defining a significanCES6lmi/en0211
context nodel, the context value of which is
determ ned according to a predefined correlation in
1anpl Theshethedlofielsinh @, vlthraa definihg ans bomorccaatdki models s.

17. . The pethod, of . claim 16, wherei n _assi gni ng on I
corppiases Belinang a yignificance S ket E@PQ mer@nf?Xf Y%&%@ﬁwﬁwh is

d@@ﬂﬁn&@&‘c&{a‘ig’t@'a edeBinfd SIrARGRtR ahMTvadRivhruRl B Gdjacent
cont ext va , a

u a significance state context val ue
tramsforeccefficiespondi ng bit pl ane synbol, and wherein
statistical coding each bit plane synbol conprises
statistically coding the bit plane synbol as a

17 uncithope@bdlofelafh gguency band context val ue, the

di stanceto- |azy bit-plane context value, and the

si gnwhereanssigsingtose oombexdonieat vaduesk®mphisasashigdinger frequency

t ext - based di _a_si hod_...
oSS RS BMERE L b e Bh R o
chOkehrdhiut Yo @k chiradpdhainpba Qeint isgﬂnﬁé‘lt, gnd encodi ng the

transformcoefficients to produce a core bit stream
t he wheroth stafistiehsediag aechditmlaneaympol pemprises stagptigally coding

Ftici :edef i ned | - ’
i S B Ly b conff] B0 PREY e

td-RzP bRPUGE cantekivaai®, aid the sigaifichn@aedtt coitexttvalueappl yi ng
cont ext - based encoding to the residual coefficient
streamto produce a coded residual output bit stream
ur t 5] QtexPbls: i G i k1 LHE e ARl S lprising:
et s SRR Bicpbbieel LAMARANN A I nk SR YR prising
pl andomyintmahsfprmiaf ianiinpyt sigeal anto rapleratitynafdransiiood ebsfficipnts;

the residu bit plan mbol s; assigning,. using.the .
ot | FRIgRahe o CERCER Riatn e dpoReup iRt teggoding
cOpARAEqEARERY the/ @i ftm BEfHcatY R 2IpiRIinbd Indtbane
synbol's; and codi ng each of the residual bit plane

sy mheirer mapping tha trangfarmy toefficern againstitbe eore bit seeqm fropraguce

G ancle&re\gﬁh ese 1c():ie[i)l{sc;)duce a coded output bit stream

applying context-based encoding to the residual coefficient stream to produce
a coded residual output bit stream, further comprising:
bit-plane scanning the residual coefficients to produce a plurality of
residual bit plane symbols;
defining one or more context models for the residual bit plan symbols;
assigning, using the defined one or more context models, a respective
one or more context values for the residual bit plane symbols; and
coding each of the residual bit plane symbols as a function of the one
or more corresponding context values to produce a coded output bit stream,
wherein defining one or more context models comprises defining a
quantization interval context model, the context value of which is determined as a

function of the predefined quantization interval.
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wherei n defining one or nore context nodels conprises
defining a quantization interval context nodel, the
w@ombesd3val ue of which is determ ned as a funeCT/eG2008/000211
t he predefined quantization interval.19. The nethod of
claim 18, wherein defining one or nore context nodels
19 ur thRmaaePsi Gam 18] eherind:fily arue mtote kaiextanodetsfiurther
model , the context value of which is determ ned
compsesdi ng to the frequency | ocati on of the
corr ondi r PR
R e T e e
de‘t’éﬁdﬁ%d%ﬁ:cdﬁ»ﬂingfﬂo u@ fﬁbqha{dyllﬁt&doﬂof:ﬂfe dbfigspoadiag praasfefm ned
rel ati onship between the bit plane nunber of the
cogBtaiedpondi ng bit plane symbol and a predet er m ned

c Odl ; al & wh

Cont e%PH%D 3!]?51?{{ e:t0 %&S] eél%xﬁla' &Tgxt&t 09%1 Ifﬂgﬁc%lflfséﬁt vl which
is defeaniitd actoptin®todi preddfimed rqditidekipibetvecothebiaplaomnamber of

anpl i tude val ues for, adj acent, transform coefficients.

thzeorrqsnencm bisalags sembal and o presiisraingd seding RAeT A
o e e ArAiEe s ERTBIME 2ER0d Hh0 BOMBy Y ahle R VAR
det@ntimxitacvatling to a psadgfinefd oanelios imtmplivde saines/far adjaceand

uant i t| on state context value to the
r‘i‘f@%‘@é‘ﬁ @5 bit plane synbol, and wherein
statlstlcal codi ng each bit plane synbol conpri ses
statistically coding the bit plane synbol as a
29. uncﬂmetbodofﬁaﬁnb%uency band context val ue, the

Gi g susBgent @GR el diinine s franency

béndtbftekt Waklel 8 distahce- I RzTBitplthe @bnxekammez Q s1gxﬁfmaecerstﬁth e
frequency band context val ue rises: .22.. The

coniaxh Belugfand ﬁanUﬁm;z@ﬂOWéﬁeéPwem@-[htﬁ fgtt%Fn responding bit plane
Sﬁ&&ﬂgkane cont ext val ue D2L[ bp] conpri ses:

wherein statistical coding each bit plane symbol comprises statistically coding

the bit plane symbol as a function of the frequency band context value, the distance-
to-lazy bit-plane context value, the significance state context value, and the

quantization context value.

21. ° The method of claim 20, wherein the frequency band context value FBI[i]
comprises:

0 Forcfi]<4KHz
FB[i]= 11 For c[i] 4-11 KHz
2 For c[i] > 11 KHz

22.  The method of claim 20, wherein the. distance-to-lazy bit-plane context value
D2L[bp] comprises:
D2L(bp) = bp — lazy_bp.
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D2L(bp) bp- lazy_bp.23. The nethod of claim 20,
wherein the significance state context val ue
wer@odb@Be[ i, bp] conprises: . . [Oc\i\ is  PCT/SG2004/000211
insignificant before bitplane bp sig _state[i,bp) =i r
, 1 c[zj is significant before bitplane bp 24. The
2Zhet hdbe orethodaif plaio 20sikereiniihe signifiornee Staterdostext Halee val

cot al ue [i, bp] conprises: 0, \e\i]\ +2bp+ £
18t 8‘FGatiIij°j’mlﬂ’?s bp) . 1, \e\i]\ +2bp £ interval [i\

O +2bp% \F%EEE%ES\{ iyt BYBY BlplaRlpp. vhere el 1] i

sighestpr(i brg) < cted val ue i] with all
the bit-plan gerigsennpstrroeiree by i bp] . 25. A
decoder operable to decode a context-based encoded
streaniconprising an input signal coded as a sequence

28 d?ﬂ@iﬂagl ﬁ%?g Hxé%dwﬁé}gﬁlfthé:élﬁﬂ iéatfaillliteﬁiapa&lta% valug O,

bitplane ecoder conprising: a context-base
bppeagpridgs:modul e, conprising: a statistical coding
nodul e having a first input coupled to receive a
cont ext - based encoded bit streani a second i nput

coupled to recele ﬁ one or context val ues and an
out put, {Phe st alél? ﬁ@caFS@%HV E Irodul e operable to

Oz, opp- |as lé[zﬂ“ﬂ@téﬂférﬂflg] [o 2%t nmore cont ext
val ues, t he cont ext - base ﬁ ed bit streaminto
decoded |Bi t pl an@e%ﬁﬁ}ﬁk iig [i,bp], wherein the one

or npre context values conprises a di stance-to

vibere. flf hisdhe partialky reggnsticted viglue_far gk “fl@c%hg‘?r%'cﬁlﬁ%ﬁisymb(’ls
nmodul s#&av& ﬁn input to receive the decoded
rggeved pefiore @%ﬂ 1s bps'[i,bp] and an output, the
bit-plane reconstruction nodul e operable to generate a
stream of decoded coefficients c'[i]; and. an inverse
26lomaiAndecodarspemnbie o dedode havitagt-zased enpotiedsitqainechniwising an
n;p%% sllg}ﬁ coded as a sequence of domain transformed coefficients cfi] along a bit-
plane bp, the decoder comprising:
a context-based decoding module, comprising:

a statistical coding module having a first input coupled to receive a
context-based encoded bit stream, a second input coupled to receive one or more
context values and an output, the statistical coding module operable to decode, as a
function of the one or more context values, the context-based encoded bit stream into
decoded bit plane symbols bps'[i,bp], wherein the one or more context values
comprises a distance-to-lazy bit-plane context value;

a bit-plane reconstruction module having an input to receive the decoded
bit-plane symbols bps'[i,bp] and an output, the bit-plane reconstruction module
operable to generate a stream of decoded coefficients c'[i}; and.

an inverse domain transform module having an input coupled to receive

. ordered stream of decoded coefficients c'[i] and an output, the domain transform

module operable to convert the stream of decoded coefficients c'[i] into an output

audio signal.
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ordered stream of decoded coefficients c'[i] and an

out put, the domain transform nodul e operable to

W@ 0v6m0493¢ he stream of decoded coefficients c'PCT/S6De000211
an out put audio signal 26. The context-based decoder

of claim rein the one or nore context val ues

3ur t hie cegwistrb%% degoderenf ctim2SpWherclighe ang oxapigecontext
Vales ?&ﬂ{eﬁ%m@%g g g{éﬁg‘%@?u r?icoqlltqut MRS, Wherein the one

or nore cont er conprises a
significance state context value. 28. The

cont ext - based de er of claim?27, wherein the one or
Zor e ﬁ@rﬂoé% bﬁéf(ﬁ@%ﬁ%ﬁ 5B 2O aVhe e B IBR 67 PramarecoRteak

VaileN urttidy b r?é@ggs{gﬂlflc%éé&dté téﬂ%agl ntext val ue and

a significance st cont ext val ue The
context based decoder of claim 25, further conprising:
rable to rec ressed bit

[ ti r e
e&aﬁ'ﬁﬁx‘aswgg%oeﬁrﬂf@;@em@gsw erswctﬁa 8BF PIBPH FQtext
\ﬁﬁ\feﬁ eOmpiées @ ffe ﬁcfx‘lc? bhnd &flﬁé&'fnvalhg & (‘ﬁ?{ﬂ%et-tbghﬁ?ﬁf-glane context

operabl e to separate and output the context-bas
vaheoudd sigaificdned state centextanbiet he core bit stream
wherei n the context-based decoder is operable to
recei ve the contextbased encoded residual bit stream

dohe Cmﬂ&ﬁﬁ&mhﬁﬁaﬂ&ﬁﬁﬁﬁdﬁQk&ﬁ@&ﬂﬂﬂmﬂébd%ﬂﬁh&e, in
response, decoded residual coefficients e [1]; a core

decodi degrutipdencs opesblego agreivepuaompsensedabit stecam eumprising a
C%L{&Pg%se@?&oggd %glidg{ﬁtstre&rg%n& g ?redo?f:&%mgtl{é%gﬁmﬁggexgr

stream

aperableao séfarate aid cutpuit[thd context-basedrenodded eedidipil Bigean®and the
haV|n an first input coupled to receive the core
it § ts x'[i] and second input coupled to receive

t h e decodgdef&isind Lé@hteﬁpﬁ.fsgﬂ GeatsSi %péﬂaiyle kB QM:I &Hﬂext-

the error demappi ng nodul e opera e to generate,
bawbﬁmne@d refidipdi b strezam sho contexydhsadaleeodes operpblk to pmeluce in
t ransf.orm Ul e having an i nput

rss(?lffﬂ?eege(i‘)g?r@élg}@eco? K1 ded transform coefficients
¢' [ ]a cdrsdeep@ing Rlodtulethalin@tiGRput icBupled RONERe bR BtrOAth Ak an

output, the core decoding module operable to decode the core bit stream into decoded
core coefficients x'[i]; and

a error demapping module having an first input coupled to receive the core

coefficients x'[i] and second input coupled to receive the decoded residual coefficients

e'[i[ and an output, the error demapping module operable to generate, in response,
decoded transform coefficients c'[i],

the inverse domain transform module having an input coupled to receive the
decoded transform coefficients c'[i] and operable to produce, in response, an output

audio signal.

30.  The context-based encoder of claim 29, wherein the one or more context

values comprises a quantization interval context value.
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audi o signal. 30. The context-based encoder of claim

29, wherein the one or nore context values conprises a
wa@e@ad®ad i on i nterval context val ue.31. A net POTSEL04/000211

decodi ng an encoded cont ext-based bit stream the

3 g PG b Secod G RO R O LI ey e neoded
c628% i taSd BB Sreainl donﬁ‘Jri@, afl ﬂ%dt sRnaN@dbPas 4 u%ehﬁqomam

conprising: statisticall decoding, as a function of one
transfommred coefficients ofid khloag 2 bityalasmbm diedmeibnd esmphisisgsd

bit - st nta de d bit bps'[i,, b

wher S ERLHEGEs AGREEtBB AL BRE OUmPHEonLShR s Leghtoded
oSk EAe&T Bifsthd@AYink) deceae@nﬁt- Hé %bo@bpsql bg twhBleg@e one or
reconstructing the decoded bit-plane sy

s cc[ntexb vhlugscompiisea distapee-tot- h@}&hﬂ@ﬂaﬂg @cm@mvalue
coef ent S C t r ansf,o
or de Pl aibiclipe B O IR o b SRR it oo an
oftiékdibitreftn Of @kcoddd coethdier®tligthnal cl ai m 31, wherein the
one or nore context values conprises a frequency band

cont éwersg slapsdornggg themsdered sterpmpef dacadad cvefficignsy €fihinthan

re context values conprises a significance
08&5%8 gﬁtext val ue. 34. A nmethod for decoding an
encoded bit streamconprising a core bit streamand a
cont ext - based encoded resjdual bit stream the

3¢ont dke msthod of eh% dédvheaeindhe, pne,prmare caBRXRFSICOmREses 2 -
ﬁéﬁmﬁﬁ?ﬂhmﬁé& ?gged as a sequence of domain
t coe

anst or me Icients c[i] along a bit-plane bp,
the nethod conprising: decoding the core bit stream

nto eco e ef iCJ ts X ; decodin

Punc b el ghelegn SfopeBe R1e yhis SOTEREvantks chfipfies a
fgﬁ{ﬁcgff(ge BaSEsht&eaded residual bit streaminto decoded
residual coefficients e [i], the one or nore context

val ues conprising a distance to-lazy bit-plane context
S EOF 1 8 e8RS S50 L o
atcbﬁlﬁﬁtf-lﬂi’séﬂ areiidd wesidndl ditstah; thardntext-based encoded residual bit
stream comprising an input signal coded as a sequence of domain transformed
coefficients c[i] along a bit-plane bp, the method comprising:
decoding the core bit stream into decoded core coefficients x'[i];
decoding, as a function of one or more context values, the context-based
encoded residual bit stream into decoded residual coefficients e'[i], the one or more
context values comprising a distance-to-lazy bit-plane context value;
generating, for the decoded core coefficients x'[i] and decoded residual
coefficients efi], decoded transform coefficients c'[i]; and

inverse transforming the decoded coefficients cfi] into an output signal.

35.  The method of claim 34, wherein the one or more context values comprises a

frequency band context value.
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i nverse transform ng the decoded coefficients c'[i]

into an output signal. 35. The nethod of clai m 34,
wWok@s®e0693¢ he one or nore context val ues conpri BEFSG2004/000211

frequency band context val ue.36. The nethod of claim

34, wherein the one or, nore context values includes. a
3fuanths Hethod OE flaEp 3&4 WhegFin &g oRgrRore §‘?¥lte’f‘h\@T‘H—‘ét"I‘F§Bdeéfa

qﬁéﬂzgﬁ(ﬂﬁn PEESiEktdemedi ng the context-based encoded
residua

It stream conprises: statistical decoding,
3%s a Thenné¢thahofaflaitnlfd, ehereor davodiag clonccandxtbatedesncodede

ngl:%’g@t - based encoded residual bit-streaminto decoded
TeSHdY é?tm&fn_tc-oﬁ‘?péﬁ%&synbol s rbps' [i,bp]; bit-plane
" Poomalitdist deBSdihg,gas dgtdRd of i diflé%Jr nfird ool @RSaRETRRE S

rbps'[1,bp] into decoded residual coefficients e [i].
c@BextAasahengodad rpsidupl hinspreau imo deeasiell desiduabbit-plane symbols
comjgjgr-readabl e medium which is operable to execute
TOR% ttion code for the context-based encodi ng of

dat apilpihe GouBRSHREInE iR U300 AN bR s§hibBls rbps'[i,bp] into
instruction code to domain transforman input signal
deepded eespluak eoefficjenisfe ik ansf or m coeffi ci ents; and

i nstruction code to apply context-based encoding to

the transformed coefficients to produce a coded out put
38i t @l domditer progriif prodlbl kdsileAOOf d dishiputétleadublogeditil, which
bit-plane scan and code the transform coeffjcients to

isnRserbletogxpruls Wptirygiop cods for fiegontexirhpssr sncoding of data, dhe

' qpr.e context nodels for the bit
c%ﬁgﬁe}s@ﬁ‘g%ps&gflﬁgt@?lﬁ@gp ' code to assign, using the
def i isducivm cote toodeenain trassformmadmipst signal ésp aplurdétyafie
or nore nt ext Xal ues for the bit plane synbols; and
trapsformy eeeldcienty#8dt o stati stical code each of the bit

Pl angnsBUBRA Ddéh plyetmtdx@Badll hBSHiRDE ME AR Ermed
correspondi ng context val ues to produce a coded out put
coefficients to produce a coded output bit stream, further comprising:
instruction code to bit-plane scan and code the transform coefficients
to produce a plurality of bit plane symbols;
instruction code to define one or more context models for the bit plan
symbols;
instruction code to assign, using the defined one or more context
models, a respective one or more context values for the bit plane symbols; and
instruction code to statistical code each of the bit plane symbols as a
function of the one or more corresponding context values to produce a coded output
bit stream,
wherein instruction code to define one or more context models
comprises instruction code to define a distance-to-lazy bit-plane context model; the
context value of which is determined according to a predefined relationship between

the bit plane number of the corresponding bit plane symbol and a predetermined

coding parameter.
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bit stream wherein instruction code to define one or

nore context nodels conprises instruction code to
waledoc0as936 di st ance-t o-1azy bit-plane context npAERBG200Ie00211

context value of which is determ ned according to a

redefi ned rel ati onship be en_t he bi.t plane numbe
3§f t hae Emplggwﬂgaﬁ)d)rg&ct Bf (\ﬁeﬁlgl %i%,ﬁzgmrelgﬁlga igstruction cogle to
dRERAS S e goﬂié}g' eﬁ%ﬁ‘%ﬁ&%ﬁngﬁmtigﬁ‘ BodQBRMEIRE a fr_eg%ency

program product claim 38, wherein the instructi
bemblepntext dwflelnthe @netentrvaimeraf whiclt is xictenmihetl scoudipgits e

instruction code to defjne a freque and cont ext
sty ocion SIS sorres N AR e el i nod
according to the frequency |ocation of the
correspondi ng transform coefficient. 40. A conputer

40r 0gAarenutet pesgram @sdiet tessfentofmoramuter-readabiteonedium, which

o kel s B06h 2ancit SR DRl AR e
c&ﬁﬁg@gﬂbgkgﬁMgaugQ&ﬁpﬁ§h,g; i nstruction code to donmain
transforman i nput signal into a plurality of

t r anéfstneticnouefle fodampis transienn yrinpbisigend énte @ phielifyoft he
transform.coefficients to produce a core bit stream
t%WF°%$E%%$ﬂ8&%bnprising quanti zi ng the transform

coef tisGheiinscodt tofenebsitt trapdommn testliaikentsitaptoducd a odre bit
code to error map the transform coefficients agai nst

strepmn, dhyy encpiling spmprsing guantigimgdhe tansforangaeHiicipnis pip predefined
ffiicients; instruction code to apply context based
encoding to the residual coefficient streamto produce
a codistductém adato eudrpudp the trastforanogefficienth against the core bit
conprising: instruction code.to bit-plane scan and
S’é@%“’tﬂ@"‘%@s‘?ﬁ&‘ﬁ%@ of grstRuALOSHILCYS produce a plurality
of T gitrdetiin &b tPAPRPCoYERP BhsRd ehsdifid/fol the FesfddEcde®icient

define one or nore context nodels for the residual bit
s{yéaam tospyrathege st codeds tesidu ali autput bl stream daghefreompsising: t he
defined Ol iRtriction Yode 90%{-81)2(1}]6 scan and code the residual coefficients to
produce a plurality of residual bit plane symbols;
instruction code to define one or more context models for the residual
bit plan symbols;
instruction code to assign, using the defined one or more context
models, a respective one or more context values for the residual bit plane symbols;
and
instruction code to code each of the residual bit plane symbols as a
function of the one or more corresponding context values to produce a coded output
bit stream,
wherein instruction code to define one or more context models comprises

instruction code to define a quantization interval context model, the context value of

which is determined as a function of the predefined quantization interval.
41. A computer program product, resident of a computer-readable medium, which

is operable to execute instruction code for decoding a context-based encoded bit
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nodel s, a respective one or nore context values for

the residual bit plane synbols; and instruction code

wo eoosoa®3each of the residual bit plane synbol BCESGZ004/000211
function of the one or nore correspondi nhg cont ext

I t d d tput bit str. . [
SRt Be bR e i G TSR e e n i bl odef as o
SEQIERES S FonhAI8 trhhkFd iR cﬁéﬂi@ieh%odgi?faioﬁig adilOplany b, #hd &puter

interval context nodel, the context val ue of which is
Pdegremprohgt egmprisingact i on of the predefined

OB Bl b SETR iy I G P2k

vaRes akd Corltéxt DUEAWneoded ib_itrslt&@&ﬁlciﬁ\to(zl@&ﬁleﬁ %ﬁt-}ﬂ@n@@hﬂﬁylﬁ
cont ext - based encoded bitstream the cont'ext-based

bes Edpbdheene ertmera sorioriyeluss pempmsing p distasicerfalazy: bitadangs
BurgNgnRce of domain transforned coefficients c[i]
aPong a bit-plane bp, the computer program product

CoNprinstiub@on totletid bitiplamd revodanicotivtdatodediviaplagiesasials as
a function of one or nore context val ues, the

bpsHibek inpar exersd styerta obflecoded enghficients clibcded
Ol 1 RGBS i BRe tehndtfiin tﬂe*b?dé}gc?%?e{ Rc6RRY ext

val ues conpri sing stance-to-laz - pl'ane cont ext
coelficentsi d{Htintociiontpuc sigealt 0 bi t - pl ane reconstruct the
decoded bit-plane synbols bps'[i,bp] into an ordered
stream of decoded coefficients c'[i]; and instruction

400de 14,0 cbﬂ}eﬁﬁlref' ﬁr_o@fz@rpﬁxfo%épo&' BRiRudek R eRitheaht & more context
decoded coefficients c'[iI] into an output signal. 42.

vilues comprisee n fisquancy brapd eaitaxt valfie.cl ai m 41, wherein the
one or nore context val ues conprises a frequency band
context value. 43. A conputer program product,

43esi gegdmpmitercproei préduct, eailddhik 6f Aresthputer-whdsbile medium, which
_operable to execute instruction code for decodi ng an

inprespleitomiecuie msknetionrofe fardgcedingrrensodedbit stzgnmbermprising
2B lﬁf(étff%ﬂlsﬁlg ae&ﬁ&gﬁgas%(? eh lﬂi@{i ru%i&uaﬂgi{ §3m ttltflt:eccmtext-based
- base ed a

cont ext enco residu I't stream cdonpri sing

eacoded pesidunl bib streanpctaprisingransieputesignal afded asrmaiseqquence of domain
transformed coefficients c[i] along a bit-plane bp, the computer program product
comprising:

instruction code to decode the core bit stream into decoded core coefficients
x'[i];

instruction code to decode, as a function of one or more context values, the
context-based residual bit stream into decoded residual coefficients e'[i], the one or
more context values comprising a distance-to-lazy bit-plane context value;

instruction code to generate, for the decoded core coefficients x i} and
decoded residual coefficients e[i}, decoded transform coefficients c'[i]; and

instruction code to inverse transform the decoded coefficients c'[i] into an

output signal.

44.  The computer program product of claim 43, wherein the one or more context
values comprises a frequency band context model.
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transformed coefficients c[i] along a bit-plane bp,

t he conputer program product conprising: instruction
wa@ owe/0b@3clecode the core bit stream into decodedr/s6roe4/000211

coefficients 'M instruction code to decode, as a

function of one or nore context values, the

cont ext-based residual bit streaminto decoded

45esi dnaomp@ts progRht sro@ud of clainh#3,00eréih tHEWMR of PMdre ¥bntext

val ues conprising a distance-to-lazy bit-plane context

vehiesiacludesa prigdefingd quandization igtereal gowiexivgluet he decoded

core coefficients x'[i] and decoded resi dua

coefficients e[i], decoded transform coefficients

c'[i]; and instruction code to inverse transformthe

decoded coefficients c'[i] into an output signal. 44.

The conputer program product of claim43, wherein the

one or nore context val ues conprises a frequency band

context nodel .45. The conputer program product of

claim 43, wherein the one or nore context val ues

i ncl udes a predefined quantization interval context

val ue.
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