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27 April 2005 WO 2004/042933 PCT/SG2002/000248 1 A METHOD AND

A DEVICE FOR PROCESSING BIT SYMBOLS GENERATED BY A, April 2005

DATA SOURCE; A COMPUTER READABLE MEDIUM; A COMPUTER
PROGRAM ELEMENT 5 Background of the Invention Embedded coding

WO lag@gg3drated tremendous interest in video, image and RERIRGPIOMIZIRg.

This is because embedded coding allows the encoder to terminate the
encoding process 10 at any point tg meet a pre-determined target bit rate.
Furthermore, the decoder can truncate the bit-stream at any point and is
still able to obtain-a reasonable good quality of the decoded video, image
AOiavElD meiher visrdesarodcaRombesitied GOEiNG eMBEN: IcaNeHfTED

rovrde rate 15 dlstortron otmrzed truncated bit- streams makrn It an
: &) ! Y . L FF

Pmﬁmﬂm method to |mplement an embedded codlng system is 20
by sequential bit-plane coding (BPC) due to its simplicity. In BPC, input
data vectors from a data source are represented in bit-planes, and the

] g ¢ }Bequentially, starting from the most
S|gn|f|cant b|t plane WhICh represents the most significant bits (MSB) 25
of the input data vectors, to the least significant; bit- plane which

Enbg tgctﬂélté’aétassrgﬁ‘ﬁﬁﬁﬁﬁi’iﬁg(EBT%P‘?HB%M"&&%%&&SVW@Or

’rmtf,htlmﬂ) dsctngierkad esimipligity, Shdhs ebeobagaseap estiedaaadhe MSB

Egg LS8 -Lthe,I0nys daip veetors salislies a Rrincinlg of dlng process

at any point to meet a pre-determined target bit  rate.

Furthermore, the decoder can truncate the bit-stream at any
point and is still able to obtain a reasonable good quality
of the decoded video, image or audio. In other words, an
ideal embedded coding system is able to provide rate—
distortion optiﬁized truncated bit-streams, making it an
ideal coding tool for building systems with Fine

Granularity Scalability (FGS).

A popular method to implement an embedded coding system is
by sequential bit-plane coding (BPC) due to its simplicity.
In BPC, input data vectors from a data source are
represented in bit-planes, and the bit-planes are then
encoded sequentially, starting from the most significant
bit-plane which represents the most significant bits (MSB)
of the input data vectors, to the least significant.bit~
plane which represents the least significant bits (LSB) of
the input data vectors. In addition to its structural
simplicity, such encoding sequence from the MSB to the LSB
of the input data vectors satisfies a principle of the
embedded coding process as discleosed in [1], wherein bits
affecting the quality of the video/image/audio data most

should be encoded first.
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30 embedded coding process as disclosed in [1], wherein bits affecting

the quality of the video/image/audio data most should be encoded first,, April 2005

27 April 2005 WO 2004/042933 PCT/SG2002/000248 2 Generally,
implementing a bit-plane coding that gives an optimized value of the

WO 2e0E0dig3artion curve is extremely 5 complex and requirePAiEy$G2002/000248

computational resources. This is because for general data sources, there
exists statistical dependencies among bit-planes as well as among data -
samples. In order to capture such deﬁgendencies, an entropy coder has.
to employ a frequency table with a large number 10 of entries, which does
not only increase the complexity of the entropy coder but may also result
in large modeling cost [2] that eventually degrades the coding
performance. Therefore, most practical implementations of bit-plane

ceadinglusyalhnpdepica compramises ppareacivtdiieduerdbeddres an
computational.complexities, which unfortunately, result in, performance

RGP HEACE i & FodPAte 1 REvb L B e BodihoHPyEREE L

cuorpdlegiveesianaptivized vadire obtiratzs-idistatiore 20 1cores wiichss Dé

paJWsCompHtRiional corpplexity and-yet dagsotdgsult in §HQ%FE‘QE§'ca1
degradation in performance. Summary of the Invention 25 It is an object of
depeiRHib S BRI ShEhBEEded ScHfihd ReRRORMIGREDf low ~
s&aprEgational exmptexity, b tiave padhraapeaadie isscompasaiiedpy
cgcﬁ]grOfI}Qg. Sl:yoS t%ﬁ;?lg{zerét'of‘reéjq%%%‘é% table with a large number
of entries, which does not only increase the complexity of
the entropy coder but may also result in large modeling -
cost [2] that eventually degrades the coding performance.
Therefore, most practical implementations of bit-plane
coding usually adopt a compromised approach to reduce the
computational complexities, which unfortunately, result in

performance degradation.

Hence, it is desirable to have a bit-plane coding process
which gives an optimized walue of the rate-distortion
curve, which is of a low computational complexity, and yet

does not result in substantial degradation in performance.

Summary of the Invention

It is an object of the invention to provide an embedded
coding scheme which is of low computational complexity, but
have performance which is comparable to any of the systems

mentioned above.

The object is achieved by the features of the independent

claims. Additional features result from the dependent

claims.
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Additional features result from the dependent claims. 27 April 2005 W{3 April 2005
2004/042933 PCT/SG2002/000248 3 The present invention relates to a

method for processing bit symbols generated by a data source, in

WO pastise®as a video, still image or, audio source, comprisiREHEGHIR10245

constructing a plurality of bit-planes using the bit symbols generated by

the data source, each bit-plane comprising a plurality of bit-plane

symbols, scanning the bit-plane sym%ols of each bit-plane to generate-a

binary string of bit-plane symbols, and encoding the binary string 10 of

the bit-plane symbols using a statistical model, wherein the statistical

model is based on statistical ro;c)erties of a. Laplacian probability
THRBBGFST functioruhih rcﬁ?é?ac‘?éri%é’s thd"GAtA S0 RE. BECPRS Bih9
bsymimib gbaempdinttd atassalate, whichcepnipriges:a phabity of

' data vegt e first ged.i ch 0 that a pjurality
M R e e e K
capfibeis wiHieh oRrbapahds o ehchifirBmperotin20tdealsburce. The
sgﬂ%,ﬁgua&g@t@jebgo 2Ry kincaf datarsianakybich, canbe.captured

y a capturing device for furtf%er rocessing. Specifically, the data source

L S GpE IR RS Fo B VR AT WARGA r 4CATRO oiee
binhkiphxaa sembpiredbyeachddd teqorder damerenerate. a binary
string of bit-plane symbols, and encoding the binary string

.of the bit-plane symbols using a statistical model, wherein

. the statistical model is based on statistical properties of

a -Laplacian probability distribution function which

" characterizes the data source.

The bit symbols generated by the data source, which
comprises a plurality of input data vectors, are first
arranged in such a manner so that a plurality of bit-planes

are formed. Each bit-plane comprises a plurality of bit-

'plane symbols which corresponds to each bit symbol of the

data source.

The data source may refer to any kind of data signal which
can be captured by a capturing device for further
processing. Specifically, the data source in this
specification refers to a video, a still image or an audio
source which can be captured by a video recorder, camera

and microphone, respectively, for further processing.

Starting from a bit-plane, preferably the bit-plane
containing the MSB of the input data wvectors, all the bit-
plane symbols are scanned to select bit-plane symbols

according to a certain manner in order ito generate a binary
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and microphone, respectively, for further processing. Starting from a

bit-plane, preferably the bit-plane 30 containing the MSB of the input dﬁtﬁAprﬂ 2005
I

vectors, all the bit- plane symbols are scanned to select bit-plane symbols
according to a certain manner in order to generate a binary 27 April 2005

WO 9@02808/042933 PCT/SG2002/000248 4 string of bit-plREE/Sk2ARH1802 e

binary string of bit- plane symbols generated by the scanning process
then are encoded using a statistical model. The statistical model is
generated based on statistical prope’hies of a Laplacian 5 probability
distribution function (pdf) of the data source, in particular a

svidenfimagsiaudia spurcsmidia sdvaniagenafiiising awstatisfica madel
which is based on the statistical properties of a Laplacianpdf for 10
PIARS TG R Birff) StAvG IBH-FEHﬁe LABHISE PEREFE TIhpbtat®hal
ercepaRlexity Digha esceding procesadimsed orHbisskind of statistiGabaodel
. is very Iov¥. t}oen th& statistticgl. odeHlis based %n the s&atistical )
15 BPRRISESH 2§8RSral pdt,-an extremely Targe probasiliff tahid P 15c1an
pregalredibibalirdimtdindd imthdiantdder, (wridh ioTinshdaliketforsource,

i&&@@@{ig{}ﬁ/}@t@|iq§%9qm9blga}more§93%_and storage capacity. In

order to overcome this problem, most BPC schemes according to the

state of the art only entropy encode a limited subset of bit-plane symbols
The0 Hiptdinereeryrskasimstabetian i esidiiig mesidistantiahlass efzgading
oS TRIENCY, By 23R ing 2aistsal prgpetties ofia Laplacian. pdf of
encoding the binary string of bit-plane symbols is thét the"
computational complexity of the encoding process based on
this kind of statistical model is very low. When the
statistical model is based on the statistical properties of
a general pdf, an extremely large probability table is
required to be maintained in the encoder, which is
unsuitable for applications with limited computational
resources and storage capacity. In order to overcome this
problem, most BPC schemes according to the state of the art
only entropy encode a limited subset of bit-plane symbols

that have wvery skew distribution, resulting in substantial

loss of coding efficiency.

By exploiting statistical properties of a Laplacian pdf of
the data source according to the invention, the need for

such a large probability table is eliminated, resulting in
a substantial reduction in computational complexity and yet

without any substantial loss of gquality.

The encoding method according to the invention uses an
entropy encoding process, which is a form of data
compression method based on statistical models.

Preferably, an arithmetic encoder is used as an entropy



the data source according to the invention, the need for 25 such a large
probability table is eliminated, resulting in a substantial reductionin = 5 April 2005
computational complexity and yet without any substantial loss of quality.
The encoding method according to the invention uses an 30 entropy

WO 2068608689 process, which is a form of data compression RETYRHRAL02¢h
statistical models. Preferably, an arithmetic encoder is used as an
entropy 27 April 2005 WO 2004/042933 PCT/SG2002/000248 encoder for
encoding the binary string of bit-plané symbols generated by the
scanning process. Arithmetic encoding, an entropy encoding process, is

eﬂa%feérledfgeceﬂbmwgescgeoéwarﬁre%@maﬂefAﬂiaplgquHeOd;g;ﬁB&%
defined using the following , function: 10 f (x) = e 2Wz wherein a is the
IEPFTRIEL RN BT SRR HRHiIR TSR Barameter, of the Laplacian pdf. 15
According to an embodiment of the invention, the above equation of the
Laplacian pdf is used to determine the probability assignment tp each of
e e R i Gelirmanda BrARTY ALTyRBnt £
psebsegedndjusedi to Hetridas the statistopiremsibbforrericaring the
binary 20 string of bit-plane symbols. Specifically, the probability
assignment to each, of the bit-plane symbol is determined using the
Af&mﬁiﬁﬁﬁ%gugﬁgngan be defined using the following

- function:

=
IO e

wherein ¢ is the standard deviation, or the distribution

parameter, of the Laplacian pdf.

According to an- embodiment of the invention, the above
equation of the Laplacian pdf is used to determine the
probability assignment to each of the bit-plane symbols.
The determined probability assignment is subsequently used

to determine the statistical model for encoding the binary

string of bit-plane symbols.

Specifically, the probability assignment to each of the
bit-plane symbol is determined using the following

equation:

-1

2 iz
Pj=1—(1+e s ] , J =M1, M-2, ..

wherein



10

15

20

25

30

252 1P.=1-1+e j= M-1, M-2, ... wherein 27 April 2005 WO 2004/042933
PCT/SG2002/000248 6 Pj is the probability assignment to the bit-plang-, April 2005
symbol, and j represents the bit-plane. The above probability assignment
equation is obtained from 5 the Laplacian pdf, and is used to determine

WO 2o i39BRbility of each bit-plane symbol. Such probability GF/Ef042880248

information of the data source is subsequently used by the encoder, in
particular the arithmetic encoder, for encoding the binary string of
bit-plane symbols. 10 Due to the staﬁstical'properties of the Laplacian pdf,
the complexity of determining the probability distribution of each bit-plane

pjsieraradgushyateduced. 54n anaiher embedimertwhers ihe;siandard
deviation, a, is not known,.the probability assignment to each bit-plane

NG b SRSt 5afdd oR 1A8%nowledge from encoding the

previous bit-plane symbols. 20 Such an adaptive process is useful in
e R b e SRl 8 B o
thaydrapdsed anepsidtistind pispaitied bPtiedarmdawcthremiatbabhihbilty
o384, opiinfgImationsgaiebiained. framgreviousiy ercodedsbitplang 5
in?é?gggkon of the data source is subsequently used by the
encoder, in particular the arithmetic encoder, for encoding

the binary string of bit-plane symbols.

Due to the statistical properties of the Laplacian pdf, the
complexity of determining the probability distribution of

each bit-plane is tremendously reduced.

In another embodiment where the standard deviation, o, is
not known, the probability assignment to each bit-plane
symbol is determined based on the knowledge from encoding

the previous bit-plane symbols.

Such an adaptive process is useful in practical
applications when knowledge of the statistical properties
of the data source is not known, or when the data source is
non-stationary. In such cases, the statistical properties
of the data source are determined based on information

obtained from previously encoded bit-plane symbols.

Specifically, the probability assignment to each bit-plane
symbol in this embodiment is given by the following

equation:



Specifically, the probability assignment to each bit-plane symbol in this
embodiment is given by the following equation: 30 27 April 2005 WO ,, April 2005
2004/042933 PCT/8G2002/000245 7 wherein 5 Pj is the probability
assignment to the bit-plane symbol,. Na is the number of bit-plane the
WO aifiea83bit-plane, symbols N is the number of bit-plane BG#tf61802/000248
bit-plane symbol, coded until the end of coded in 10 PjNa is the estimation
of Pj after observing symbols, Pj"L is the maximum likelihood estimation
current bit-plane and is defined by Nd -NNJ 15 P’ _N-Na wherein bi,,j is
the bit-plane symbol. of the current Na bit-plane

Nd 4 'Nn' ML
A AR (S o

wherein

P; is the probability assignment to the bit-plane symbol,.

N, is the number of bit-plane symbols coded until the end of
the previous bit-plane, . ‘

N is the number of bit-plane symbols coded in the current
bit-plane symbol,

P/ is the estimation of P; after observing N. bit-plane

symbols,

2 is the maximum likelihood estimation of P; for the

current bit-plane and is defined by

N-N,

)

bi,i
N-N,

ML
I)j':

wherein b;,; is the bit-plane symbol.

Preferably, the estimation of P; from previous coded bit
planes, P;®, is estimated by updating from the previous

bit-plane using the following equation:

1
T Bl P

wherein P;; is the estimation of P; from the previous bit-

plane.
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planes, PjNa, is estimated by updating from the previous bit-plane using April 2005

the following equation: PN, P.i _P7+P"l 25 wherein Pl is the estimation of
Pj from the previous bit- plane. 27 April 2005 WO 2004/042933

WO PENBB2002/000248 8 In another embodiment of the inVEMtHSiZ00RE00248

method for processing bit symbols generated by a data source further
comprises the steps of determining an optimal bit-plane (referred to as
lazy plane) from the input data vectoPto 5 be coded, determining a
probability assignment to each bit- plane based on its relation with the lazy

rR'angubereinptheinobabdity assignmentitodhe hibalane;ig ysed as the
statistical model for encoding the binary string of bit- plane symbols. 10 In
PRASSSHAbBEiReft, %Hé‘%ﬁﬁ?ptﬁﬁﬁ&ﬁél%%ﬁﬁpéxﬁy‘%ﬂ‘fﬁe SENEoeng prodees

chmfarthersreghiseshsipee dre psakakilityi Agsign et iRLachihit-planeds

ex Iicitl%/]dettermineég béa {elati n?hi WE the lazy plane. 15 Firstly, the
(FRAPRESE Ko ABet A oR A LTI of Mt SPRIER, FAEAaTs Bhate (0
beeprekshteddhieamimteger a Lpndheth satidfie stheifpinwing inegeadty: bit-
plane based on its relation with the lazy plane, wherein
the probability assignment to the bit-plane is used as the
statistical model for encoding the binary string of bit-

plane symbols.

In this embodiment, the computational complexity of the
encoding process is further reduced since the probability =

assignment to-each bit-plane is explicitly determined by a-

- relationship with the lazy plane.

Firstly, the lazy plane is selected from the plurality of
bit-planes. The lazy plane is represented by an integer,

L, which satisfies the following inequality:
¢2—J’.+§l sg <¢2—L

wherein

J5-1
2|’ and

2
A ’_
52

0 iz defined as 8=e'® .

¢ is defined by (

The above decision rule actually partitions the support of
the distribution parameter, ¢, into disjointed regions, and
the lazy plane corresponding to each partitioned region is

specified so that it satisfies the above inequality.
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25 The above decision rule actually partitions the support of the 27 April 2005
distribution parameter, a, into disjointed regions, and the lazy plane
corresponding to each partitioned region is specified so that it satisfies

WO 218/8428%€ inequality. 27 April 2005 WO 2004/042933 PCT/$5G2002/000248

PCT/SG2002/000248 9 After the lazy plane is determined according to the

invention, the probability assignment to each bit-plane is determined. The

probability assignment to each bit-pla?ne is based on its relationship with

respect, to the optimal bit-plane as given by the equation: 1 'jzL QjL =[I+

2 L 2 10 wherein Qf is the probability assignment to the jth bit-plane.
Aéltern%}_ilvel ,whenlthe length_and the absolute sum of the input data

VeRbork5t tha Hatk s3lfcd Are RhSTI 1581 &5 fikn hayihe
imetetmived tdiagphelekodingyveauatiomuentming. EZch? bNcagi ayherein
determined. The probability assignment to each bit-plane
is based on its relationship with respect. to the optimal

bit-plane as given by the equation:

1 =y
Ql. - 14277 J
! 1 j<lL
Z’J
wherein

OF is the prbbébility'assignmeht_to the 3™ bit-plane.

Alternatively, when the length and the absolute sum of the
input data vectors of the data source are known, the lazy

plane may be determined using the following equation:
L=minfL€Z 2N = A}

wherein
N is the length of the input data vector, and

A is the absolute sum of the input data vector.

The determining of the optimal bit~plane may be implemented
by a slight modification of the algorithm as disclosed in

[3] to extend the range of order L to a negative integer.

In another alternative embodiment, the probability

assignment to each bit-plane which is based on its
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20 N is the length of the input data vector, and A is the absolute sum of
the input data vector. The determining of the ‘optimal bit-plane may be ,, April 2005
implemented by a slight modification of the algorithm as disclosed in 25
[3] to extend the range of order L to a negative integer. In another
WO 2@k@13938/e embodiment, the probability assignment to dSGMSIGiz0orA148248
which is based on its 27 April 2005 WO 2004/042933
PCT/SG2002/000248 10 relationship with respect to the lazy plane may
be determined using the equation: Y j<L 5 In this embodiment, the
encoder may be implemented using the skew coder which is disclosed in

relfl+ASMpationad Hhedwgsalternativg emhodiments deggrbed10 above

has the advantage of further reducing'the computational complexity of

degreBdRgANB HiRdr RNy bitPlane symbols. Furthermore, a method is
provided for processing the 15 encoded binary string of bit-plane symbols
to generate an output data representing the data source, comprising the
steps-of Jdeceding the encoded binary string of bit-plane symbols to

Qfgg 8fate a further binary string of bit-plane symbols so that a-plurality of
bit- I&n,gs:qpmprising the 20" bit-plane symbols can be reconstructed. The
plutalty of bit-planes are reconstructed with the probability assigned by a
further statistical model, and hence the output data representing the input

data vectars can be reconstructed. ) ,
In this embodiment, the encoder may be implemented using

the skew coder which is disclosed in [4].

As mentioned, the two alternative embodiments described
above has the advantage of further reducing the - =~
computational complexity'of encoding the binary string of

bit-plane symbols.

Furthermore, a method is provided for processing the
encoded binary string of bit-plane symbols to generate an
output data repfesenting the data source, comprising the
steps of decoding the encoded binary string of bit-plane
symbols to generate a further binary string of bit-plane
symbols so that a plurality of bit-planes comprising the
bit-plane symbols can be reconstructed. The plurality of
bit—-planes are reconstructed with the probability assigned
by a further statistical model, and hence the output data
representing the input data vectors can be reconstructed.
The statistical model is based on a Laplacian probability

distribution function which characterizes the bit-plane

symbols.

The statistical model generated from the decoding process

of the binary string of the bit-plane symbols is identical
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The statistical model is based on a Laplacian probability 25 distribution

function which characterizes the bit-plane symbols. The statistical modgl April 2005
generated from the decoding process of the binary string of the bit-plane

symbols is identical 27 April 2005 WO 2004/042933 PCT/SG2002/000248

WO 00404 IAB statistical model which is used for the encodingP ¢FE2842/4p0248

other words, the probability assignment, Pj or QL ,, used for forming the
statistical model in the encoding process is re-generated in the decoding
process. 5 The plurality of bit-planeslére thus reconstructed using the
identical statistical model used in the encoding process, resulting in the
tée¢oRsteycied autputdalsdo benaxactly ddentical 13ihe pdoal data,
source up to the 10 bit-plane where the encoded binary string of bit-plane

PEYRfSSIs is tnTRafd BYTRE uetBBePFhaRIMbrE, a7 ShoRaHhearfs oF

03U EAITRE (M BEImeRP NSt ICHoR O 1he SOUIGRURGIOLS, IS produsced with,
the 15 probability assigned by that statistical model. Specifically, the

rprobabilifys assigaenanatjad usediocfodacthbisatisticalansdel in the
encoding process, and the data source is reconstructed using the

following equation: j1J_-1 \ wherein
The plurality of bit-planes are thus reconstructed using

the identical statistical model used in the encoding
process, resulting'ih the reconstructed output data to be
exactly identical to the original data source up to the

bit-plane where the encoded binary string of bit-plane

-symbols is terminated by the decoder.

. Furthermore, an optimal mean sqguare error {(MSE)

reconstruction of the source vectors is produced with thé'
probability assigned by that statistical model.

Specifically, the probability assignment P; is used to form
the statistical model in the enceoding process, and the data

source is reconstructed using the following equation:

T R —= N
% =(2s, -1)( b, 20 + sz,] .

J=M-1 - J=I=1

wherein

X is the re-constructed data source, and
s; is a sign symbol of X,.
T is the bit-plane the encoded binary string of bit-plane

symbols is terminated
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2, is the re-constructed data source, and si is a sign symbol of x, . 25 T is

the bit-plane the encoded binary string of bit-plane symbols is termina%dApril 2005
27 April 2005 WO 2004/042933 PCT/SG2002/000248 12 Similarly, when

the probability assignment Q, is used to form the statistical model in the

WO 2008823y process, the data source is reconstructed usiRgHREIINANIAE

equation: As can be seen from above, the second summation 7 Qf2' is
used for enhancing the quality of the re-generated data source, which can
be stopped once a desired quality id210 achieved. The described
embodiments of the invention apply not only to the method, but also to a
.device,ac ter fea i mputep,program. 15 Brief
e e e o TR Pl e by 20
fovideplimagelatdiol catingaysieim 2thEigseashayvpaganaral stecture

of a bit-plane,coding system. Figure 3 shows a q_tified structure, of the
daﬁﬁ-p?é’r‘fe% cc::%dllnsg lfégggé%rﬁ?ﬁgtﬁ% ah embo |meen$2§f R IR RBH DstRifed
Description of the Preferred Embodiment of the Invention 27 April 2005

T 3 =0 N
% =(2s -1)( b, ;27 + 2er2!) .
j- =1 '

! -t
As can be seen from above, the second summation szf is

JM=T-1
used for enhancing the quality of the re-generated data
source, which can be stopped once a desired guality'is

achieved.

"The described embodiments of the invention apply not only

to the method, but also to a device, a computer readable

medium and a computer program.

Brief Description of the Figures

Figure 1 shows a general structure of a video/image/audio

coding system.

Figure 2 shows a general structure of a2 bit-plane coding

system.

Figure 3 shows a modified structure of the bit-plane coding

according to an embodiment of the invention.

Detailed Description of the Preferred Embodiment of the

Invention
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WO 2004/042933 PCT/SG2002/000248 13 Fig.1 shows a general

structure of a video/image/audio coding system 100. A data source, in,, April 2005
particular video, still image or audio source, is received by a capturing

device 101. The capturing device 101 may be a video 5 recorder, a

WO 20041042281 a microphone for capturing different types of {EESSHIRAWIHBe

captured data is first converted into a digital signal by an Analog-to-Digital
(A/D) converter 102 for further processing. 10 The bit symbols of the data
source generated in the A/D convertér are received by a bit-plane coding

system 103 (which will be described in detail later) comprising an encoder

rigitl Uhand adgeadesninit 405 FheLNseder Yie d04£Nc0es 488 bit

symbols and transmits the encoded 15 symbols over a channel to the
c def¥kemst Ofe dBcHaEPUMPYDS UecttaRAhE EHELRE dE\FRBols
setisendsydhesdenoses syynbels,toian eutputayias,187 Jopexample a

digital televisiop,or digital camera, to be di yed. If. 20 the qutput device
deﬂgﬁ% aﬁngghalo%hae\%gc% S SIS afu8 0" &hbaREN2 a7 1de0
radigitdkio- Analeg €A peorventerifighimay  berusetbtonedmeertitheferent
efjfe0dst SpRolinRR anajegsiagpL el gup g 1A 1B dis oy

evice 107. 25 Fig.2 shows a general structure of a bit-plane coding

indRtemies: omphisiRtaR ¥ntBdararaokeatt aiderbder /Wit 105. The
cdReoeies tiNito204 durtifar-eaaprises ceit-iplane construction and scanning

unit 110, a first statistical model unit 111 and an entropy encoder 112.

The 30 decoder unit 105 further comprises an entropy decoder 122,
The bit symbols of the data source generated in the A/D

converter afe'feééived by a bit-plane coding system 103

(which will be described in detail later) comprising an -

encoder unit:104 and_a decoder unit 105. The encoder unit
104 encodes the bit symbols and transmits the encoded

symbols over a channel to the decoder unit 105.

The decoder unit 105 decodes the encoded symbols and sends
the decoded symbols to an output device 107, for example a
digital television or digital camera, to be displayed. If
the output device 107 is an analog device (for example an
audio sﬁéaker), a-DigitaITto—Analog (D/A) converter 106 may
be used to convert the decoded symbols to an analog signal

before outputting them to the output device 107.

Fig.2 shows a general structure of a bit-plane coding
system 103, comprising an encoder unit 104 and a decoder
unit 105. The encoder unit 104 further comprises a bit-
plane construction and scanning unit-110, -a first
statistical model unit 111 and an entropy encoder 112. The
decoder unit 105 further comprises an entropy decoder 122,
a second statistical model unit 121 and a bit-plane

reconstruction unit 120.
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a second statistical model unit 121 and a bit-plane reconstruction unit

120. 27 April 2005 WO 2004/042933 PCT/SG2002/000248 14 At the SIRIk 1 2005

of the encoding process, the bit symbols 130 are received by the
bit-plane construction and scanning unit 110. The bit symbols 130

WO 280041982 s a plurality of 5 input data vectors which can RCIEHr24RAMAES

X AXi, X2,..."., Xk) for a k-dimensional input data vector, wherein 10 xi is
extracted from an independent and identical distributed (i.i.d.) random
source of some alphabet AC R. xi njléy also be represented in binary form
as 15 x;=(2s;-1~ b;,j.2' ;_ | wherein si is the sign symbol which is
expressedasrl x;a0 =10xi<0, 120 (2) (3) and bi,j is the amplitude
symbol wherein bi,j e (0,1}. The binary representation of xi is also

Aty e afRaF bis HtebBf MRSTSHRE (REGSRSFingiREqRalky S¥B205m 440
arkl<2Mdiledkitd) Wirerbeach inpe datavectarfdhe itswabalsik3p is

ur!BEEL4RS DY RN SN A S5 YUYl a1 sy o

input data vectors which can be represented as

X =" {X1, X2y, Xi} ST e ()

for a k—-dimensional input data vector, wherein

x; is extracted from an independent and identical-

distributed (i.i.d.) random source of some alphabet A C R.

x; may also be represented in binary form as

% =(s-1) %527, i=1,..,k (2)

i1

wherein s; is the sign symbol which is expressed as

1 =0
s,.s{ =, (3)
-0 x <0
and b;,; is the amplitude symbol wherein b;,; € {0,1}. The
binary representation of x; is also normalized as integer M

satisfies the following inequality:
2M1 smax{xif}< 2Mi=1..k : (4)
When each input data vector of the bit symbols 130 is

received by the bit-plane construction and scanning unit

110, the input data vector is decomposed into its sign
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110, the input data vector is decomposed into its sign 27 April 2005 WO

2004/042933 PCT/SG2002/000248 15 symbol si and amplitude symbols April 2005

bi,j. The sign and amplitude symbols of the input data vectors are
arranged to form a plurality of bit-planes, with each bit-plane containing a

WO 280gm4293mbol sj or an amplitude symbol bi,j from each inREBSGLANWOLAS.

Generally, the amplitude symbols bi,j corresponding to the most
significant bit (MSB) of the input data vectors are arranged in a first
bit-plane, and the amplitude symbols bi,j of the second MSB are arranged -
in a second bit-plane, and so on., The sign symbols si of the 10 input data
sYRRArsAra AlsuApaneaddn spptharseparate ﬂtéoléﬂgnwﬁaemmde
amplitude symbols of the bit planes are réferred to as bit-plane symbols.
symhed the hitthrantBRite @iHstruttsd Aifth@15it-plafrres dyfbhoferm a
plegniaineg ivrtheihit-planessaraesseannetistariingptapethecbitplangg a
.containing the MSB of the input data vectors. The scanning process is to
Slﬁ}e&yﬂ% it-ptafé gf}m%%?sfo I%ar'% g%ﬂ%’fr; s}f[ﬁff'g gfﬁﬁ-p‘%ﬁé syHdks

dal3l vermpossistmscadiing proeessis stmdearizetbinlthelf();following
colteBSpon i SEANRING framthei-piane, M contgiing fhe MSB of

input data vectors, 2. Select the amplitude symbols bi,j with the 25

ingitFe SP6AAIRGEABAATSSARBBRIGCall-the®pretdttis BitiplhBBDeifged:

thll, Nmg1 DR s hibie. 3;When thesamplivisle signbabti jdsrhibesian

a %@Qggg bit~plane; and so on., The sign symbols s5; of the -

input data vectors are also arranged in another separate

planes are referred to as bit-plane symbols.

Once the bit-planes are constructed, all the bit-plane
symbols contained in the bit-planes are scanned, starting

from the bit-plane containing the MSB of the input data

~vectors. The scanning process is to select the bit-plane

symbols to form a binary string of bit-plane symbols 131.

One possible scanning process 1s summarized in the

following steps:

1. Start scanning from the bit-plane j=M-I containing the
MSB of input data vectors,

2. Select the amplitude symbols bi,; with the
corresponding amplitude symbols of all the previous
bit-planes being “0%: biy-1= bimz=.= Dbi,jr1=0.

3. When the amplitude symbol b;,; is “1%, the sign symbol-
s; is also selected. Steps 2) and 3) are known as the
significance pass.

4. Select the amplitude symbols bj,; which are not
selected in the significance pass. This step is known

as the refinement pass.
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si is also selected. Steps 2) and 3) are known as the significance pass.

30 4. Select the amplitude symbols bi,j which are not selected in the 5 April 2005

significance pass. This step is known as the refinement pass. 27 April
2005 WO 2004/042933 PCT/SG2002/000248 16 5. Progress to the next

WO 200i4aR j-1. The above steps are iterated until a certai®€dyRtiAIAH0248

criterion, for example when a pre-defined bit-rate is met 5 or a
_pre-defined rate-distortion constrain has been reached. Once the binary
string of bit-plane symbols 131 is g%?uerated by the above scanning
process, it is further 10 encoded or compressed in the entropy encoder
5. 112.p 3igtistical propediesel32 gf thehilplane gymbols of the data source
130 is uSed in the statistical model Ill to provide the probability
assignment 133 which is used for encoding the binary string of bit-plane
Theyabele13t ébiha kb eotppyancedes 112. Joetencodeskdataskdhiom
the entropy encoder 11feis ggplsmittedegégrfa chgmge[d yvhi%h is
Crd 5Tty e BNEE and d6Coded by the entropy decoder122° THe:
orchammremiayive 808t tdinet eretwork, comit e sNireatNetvimrkr{\WAN), or a
rigleps communication network. The entropy decoder 122 receives and
ecodes the encoded data 134 into a binary string of bit-plane symbols
135. 25 Theoretically, the binary string of bit-plane symbols 135
Once the binary string of bit-plane symbols 131 is

re

generated by the above scanning process, it is further
encoded or compressed in the entropy encoder 112,

Statistical properties 132 of the bit-plane symbols of the

data source 130 is used in the statistical model 111 to

provide the probability assignment 133 which is used for
encoding the binary string of bit-plane symbols 131 in the

entropy encoder 112.

The encoded data 134 from the entropy encoder 112 is
transmitted over a channel, which is subsequently received
and decoded by the entropy deqoder 122. The channel may be
an Internet network, a Wide Area Network (WAN}, or a

wireless communication network.

The entropy decoder 122 receives and decodes the encoded
data 134 into a binary string of bit-plane symbols 135.
Theoretically, the binary string of bit-plane symbols 135
generated by the entropy decoder 122 is identical to the
binary string of bit-plane symbols 131.

The statistics of the bit-planes 137 is used by the
statistical model 121 to generate the probability
assignment 136, which is identical to 133 so that the bit-
plaﬁe symbols can be correctly decoded. The bit-plane



generated by the entropy decoder 122 is identical to the binary string of
bit-plane symbols 131. The statistics of the bit-planes 137 is used by thg, pril 2005
30 statistical model 121 to generate the probability assignment 136, WhiCF?
is identical to 133 so that the bit- plane symbols can be correctly decoded.
WO 200h@498Pplane 27 April 2005 WO 2004/042933 PCT/SGROTAGBU2NS 2
symbols 135 are then used by the bit-plane reconstruction” unit 120 to
reconstruct the bit-planes to generate an output data 138 representing
the bit symbols 130 of the data soutde. 5 In case that optimal MSE
reconstruction is desired, the probability assignment 136 is also used by

syhdbiarapoduce eauipstdaty, 188e 191t shawd beeisdhat in prder

to obtain an optimal compression of the binary string of bit-plane symbols
unidy 150, H3id SSRREE FATInd A Y ik aPIrRapilify d SERSHMIE f@Rction,
oubputubes of bisreguisedbyithe anteomicodgmpbd2don gncedingdhe
dal ig—péaner(s: mbols is given by 15 -log2Pr(si,bi,M_1,".), wherein the
proba%lfllty r(si,bi,M_1i... can be expressed as: Pr (siibi,x-1....,by,x-j) = Pr
(si) Pr (bi,M-1 I si)._ . Pr (bi,M-] I si,bi,x 1 r--,bi,M-j+1) (5) 20 wherein

TndeaQesthSCEaNA! MSE reconstruction is desired, the
probability assignment 136 is also used by 120 to reproduce

the output data 138.

It should be noted that in order to obtain an optimal-
compression of the binary string of bit-plane symbols 131 -+
of a-data source having a general probability distribution' =
function, the number of bits required by the entropy coder: -
112 for encoding the bit-plane symbols is given by

-log2Pr (S;,bPi,m-1,..), wherein the probability Pr(s;, bi,mi,..)

can be expressed as:

Pr (Sirbi,u-lz---rbi,}!—j) = Pr (Si) Pr (bi,M—l | Si) . Pr (bj,u—j l 53 ,bj,M_

i r--lb.i,M-J"*I) {5)

wherein
Pr(bi,u-il 8i,bi,u-1,,0i,m3:1) denotes the conditional

probability of bj,mj; on previously coded bit-planes.

In practice, implementing such an entropy encoder for
encoding all the bit-plane symbols of the data socurce will
generally require a frequency/probability table with a
large number of entries. For encoding at high bit-rates,
the number of entries to be maintained in such a frequency
table is extremely large and hence is not practical,
especially in systems with limited computational and

storage capabilities. In addition, it may introduce
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7 engo
€S
- [6hdf of the data source to generate the probability assignmént 133 for

probability of bi,M-j on previously coded bit-planes. 25 In practice,

implementing such an entropy encoder for encoding all the bit-plane 5 April 2005
symbols of the data source will generally require a frequency/probability

table with a large number of entries. For encoding at high bit-rates, the

woO 2004/0h28330f entries to be maintained in such a frequency BOIS4:023000248

extremely large and hence is not practical, especially in systems with

limited computational and storage capabilities. In addition, it may

introduce 27 April 2005 WO 2004/042933 PCT/SG2002/000248 18

substantial modeling cost [2] for an adaptive setting for data sources with
suokaRnAsibulipt Jherdiorg 4 Siapiligd apaiaach sagenied ipgost

practical systems wherein only bit-plane symbols with very skew _

dagiistAPussES (Hdde SRR seditad irtheosignifitanse fres) afe
si@peoded Dy-iherealeapy ensadpr s deseiihed ipriRlanch 161, Aqgpiding
to the invention for bit-plane cading, the 10 properties of a Laplacian
whersdon iR o Sﬁfb%—f%ﬁﬁafb?l cﬁXﬁ?b Pg%) Which iEShKerdrtvin fsdtday tion
{tBosecesmispisiallyanneidleln stilématierant andicess paees, istised for
.encoding . ftge r entrop er 112,15 Specifically,
e?a?logf 9 %21‘#&99 %%QA@Q%, o é’?%%‘i%ec} 1?‘thf;5?a%1‘d

ical model 11T uses the statistical properties o acian

encoding the binary string of bit-plane symbols 132. The Laplacian pdf of

the data source can be expressgd u%n%thﬁ .
According to the invention for bit-plane coding,: the

".properties of a Laplacian probability distribution Ffunction

. {pdf) which is inherent in most data sources, especially in

video, still image and audio sources, is used for encoding

.. of the data source by the entropy encoder 112.°

Specifically, the statistical model 111 uses the

. statistical properties of the Laplacian pdf of the data

source to generate the probability assignment 133 for
enc¢oding the binary string of bit-plane symbols 132. The

Laplacian pdf of the data source can be expressed using the

following equation:

HOR S
V25?

{6)

wherein o is the standard deviation or distribution

parameter of the Laplacian pdf.

It can be readily verified from (6) that the bit-plane
symbols of the Laplacian source has the following

independency properties:
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20 following equation: f f,) iW2 wherein a is the standard deviation or
distribution 25 parameter of the Laplacian pdf. It can be readily verified, April 2005
from (6) that the bit-plane symbols of the Laplacian source has the
following independency properties: (6) 30 27 April 2005 WO
WO 2008042832933 PCT/SG2002/000248 19 Pj = Pr(bl,j=1) BHY§G262/000248
si,bi,M-1,---,bi,j+1) Pr(bi,j=0) = Pr(bi,j=0I si,bi,M_1,...,bi,j+1) =1 - Pj5 Pr
(s;=1) = Pr (si=0) = 0.5 (7) (8) (9) wherein the probability assignment for
the entropy coder for each bit-plan&d is given by (7) - (9). 10 From (6), Pj,
can be calculated as Pi =I-I |+e yo- I , j M-1, M-2, ... When the distribution

p,Pargpeier a {or thesstandarg | 15 deviation) gf the Laplacian pdf is knqwn,
?Pj can be “determined dilréctly usfng equan’on (i*of. (10) When Pj is M
determined, the probability of each bit-plane symbols can be determined

Pﬁ{ﬁiﬂwuaim}-sfﬁi),}edgkm,M-l}---rbi,ji-l) =1 - Pj (8)
Pr(s;=1}) = Pr(s;=0) = 0.5 ) - {9)

wherein the probability assignment for the entropy coders

for each bit-plane j is given by (7) - (9).

From (6), P; can be calculated as
2 _ S ‘ : o
f;=1~(1+e “?] y J =M1, M-2, .. _ o (10)

When the distribution parameter ¢ {or the standard
deviation) of the Laplacian pdf is known, P; can be

determined directly using equation (10}.

When P; is determined, the probability of each bit-plane
symbols can be determined using equations (7) to (9) and
such statistical information of the data source is used by

the entropy encoder 112 for encoding the binary string of

the bit-plane symbols 131.

It can be seen from above that by using the statistical
properties of the Laplacian pdf of the data source, the
‘maintenance of a large frequency table according to the
prior art is not needed, and hence the encoding process of

the binary string 131 by the entropy encoder 112 is greatly

simplified.
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20 such statistical information of the data source is used by the entropy

encoder 112 for encoding the binary string of the bit-plane symbols 13}, Kpril 2005
can be seen from above that by using the statistical 25 properties of the

Laplacian pdf of the data source, the maintenance of a large frequency

woO 20@ilileeeascording to the prior art is not needed, and hendRCHBGEABHHINGS

process of the binary string 131 by the entropy encoder 112 is greatly
simplified. 30 27 April 2005 WO 2004/042933 PCT/SG2002/000248 20 In
a further embodiment of the inventi®®, the probability assignment Pj to
each bit-plane symbol determined in equation (10) is used to regenerate

n 2 PiNAY Bi-Blansa symbols 3pnwhichvistecsyedinetie itplang »
reconstruction unit 120to generate the output data 138 representing tﬁ(e
a5 BAGYIBUISIN (o GaEsH i ECRERNS EEmSy I Bpaia MSED
qu%qqr&{rwbzm; $§1Q@&ﬂ,ﬂt%%§@€@d ding-uprie bﬂiﬂliaﬂ9 %@Eﬂa%@f hded
ata 134 by the 10 entropy decoder 122, the qpfimal reproduction of the
YBIR K%t 1o S SHERBIARS folloving
reegnatipnck @sui jib Ji20 ~Ri2fdeddxr 3tie-Lheé5 A0tPut data 138
representing the bit symbols of the data source 130.

Specifically, if optimal MSE recomnstruction is needed, upon
decoding up to bit-plane T of the encoded data 134 by the
entropy decoder 122, the optimal reproduction of the output
data 138 according to the invention is given by the

following eguation:

24 =

T N Pl
%, =(2s,.-1)( b2 + P,.zf] (11)

T
The first summation b ;2' is the reconstruction of the

FHA
bit-plane symbols, and the second summation Y P2’ is the
=TI
interpolation of the corresponding bit-plane symbols on the

Laplacian pdf.

The second summation may be terminated when a pre-defined
criteria is satisfied, for example when a desired quality

of the data source is obtained.

In an alternative embodiment of the invention; the
probability assignment P; to the bit-plane symbols is
determined adaptively based on the knowledge from encoding

previous bit-plane symbols. This adaptive bit-plane coding
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The first summation bi2i is the reconstruction of the i. i bit-plane symbols,

and the second summation Pi2i is the interpolation of the corresponding, April 2005
bit-plane symbols on the Laplacian pdf. The second summation may be
terminated when a pre-defined criteria is satisfied, for example when a

WO 20iBdi#t$tuality of the data source is obtained. 25 In an Bff&$fzAppa/000248

embodiment of the invention; the probability assignment Pj to the
bit-plane symbols is determined ad%tively based on the knowledge from
encoding previous bit-plane symbols. This adaptive bit-plane coding 27
April 2005 WO 2004/042933 PCT/SG2002/000248 21 (ABPC) process is

(2i8BR) phreree distribsticn Daseatans of18e.Lapiagian %Lﬁag%ttkr}ovg,n

of‘st'ﬂethﬁa‘iﬁsic%rr?osé fprgctlgal t&%ons. 5 Starting from Lidston's Caw
of success when given a SRy’ of K1Y &SsyifbbReif #he fhask sl t

PIGrettedin S 1ibed anke past n instances, the Probability estimation of ith

symbol occurring is estimated using the following equation: 10 Pr(il (n1),n)

_gnl_ + A)/(n + KA) (12) Wherein A is a positive parameter. It can be seen
Shhat Sl I8 EePintedtath shipeamaxitem liclibaod estimate
ofnkncerd e undombaargr Bk ywewrting, 1a.equation (12) dasn:izgimes

in the past n instances, the probability estimation of itk

symbol occurring is estimated using the following equation:
Pr(il{ns},n) = (n; + A)/(n + kA) S 1y
Wherein A is a positive parameter. It can be seen that
equation (12) is an interpolation of the maximum likelihood
estimate n;/n and the uniform prior 1/k by rewriting
egunation {12) as:

Pr(i{{n;},n) = p(ni/n}) + (1 - p)(1/k) (13)
with the substitution

H=0n/(n+ k). (14)

Applying equation (13) to the present embodiment of the

invention gives

._Nﬂ Pl .‘Na ML
P ==} +(1"?)Pj (15)
wherein

N. is the number of bit-plane symbols coded until the end of

the previous bit-plane,
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25 Pr(il (ns),n) = (n1/n) + (1 - ) (1/k) with the substitution = n/(n + kA).

Applying equation (13) to the present embodiment of the invention gives April 2005

P/={p."+(1- a)p"L (13) (14) (15) wherein Na is the number of bit-plane
symbols coded until the end of 30 the previous bit-plane, 27 April 2005

WO W@02B04/042933 PCT/SG2002/000248 22 10 p = 1 - (NBOUSGR8)Bi#43

the maximum likelihood estimation of Pj for N symbols bi,j at jth bit-plane
is given by: N is the number of bit-plane symbols coded in the current
bit-plane symbol, pjNa is the estima#é@n of Pj after observing Na bit-plane
symbols, Pj' is the maximum likelihood estimation of Pj for the current

wPiPlne. AkR.gee e duTaRatonkseeBHEse 1O R Nen

estimation. Preferably, is given by
bit-plane symbol,

Ps™ is the estimation of P; after observing N, bit-plane
symbols,

P is the maximum likelihood estimation of P; for the
current bit—plane, and

p gives the interpolation between these two probability

. estimation. Preferably, g is given by

go=1 - (Na/N) | : (16)

Since the maximum likelihood estimation of P; for N symbols

bi,; at ™ bit-plane is given by:

N
LY
. £ _
B =5 ' (7

therefore, and P/ can be defined by

P = (18)

Preferably, from equation ({10}, Bﬁ“ can be updated from the

previous bit-plane ‘P,; using the following equation:
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bij N P4 (17) 20 therefore, and PjML can be defined by N-N. | b4i Pte=""

N-Na (18) Preferably, from equation (10), PjNa can be updated from thg,
previous bit-plane P using the following equation: pN. 1+1 (19) 25 27 Apr
2005 WO 2004/042933 PCT/SG2002/000248 23 The embodiments

WO 20=849a938d so far relate to finding the probability assignrBEltSie2824Wp248
bit-plane symbol of the data source. 5 In another embodiment of the
invention, a "two-pass" approach is adopted where the probability
assignment to every bit-plane to be?dsed by the entropy encoder for
encoding the binary string of bit-plane symbols is determined from the

rraliaic kiR dalRRStoR e o 1@ crdeds I this gmpodiment..an,
optimal bit-plane is selected from
probability assignment to every bit-plane symbol of the

data source.

In another embodiment of the invention, a “two-pass” .

approach is adopted where the probability assignment ‘to
every bit-plane to be used by the entropy encoder: for
encoding the binary string of bit-plane symbols is: - |~
determined from the statistics of the data vector to be

coded.

In this embodiment, an optimal bit-plane is selected from
thé;plurality of discrete bit-planes, which is reférred to
‘as the lazy plane. Information on the selected lazy plane
is transmitted by the encoder unit 104 to the decoder unit

105, so that the encoded data 134 can be decoded correctly.

Fig.3 shows a modified general structure of the bit-plane

coding system according to this embodiment of the

invention.

The information on the selected lazy plane which is
contained in the encoded data 134 is received by the
statistical model unit 121. The statistical model unit 121
generates the probability assignment 136 to be received by
the entropy decoder 122, so that the bit-plane symbols of
the encoded data 134 can be correctly decoded. The decoded
bit-plane symbols 135 are then received by the bit-plane
reconstruction unit 120 to reconstruct the bit-planes to
generate the output data 138 representing the bit symbols
130 of the data source.

nApril 2005
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the plurality of discrete bit-planes, which is referred to as the lazy plane.
Information on the selected lazy plane 15 is transmitted by the encoder, April 2005
unit 104 to the decoder unit 105, so that the encoded data 134 can be

decoded correctly. Fig.3 shows a modified general structure of the

woO 2ei¢/plae3@ coding system according to this embodiment FTIHEGO02MeMR2EHON.

The information on the selected lazy plane which is contained in the
encoded data 134 is received by the statistical model unit 121. The
statistical model unit 121 25 genera¥es the probability assignment 136 to
be received by the entropy decoder 122, so that the bit-plane symbols of

cdhgenseded daja 134,020 he careqlly decoded  Tha decoded hitplane
symbols 135 are then received by thé bit-plane recons fuction Unit 120 to
reconstruct the bit-planes to 30 generate the output data 138 representing

c the ﬁg, SYH’B)O%S 21830 of the data source. 27 April 2005 WO 2004/0429:?31)
PCT/SG2002/000248 24 Consider a code family given by the following

equation: C = {GL' I L e Z] (21) 5 wherein Gti denotes the bit-plane
whawabgls of the data source, and L is an integer which denotes the lazy
plane. The probabhility assignment accordin%to this embodiment of 10the . .

ol .-
Gﬁimﬁ)ﬁs%ﬁeﬁ:&ﬁalinﬁzsmbols of the data source, and '

I, is an integer which denotes the lazy plane.

The probability ‘assignment according to this embodiment of ' -

the invention is given by:
(22) °

wherein (F is the probability assignment to the jF bit-
plane which follows the probability updating rule as
defined by equation (19) for bit-planes i 2 I and enters a
“Lazy mode” (since the encoding for probability assignmeqt
of % can be achieved by outputting the input symbols
directly to the encoded binary string) for bit-planes i <

L. Such a code family C may be called Bit-Plane Golomb
Code (BPGC).

The lazy plane L can be obtained by finding an integer

value for I which best satisfies the following inequality:

¢2—1+i 59 <¢2—L (23)

wherein
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QJL 1 L (22) wherein Qr is the probability assignment to the jth bit- 15
plane which follows the probability updating rule as defined by equation, April 2005
(19) for bit-planes i > L and enters a "Lazy mode" (since the encoding for
probability assignment of '~ can be achieved by outputting the input
WO 268948012983 directly to the encoded binary string) for bit-plaPfeE3G2@3/9008¢ch
a code family C may be called Bit-Plane Golomb Code (BPGC). The lazy
plane L can be obtained by finding an integer value for L which best
satisfies the following inequality: 2523%* s0<0 (23) wherein 27 April 2005
WO 2004/042933 PCT/SG2002/000248 25 L is the integer representing
1 cpimalLplane; el dpned by Ak dgined s 5 O=e

(24) When sufficient statistics such as the lengt

5-1
¢ is defined by (EQé—J, and
8 is defined as
A -2 _
CO=e Y. R (24)

When sufficient statistics such as the length and the
absolute sum of the input data vectors are known, the

decision rule of (23) may be further simplified . to-
L=minfL €2 |2'N = A} o 2By

wherein
N is the length of the input data vector, and

A is the absolute sum of the input data wvector.

The selection process as described in this embodiment may
be implemented using the algorithm described by [3}. When
the algorithm in [3] is used to determine the value of I,
only positive integer range of L can be determined. To
extend the range of order L to negative integer, the

algorithm described by [3] is modified.
Specifically, the modified algorithm of [3] is given as

if (N<=A)

for (L=1; (N<<(L+1))<A; L++)
else

for (L=-1; (N>>{(-L})>=A; L—-)
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absolute sum of the input data vectors are known, the decision rule of

(23) may be further simplified to 10 L=min{ EZ12L"NaA} (25) wherein %iiprﬂ 2005

the length of the input data vector, and 15 A is the absolute sum of the
input data vector. The selection process as described in this embodiment

WO 2684941983implemented using the algorithm described by [BTyG42/4148248

algorithm in (3] is used to determine the value of L, 20 only positive
integer range of L can be determined. To extend the range of order L to
negative integer, the algorithm descfbed by [3] is modified. Specifically,
the modified algorithm of [3] is given as 25 if (N<=A) for (L=1;
(N<<(L+1))<A; L++) else for (L=-I; (N>>(-L))>=A; L--) 27 April 2005 WO
2004/042933 PCT/SG2002/000248 26 When the lazy plane L is

WhrRe i et e DIEBSbifty 2sSRhfTaHtethe BiepRRERBHE d8ed for

a S¥0eshrg of the thisaps stinbelditplane seholsdly teceriiagy BRCesR

b 5 can betd%termg%e%ilg_ar}otggr alte noa];ig/ebemggdime t of the invention,
e Brdbabiity assignment to sach bt-plane based on 1t& FetatfSHErF®

camthreesisdcino thedptimal bit-plane is

In another alternative embodiment of the invention, the
probability assignment to each bit-plane based on its
relationship with respect to the optimal bit~plane is

determined using the following equation:

—%IBjEL
07 =12, : o . (26)
_:j<L l '
2
wherein

I, is the integer representing the optimal bkit-plane as can

be determined by (23)

In this embodiment, the probability assignment given by
{26) hence enable the use of the skew coder as described in
[4] as an extremely low complexity implementation of the
entropy coder instead of a general arithmetic coder. The
skew coder of [4] is able to simplify the entrop& encoding
process to only a small number of bit-shift and addition
operations by restricting the probabilitj interval width
corresponding to the least probable symbol (LPS) to the
powers of 2. In addition, the skew coder of [4] retains a
unique simplicity in implementing the acceleration

technique [6] in coding a run of successive most probable
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10 determined using the following equation: r L- ,1zL j<L (26) wherein 15

L is the integer representing the optimal bit-plane as can be determineg, April 2005

by (23) In this embodiment, the probability assignment given by (26)
hence enable the use of the skew coder as described in 20 [4] as an

WO 2004/@43938y low complexity implementation of the entropyPEddRerAH(RUAB

a general arithmetic coder. The skew coder of [4] is able to simplify the

entropy encoding process to only a small number of bit-shift and addition
operations by restricting the probabiﬁt?/ interval width 25 corresponding to
the least probable symbol (LPS) to the powers of 2. In addition, the skew

s GReet of [Alsetains & uniqus sinaRlicityin dvalementing tie accelgtation
technique [61 in coding a run of successive most probable 27 April 2005
high FERBI2635% EFP&52002/000248 27 symbols (MPS) that is typical
in coding bit-planes with high probability skew. It should be noted that in

all the ribed odiments of_ 5.the.invention, except the embodiment

e Bl e L R R

thiee ionveopy encodsrdpta filrthemdrmbadiendntisizb@hnke smbodittents of

pile 10,nyentign fpeationed abosuthe @9@9@95}5?@8@@%@%@5@ £Ren
bit-plane symbol determined in equations (22) or (26) _

entropy encoder. T

In:a further embodiment of both the embodiments-of the
invention mentioned above, the probability assignment-gﬁ'-to

each bit-plane symbol determined in equations (22} or (26)
is used to generate the output data 138 by the bit-plane
reconstruction unit 120, representing the bit symbols 130

of the data source.

Specifically, upon decoding up to a bit-plane T of the
transmitted data 134 by the entropy decoder 122, the
optimal reproduction of the output data 138 according to
the invention is given by the following eguation:

T

£ = (25, -1)( b, ;27 + Zgﬁzf) (27)
: T

FH4

' T
Similarly to equation (11), the first summation quf is
=21

the reconstruction of the bit-plane symbols, and the second

-0

summation ;2§§21 is tHe interpolatien of the corresponding
ol

bit-plane symbol of the output data 138 on the Laplacian
pdf.
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is used to generate the output data 138 by the bit-plane reconstruction

unit 120, representing the bit symbols 130 of the data source. 15 27 April 2005
Specifically, upon decoding up to a bit-plane T of the transmitted data 134

by the entropy decoder 122, the optimal reproduction of the output data

WO 20884298drding to the invention is given by the following Bel/Afratf229048

(2s; -1)( b,,12" + }'FL 2") Similarly to equation (11), the first summation
(27) T )'b;,/2" is the reconstruction of the bit-plane symbols, and the
second 25 summation , Qf2' is the iBt&rpolation of the corresponding
bit-plane symbol of the output data 138 on the Laplacian pdf. 27 April

200 WO12004i042933 RCT/SC2002/0007AR28T e Secand spmatign

may be terminated when a pre-defined criteria is satisfied, for example
crghes lddsired bliafidedf tfedatrasmte ¥hiRaiRede s MRAd ¥ by

ofemhadipentsselthe=inyentemr apphanot only to a method but also to a
device, a computer readable medium and a computer program. While the

embodiments of the invention have been described, 10 they are merely
ThHiusksativa béthephodijptes106thef the invention apply not only - « -

to a method but also to a device, a computer readable

medium and & computer program.

While the embodiments of the invention have been described, + =

. they are merely illustrative of the principles of the

invention. Other embodiments and configurations may be

devised without departing from the spirit of the invention

_ énd the scope of the appended claims.



invention. Other embodiments and configurations may be devised without

departing from the spirit of the invention and the scope of the appendeg, April 2005
claims. 27 April 2005 WO 2004/042933 PCT/SG2002/000248 29 The

following documents are cited in this specification: [1] J. Li and S. Lie, "An

wo 2085raegded still image coder with rate-distortion optimizagameivizodians.

© 10

15

20

25

on Image 5 Processing, vol. 9, pp. 1158-1170, Jul. 2000. [2] J. Rissanen,
Stochastic Complexity in Statistical inquiry, London, U.K.: World
Scientific, 1989. 10 [3] M.J. Weinbegger et al, "The LOCO-I lossless image
compression algorithm: principles and standardization into JPEG-LS-,

IEEE Trans. Image Processing, vol..9, pp 1309- 1324, Aug. 2000. 15 [4]
Thé.%%r}%:ﬁg ] a%r‘?)dC . %%sgnae%,a'ﬁ Simple JenetarhifRRF Sblradse,

IEEE Trans. Information Theory, vol. 28, pp. 800-803, 1982. [5] D.
1jaulmay;and A. Lakhox, "Myltirate, 3 D coding of video”, .
[ IEEE Trans. Image Processing, vol. 3, 8%@%1%15[8 eapc{eglggée[g] ]“:t.lth
rapRgaAER R ARIVHEL AR &R mobtiEhiBg Tapprdachfolvatedded

preedingiofgyavelet coeffigiants 442 2b7labsrhgch.Jyeparts, HPL-97-150,
1997. 27 April 2005 30 What is claimed is: 1. A method for processing bit

symbols generated by a
[2] J. Rissanen, Stochastic Complexity in Statistical

Inguiry, London, U.K.: World Scientific, 1989.

[3] M.J. Weinberxrger et al, “The LOCO-I lossless image
compression algorithm: principles and standardization into
JPEG-LS"”, IEEE Trans. Image Processing, vol. 9, pp 1309-
1324, Aung. 2000.

4] G.G. Langdon and J. Rissanen, “A simple general binary

source code”, IEEE Trans. Information Theory, wvol. 28, PpP-

800-803, 1982.

[5] D. Taubman and A. Zakhor, “Multirate 3-D subband
coding of video”, IEEE Trans. Image Processing, vol. 3, pp.

572-588, Sept. 1994.

[6] E. Ordentlich et al, ™A low-complexity modeling
approach for embedded coding of wavelet coefficients”, HP

Labs Tech. Reports, HPL-97-150, 1997.



data source, in particular a video, still image or 5 audio source,
comprising the following steps: constructing a plurality of bit-planes USiQQApril 2005
the bit symbols generated by the data source, each bit-plane comprising
a plurality of bit-plane symbols; 10 scanning the bit-plane symbols of each
bit-plane to generate a binary string o3 ®it-plane symbols; encoding the
binary string of the bit-plane symbols 15 using a statistical model, wherein
thexstatisticalanedel is Hased on statistical properties of a Laplacian
probability distribution function which characterizes the data source,
wherein the Laplacian probability distribution function is defined by 20 _h
Q e {(x)mfZodherein ajs thestandardsieviatiomebthe Laplasidited by a
prob%bijci% distribution function. 25,2. The method, according to claim 1,
wherih fhe 8RESGIRG of the Bifary S of Bit-Brafeymboikls image or
perfaméto by anrertfopyepeddsam 30 Sad hegnethedraccordipg fo claim 2,
wherein an arithmetic encoder is used as the entropy encoder. 27 April
2005 31

constructing a plurality of bit-planes using the bit

symbols generated by the data source, each bit-plane

comprising a plurality of bit-plane symbols;

scanning the bit-plane symbols of each bit-plane to

generate a binary string of bit-plane symbols;

encoding the binary string of the bit-plane symbols
using a statistical model, wherein the statistical
model is based on statistical ©properties of a
Laplacian probability distribution function which
characterizes the data source, wherein the Laplacian

probability distribution function is defined by

2

20?

e

fx=

wherein ¢ is the standard deviation of the Laplacian

probability distribution function.

2. The method according to claim 1, wherein the encoding
of the binary string of bit-plane symbols is performed

by an entropy encoder.

3. The method according to claim 2, wherein an arithmetic

encoder is used as the entropy encoder.
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4. The method according to claim 1, wherein a probability assignment to

each bit-plane symbol is determined based on the Laplacian probability, April 2005

distribution 5 function and is used to determine the statistical model for
encoding the binary string of bit-plane symbols. 5. The method according

to claim 4, wherein the 10 probabilityHssignment to the bit-plane symbol

is determined by Z; z Pj=1- 1+e 1, j= M-1, M-2, ... 15 wherein Pj is the
probability assignment to the bit-plane symbol, and j is the bit-plane. 20 6.
The method Qﬁc%rdin to claim 1, wherein a probability assignmentto |, _ .
each Dit-plane soymk?oCIgCBO etdithiney phesd on’pr&ViGGSy Brtogeprability
bit-planeisymbols. 25J. Theahethoiltaqebadiag te glaim16, whereipethermined

pro%ﬂbilit assignme :ht?oth bit-plane symbol i OEI rmined by, , )

P:= E?n%dlllﬁ%]Pg 27 Sﬁllof(fd'f 3 Wﬁéfl%%?na jl?lsltEg pro%/hﬁﬁiﬁ?'butlon

assignment tntheaeutrentsbit-used to determine the statistical
model for encoding the binary string of bit-plane

symbols.

5. The method according te claim 4, wherein the

probability assignment to the bit-plane symbol is

determined by
2 iz
P =1-|1+e '° , J o= M-1, M-2, ..

wherein

P; is the probability assignment to the bit-plane
symbol, and
7 is the bit-plane.

6. The method according to claim 1, wherein a probability

assignment to each bit-plane symbol is determined

based on previously encoded bit-plane symbols.

7. The method according to claim ¢, wherein the

probability assignment to the bit-plane symbol is
determined by

P = %P}"’“ + (1 — ]L )P;‘ﬂ
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plane symbol, 5 j is the bit-plane, Na is the number of bit-plane symbols
coded until the enq of the previous bit-plane, N is the numper of b't'pl%eApril 2005
symbols coded until the current bit-plane symbol, 10 PNa is the
estimation of P after observing Na bit- plane symbols, PjML is the
maximum likelihood estimation of P fafZhe current bit-plane and is
defined by 15 N-N bi.j j.1 PJML = N - Na wherein b,j is the bit-plane
symiele2@ 8: The method according to claim 7, wherein the estimation of
P after observing Na bit-plane symbols, PNa, is updated by P P1+1 N
V1- P" + P"1 25 wherein PN, is the estimation of P from the previous
bit-planei 27 Apsl 2005:3% 91 The meskhddiaveerdingdo elain 4uvherein bit -
the
plane symbol,
j is the bit-plane,
N: is the number of bit-plane symbols coded until the
end of the previous bkit-plane,
N is the number of bit-plane symbols coded until the
current bit-plane symbol,
P is the estimation of P; after observing N, bit-
plane symbols,
P is the maximum likelihood estimation of P; for the

current bit-plane and is defined by

N-N,
S,
P:ML — 1=1

! N-N

a

wherein b;,; is the bit-plane symbol.

8. The method according to claim 7, wherein the

estimation of P; after observing N, bit-plane symbols,

p;™, is updated by

N,
Pj-t-l

N, _
§ J1- PP+

wherein Iﬂ; is the estimation of P; from the previous

bit-plane.



probability assignment to the bit-plane is determined by 51 L_

1+22-LjaL Q'1-22 j<L wherein QL is the probability assignment of thg, April 2005
jth bit-plane, 10 L is the integer representing a predetermined optimal

bit-plane from the plurality of constructed bit- planes, and j is the bit-plane.

15 10. The method according to claing4, wherein the probability

assignment to the bit-plane is determined by L L 20 wherein QL i is the
probahility assignment gtihedth hi-plape, L i the integer repiggenting a +pe
predetermined optimal 25 bit-plane from the plurality of constructed bit-

planBS CRAPLS HRE bt prarer s Apii 206884 Pit-plane is determined

by
;L’j L
5 Ot = 1+ 22
! 1 . I
[ 2
wherein

Qf is the probability assignment of the ™! bit-plane,
10 L is the integer representing a predetermined optimal
bit-plane from the plurality of constructed bit-

planes, and

Jj is the bit-plane.

15 10. The method according to claim 4, wherein the

probability assignment to the bit-plane 1is determined

by
1
ool =L
Qf =12
!
l —,j<L
20
wherein
Qf is the probability assignment of the ™ bit-plane,
I is the integer representing a predetermined optimal
25 bit-plane from the plurality of constructed bit-

planes, and

j is the bit-plane.
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11. The method according to claim 9 or 10, further comprising the

following steps: determining an optimal bit-plane from the plurality of 5,, April 2005
constructed bit-planes; determining a probability assignment to each

bit-plane based on its relation to the optimal bit-plane; 10 wherein the

probability assignment to the bit-plane3ig used as the statistical model for
encoding the binary string of bit-plane symbols. 12. The method

agcotdiag tenelaimd 1, wheseinthe optimal dbhifrplage ig detefminedhyt he r
determining an integer which best satisfies 2_c.i 2-a 20 wherein O is
defineaMF L5408 Befifdd Q¢ PEI0SEEPES. A method for decoding an
encoded binary string of bit- plane symbols comprising the following steps:

27 April 2005, 35 decoding the encoded binary string of bit-plane symbols

using's fartReredfisttal ARIdERR gdhdraRl SRrthEPRina sty bp L ity of
bit-plape symheale,d ra-copstaueiing a plurality of bit-planes comprising

the bit-plane symbols using the further binary string of bit-plane symbols,
producing a decoded data, wherein the further statistical model is based

on stetistiealipropgrtespofebhanladian psehabilityient to each bit-plane

based on its relation to the optimal bit-plane;
wherein the probability assignment to the bit-plane is
used as the statistical model for encoding the binary
string of bit-plane symbols.

12. The method according to claim 11, wherein the optimal

bit-plane is determined by determining an integer

which best satisfies

¢2—L+l Sg<¢2-L

wherein

¢ is defined by [——\/52_1),
¢ is defined as

Qie£§.

13. A method for decoding an encoded binary string of bit-

plane symbols comprising the following steps:
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10 distribution function which characterizes the decoded data, wherein

the Laplacian probability distribution function is defined by -Ixl Q f (x) ), April 2005

262 15 wherein a is the standard deviation of the Laplacian probability
distribution function. 14. The method according to claim 13, wherein the
decoding 20 of the binary string of biBplane symbols is performed by an
entropy decoder. 15. The method according to claim 14, wherein an

arithmetistacpderigdised asdheentropy degodes+25 4§. Themethod p1ane
according to claim 13, wherein a probability assignment to each bit-plane

symBaFi8 Cdétertiined basddr i LNatiaR proBabify Widtribatigienerate

functiorandtis Hspd 4 geterming ghe 30 furthesliatisticahmene)| for
decoding the binary string of bit-plane symbols. 27 April 2005 36 17. The
method according to claim 16, wherein the probability assignment to the

bit-pwﬁb@d&tdﬂ@mﬂneﬁl% 2iZ2 PPsd- bie Qllandbsl, Mrdprising
Whe%"% bit-plane symbols using the further binary string
of bit-plane symbols, producing a decoded data,
wherein the further statistical model 1is based on
statistical ©properties of a Laplacian probability
distribution function which characterizes the decoded

data, wherein the Laplacian probability distribution

function is defined by

2
e

202

€

f®)=

wherein ¢ is the standard deviation of the Laplacian

probability distribution function.

14. The method according to claim 13, wherein the decoding
of the binary string of bit-plane symbols is performed

by an entropy decoder.

15. The method according to claim 14, wherein an

arithmetic decoder is used as the entropy decoder.

16. The method according to claim 13, wherein a
probability assignment to each bit-plane symbol is
determined based on the Laplacian probability
distribution function and is used to determine the
further statistical model for decoding the binary

string of bit-plane symbols.
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10 Pj is the probability assignment to the bit-plane symbol, and j is the

bit-plane. 18. The method according to claim 13, wherein a 15 probabE'L;yApril 2005

assignment to each bit-plane symbol is determined based on previously
decoded bit-plane symbols. 19. The method according to claim 18,

wherein the 20 probability assignment go the bit-plane symbol is

determined by P' NQPN.+I1 N. P"L N) J 25 wherein Pj is the probability
assignment to the current bit- plane symbol, j is the bit-plane, 27 April

2005 37 Na is the number of bit-plane symbols coded until the end of the
previhs bitiptdrieo N is Ave podiber of biepland aymbols decoddtburtiinhe the

curr Ji- mb iNa IS the,estimation @fPj seryi .
bit- S%n%%?r%%%@ép.h%%%%%dmﬁﬁ Iir;g%kl?oog)fégtierinﬁgéé?r? of I%/Jy?(g?%lk?e e
curredt bagane andys defined by 10 N-Na bij PML _

-1

_ai iz
Iﬂ=1—[1+e e J , 3 o= M-1, M-2, .

wherein

P; 1is the probability assignment to the bit-plane
symbol, and
j is the bit-plane.

18. The method according to claim 13, wherein a
probability assignment to each bit-plane symbol is

determined based on previously decoded bit-plane

symbols.

19. The method according to «c¢laim 18, wherein the
probability assignment tTo the bit-plane symbol 1is

determined by

p=Nepm (1—%)3*’”‘

1 N f

wherein

P; is the probability assignment to the current bit-

plane symbol,
7 1s the bit-plane,
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N-Na wherein bj,j is the bit-plane symbol. 15 20. The method according to

claim 19, wherein the estimation of Pj after observing Na bit-plane 5 April 2005
symbols, PjNa, is updated by PP+F 1 - P,N1 + P,N1 20 wherein PNi is

the estimation of Pi from the previous bit-plane. 21. The method

according to claim 16, wherein the 23 probability assignment to the

bit-plane is determined by 27 April 2005 38 12j-' L- 1+22-'jzL Q.1 -2

J<L wherein & Q! issthedurebakility pssighment of thejihbit-plang. brds {he the

integer representing a predetermined optimal bit-plane from the plurality

of corittutfed Bt HARE A PSR bitistane. 10 22. The method
accoding te glaimukavhesginghe -plane symbols decoded until the

current bit-plane symbol,

P/ is the estimation of P; after observing N, bit-
plane symbols,

P/ is the maximum likelihood estimation of P; for the

current bit-plane and is defined by

wherein b;,; is the bit-plane symbol.

20. The methoed according to claim 19, wherein the
estimation of P; after observing N, bit-plane symbols,

p™, is updated by

wherein Pjﬁ'l is the estimation of P; from the previous

bit-plane.

21. The method according to claim 16, wherein the

probability assignment to the bit-plane is determined

by



10

15

20

25

probability assignment to the bit-plane is determined by 15 wherein L Qa

is the probability assignment of the jth bit-plane, 20 L is the integer 5 April 2005

representing a predetermined optimal bit-plane from the plurality of
constructed bit- planes, and j is the bit-plane. 25 23. The method
according to claim 17 or 19, wherein th& data source is re-constructed
from the bit-planes by 27 April 2005 39 wherein 5 if is the re-constructed

data sourge, § is a sign symbol of 2,, b,j is the bit-plane symbol,and T is
the bit-pla}iﬁg@d@d&d binary string of bit- plane symbols is terminated.
10 ZQfTh Tethod according to claim 21 or 22, wherein the data source

is re-consfructedjfroin the bit-planes by ii = (2s, 15 wherein 2' + i-- ~ Pi 2'
)ij2, +QjRJd, 4-1

wherein

Q; is the probability assignment of the j™ bit-plane,
L is the integer representing a predetermined optimal
bit-plane from the plurality of constructed bit-

planes, and

7 is the bit-plane.

22. The method according to <claim 16, wherein the

probability_assignment to the bit-plane is determined

by
1
w.J=L
0f =12
i
l —,j<L
wherein

Q? is the probability assignment of the i*® bit-plane,
L is the integer representing a predetermined optimal
bit-plane from the plurality of constructed bit-
planes, and

7 is the bit-plane.

23. The method according to claim 17 or 19, wherein the

data source is re-constructed from the bit-planes by
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2, is the re-constructed data source, si is a sign symbol of zi , 20 bl,jis

the bit-plane symbol, and T is the bit-plane the decoded binary string 0%7 April 2005
bit- plane symbols is terminated. 25. A device for processing bit symbols
generated by a 25 data source, in particular a video, still image or audio

source, comprising: a bit-plane constr@etion unit for constructing a

plurality of bit-planes from the data source, each 30 bit-plane comprising a
plurality of bit-plang symbols,_ 27 Apkil 2005 40 and scanning the bit-plane
symbgls ()Ig&(:hib@ﬂgﬂé 40 @W%e a binary string of bit-plane
symbols, a statisti€&lmodel @it for providing statistical 5 information
based on statistical properties of a Laplacian probability distribution
function which characterizes the data source, wherein the Laplacian
probabiitsedistribution function is defined by 10 f(x)=e wherein a is the
standard deviation of the Laplacian probability distribution function, and
15 an encoding unit for encoding the binary string of bit-plane symbols
basesl, on shé statistieabinformationd pravide dsby theestatistical model unit.
26. A computer readable medium, having a program recorded 20

* thereBin, Wfhérefd tHe prgrarh i8%o Xmake the computer execute a

procgdure; for pracessing bit SYMPOIS % 3 ng
T is the bit-plane the decoded binary string of bit-

plane symbols is terminated.

24. The method according to claim 21 or 22, wherein the

data source is re-constructed from the bit-planes by

T —o0
£ =(2s, —1)( b, ;2 + ngzf)
J=T-1

j=M-1

wherein

X, is the re-constructed data source,

s; is a sign symbol of X,

bj,; is the bit-plane symbol, and

T is the bit-plane the decoded binary string of bit-

plane symbols is terminated.

25. A device for processing bit symbols generated by a
data source, in particular a video, still image or

audio source, comprising:

a Dbit-plane construction unit for constructing a
plurality of bit-planes from the data source, each

bit-plane comprising a plurality of bit-plane symbols;
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data source, comprising the following steps: constructing a plurality of

bit-planes using the bit 25 symbols generated by the data source, each, April 2005

bit-plane comprising a plurality of bit-plane symbols; scanning the

bit-plane symbols of each bit-plane to generate a binary string of bit-plane
symbols; 30 encoding the binary string ©f the bit-plane symbols using a
statistical model, wherein the statistical 27 April 2005 41 model is based

on stafisticatpropenidesiia kbaplagipanohapility distribptikclion: —plane
which characterizes the data source, wherein the Laplacian probability
distribGtig Riiction i€ a?éhﬂéaﬁby%%h%?eiﬁ% 8 the RiHrd ¥BbRdisn of

the Laplacian probability distribution function. 10 27. A computer program
elemaent wthi%h istto make th(g1 omputer execute a progedure for o
procéssing bit- symbals giRerated By ‘2 data’SourteC¥dmMphdingttht istical
followimfesteps:ithm constrefing enpluratintaofdtit-plabes pisingethehits of a
sym %Is ﬂegg‘[ﬂated b&t}he{#g .scourcedeach it-pEIane comprising a ,
plurality of Bit-plane S mpaIs: 20 <canfing the BitpiShe symibsis b dacHhich
bit-pleinertacgendrate a birarydstiing afditeplane syimbelsn the Laplacian

probability distribution function is defined by

2
Wz

20?

e

Fe)=

wherein o0 is the standard deviation of the Laplacian

probability distribution function, and

an encoding unit for encoding the binary string of
bit-plane symbols based on the statistical information

provided by the statistical model unit.

26. A computer readable medium, having a program recorded
thereon, wherein the program is to make the computer
execute a procedure for processing bit symbols by a

data source, comprising the following steps:

constructing a plurality of bit-planes using the bit
symbols generated by the data source, each bit-plane
comprising a plurality of bit-plane symbols;

scanning the bit-plane symbols of each bit-plane to

generate a binary string of bit-plane symbols;

encoding the binary string of the bit-plane symbols

using a statistical model, wherein the statistical



encoding the binary string of the bit-plane symbols using a statistical

model, wherein the statistical 25 model is based on statistical propertie§7ogp £l 2005
a Laplacian probability distribution function which characterizes the data
source, wherein the data source has a form of a Laplacian probability
distribution function, wherein the Lapddcian probability 30 distribution
function is defined by 27 April 2005 42 2 _1s1V e o f(x)=,26-2 wherein a

is thpstendard devigionaf thehaplagiani prohaility distgputien functigr 4
5 28. A device for decoding an encoded binary string of bit- plane symbols
compRBhGE18™ dBESHRAY thitfér dEdcting e éRcodet iRk String #hich
bit-plang-syrabelsAsingt firthet statisticabapdelniogenerate @ futtheracian
binary string aof bit-plane  symbols, 15 a re-constructing unit for

re-CBRGR T = IR ARG SRS bhes Eonipiing e SERRER Snbols
using the further binary string of bit-plane symbols, and a further

statistical mgﬂ?i:unit for providing the 20 further statistical model, wherein

the f%r(tge:r e f’z
20

wherein o is the standard deviation of the Laplacian

probability distribution function.

27. A computer program element which is to make the
computer execute a procedure for processing bit
symbols generated by a data source, comprising the

following steps:

constructing a plurality of bit-planes using the bit
symbols generated by the data source, each bit-plane
comprising a plurality of bit-plane symbols:

scanning the bit-plane symbols o0f each bit-plane to

generate a binary string of bit-plane symbols;

encoding the binary string of the bit-plane symbols
using a statistical model, wherein the statistical
model is based on statistical properties of a
Laplacian probability distribution function which
characterizes the data source, wherein the data source
has a form of a Laplacian probability distribution
function, wherein the Laplacian probability

distribution function is defined by
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statistical model is based on statistical properties of a Laplacian
probability distribution function which characterizes the decoded data, 4 April 2005
wherein the Laplacian probability distribution function is defined by 25
_1=1Q f(x) = e 262 wherein a is the standard deviation of the Laplacian
probability distribution function. 30 274&pril 2005 43 29. A computer
readable medium, having a program recorded thereon, wherein the
program is toljygke the computer execute a procedure for decoding an
encogq% birar “String of bit-plane symbols comprising the following 5
steps:‘\décod e encoded binary string of bit-plane symbols using a
further statistical model to generate a further binary string of bit-plane
symbols, 10 re-constructing a plurality of bit-planes comprising the

bit-planersyimbals usingthe ferthebinary s&ang ©f Hit-plane symbelse 1 acian
wherein the further statistical model is based on statistical properties of a

15 LBpRR&T-probabiity isthbitsuhehst Whiich characterizes the

decoded data, wherein the Laplacian probability distribution function is
defined by

28. A device for decoding an encoded binary string of bit-

plane symbols comprising:

a decoding unit for decoding the encoded binary string
of bit-plane symbols using a further statistical model
to generate a further binary string of bit-plane

symbols,

a re—-constructing unit for re-constructing a plurality
of bit-planes comprising the bit-plane symbols using

the further binary string of bit-plane symbols, and

a further statistical model unit for providing the
further statistical model, wherein the further
statistical model 1is based on statistical properties
of a Laplacian probability distribution function which
characterizes the decoded data, wherein the Laplacian

probability distribution function is defined by

2

20

e

fx)=

wherein o 1is the standard deviation of the Laplacian

probability distribution function.



10

15

20

25

30

2aZ 20 wherein a is the standard deviation of the Laplacian probability

distribution function. 30. A computer program element which is to make,, April 2005

the 25 computer execute a procedure for decoding an encoded binary
string of bit-plane symbols comprising the following steps: decoding the
encoded binary string of bit-plane 304&¥ymbols using a further statistical
model to generate a further binary string of bit-plane symbols, 27 April

200544 eenpanstructiag dnplusalineafi bilrplanes COMPHSIBG e bit-pase rded
symbols using the further binary string of bit-plane symbols, wherein the
furth%%%ﬁ%%ﬂéal ¥N658eMis ngeop&? QERBticH propeMiBEof & 1S phripatter

probakéity: distributipr duretionswhichr chasaciatizes the:desadeddatapinary

wherein the Laplacjan probability distribution function js defined by 262
e RO BP (oA AR Bohblye FoLtowing

Whersetir'}f A€ the'stah
distriburion function.

decoding the encoded Dbinary string of bit-plane
symbols using a further statistical model to generate

a further binary string of bit-plane symbols,

re-constructing a plurality of bit-planes comprising
the bit-plane symbols using the further binary string
of bit-plane symbols, wherein the further statistical
model is based on statistical properties of a . -
Laplacian probability distribution function. which
characterizes the decoded data, wherein the Laplacian

probability distribution function is defined by

R

20°

[

fx)=

wherein ¢ is the standard deviation of the Laplacian

probability distribution function.

30. A computer program element which 1is to make the
computer execute a procedure for decoding an encoded
binary string of bit-plane symbols comprising the

following steps:

decoding the encoded binary string of bit-plane
symbols using a further statistical model to generate

a further binary string of bit-plane symbols,



27 April 2005

44

re-constructing a plurality of bit-planes comprising
the bit-plane symbols using the further binary string
of bit-plane symbols, wherein the further statistical
5 model is based on statistical properties of a
Laplacian probability distribution function which
characterizes the decoded data, wherein the Laplacian

probability distribution function is defined by

e

202

e

10 f)=

wherein ¢ 1is the standard deviation of the Laplacian

probability distribution function.



