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Background Of The Invention
[0002] JPEG as described in W. Pennebaker and J. Mitchell, “JPEG
still image data compression standard,” Kiuwer Academic Publishers, 1993,

(hereinafter "reference [1]"), G. Wallace, “The JPEG still-image compression
20 standard,” Commun. ACM, vol. 34, pp. 30-44, Apr. 1991 (hereinafter
"reference [2]"), is a popular DCT-based still image compression standard. It
has spurred a wide-ranging usage of JPEG format such as on the World-

Wide-Web and in digital cameras.

[0003] The popularity of the JPEG coding syétem has motivated the
25 study of JPEG optimization schemes — see for example J. Huang and T.
Meng, “Optimal quantizer step sizes for transform coders,” in Proc. |IEEE Int.
Conf. Acoustics, Speech and Signal Processing, pp. 2621-2624, Apr. 1991
(hereinafter "reference [3]"), S. Wu and A. Gersho, “Rate-constrained picture-

adaptive quantization for JPEG baseline coders,” in Proc. |IEEE Int. Conf.



Meng, Optimal quantizer step sizes for transform
coders,"” in Proc. IEEE Int. Conf. Acoustics, Speech
w@ar@eB0g8al Processing, pp. 2621-2624, Apr. 198dT/CA2005/001084
(hereinafter "reference [3]"), S. Wi and A Gersho,
"Rat e-constrai ned pictureadaptive quantization for
JPEG basel i ne coders," in Proc.-4EEE Int.
Conf . Acoustics Speech and Si gnal Processing, vol. 5
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feature makes them attractive in applications where the receiving terminals
are not sophisticated to support new decoders, such as in wireless

communications.
Quantization table optimization

25 [0004] JPEG’s quantization step sizes largely determine the rate-
distortion tradeoff in a JPEG compressed image. However, using the default
guantization tables is suboptimal since these tables are image-independent.
Therefore, the purpose of any quantization table optimization scheme is to
obtain an efficient, image-adaptive quantization table for each image

30 component. The problem of quantization table optimization can be formulated
easily as follows. (Without loss of generality we only consider one image
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at andexyel henefiore ait isadiffiqultoior obtainean eptimal solution to (1) and (2) with
15 classical bit allocation techniques. Huang and Meng — see reference [3] --
proposed a gradient descent technique to solve for a locally optimal solution
to the quantization table design problem based on the assumption that the
probability distributions of the DCT coefficients are Laplacian. A greedy,
steepest-descent optimization scheme was proposed later which, makes no
20 assumptions on the probability distribution of the DCT coefficients — see
reference [4]. Starting with an initial quantization table of large step sizes,
corresponding to low bit rate and high distortion, their algorithm decreases the
step size in one entry of the quantization table at a time until a target bit rate is
reached. In each iteration, they try to update the quantization table in such a
25 way that the ratio of decrease in distortion to increase in bit rate is maximized
over all possible reduced step size values for one entry of the quantization



reached. In each iteration, they try to update the

guanti zation table in such a way that the ratio of
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[0006] Both algorithms aforementioned are very computationally
expensive. Ratnakar and Livny — see references [5] and [6] -- proposed a
comparatively efficient algorithm to construct the quantization table based on
15 the DCT coefficient distribution statistics without repeating the entire
compression-decompression cycle. They employed a dynamic programming
approach to optimizing quantization tables over a wide range of rates and
distortions and achieved a similar performance as the scheme in reference

[4].
20 Optimal thresholding

[0007] In JPEG, the same quantization table must be applied to every
image block. This is also true even when an image-adaptive quantization
table is used. Thus, JPEG quantization lacks local adaptivity, indicating the

potential gain remains from exploiting discrepancies between a particular
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(9) reader is referred to reference [7] for details. Since only the less significant
15 coefficient indices can be changed, the optimal fast thresholding algorithm --
see reference [7] -- does not address the full optimization of the coefficient

indices with JPEG decoder compatibility.
Joint thresholding and quantizer selection

[0010] Since an adaptive quantizer selection scheme exploits image-
20 wide statistics, while the thresholding algorithm exploits block-level statistics,

their operations are nearly “orthogonal”. This indicates that it is beneficial to

bind them togethér. The Huffman table is another free parameter left to a

JPEG encoder. Therefore, Crouse and Ramchandran — see references [8]

and [9] -- proposed a joint optimization scheme over these three parameters,
25 i.e,

min D(T,Q) subject to R(T,0,H) s R, (8)
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Summary Of The Invention

[0013] In accordance with an aspect of the present invention, there is
20 provided a method of compressing a sequence of n coefficients by
determining a cost-determined sequence of n coefficient indices represented
by a cost-determined sequence of (run, index derivative) pairs under a given
quantization table and run-index derivative coding distribution, wherein each
sequence of (run, index derivative) pairs defines a corresponding sequence of
25 coefficient indices such that (i) each index in the corresponding sequence of
coefficient indices is a digital number, (ii) the corresponding sequence of
coefficient indices includes a plurality of values including a special value, and
(i) each (run, index derivative) pair defines a run value representing a

number of consecutive indices of the special value, and an index-based value



cost function for a plurality of possible sequences of
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number of consecutive indices of the special value, and an index-based value
(derived from a value of the index following the number of consecutive indices
25 of the special value, and wherein a sequence of n coefficient indices, together
with a quantization table, determines a sequence of n soft-decision quantized
coefficients. The method comprises the steps of: (a) selecting a oth
quantization table; (b) selecting a 0" run-index derivative coding distribution;
(c) setting a counter t equal to 0; (d) using a tn quantization table and run-
30 index derivative coding distribution to formulate a tn cost function for a i
plurality of possible sequences of (run, index derivative) pairs; (€) applying the

ts cost function to each possible sequencein the tn plurality of possible



plurality of possible sequences of (run, index
derivative) pairs; (e) applying the tth cost function

WO e00e@ei18possi bl e sequencein the tth pluralityPof/CA2005/001084
possi bl esequences of (run, index derivative) pairs to
determine a tth associated cost; (T) selecting a tth
cost -det erm ned sequence of (ru% i ndex derivative)
pairs fromthe tth plurality of possible sequences of

o33 aRESS b T Rideideiat ) ABES o Yritrifing oty associated cost;
seqpessiectig @ 4N cobnalsmARIdY Sédoecensl (ns.mt qERbOEErivative) pairs

@
wth the ttgh guanti zation tabl e and runi ndex
derfrqmttheetm@mraigy Rfspessidiei sﬁqua?@@ssofa(ryel ddaxoderivative) pairs

of 1N 6h HEIRHsBRR HAE BT 08 ERARG BT ihpence of
$eC(nﬂnCIﬂdei derigatiid)i saientogetisercwith &hd tﬁqfquatrtthatlon table and run-

guan ti.on tablqe1 as .the output quantization_ table

ot Hi % erivaiiver oding glistripution, mﬁet%u%w!efapn&ﬁ't%m eselecting the
ang,_r [ | & C [ f t

o S S. SRR 901, ALK U0 DR 4 the cost
derdetatnine)l seqitence iohorassiicignit indicesremd tivedtrqiantizatign table as

o0.ste d): an h odi he co res ondi n o
95 BabEL BBty TSR MRS SR FIRRE AR e cusmtzatn
1cplertamet A hurRtidex derivagve RbERRYJiSRIbuasn %’iﬁ%@ bet determined
run-index derivative coding distribution. [001

ac &eagenee ohirun, molemdamvabp@)cwalta‘, in¢reapingd daytone, and returning to

south o8 A (fl o HRE  EofRodfytl SAPRER: pySHadermined

detsequiencd Sf grumlingex derivative)apaies usiig entrepy edtimigt based on ty,
runi ndex derivative distribution, and, for each

seq'U@ﬂ'@@ﬁ’bﬁerhVQﬂy@qudmgaﬁ'ﬁﬂlh'-Wof‘he sequence of
uences of n coefficients, a final cost-determ ned
1%e&06115]s of dpeicepidanee withirdhisd mspeetsefithedoragent invention, there

ot <Dyt 4, aaRRCR ettty oh SEGERe '8 SEilences of

dergoesfioisrs bydointly tiRftemeining @@bum@mnﬂgat&ﬁmm@ earpbutput run-
coefficient indices such that (i) each index in the

cor"ﬂ‘é@béﬁﬂ)’ﬂ@’esélﬁifé}%'@“oﬁnéoéqrf eachegeauenie: ek nj coefficients in the
coe feq%ngé"g?gé ubhdes 6§ SQQﬁlﬁ%ﬁPﬁor&jﬁﬁ‘Q &%ﬂps ﬁ'l ifdd sequence of

ent |ces I hcl udes a pl'urali
20 ncdoeffi dmtandmesnabrewntal bgral flhal c@staiaa:tlarr(med sequém:e of (run,

deriyative) pair defipes a run value representing a oo

defines a corresponding sequence of coefficient indices such that (i) each

index in the corresponding sequence of coefficient indices is a digital number,
(i) the corresponding sequence of coefficient indices includes a plurality of
25 values including a special value, and (iii) each (run, index derivative) pair
defines a run value representing a number of consecutive indices of the
special value, and an index-based value derived from a value of the index
following the number of consecutive indices of the special value, and wherein
a sequence of coefficient indices together with a quantization table
30 determines a sequence of n soft-decision quantized coefficients. The method
comprises: (a) selecting a 0™ quantization table; (b) selecting a 0" run-index

derivative coding distribution; (c) setting a counter t equal to 0; (d) for each
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and (g) encoding the corresponding selected sequences of (run, index

derivative) pairs using Huffman coding.

25 [0016] In accordance with a fourth aspect of the present invention,
there is provided a data processing system for compressing a sequence of n
coefficients by determining a cost-determined sequence of n coefficient
indices represented by a cost-determined sequence of (run, index derivative)
pairs under a given quantization table and run-index derivative coding

30 distribution, wherein each sequence of (run, index derivative) pairs defines a
corresponding sequence of coefficient indices such that (i) each index in the

corresponding sequence of coefficient indices is a digital number, (ii) the



and (g) encoding the correspondi ng sel ected sequences
of (run, index derivative) pairs using Huffman coding.
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wherein each sequence of (run, index derivative) pairs defines a
corresponding sequence of coefficient indices such that (i) each index in the
corresponding sequence of coefficient indices is a digital number, (i) the

25 corresponding sequence of coefficient indices includes a plurality of values
including a special value, and (i) each (run, index derivative) pair defines a

run value representing 2 number of consecutive indices of the special value,

and an index-based value (derived from a value of the index following the
number of consecutive indices of the special value, and wherein a sequence

30 of n coefficient indices, together with a quantization table, determines a
sequence of n soft-decision quantized coefficients. The data processing

system comprises: (a) initialization means for selecting a 0" quantization table



coefficients by determ ning an output quantization
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sequences of n coefficients by jointly determining an output quantization table,
an output run-index derivative distribution, and, for each sequence of n
coefficients in the sequence of sequences of n coefficients, a final cost-
25 determined sequence of coefficient indices represented by a final cost-
determined sequence of (run, index derivative) pairs, wherein each sequence
of (run, index derivative) pairs defines a corresponding sequence of
coefficient indices such that (i) each index in the corresponding sequence of
coefficient indices is a digital nhumber, (ii) the corresponding sequence of
30 coefficient indices includes a plurality of values including a special value, and
(iii) each (run, index derivative) pair defines a run value representing a

number of consecutive indices of the special value, and an index-based value



tabl e and run-index derivative coding distribution
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determining a (t+1)y, quantization table and run-index derivative coding
distribution from the selected sequence of the ty, cost-determined sequences

of (run, index derivative) pairs, increasing t by one, and returning to step (i);

and (vi) encoding the corresponding selected sequences of (run, index

30 derivative) pairs using Huffman coding.

[0019] In accordance with a seventh aspect of the present invention,

there is provided a computer program product for use on a computer system
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determined sequence of (run, index derivative) pairs using entropy coding

based on a run-index derivative coding distribution.

25 [0020] In accordance with a eighth aspect of the present invention,
there is provided a computer program product for use on a computer system
to compress a sequence of n coefficients by determining an output
quantization table, a cost-determined sequence of n coefficient indices
represented by a cost-determined sequence of (run, index derivative) pairs,

30 and a run-index derivative coding distribution, wherein each sequence of (run,
index derivative) pairs defines a corresponding sequence of coefficient indices

such that (i) each index in the corresponding sequence of coefficient indices is



digital nunber, (ii) the correspondi ng sequence of
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index derivative) pairs, increasing t by one, and returning to step (d); and (h)

encoding the corresponding selected cost-determined sequence of (run, index

derivative) pairs using entropy coding based on {, run-index derivative coding
distribution.

30 [0021] In accordance with a ninth aspect of the present invention, there
is provided a computer program product for use on a computer system to

compress a sequence of sequences of n coefficients by jointly determining an
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index derivative) pairs; (ii) applying the cost function to each possible
sequence in the associated ty, plurality of possible sequences of (run, index
derivative) pairs to determine an associated cost; (iii) selecting an associated

25 tn cost-determined sequence of (run, index derivative) pairs from the
associated ty plurality of possible sequences of (run, index derivative) pairs
based on the associated cost; (e) after step (d), applying an aggregate cost
function to the ty, associated cost-determined sequence of (run, index
derivative) pairs for each sequence of n coefficients in the sequence of

30 sequences of n coefficients, to determine a tn aggregate cost; (f) if the tn
aggregate cost meets a selection criterion, selecting the tx quantization table

and run-index derivative coding distribution as the output quantization table
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present invention, there is provided a conputer
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conpress a sequence of sequences of n coefficients by

jointly determ ni ng anout put quantization table, an

out put run-index derivative di86ri bution, and, for

each sequence of n coefficients in the sequence of
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meqoo22]t o i Ny dotdilet esedpiint of treypitefenréd eptyddihentshie provided
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s hanitatet e ot pogRararsh Sufian e, Boatiradice with an
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205 e%%%ggdean%fe vsi¥hugh a'ngth ofqﬁmra 'p\r/éasgén\f?r}ve%?‘lbﬁ;s fromthe
[0026] Figure 4 illustrates a sequence of connections and nodes from

the graph of Figure 3;

[0027] Figure 5 illustrates a trellis structure for representing distinct
values a DC index -can take for a sequence of n coefficients in accordance

25 with a further aspect of the present invention;

[0028] Figures 6a, 6b and 6¢ is pseudo-code illustrating a graph-based
optimization method in accordance with an aspect of the invention;



associated tth plurality of possible sequences of
(run, index derivative) pairs based on the associ ated
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function to the tth associ ated cost-deterni ned
sequence of (run, index derivative) pairs for each
sequence of n coefficients i the sequence of
sequences of n coefficients, to determne a tth
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in which: [0023] Figure 1, in a block diagram
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20

25

different quantization tables;

[0037] Figure 15 is a graph showing rate-distortion curves reflecting a
different number of iterations of an iterative joint optimization algorithm in

accordance with an aspect of the invention;

[0038] Figure 16 plots rate-distortion (PSNR) curves of different
configurations of optimization methods in accordance with different aspects of
the present invention applied to a 512x512 Lena image;

[0039] Figure 17 plots rate-distortion (PSNR) curves of different
configurations of optimization methods in accordance with different aspects of

the present invention applied to a 512x512 Barbara image;

[0040] Figure 18 plots the DC entropy rate vs. the DC distortion
resulting from trellis-based DC optimization for a 512x512 Lena image in

accordance with an aspect of the invention,



the graph of Figure 3; [0027] Figure 5 illustrates a

trellis structure for representing distinct values a
waoeaas2 can take for a sequence of n coeffi cPENCa2008/001084

accordance with a further aspect of the present

i nvention; [0028] Figures 6a, 6h and 6¢c is pseudo-code

illustrating a graph-based opti'fi"zation nethod in

accordance with an aspect of the invention;[0029]
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the present invention; [0030] Figure 8, in a
fl poedmrt, ilF r :
iterative pr giégétgg de ﬁﬁ?g?@ggsggég% ﬂHsg%Féeg %@?%%%rlﬁ encoder of
Fi figused 9 appligditp @ncurgompressedimagess a process for
determining an optimal path for a particular block in
St hf0M3]cess bigure it dlusirafe308 ajirdeterl geadD fori repaesenting different
flowchart, illustrates a hlock initializin rocess
| nOSRUGSP O JUBEYelaPals N aekauPRRGR Wil % e sgpect of the
Fi Fhﬁgén@jn\[efﬁﬂaﬁﬂ Figure 11, in a flowchart,
illustrates a increnmental cost cal cul ati ng process

inlmjgpq by t S [ ; ' e ~
ina fl omha?tf‘qﬁléglcz%?t trogtéze(g |§ng§8§%%%8p %ﬁilltégiaag?ﬂpn%]gzaph based
quanptimizatioormethiotén iaccoidadce withha further espeof offthglineention;
; [0035] Figure 13, in a block diagram illustrates a
10da{&04ﬁ]ocessF'rgngey289rihi[ 8 ﬂom&gdﬁndﬂuﬁétbsaa @ﬁ@@éﬁ §br jointly
the present invention; [0036 i gure , In_a graph,
iIPB@rtnl‘zé'i'gasﬂ'}eatrémd?Q@tbr tqogmézuP?@EeXﬁ'Q?‘S@@fﬁEﬂWt'C coding and

gﬁaﬂéﬁﬂzﬂtfoﬂrht%ﬁglz%%in bEOsahnEL g\HfheT @He? a%ggélﬁﬁlgreér}]\{ention;

oW ng rate-distortion curves ref I Ng

nu of it L ens;: o n_i.Lerati LQL N e o . .
oot Pthbon peh ok e ahhiatzaon.ofan rerative
t hprooees rif itlwe prdc@88 df Figuye23; 16 pl ots rate-distortion

(PSNR) curves of different configurations of

150p[00n7]at 'f ONFRIr8QEsir & fladehadamasratet pidckss @t determining an
aspects o
gptimal path for a particular block in the process of Figure 23;

[0048] Figure 26, in a flowchart, illustrates a process of calculating a
cost to a basic/regular state invoked in the flowchart of Figure 25;

[0049] Figure 27 illustrates a process for calculating the cost to an

20 extended state invoked in the flowchart of Figure 25;

[0050] Figure 28, in a flowchart, illustrates a process for calculating a
cost for a special transition designated in a step of the flowchart of Figure 25;

[0051] Figure 29, in a flowchart, illustrates a process for updating a

quantization table invoked by the process of the flowchart of Figure 23;

25 [0052] Figure 30 plots rate-distortion curves of different configurations
and optimization methods in accordance with further different aspects of the
present invention applied to a 512x512 Barbara image;



the present invention applied to a 512x512 Lena i nmage,

[0039] Figure 17 plots rate-distortion (PSNR) curves
wo@poodiob§182 ent configurations of optim zati on neCTOd2005/01084

accordance with different aspects of the present

invention applied to a 512x512 Sar bara i mage; [0040]
"Figure 18 plots the DC entropy1 ate vs. the DC

di stortion resulti ng fromtrellis-based DC
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ates eghe a n .
i JOU8415: ©5 Rl picts Pl il SRR Suryes, dor cifferent
WI tonfigdratibhe of epthaiatioh nidtBogs Q‘Sabttordahéélwwmffél%ﬂé]spects of
ures 22a.to 22d | seudo code illustrating

PEReSat iInysnfian Appliesh g aao1 4 Lepadmagie Ve aiscaled defautt
fuPPQPm eﬁﬁ)rﬁe(g eof the invention; [0045] Figure 23, in

art Iustrates a process for jointly
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of Figure 23g dlﬁpﬁﬁ]’rf? efd% JP@GacbmfﬁlLl Y pat h

illustrates a proces ermning an o
fo[OQsBﬁﬂartl cA dPEEH enkoder Bﬂee)wouimﬁwreé Eas\;ursdae;i’s’ﬂ;as shown in
48 F 26 hrt il strat
Tof esaricget PAgTs! AT AnInpit Toade Gaiiaio Gxelgcks and
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27 illustrates a process for cal culating the cost
an(lteaeéna P EGRtEadhnvoRleis finst trhesfdrm@drfmm tbé pixel uiomam to the

pr oé-{e'lggg%e}lﬁ l%f gﬁl §§§5 r%@'gaﬁ | PHE hr%rshl‘tmgI btﬁl E:géf? giefits are then

uniformly quantized using an 8x8 quantization table 26. The coefficient indices

O'I

from the quantization 28 are then entropy coded in step 30 using zero run-
20 length coding and Huifman coding. The JPEG syntax leaves the selection of

the quantization step sizes and the Huffman codewords to the encoder

provided the step sizes must be used to quantize all the blocks of an image.

This framework offers significant opportunity to apply rate-distortion (R-D)

consideration at the encoder 20 where the quantization tables 26 and
25 Huffman tables 32 are two free parameters the encoder can optimize.

[0056] The third but somewhat hidden free parameter which the
encoder can also optimize is the image data themselves. Depending on the
stage where the image date are at during the whole JPEG encoding process,
the image data take different forms as shown in Figure 2. Before hard
30 decision quantization, they take the form of DCT coefficients 34; after hard
decision quantization, they take the form of DCT indices 36, i.e., quantized



cost for a special transition designated in a step of
the flowhart of Figure 25; [0051] Figure 29, in a

wo bawobssr, illustrates a process for updati ngP@r/CA2005/001084
quanti zation table invoked by the process of the
flomchart of Figure 23; [0052] Figure 30 plots
rate-distortion curves of diffatent configurations and
optim zati on methods in accordance with further

di fferent aspects of the present invention I
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con uratl ons of optim zation mnet hods i n accordance

wi inticesf ftegether asitie cquardization: sfepseires. fieteimiom quantized DCT

P RafiOabf, APREEE e fie e BINGS, B B TEalg) s to be
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RUN- LENGTH CQODI NG, HUFF NG AND JANTI ZATI ON

TABIantizatien m}pﬁm@rmsthma@@mé@ engg i -1 (rejsgl default
10 ;A‘ntégfeg) & ?g‘é[i]h %ﬂe%’&%ﬁ% %3 6%‘ | r Lma@bfesstseélfbogn Sl ‘B%ause the

i rgure e encode partitions I np
I nd@'@u&&abbscar%xiawdgeamuepandbmthmm e sealireg it heb enag@-adaptlve

'Jg% Jor. EXGR WitoaR Ha0pTadeptive SHantssHen b PR gTgh apPly the
i@&‘p@ thBlel fof BIJRK, ﬁ‘l‘&il@éfr% E&EenTBPgam remains from

ting coefficlents arethe uni
quapﬂmzmg the pgetiiciedk Sndjoestiiez aDGoIn indiesss M@te thigé hard decision

15 arivaH7aUanchLen carpesh aen BB EARY Indintein Sif decision

anguaiM{ZaiiBA. ShitenBe chafficiéttngicas @unl RAEgsall erresented as run-
selection of the quantization step sizes an

Husizerpairsdalowed byt io-asirganidodiees mr@vgaéuntlwtgtceﬁimg, we shall
?hég'gsly}'&%r b cHERbiehPinfdisd BdthfizAtdn A0 fuii AR Bl bptimization

in parallel with step size and Huffman coding optimization. As described

20 below, we not only propose a very neat, graph-based run-length code
optimization scheme, but also present an iterative optimization scheme for
jointly optimizing the run-length coding, Huffman coding and quantization step
sizes as in steps 40, 42 and 44, respectively, of Figure 2.

Formal problem definition

25 [0057] We now formulate our joint optimization problem, where the
minimization is done over all the three free parameters in the baseline JPEG.
We only consider the optimization of AC coefficients in this section. The

optimization of DC coefficients will be discussed below.

[0058] Given an input image I, and a fixed quantization table Q in the

30 JPEG encoding, the coefficient indices completely determine a sequence of

run-size pairs followed by in-category indices for each 8x8 block through run-



This framework offers significant opportunity to apply
rate-distortion (R-D) consideration at the encoder 20
wok@e®031BE quanti zation tables 26 and Huf f man PebiCag003201084

are two free paraneters the encoder can optim ze.

[0056] The third but sonmewhat hidden free paraneter

whi ch the encoder can al so optdlm ze is the i mage data

t hensel ves. Dependi ng on the stage where the inage
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run l ength codin they take the fo o}'gun-si ze
5pairs fol Imqed 611520 )od WWWE@S jé)(ﬂ@!} (10)
anpl it ud€-ot " BeT | ndr ces wthin respective categories

run codes and in-category indices 38. (For
cl‘é\'r‘?%"aﬁéﬁ)shall refer to such i nt egers as

in-category indices.) Note that DCT indices, together
wi th quang iimt ik, $).é0l %lr'bd‘é%t ol ef RinéDiplanfized Dcr (1)
coeffr ci ents. Al 't hough t he JPEG synt ax allows the

%rlglzat/’ ézfnéa@aafg@wgessﬁﬁigls g%&\gé%g tlie]%?gfnra’l image I,
gﬁa@f G5 replpsfiteed, itageab it %(iﬁsr?”g'? SSIPQ Aidqe fygr all AC
10th“§éd erﬁ%tt%ﬁkdagﬁ%r)é@a*aﬁﬁtés tﬁé‘bg P Cr%‘t@‘efor all AC

mage- | ndepen

Scét‘iéﬁ'“tgeht%% r%@hrtmg%netﬂar&ndéenesédaehce FSW'D)har&ﬁthe Huffman
age adaptive quantization table, JPE nust apply the

let arprlre (10} apdellyl).i rasgectialtk fud.nand adiapg AH d@spectlvely the
potentr al gain remains fromoptimzin é@he C ffr
i nate cepnsiragt | angTdisiaitien sconggaintt VKN higed h& '—agfange
q%ﬂﬁ{pﬁé’f' A pilnﬂg CORLEL C Rt rdt@%%ﬁsﬂ’gihgﬂ‘ iﬁébl@l‘h or distortion
anounts to soft "decision quantization I nce the
15 c asdristrairesat priobiEm distodha fdﬂtovrqur ahktynstesined proldeimas
runsi ze pairs foll owed by in-category indices through

run-1ength codipgn Y@(gballl, & STpbY,]46f-ef(RIS), H]} (12)

coefficient ifdeR“gptim zation as run-Iength codi ng
optim zation in parallel with step size and Huffma
coherg st Lageandiath muldpligssérisdixed parameter that represents the

tradeoff of rate for distortion, and J(A) is the Lagrangian cost. This type of
optimization falls into the category of so-called fixed slope coding advocated
20 in E.-h. Yang, Z. Zhang, and T. Berger, "Fixed slope universal lossy data
compression,” |IEEE Trans. Inform. Theory, vol. 43, pp. 1465-1476, Sept.
1997 (hereinafter "reference [10]") and E.-h. Yang and Z. Zhang, "Variable-
rate trellis source coding." IEEE Trans. Inform. Theory, vol. 45, pp. 586-608,

Mar. 1999 (hereinafter "reference [11]").

25 [0059] It is informative to compare our joint optimization problem with
the joint thresholding and quantizer selection — see references [8] and [9]. On
one hand, both of them are an iterative process aiming to optimize the three
parameters jointly. On the other hand, our scheme differs from that



bel ow, we not only propose a very neat, graph-based
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c desal joptinnzationgfdhe steR §7e8{| denotes the conpression

rate for all AC coefficients resulting fromthe chosen
sequence (R S, 1D) andProblemsphtionsible H I n (10)

and ( 1 1), respectively, rbudget and dbudget are

r §006QY i vel ylheherataidistodiont r epliimization dipsollen of2) is a joint

constraint. Wih the help of Lagr e mult.iplier
15 SRy 2 of the aSfrteh Do, Hiffad® (08T afiepfizAior tebe, ana
disglheeht@TRIVIIL. A AffkePthebdsimization PhsoleRl fraviabe, we propose
unconstrai ned problem
an iterative algorithm that chooses the sequence (R,S,ID), Huffman table, and

guantization table iteratively to minimize the Lagrangian cost of (12), given
that the other two parameters are fixed. Since a run-size probability
20 distribution P completely determines a Huffman table, we use P to replace
the Huffman table H in the optimization process. The iteration algorithm can

be described as follows:
1) Initialize a run-size distribution P, from the given image I, and a
quantization table @Q,. The application of this pre-determined
25 quantization table Q, to I, is referred to as hard-quantization, in that
quantization is image-independent. (As an example, the initial run-size
distribution P, could be the empirical distribution of the sequence of

(run, size) pairs obtained from using a hard-decision quantizer given by



(L,Sm,IDi)n, HQ{J( I) d[IO,(R S, 1D Q +l
rf@((R S),H} (12) where the Lagrangian multiplier | is

wa@2doenesispar anet er that represents the tradeof PCDCAR@EB01084
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for distortion, and j (I) is the Lagrangian cost. This

type of optimzation falls into the category of

so-cal l ed fixed sl ope codi ng-advocated in E. -h. Yang,

Z. Zhang, and T. Berger, "Fixed slope universal |ossy

data conpression,” |EEE Trans. |nform Theory, vql

43, pptheldstallgz® agaptize 1beDCheseaffigients, of of)obghde 0, and
[10]") and E.-h. Yang and Z. Zhang, "Vari ablerate

trefli %pé&?f §%oleRfHicR% as tEEorVetgencd Biitefigh. Theory,
vol . 45, pp. 586-608, Mar. 1999 (hereinafter

AT BT o T BT 35,0

t hreshol di ng andgﬁuanti zer selection - see references
[ 8] anachi@gyes the ElloWRGMINIBYNA of them are an
iterative process ainming to optim ze the three

paranmeters jointly. g)j% heslpt(es. 1 nli,)ho R} ng#re
differs fromthatw% [ }grei O-Glgeeb?‘?e erei[z(:egg[ and

[9] - in two distinct aspects. First, we consider the
full opdrstgad i AR .8F 1D eﬂmeﬁ RS Bm] byndi(ags or the
sequence (R aSi‘,[IO )'i'nsttzoa of [g tpat?t ll]al op(t ?m zation
represented by dropping only insignificagt coefficje

t
i ndi e adReEID, hdipdrte @eand of diton@es APE . algspegtvelsso that

we shall see in the next subsection, it turns out that

the fuld ofid M zZRigetieranicveheYoleang minimutat i onal |y
effectiV& solution. This is in contrast with the

Fi - consur ?gziﬁi?%ga% AR SEeN I I S

see references [7], [8] and [9]. Second, we do not

apply tehrg %_Ebé?t%\l%umiﬁ\%i I iszl%keﬁed\)%?tﬁjllocﬁ\{lérﬂ%%ﬁ tables Q

to fin optimal step sizes In eac eration.
' nst eada’nd“%llu?fn-tsgg g%b%lﬂ)lilltty Y&ty |8rt1é op.tﬁgtleetl'?act P

t+1

can be
selected as the empirical run-size distribution of (R,,S, ).

4) Repeat Steps 2) and 3) for r=012,.. until J(1)-J"'(A)=e. Then
output (R, ,,S,,,ID,,,)Q,.., and P,,,.

[0061] Since the Lagrangian cost function is non-increasing at each
step, convergence is guaranteed. The core of the iteration algorithm is Step 2)
and Step 3), i.e., finding the sequence (R,S,ID) to minimize the Lagrangian
cost J(A) given Q and P, and updating the quantization step sizes with the
new indices of the image. These two steps are addressed separately as

follows.
Graph-based run-length coding optimization

[0062] As mentioned above, JPEG quantization lacks local adaptivity
even with an image-adaptive quantization table, which indicates that potential
gain remains from the optimization of the coefficient indices themselves. This



starting point and then update the step sizes

efficiently in each iteration for |ocal optimzation
w@boobloas18t ep si zes. Probl em sol uti ons [0060] TPET/CA2005/001084

rate-distortion optimzation problem (12) is a joint

optim zation of the distortion, rate, Huffman table,

guanti zation table, and seque2de- (R S, I D). TO nake the

optim zation problemtractable, we propose an

iterative algorithmthat chooses the sequence

( Bad) ippxplpiied iadtenx) e Opiimal dowashplding onsesufgference [7] - only

'g}c@g% dtehaltay P%ﬂlal oﬁgﬁh.{aqlo'hhgfr g%gg:@é‘l%i%ﬂt ‘frﬁﬁé%ééf i.d 18?0éopmg less

ers are
r @igrsificant poetfidients try th RtD isense oWerropopé enadfficient graph-based

AR Pl e plae S Tonea ke s GRTEBeREREIdES futy in the
51 tl@@%}eﬂ@e k988 O Gy 098[? q%§§ rél@ﬁﬁcé}ﬁ Es¥fliQuats, but also can

I ni Ize a run-size dist ution PO fromthe given
i rdhgage thernfdom eneacategary tmamcstbee €ren Thangipgla zeioi epefficient

hi d
T AR5 PR PRSP T AR bt over
| SvdrdBISUF YSPITIHASEE - odtrﬁfi’al%btﬁxé’éﬁlblﬁ?ingtélgohmrﬁ ifillds the optimal

run-si ze di'stribution PO could be the enpirical
dicoeffidienti indiegs (o espiy@endly, dhe(anwnaburu@ﬁlzmnaw) among all

10 D HGRsFEl cbERetR o (iAo BnRPAR RBLSiBIe!ER size pairs)
. toSfinithize the bagrapgrel écystaSimieegaeneQeaMPt ktee Lagranglan cost

conv;rgence criterion. 2) Fix Pt and for_any
Fi fld) i Rpelk-wése @édu@ﬁcéhq Rpinipizatpn jn ﬁ#ﬁ@ ?aC%rb\b@ssolved in a

Il%)(%ko'%) \glbt%} %Q@ﬁgﬁ%/ % ‘the g °§%“?P§gqpfl?é§l))(gf$' 7%2, can be

ilééa’{%wpéé lﬁﬂé%éslﬁec e veR/e ery ?#Q?ﬁ"age %agdnﬁ{é fiy ‘ﬂf‘l]@ following,

15 aoké it duredi$aldsion togonty one8x8rimiagel hleck.
c{lo,(Rt,St,ID)Q+l r ,,S>]}

[0063] Let us define a directed graph with 65 nodes (or states). As
shown in Figure 3, the first 64 states, numbered as i=0,],...63, correspond to
the 64 coefficient indices of an 8x8 image block in zigzag order. The last state
is a special state called the end state, and will be used to take care of EOB
20 (end-of-block). Each state i(i =63) may have incoming connections from its
previous 16 states j(j<i), which correspond to the run, R, in an (R,S) pair.
(In JPEG syntax, R takes value from 0 to 15.) The end state may have
incoming connections from all the other states with each connection from
state i(i<62) representing the EOB code, i.e., code (0,0) after the i”
25 coefficient. State 63 goes to the state end without EOB code. For a given

state i(i=<63) and its predecessor i-r-1(0=r=15), there are 10 parallel
transitions between them which correspond to the size group, S, in an (R,S)

pair. For simplicity, we only draw one transition in the graph shown in Figure
3; the complete graph needs the expansion of S. For each state i where

30 i>15, there is one more transition from state i 16 to i which corresponds to



where the above mnimzation is taken over all
guanti zation tables Q and all run-size probability

wak®enddasl i ons P . Note that Pl1+1 can be sel ece@mCag005/001084
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the enpirical run-size distribution of {R,St ) . 4)

Repeat Steps 2) and 3) for t =0,1,2,... until J'{I) -

Jt+l {lI) e . Then output (i?25+1, t+1,/2),+ 1),<2;+1

and Pr+1 . [0061] Since the Lagrangian cost function

i'S non-i asln at each step, convergence is

gthe Rﬁtre(g 53 Rle(zgfo ry lgnath)¢odm Vg{fagaﬁslgmtﬁ pach transition

O fiby S ﬁatSt ﬁlom L io ?P?Seuaé'r%%b@ht@%s@eﬂ“ﬁ S §hs dnergmental
arﬂ%gﬁae \gl:%‘ﬂ:o%g?w&ﬁﬂtﬁ&nq%% ﬁgig'elo?c\)msétg 1 @henhe"” DCT
eps are

a@delﬁsm r|]§ qunta‘zed 1o size fgwdxp)ws(l e Gtlae bobfiismht mdexdneeds s bits
run-1 ength codi ng timzation 0062 nent j.one
a%v@p@% &éaﬁmrﬁ&d@n angc jed '@ﬁ:ar t $QgffiGients pppearing

b PESTORORRY b D BBLITERI: O bRBhfzed i 2o, Specifically,

ntia gal nremaln
omlsmczemewhalcdost lseequetd i ci ent i ndi ces thensel ves.
Thisgain is exploited in Step 2). Optinal threshol di ng
- see reference only nsi gders a
optim zation of gﬁjéﬂ!@e‘fth& ghﬂ ?ﬂ@gfﬁ@@ ? bs , (13)
dr oppi ng | ess si=gni ficant coefficients in the R D
sense. W propose an efficient graph-based opti nal

pavhersedr, g kiliy..63 gare thenyt OGP coefficienthéDds ¢hé irccategory index
i ndi ces ful ly in the R-D sense. It can not only drop

! %B?r gpgﬁ‘dlﬁhqegg SRR @io%'ge tl@g ] s bt rrﬁtlﬂ?r{lﬁ’ﬁ dlstortlon to

om o egor even angl ng
|ent toas eff|C|ent

&é??'%BE”' Fieniesdn ndEer BUETRE CRsoay ey Oﬁé)v the size

our graph- based optl rral pat h searching al gorithmfinds
t lgeowmps,i and  g; deftheci’ "equiantizhtionsstepr sizguSinailasiy, or thee transition
optimal run-size pairs) anong all possible coefficient

| Bl %Fa[té 9¢ns%§x]t¥ %Ju? EEQ stAEAcAtlis B%ﬁﬁéc@h@ run-size

pairs LCagrangl an cos I'nce given Q
and P, the Lagrangian_ cost j (I) is bl ock-w se

addltlve the mnimz D can be solved in
a bl ock by bl ock rmnngt géac l%ﬁﬂt()%% opti mal sequence (14)
(R S, 1D can be

No cost is assigned to the transition from state 63 to the end state.

[0064] It is not hard to see that with the above definitions, every
sequence of run-size pairs of an 8x8 block corresponds to a path from state 0
to the end state with a Lagrangian cost. For example, the sequence of run-
size pairs (0, 5), (4, 3), (15, 0), (9, 1), (0, 0) of a block corresponds to a path
shown in Figure 4. On the other hand, not all paths from state 0 to the end
state in the directed graph represent a legitimate sequence of run-size pairs of
an 8x8 block. We shall call such paths illegitimate paths. For instance, the
path consisting of a transition (0,5) from state O to state 1 followed by a

transition (15,0) from state 1 to state 17 and a transition (0,0) from state 17 to

the end state is an illegitimate path, and does not represent a legitimate

sequence of run-size pairs of an 8x8 block. However, it is not hard to see that



determ ned i ndependently for every 8x8 inmage bl ock.
Thus, in the following, we limt our discussion to

woriog/0ai182 8x8 i nage bl ock. [0063] Let us defi nBCEHCA2005/001084
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directed graph with 65 nodes (or states). As shown in
Figure 3, the first 64 states, nunbered as =
0,1,...63-, correspond to the264 coefficient indices
of an 8x8 image block in zigzag order. The |ast state

Tetpripipainls pehy theierss ANBYS A ISRURISE PRRL e lgld-aorangian

| Cbst 6BWNIERYishatviBtly TERMRS HRaPBEHhe ARYithA® path. Therefore, the
previous 16 states j{j <i), which correspond to the

r opfima) path fam( stal) Odaithe qnahstaterwithythe aninimuratotel Lagrangian
<SG pBRLL: rekid oblE: BB Eb SIS IRALE paliF A egitmate
C pafRCki Mafs aegitifiate bath. FQ@ﬂwefm_bfé?i’:ﬁ@b?pglaﬂ batH:@&gether with

code, i.e., code (q,q) after the i"1 coefficient. _
Sitat corEEsReHEiNgG é-caiegonatiadiend ag detarmingss iadds), pehieyes the

ot b 2, K Sy lehich o ASHATIBE A et e Son vy
t BefshEydmieProgrdiAfthg aldofithrité @he Whidie diectied gHaph to find the

(R's) pair. For sinplicity, we only draw one )

t patiEtal iseAueRce NB,S;B%)pf’Orst%@vmVﬁﬂh &éd@de; shpuld be pointed out
c lete. th [ f,Sai F h

TR el BB STue il et BEHE Ao (R ) SRereiios endashby (15
SToRk6r 2l BXBOIbclIT KELEAEAIRS RRE Sptikfl IR, BRisequbRe&)ound by our
i.e., ZRL (zero run length) code. W assign to each

t dgnaini¢ programsningrroay snak ky (15,0} through statee63 exendbough it is

which | efined as the incremental. r.angi S
oSPgub ey S réq) AR Ui 8rC A 5oy rate
ceel15,)a8ledstheHané en@BpY vatei Gfq0I0PUBoWever, arf (R S) sequence
coefficient index needs s bits to represent its

afprpduby) (Bhd OAl threwgh rstater @bt Peilediimalppeathi ggd can be
! %Egaé‘a/ﬁg%%@ﬁ ?érz?%tgfbyf R%in%o.ﬂiéG%lygrﬁx. are quantized

to zero. 'S | Nncrenen cost is equal

¢ O . _ .
ST ent A D95 Satordik SeE LN eb 5T Eepegh e Agoritm
t folldis. FsZ&n Wil afioh Nk AGHRAnT precdleulats W RIS (7,s) + ) for
distortion to Cl anong all in-category indices wthin

t bachaiuegsizy paire(,§)i bdséy drmthes gkengroksise distdbation sP. It also
the ith quantization step size. Simlarly, for the
t recigsivetyn pre-calculates, for each state i, the distortion resulting from

dropping the preceding 1 to 15 coefficients before the state and the remaining
cost of ending the block at the state. The algorithm begins with state 0 (DC
coefficient). The cost of dropping all AC coefficients is stored in J,. Then, one
proceeds to state 1 (the first AC coefficient). There are ten paths to state 1
which all start from state 0. These ten paths correspond to the 10 size
categories that the first AC index may fall into. The cost associated with each
path is calculated using equation (13), where the first term in (13) is also pre-
calculated, and ID, is determined as follows. For simplicity, we only consider

positive indices here; negative indices are processed similarly by symmetry.

Suppose ID,., is the output of the hard-decision quantizer with step size g, in



fromstate i (i 62) to the end state, its cost is
defined as 63 ¢ + -(-log 2P(0,0)) (14) No cost is

was®ogmas2 to the transition fromstate 63 to tPET/€ARD05/001084
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state. [0064] It is not hard to see that with the
above definitions, every sequence of run-size pairs of
an 8x8 bl ock corresponds to a2path fromstate 0 to the
end state with a Lagrangian cost. For exanple t he

sequence of runsize pair (4, 3 0 , \
15espemsedy tae inpul| @ lRNeldt fa(el|§¢BWd@‘etQ?t%9‘1)?)Xt5§P lﬁ;%bir .(~79- Ifs=,
Figure 4. On the pther hand, not all paths fromstate

0 Do i$ BRoS# agt BY, € sintet iheegliltsdintine nginapbon diptosemforaC; in this
|l egiti mate sequence of run-size pairs of an 8x8 bl ock.
Wéizehgrblip Cidilsl < s'yclip, psithssérl bethe langest maemibear. infsize group s since
i nstance, the path consisting of a transition (q,5)

f thisnlayesendmber mssaits inl tHeohimivaesn ld;startrpnanghlsugmurq 1 8imilarly, if

]9 ?smf]; g{n gs él%tl(gwas@tn? ?é @%gn“gllgg %p&\btgrﬁallﬁ fqllzéeb(é??#pgtsq%ﬁer the ten

pat does not [ esent I

Fienshydees Be'e,Fe8l 856 Hhud SEES BB AR USHffindin costto
h§fé¥et10fr§|‘hestéféa® ot reByrd dhisiitinom eo@laéshwdllfwmel #In-size pair
always a legitimate path the total ﬁang%lan cosS

\Mﬁr,c)h whichs results| ip thissminimam ttchétat@ﬂ t he gost ﬁéﬁ'éoppmg all

h. Ther ef
D RECHCIRES FPrh2itA 8 s e o dha mipih i G o sbatb L, s, sum is
AkrorEHQﬁ' Pl quhidH l’§tHenfdtéﬂ%nﬂrnhﬁ{ Bostes mlérmo%kmh@ﬁ teadirst AC

egitindte paths I's always a legiti mate path
Feotfficientrie thé Hastoponzeadb quefiicientotpebaesenti Prodeesling to state 2,

((: %%Srr% %gﬁld I&/Fg%ﬂ’lg ﬁé %fﬁ?% &%ﬁw nq%t%e(g ﬁ%r%? eerrgn{}ngqq}ﬁﬁ g& to state

P 23835 6 F&:tly“énd; 400 pafitegs %‘ sBIP R Yfroin fstgie oiwaur@w state 1
programﬂ ng algorithmto the Whole directed graph

.(m@ tintess tQ)t Theimesieitcient way of defermining e ges@atbilsat ends in
l.t .shoul ¢ b
52 5" SR FuPRTE ot oBBRRIL" S minima
(%@stso)asé&ﬁa’@ﬂ WKB drdued at Bigter etampbktate 1 laeecmfowmlthe job of
( ) sequence found by our dynamc progr ?
effinding masmwmum @g@magmmmevaw 2 Hoame ly o lgdgggymnlmum

Mnri‘#{gﬁe\ét o%g% gf gbft?\grf?&h S E ) ér‘ud frBhP8iat®qGH state 2.

Add these two minimum incremental costs to the minimum costs of state 0
and 1 respectively; the smaller one between the two sums is the minimum

cost of state 2. This minimum cost and the run-size pair (r,s) which results in

this minimum cost are stored in state 2. Then, the cost of dropping all
coefficients from 3 to 63 is added to the minimum cost of state 2. This sum is
stored in J,, which is the total minimum cost of this block when the second AC
coefficient is the last nonzero coefficient to be sent. Note that, if the minimum
path to state 2 is from state 0 directly, the stored r in the stored run-size pair
(r,s) of state 2 is 1, which means the first AC is quantized or forced to zero. If

the minimum path to state 2 is from state 1, the stored r is 0, which means
the first AC index is nonzero. The recursion continues to the third coefficient

and so on until the last coefficient at position 63 is done. At this point, we



of (15, 0) is less than the entropy rate of (Q O).

However, an (R, S) sequence ended by (15, 0) through
WeL@ho0a82is a legitimte path and can be PCT/CA2005/001084

encoded/ decoded correctly by basel i ne JPEG synt ax.

[0065] A nore el aborate step-by-step description of

the algorithmfollows. As an-i4ftialization, the

al gorithm pre-cal cuI ates | -(-\og 2P{r,s) + s) for

each run-

basgd
i Rorvaies bt vok b Z‘%ﬁ@ﬂd?@p@%?ﬁ@%@ﬁ?@ sy, J, for

ar BB o f%@%?%%%?h‘heff%'“?t Wi 3upielp arie siRioai, () in
Slatich, 48, o GBS @g 5B 8016 D30 BhehcRate with the

the state. st at
ccmi‘nﬁmurrems)t artieg ab e pbssiblepmthg, anhd heﬁcedieé bptimahssquence

5 (nRs‘% 94&@%&5%9%%%? Blogie AuPet i anrien G s pobitih s yustrated

el %Bt%rf‘o{%g' state 0. These ten pat hs

corr pon Size categories that the first AC

odPREL™L ol Cttep B0 efeR Bl b BAFOE TE albordrliy metnoa. To

f ifufthet eeducd ifs1 ddpmiptitational RoRfHELLY, an/édcaranﬁodnlf:}/ iis slightly. In
determ ned as follows. For sinplicity, we onl

c dastieidar, pps praclisei Mg €los nakhave nteg sompare rtbeclé@r%m%ntal costs
IOlr S y 0 I t

10 BAERS e T 453 elbbnEt L ke SHAR°Sfe i J Wiping st
i instepdndtentay bbesufiigent ok, usitel damparel enlynthe lnbmmental costs
cate Sf)eCIfled bg s' . \fs=s, IDLis chosen as
| BINGre e frensitions asdeqiated vt SEREROWP Srds 1 SR o Lohere s is
' &héhs&esg@éﬂfﬁfﬁs bﬁdﬁl t<§ the b dtsﬁfﬂ'tﬁﬁeglv%ﬁ hBFRy-decision
| argest n rins ze g S since
nudaatizer subnsitions alasomaimdrvwlh dthﬁrcgroumn mostﬂlhelg result in larger

Si,m | ar i s chosen. as

16 B ta. 2ie s Wi Sl omipare i droroREdaand “performance

' r&iﬁ’@r@ﬁﬁé@f 15l v SRR NMESTh thEBXBEAel, reﬁ\ﬁlté?éé‘sérlb@z@ below.
t he mn| nmum cost to state 1 fromstate O and record

”bﬁ m&gﬁbnqﬁby@hhdgﬁnﬁhe run:size pair (r,s)

\NhIC res In this m to state 1. Then, the

ajgggfi dr opy &y d%é tﬁé’%@&hﬁiaﬁ{&hsstfe?"é’%%s ift Siap! 80 ), we need to

othem I"'Mm cos ssu

s tsoheitherfolldwingminimizativh@roleleal  m ni mum cost of this
bl ock when the first AC coefficient is the |ast
op honzero coefficient to t}ﬁms yt R,frIBfﬂed' ng to state 2

since the compression rate does not depend on Q once (R,S,ID) is given,
where I, denotes the original input image to be compressed, and

0 =(goq,--qs5) represents a quantization table. Let C,, denote the DCT

th

coefficient of I, at the i* position in the zigzag order of the j"block. The
25 sequence (R,S,ID) determines DCT indices, i.e., quantized DCT coefficients

normalized by the quantization step sizes. Let K,; denote the DCT index at

the i" position in the zigzag order of the j* block obtained from (R,S,ID).



there are 110 paths to state 2 fromstate 0. Anpong
them ten paths go to state 2 fromstate O directly

wa@ar@eh@aspat hs go to state 2 fromstate 0 throrghCar@mse01084
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1 (10 times 10). The nost efficient way of determ ning

the best path that ends in state 2 is to use the

dynani ¢ progranmm ng al gorithaR9Si nce the m ni num costs
associated with ending at state 0 and state 1 are

known, the job of finding the m ninmum cost path ending

i Thepathe quandizefdnBCY easfiiGignt athbeni npasaitionriortbeezigzag order of
costs of going fromstate O to state 2 and fromstate

1the £t bloekZs diden thye&e gt Wvithi hélsusl CNCcaedeR] g, wesdam rewrite
to the m ninum costs of state 0 and 17respectivel y;

the smal | ef yone between the two sunms is the m ni num

c ko5 5. 4P t]eaSZ. This m ni mum cost and the run-size

pair (r,s) which results in this mninmmcost are

stored in state 2. Then, theg e@st of dropping all
coefficients frdm&R,t\ﬂoIL@g]J:%a?e@jt-d(ig@? m ni mum cost  (15)
of state 2 . This sumis stetedin J2, which is the

total mninumcost of this block when the second AC

Coicré (ILent Bikss thenlimber 6P8XEbRCcRE &f fHechiosh irhagé_e
sent. Note that, if the mninumpath to state S

f tate dir l. he stored r .in the s e

I00RL, ' 0P rSiil (8. ¥ ollo, Beb b minimaeth St dfiolasern),] can
first ACis quantized or forced to zero. If the,.

PR Aeeed % m'emzlagz'_nﬂgp??%atﬁvt thie Infier; spmaagieaqof (15) for
| gabn Mbi gh sRadRrtdeallis! & it & d8Xofl BeWOhashatibRCstep size
recursion continues to the third coefficient and so on
untd L A ficient at position 63 is done. At
t?(i(% 6%:622 I,t&\ﬁ\{érélgrﬁn%éare the val ues of Jk,k =0,1. ..63 ,
and find the m ninumval ue, say, ,.for sone k*. By
backt r acki ng from.k”“"‘gﬁ' b the hefp of tge stored pairs
(r,s) in each st &8, 2n¢Codaraidnd ‘tTe-~83ti mal path
fromstate 0 to tfie éidd state wi'th the nini num cost

a all t passi bl e t hs, . and hence the optinal
STICe (REQUBRSN (39) eEbE MRS bl ock | A

pseudo- code of this gﬂl{gorithm is illustrated in

Fi gures 6a, 6b ang’;"zt‘:g { 0066), The bbve.%reo dure is a
ful'l dynanic priofr atiing tevhedit To further®educe its
conput ati onal c&npl@xity, we can nmodify it slightly.

I ticular, in.practice,, we do not. have.to conpare
t et emredng] mg‘g;ngg%on of thése quagrattlchfaﬁnctlons carmjae evaluated

by taking the derivative of (17) with respect to g,. The minimum of (16) is

(16)

(17)

obtained when

Num _ Bl

2C K,
qg=—r——.i=1,...,63 (18)
EK. 2

Lj
J=1

The step sizes in Step 3) can be updated accordingly.
Trellis-based DC optimization

[0071] In this subsection, we consider the joint optimization of the
quantized DC coefficients with the quantization step size and Huffman table.



among the 10 or 11 parallel transitions fromone state
to another state. Instead, it may be sufficient for us

W 0006005182 e only the increnental costs anbng tPET/CA2005/001084
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transitions associated with size group - I 1 s, and $+
1, where s is the size group corresponding to the
output of the given hard-deci8Pon quanti zer.
Transitions associated with other groups nost likely

{ i Jbb PR uiRe ARl es e reeaiente e oo iR igsing 2
Sq%héfﬂiﬁneh&otnaﬁ pPadiStor, "RAich! is'tRS %rb§|oﬁ§5défdrﬁi29d kE’d)ct)’éilue Since

quant i zati on 't abl e updati ng To up
t the qosirafiencoding 8 KepntzedbG m@flepn’eynly pesdd qrbthe previous

o Safefp tadtitiat, At £ah b_%!‘t@%r 438 HEE | SHtlization.
CRBOEAL o nateF At getrels yle! BistatisSe funich, gosBand to the
{ @@nfber-of 6 TokRHIE SEA! thedndihdetl iof QRB%Oé@inea résthrt interval

CyY denote the DCT coeff|C| ent of 10 at the ith
péibiet DG reoefficient predictign ie ingialized th@ at thelheginning of each restart

Sﬁgue’%%&&%@%h::% deé%:gnmrte erﬁgfl?%l 1') Igagl-wtqgﬁeﬁas M states, which

qearrebpaid it gRtiAcizRAued AtDEUNEBN AR takee dAdTstafstel adjacent
at the ' position in the zigzag order_ of t he j th

betrgesaeduihe gonnented rasshayn ThEUa . lyent siadel imegch stage is

SYIORLITl A P O T o B e o
g state. The prevesistaf fidding thi, dptintdl QC asdebGsdguanselstalits from stage
e R, 1 B Gl AT e s
( é?%ggtﬂtth hh graﬂf" ortnhsqi)lgé ) 15 856 00 -2fwith fHe minimum cost is

, ved m nimZing i ndependently

t traced romt baomratd yieldihg th& ppfimal P&cindexsegyaence., 63.

Qur goal is to find a set of new quanti zation step

si[ee73] {| IA GBprd oeclaborate zetep-by-step description of the process

«th

follows. Let x(i,j) denote the ;" state in stage i (0<isN-1,0sj<M-1)

and v(;,j) represent the DC index value corresponding to state x(i,j). Let

cost_mini (i,j) denote the minimum cost to x(i,7) from the initial state. Let
cost_inc ( Lj ] i ]) represent the incremental cost from x( ], J) to x(i,j),

which is defined as

cost_inc (i-1 j',i,j) =|DC, - g, - v(i, j)|2 + A+ (~log, P(S) + S) (19)
where ¢, is the quantization step size for DC coefficients, DC, is the i” DC
coefficient, S is the group category of the difference |v(i, N-v(@-1j" and
P(S) is its probability among the 12 size categories (0=S <11). The cost

associated with the initial state is set to zero. We start from stage 0. Since

each state only has one incoming path, the cost to each state in stage 0 is the



NumBlk / L\ 2 mnC-JST, i - U,63 (16) [0069]
Equation (16) can be witten as NumBlk L L mnc ,, 62

w0 2@ojobdusyi Kjqgf, i =l...,62> (17) i t =i [007B¢T/TA2005/001084
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m nim zation of these quadratic functions can be

eval uated by taking the derivative of (17) wth
respect to g . . The mininum3df-(16) is obtai ned when
- - r , 1 =i,...,63 (18) The step sizes in Step 3) can

be updated accordingly,. Trellis-b d DC | mzati
[ teramental cRet romBechitishstale. fw@f’vﬁ%pr?ﬁé I ege' 'and start

opti m zation of the quantized DC coefficients with the

quathtstatet O oThereegresMzincamingripbtisio £@j0) ddm A@FH0 < /' < M -1).
syntax, the quantized DC coefficients are coded
differentially, using a one-dinensional Rpredictor .
Wiheh Ms BTSNl aStsq (i SR80 108. (&) o)) §Tfcealchiated using
cost of encoding a quantized DC coefficient only

degasticn P10) Al B AL ndtemEntalesbar@@dtiea@iterthe M minimum
trellis can be used in the joint optimzation. [0072]

L S, j tr | j i S i . . .
c b SHB0H AR Mk st e sBhgogbreatiey. The i
numer. of, 8x8 bl ocks, in a restart interval, (t .
CSBREH Sl aotach s SopETIAI OLISE $iyeloliR)e The optimal
begi nning of each restart interval and each scan - see

r pfedeneseof I plsobeciordadchfier tiws pinoseesf bagliteacking. In the same
correspond to the distinct values a DC index can take,

afshriried! age i Redd RedMd dosganindr @, f)(1ld y<daornecand, thes optimal
shown in Figure 5. Every state in each stage is

SRS e 7L S8 ARG otnues
<ol § 4 o0 &1 apl Rage N al STHER it We b Bl g with the

W th the mninmmcost is sorted out and the opti nal
patialiesboost agei (V +b,j}tfagd Ny I Mwi t.hThisecast-mini (Wedst®) is the
i's

minimum cost of the optimal path from the initial state to stage N-1. By

backtracking from j * with the help of the stored optimal predecessor in each
state, one can find the optimal path from the initial state to stage N -1, hence,
the optimal DC index sequence.

[0074] After the optimal sequence of DC indices is obtained, we may

update P(S) and the quantization step size ¢, in the same manner as

discussed above. Then the optimization process is iterated as we did for the
joint optimization of the quantized AC coefficients with the quantization step

size and Huffman table.

[0075] A DC index can take up to 2047 different values (-1023 to 1023)
in baseline JPEG, which requires 2047 states in each stage. This large
number of states not only increases the complexity of the above algorithm but
also demands plenty of storagé locations. In practice, if a DC coefficient is
soft-quantized to a value that is far from the output of a hard-decision



traced out backward, yielding the optiml DC index
sequence. [0073] A nore el aborate step-by-step
wale®e/00y182 on of the process follows. Let x(i,]RCTEA108/001084

the j"' state in stagei (0O i N-I,0 j M-1) and
v(i,]j) represent the DC index value corresponding to

state c(i,j) . Let cost_mini-@2-4) denote the m ni mum

cost to C(I ,j) fromthe initial state. Let costjnc (|

,1,]) represent the increnmental cost fromx ﬁ |J ?
X{quajnjlzer vhmastilikelyergsyliy ina @ggg'tqrrgps( ipath.f grefcj) e in the real
ihierpbitatbn o 2hOeAE oot S9Imbtss, 48 oy bi st a smat
| tfuni¥ercof bfdtes ewmch $orr:espbed docthe D&Y inglices tifattare around the

g%&@f&ggbé@p@g%}& %@ﬁﬁzgg I%%) exq?mgltesm}%ﬁﬁbg%'gw b¥e 33 states
5 a5% %c@ta@ Wi \yfth tth@ rhididid §{atétcs’6n% P Pt bAtpUST a hard-

start romsae . 'Since each staeon has one
i eoisiony gaahtlzetrhealad)sthet oumh ambt |@Wieﬁ dBagdatesi gespectively

LSRRl 686 HOMANE hPloks HhatBlfrodaf g fran the
'rtﬁﬂﬁmtn‘ébfp%és hiafd-detision ciljeﬁmzéﬂ Tﬁls(ﬁeddcethhé computation

The Mincrenental costs (i.e., costjnc c%
cazcxmmlaxlad 8Bd ngNSHABK | Eﬁﬂwrﬁmerﬁncﬁlgm&%@im ﬂﬁ'& ﬁﬁk’t ap slight

1o ol rTOHER A gt 1 rum coct s assoc ated i
gl 2. SRR A b Aot

t hQdiny BAEyuRhtiPAGdH fa%%lrﬂélccdr@aﬁé&wﬁﬁ@l agpuvt of theeinvention is
need to find cost_mni {l]j and the opti mal

predwwgedroihe flowchanepf gurqa gt éﬂtegtepn5%,t g@ﬁ iteratiyq process is
bl ol‘ﬁ%ﬂi’% f&‘gggfhﬁgﬁn HReaif iﬂgtﬂezﬂd%{/]g]a?fopﬁlgﬁ% gl At 8@ 54, j, the

we can f
15 Sﬁﬁﬂéﬁiiépl@séht_m fhe §“Nbldck)offmrtoﬁl JbIchs i setTh|1s At step 56, the

cost-m ni f the
coain gl ieniyl ol Bt Bl e tp it oo
I*i’iéclrﬁ 6&&&5&&‘%%&%1 in th\@ fiBwkR&t & Pigee tdie At qneﬁy 58, it is
predecessor I n each state, one can find the
opdetemhwpdtﬂuhéhherr] ishthe finalitddckst 'sEh@ is @cbtey@d by comparing jtoN

h
e(" I'(l:ee ’totarnurr%er %?IbloD%si.n Xer%equ ECthan N, j is incremented in step
20 60.

[0077] The process of finding the optimal path for each block j
continues until j=N. When j=N, an optimal path for each of the N blocks will
have been determined. The (t+1)" value of J(\) is computed in step 62 as the
sum of the minimum distortions associated with each of the N blocks. This
25 value is then compared against the " value of J(A) in query 64. Where the
difference between the t value of J(\) and the (t+1)™ value of J(A) is less
than ¢ (the selection criterion, or more specifically, the convergence criterion),
the optimization is considered complete. Where this is not the case, the joint
optimization process moves to step 66 and quantization table Qi+ is updated,
30 as outlined in detail in the flowchart of Figure 12.



[0074] After the optimal sequence of DC indices is
obt ai ned, we nmay update P(s) and the quantization step

W@ 2we/00/08t n t he sane manner as di scussed abovePCTThamn05/001084
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30

the optim zation process is iterated as we did for the
joint optimzation of the quantized AC coefficients

with the quantization step st38-and Huffran table.

EO(l)Z)g]3 A DC index can take up to 2047 different val ues

- to 1023) in _baseline JPEG _which requires 2047

SO | odéiten Bgetherid) ATOPEbIBABTIHIAN BEtondy used to

E%IY: |a@§5rgé3§ﬁﬁ%éy?qt %@Bg%{éc%/vgﬁg rﬁéﬁ‘lﬁlz%géy Pgraé)g?(t'sttéWVO index
pt Rcihtegnentéd aarﬂ(bmaedrtlonaletaramm saubseqaanily performned. Where
value that is far from

nies g dred Vi Seiegigh Parioens, salsfied infupry 64, the
Kl%qgwaﬁéblﬁlﬁt aPt foff fyn%tloh rbés'&&art&i"wnh run-size pair (r,s) is

tatio e trellis-based DC optim zation,
waseuiyo @ehyzraietcmtcmabd Huffrben tattles imstap WA dHep 74 uses these

8%@%@?’# éj A’Sl&gb &éﬁ §-nt8l Craeﬁpé#:] ﬂ}eeﬁ.ln—ﬁgéoéglg%gg |nd|ces The

n?YoéE?s'syf SRty %bﬂh’ﬁ‘ﬁn Nthea flh-fnage owdiny, t Haﬁmaﬂﬁlcedmg and

ate corresgondl ng he output of a har ddeci si on
qagantizasion ta lﬁ@ﬂfPeCQmwéfe and | ovver 16 states

respectively corresponding to the 16 nei ghborin

i [0079]s t haReiemrigaIcg/eto the ﬁbcvmhaﬂ of higure Betheliniiglizagion of the

cﬂﬁ-ﬁi}?’&gﬁ’%ﬁgég:ﬁ?g@%usg ﬁﬁerﬂg ?ért ojaﬂgjﬁrc‘%zng described in more

Slgg i i&@@fé@/ sw tén nglrahgaaﬁlmambnéiegx aidagélenteal THie is a fixed
performance rocess for joint ln%s optim zi ng

t parameterdhat represlsentg theidnfa‘dm@ff @tﬁtﬂafﬁgfoa teuiion |ébsﬁ69r\84 the

tabl e in accordance. with a

R BRSNS B0, TRRIE bl g 1 diference
' to?rtﬁﬁﬁ 'L‘éﬁramd?&ﬁ%%s!ss J(N, tdf%'u'cé@é’slv@&eﬁé!b'nbﬂﬂdsﬂ e below for the
det hart of Figure 8. At step 54, j ,

t lterativeto beegdeemedtsucgessfal anchcomplete.of N total bl ocks

is set to 1. At step 56, the process determ nes the

gl ggz@ Tﬁ?g H? ?@%pu?? Ioﬁrk (Ijl]l’[lal qduatnitllaalmomm Ctolhe genesated. Step 88
Fiusapeths, hergiBAge o, and the qAEAY oo dahlee “gggquraged i the
t hielibla!stdh W kdetdPhine! theP M- §¥E HidhibGROP Fo(r8). IAttsteN 90, this
run-size distribution is then used to calculate the entropy rate associated with
the run-size pair (r,s). At step 92, the initial Lagrangian cost J%(2) is calculated
based on the original DCT coefficients and the Lagrangian multiplier A, the
quantization table Qo, and the entropy rate associated with run-size pair (r,s).
At step 94, N is set to be equal to the number of image blocks and at step 96,
ID(i,0), the index to be sent for the i" DCT coefficient when the index is forced
to size group 0, for 15<i<63, is set to 0. Finally, at step 98, the iterative index t
is set equal to 0 and the process of initializing the iterative process is

complete.

[0081] Referring now to the flowchart of Figure 9, the process for
determining the optimal path for block j of step 56 in the flowchart of Figure 7
is described in more detail. At step 112, block j is initialized, as outlined in



(the total nunber of blocks). Wiere j is less than N,
j is increnented in step 60. [0077] The process of
wo 2ovdiongyst he optimal path for each bl ock j conpCTraago05/001084
until j=N. Wen j=N, an optinmal path for each of the N
bl ocks will have been determ ned. The (t+1) th val ue
of J(I) is conputed in step 6B4as the sum of the
m ni mum di stortions associ ated with each of the N
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6&ssbbiatdd wijit rupy adadet| equal dics Or ahdt abstépimaa, os) thza vanable
used to. c |C |ate t he entrg )6 rate associated with
r (ASSOPiAted With size groupajs sat 8 index t is

i ncrenented and an addi tional i terati onis

sdegéahent A aredt ied, WgeProgess vagtegainasmwhiethemgeth of the

gﬁﬁh@ %L'Ogﬂboc %1@59&%#‘?%@&% ul% gltoi Ehr?qg%'sé/d gﬁé icoéﬂ?) state i

10 W|l§ lealourated 4 spsd 124 as butlihedsadnde detaittintige flowchart of Figure
cust oni zed Huffnan tables in step 72. Step 74 uses
¢ Fils oAk GeTy I 28 NG P $tHArS et 5 Somp e Bilie, HaTemiDigirem cost

p C [

RO canoll. B BsEe Sud FOIX 1 Al nost

tahﬂrmrﬂrrmmmthetreple{c@dm]th Reérd rtheganiablesor,t $ieid(i,s) and J are
of F| ?és the initialization of the

|t ?@d eSt%thd'% %tep 52 of the flowchart of

Fiqure 7 is descrlbe i n nor ta|I ep 82
15 L P8R an dilom plepet2s. as W%l?% TR SHeWTH? nghgl%@nt cost
f
ST st iin ERRERERINERL d (8Bl 192 OS s touna
sad=fcad. r<h delds tiuee thempmt:esgf pnbce:ﬂdst b cliefry e't?éhcwhlch asks

O lfeb 3% A ! Bt kel BEEGRER At step 132 and the
dagiBEbrs 4es68iaidd wiRdcAemBtifg Bhe cost to state i is repeated with the
20 updated variables. Where s=10 in query 130, query 134 asks whether r is
less than k. Where r<k, r is incremented at step 136, s is reset to 0 at 120

and the iteration for calculating the cost to state i is repeated. However,
where r is not less than k, query 138 asks whether i is less than 63. Where

this is the case, i is incremented at step 140 and the entire iteration is

25 repeated. Where i is not less than 63, all of the costs are deemed {o have
been calculated and the optimal path of block j is determined by backtracking

in step 142. At step 144, the run-size pairs (r,s) from the optimal path are
used to update the run-size probability distribution function P.(r,s) and the

process for finding the optimal path for block j is complete.

30 [0084] Referring now to the flowchart of Figure 10, the initialization for

block j of step 112 of the flowchart of Figure 9 is described in more detail. In



[0080] In step 86, an initial quantization table Q) is
generated. Step 88 uses the given image |Io and the
w@e@aidast i on table Qo generated in the previ OPGT/SARPS/001084

to determ ne the run-size distribution Po(r,s). At
step 90, this run-size distribution is then used to
calculate the entropy rate asS8ciated with the
run size pair (r,s). At step 92, the initial

(F:]ran an cost J l%ﬁols cal cuI ted bhased on

2, khe erdg ghtgosgﬂ@ hE0%$t br@r@pg\cglve?y calculated for
md)'ts {dadl I-Pﬁl? gon‘e@@oﬂ&@%(}hztﬁé'c%gt B%Jc?g@%aal%ﬂtﬁehfoeﬁlments after

ropy ra associated wth run-si

Ststate 94 AtNtep 1541 theadiseoraqnad:hst(m)tmeea:wsively cdlculategkfor isr<15
bl ocks and at. ste ID(i,0), the index to

F @Rt ar n  DTolATE 8 Hhs BiRenAqAre HiStHBEMAE) of saaping al of
5 <o cBETUER prweh et AT e, equar 1070 Bha
AP estoP Ha A BrEhe (st Bhanel B G SogaBulated for

FIM&& 8nd t1§§sm oqpsSisf 1P rﬂ@bﬁrs@i'uﬁré‘@ls‘tdi}ﬁoﬁgMSEN re@aitihg from
for block j of step 56 in the flowchart of ure 7 is

ddbe il Muomeﬂmmtd(étsaam) wlnerstlw cmrresp@mdmg lmd&»s is forced into

initialized, out ed il in_t
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10 L HRé iRd |@ Lg’rbaﬁt J Rest idReMIbaNoF ORdi<6® and 1=s<10.
state | I's set to a large nunber. At step
11:6nallyala|t atdpemo |the&ahegnddx aisvs¢tusua to dpares the injtradization for
r..of incom ng connections from previous states.
V\E’é‘? jiis ggm t?s assi gned a val ue of 15. Were |15

=ji-1 At step 118, r, the varlable socCi
n[ﬂ°8$1s set P&f@%ﬂna Bow tgntheatlowehayt o5& igure { {, fhe"br procedure for

F?@@ﬁ"%f?ﬁ?y@ﬁ%@ é‘t‘ia{geh Sété 928 téi%ﬂﬁ@éh%@e& FIGURE 9 is

15 baescrbed live detdiat Quesy 470 aa’ns wh&ﬁearselstequal taWer Where this is
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t h,e WhereGhasy toozf,taFé D&Y ﬁ1e1§fum45f tHe Shdanlg@uark tiste/Rin éfdropping
e
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cuiﬂlr@‘rthe wosflicients befween state a6 @msti, aad heymean saugraglistortion

r [e I
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20 i, is computed in step 176 as the sum of the cost to state i-r-1, the incremental
distortion from state i-r-1 to state i and the entropy rate associated with the

run size pair (15,0) scaled by A.

[0087] Where s was not equal to 0 at query 172, the incremental
distortion is computed in step 178 as the sum of the mean square distortion of
25 dropping all of the coefficients between state i-r-1 and state i and the mean
square distortion resulting from the i" DCT coefficient when the corresponding
index if forced into size group s. The cost to state i is then computed in step
180 as the sum of the cost to state i-r-1, plus the incremental distortion from
state i-r-1 to state i, plus the entropy rate associated with the run size pair (r,s)
30 scaled by A. When the cost for the iteration has been computed in either step

176 or step 180, the cost to state i calculation is complete.



stored to state i in step 128. [0083] From step 128,
as well as fromquery 126 when the current cost was
WwWmoedaosloess2 t han current _m ni cost and from quer yPAR2AM081001084
it was found that s=0 and r<15 held true, the process
proceeds to query 130, which asks whether s is |ess
than 10. Were s<10, s is inerd&ented at step 132 and
the iteration associated with cal culating the cost to
state i is repeated with the updated variabl es. \Were

00881 quer yRafeingmew, ta 3he Havcharb ofi drigurg 42 4k process for

f@qalﬁpgwgg (fuﬁ%agé}ralt%wéqlﬁ%era?{)on E)Fﬁéég Cuﬁ%{tioﬁ‘g#@ure s
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is determ ned backtracking in step, 142. At step

14ade>s REaYy . sﬁest?ﬁ?pg (dex)!, FeRspsettingoe mltl%fmthe zig-zag
thlﬁ?@@g un-si ze probability
dIS Eﬁt“bj ntlon li+|(r s) and the process for
[ t he \Qp p f ]
d@@ﬁ?P ret o ateP 207 B ' kP i e i SRRl s pomputed as
10 t hReigint iof it Taiepd vaitie dtHe pro@fucsbétheldnﬂgmél PMBCT coefficient
flowchapt of Figure 9 is des&rlbed in

|r9:fttbsj 'salock @addihg teetased dRCEJagex @ésﬂgdsmﬁt'%m the zig-zag
-th |at Thi

| REUEE i AL O ol R Scp 1, OGP0 MA s

stfatraat. . Inftept28d, et valae di ishe)denmmmaﬂmrsar@ay |s)cmmputed as the

recursi.vely cal cu| ated 3., Thi

| UM O 5 Shrea PR 8 oA ATt AbtHa 1 Rgsition in
15t RRe ég%'rtﬂ’é}tcﬁtﬁéﬁtmﬁ%kﬁ ate i-r-1 and state i .

[ 0085]" At“step 156, "a second distortion metric, d(i,s)

Sggﬁ@bf“' at ea%lélglr Z%/E%k@n\%hé ‘| |-§hlb§s'tﬁﬁﬁrﬁl?%.%re I<63, i is

are” di stor resu fromt
cdntfenterdet @fi €8p 28N ande th@r nalsmmtdr ngndl ndelxon'nisnator values

forced. in [ u t he |nde
seameoriaed i e st BesSeanbuil PVWhBRe § o otiaes hdsRh query
i'%c? HURHP 290 asKs' whether § i€ MssUinaha, ﬁfértolal%rﬁsdr of blocks. If
20 <N, j is incremented in step 212 and the numerator and denominator
computations are performed based on the next block. Otherwise step 214

sets i equal to 1.

[0091] In step 216, the value associated with the it" position in the zig-
zag order of quantization table Qu4, q;, is computed as the value of the
25 numerator over the denominator at position i. . Query 218 asks whether i is
less than 63. Where this is true, i is incremented at step 220 and the
remaining positions in the quantization table are computed. Otherwise, the

updating of Qi1 is complete.

[0092] Referring to Figure 13, there is illustrated in a block diagram a
30 data processing system 230 for implementing compression methods such as
those described above in connection with Figures 7-12 in accordance with the



Finally, at step 160, the state index i is set equal
to 1 and the initialization for block j is conplete.

wQ 0080)s1Ref erring now to the flowhart of Fi guP€r/€£A2005/001084
the procedure for calculating the cost to state i ,
step 124 of the flowhart of FIGURE 9 is described in
detail. Query 172 asks whethe37s- is equal to 0. \Were
this is found to be true, step 174 determ nes the
i ncrenent al di stortion fromstate i-r- 1 (where r=15)
t prefesiesl aspect: plethey inventione Aseshowiuthee systenb280oserpprises a
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rate associ ate e run size palr scal e
bycalculatjayosivdulshane irﬁtnalaatmotm@dulal(nobshb\mm) hefore pragiding the

t he |ncre distortion i d i t 178 as
L RErAtERETS a1 Shmilicniaf SBRusieRt 24P Jhengomfiunication
Ofsubbﬁstéﬁﬁﬁ-ﬁﬂ) ehBNthenRINEREOth 8dipredsed g t6 hatwork 242.
and t mean square distortion resulting fromthe ith
Djﬁ 11 cignledbitied Aovel S SPRBA 240 'rrﬂﬂﬁife 'ﬂcofr}%r‘é?éﬁ into a
ze group s. The cost to state i
10 ccdmtale@amerat @p cel abonh,e whife othet hnodestoft trassmt&slon from

i qorrlmygi%gtj §Q sygq%hi H?W}%& é{lg) 1 fr%&?\}g?efee&s or over a

Wghonkhne! 88 v@éllzé%s Bythig Herrbahds/ﬁairﬁ@brmechon When the
cost for the iteration has been conput ed in either

step 176 or step 180, arid '%ﬁﬁ cal cul ation

is conpl ete.[0088] Fk?)r |rng n%%/ﬂ Ie fl owchart of

F| ure 12, the process for updating the quantization
Bnn;aﬂongfa&eeeﬁfmew@flowchart of Figure 7, is

descrl bed in detail. In step 192, a nunerator array,
15 nJ0094] i s i nihe gra;ﬂnbamﬁ (Durﬁ-dnngth ERdirg nptimizta]i,oni algorithm and
t
> e itkTative ol Sptitenaoo i dEsres hdls Gy applied to the

| NG arid MPES! %dlﬁ@%ﬁ\ﬁ}oﬁme@ﬁ fof %Bcé@& c&h?éti%lb btimization.

restored fromits run-size and indices form o
c riath of doemnf staitavith agiken quaratyzat@n tables Bigetbe, quandaation step

| S|zee%p835rr11é' gqorhnr% Bl%%hé %Pabové %Iyz aghéegs local optimality, the
20 initial scaling of the default quantization table has a direct influence on the R-
D performance if a default quantization table has to be used. As an example,
Figure 14 illustrates this influence for 512x512 Barbara image using our
graph-based run-length coding optimization method. Curve “a” corresponds to

the default quantization table while curve “b” corresponds to a fine scale of 0.5

25 (i.e., halve the length of all the step sizes). The curves are obtained by
sweeping the Lagrange multiplier A through all positive values in interest. For

the purpose of comparison, the R-D curve obtained by scaling the
quantization table only is also given as curve “c”. It can be seen that we may
achieve the same distortion of point X from curve “a” or curve “b”. From curve

30 “a’, we use a small A to get point Y. (A is placed before the rate in the



order of the jth block is set to 1. [0089] In step
202, the ith value in the nunerator array is conputed
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original ith DCT coefficient of the jth block and the
restored DCT index at the ith position in the zig-zag
order of the jth block, as deBgr—m' ned in step 198,
fromthe run-size and indices format. In step 204, the
ith value in the denom nator arraﬁﬁgs co uted as

simplsmantatiolfe EvUGEaINGecamplerih: SkaaF £aB 18 RS- wﬂphed to the
I t

| Bl TR0l SRBE R 0h 180 piscen ghe 0D curve
t FaomGirve\Ne, evd u63a commrahmlyeia}geeki tagekpemt ZOEvandhough a
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Y R- @g%nsgu &7 Scatd Befittifindd @Hﬁﬁﬁ*icdlly'ﬁoﬂkgi‘:met A7 abhieves most

the tot nufber of bl ocks. I'f j<N, "j is incremented
i of $heegali thatnzar he ohiaedthy thenaptimizationagahieme. The empirical

t f b d h bl ock.
oo S8R SufSealeR e 0ial 10 1. [0001] In step

2HGootin° o aiciven TS dnfinl Qustization, wbls 48 TymBEr of itbfions in
C P Yl &idS jbife %ﬁ#ln’flﬁaﬁﬁn A GorHE Bl haQVaT dird& |mpact on the

denom nat or at tion | Query 218 asks whet her
i somnaumanoamleweaedtraseltmg ctcrm@ressmnsperrﬁ@rmamﬂ elagure 15

Z‘tagﬁine et A Db BRI Bofl S hERficbdoblifizing the run-size

dlﬂ)é)oﬁwgltérau&sﬁm' filldterh@12{th&aorverdehcedtolerance ¢ is
ure , there is illustrated in a block diagram a

d@eta 3sr e 88 ifesipsulingoacerrae NumpPehehiterajions is around 6) for

c | d

CSTRAE12 SRR oo, S5 R BFADBE R bR from the
tH@lpfoﬁft&fptmza&nestomémbbemthwamb||terat|ohs shown, the

system 230 conprises a display 232 for displ ayi ng, for

eXeovsle. | NegesmbatiGfed raevE, t tred. qtﬁirmzbﬂbhystetph%lze updating
menory 234 may include JPEG or MPEG files to

t redgesithiny exnly @chieuesi Jogad erEnaliivs iR Rddiiem 19 %sépa'@ﬂadefault
2 HSRlizA B bR Ghé PPopssdl B BpAMESRIBh algorithm can also be easily

configured to start with any other quantization table such as one obtained
from any schemes in references [3]{5]. (It should be pointed out that schemes
proposed in references [3]-[5] address only how to design optimal
quantization tables for hard decision quantization; as such, quantization tables
obtained from these schemes are not optimal for soft decision quantization we
consider in this paper. Nonetheless, as an initial quantization table for our
iterative joint optimization algorithm, these quantization tables are better than
a scaled default quantization table.) In our experiments, we choose the fast
algorithm in reference [5] to generate an initial quantization table to start with.
Figure 16 and Table | compare the Peak Signal-to-Noise Ratio (PSNR)
performance of different configurations of our optimization methods as well as
the reference methods for 512x512 Lena image. Figure 17 and Table I
compare the same performance for 512x512 Barbara image. A customized



238 conpresses the input image data in the manner
descri bed above using a cal cul ati on nodul e and
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the conpressed data to a communication subsystem 240.
The communi cati on subsystem 240 may then transmt this
conpressed data to network 2439 -[0093] As descri bed
above, the system 240 may be i ncor porated |nto a

d I}_iglhtg%% C {S?W%EH Igg%ﬁ%&roaﬁh%ggwgg’?% 4%e\{%al remarks are

\Agﬂﬁ\‘?fa f. Rifd Woﬁﬁgéﬂ' é&é %2 tAfesPBRIinG sBhEN8 ihi 'r@l‘érerﬂ:%s [7] and

by hi and dth connectlon. Experi nent al
r [&]us assxmaet mfim pmpqa‘edﬁmndeegm eading opfiouzationTHéerefore, the

[fp f?lg} ot ng %@t&cﬁ{ 'sghzat' ot %?Hstmg optimal

dﬁéﬁbﬂl\f@%@@%l@h@@ch«@n@pﬁirl Bétht nddes JJF?E& ang MPEGtes as we

codi ng environment for decoder conpatible
opxpestedt S@ﬂoncBoquarﬁtzatm@ﬁal@emlmatwrhp@w@wless important role

qégg&w ég réfe&oﬂﬁpé?n%r% Senidi ﬁtsoéf@ %égg S50 a?'l&ﬁ b|t rates.

I SCUSSse OVG on ieves o

offhemproposed feint nopiiraizationl sclgemé Wil caf aultltal scaled default
quanti zation table has a direct jnfl Hence on.th

peuaawﬁ;weetabie chirvespetie)ugaits iendhe 1aipt %pfﬁagapen @Qheme in
rerce @T]Oe?c)(@%)bg f&‘{:ééﬁ[ﬁ?"]‘ﬂ ok 1d8Rd Jfléé’?eﬂ IRh§es like Barbara,

uence a'image Using our
gsmoe- tbemealrer moré angzérocudficientindices dhataramiee bptimized on, the

CRiRRoseR; Gk SRnRgRon o AR, ol Pl Shlfidizgfion  table
généfat@d fronftieeséitmé e gbferériced5] olitperitr®i the6idl optimization

e curves are obtained by sweepi ng the Lagrange
nsthéempkeiinreference [ formall b getasi wrdef Homparisen; fossiaple images

ke Bhe P28 B ARG F0Req) BT 4 PuBRE 0 cours

ash&i e schemd lin ¢eferdeces §8nat haw bie ratey s‘indﬂe &}L@nﬁlhatlon table
sanme distortion of point X fromcurve "a"

" gptimizationdRlaye a-lgss imporiant ralesatlew bit fq;egelflowgyﬁrt tke scheme
RS R F40S, bS[0 oo Lera
t(bebh&sertburomethadedoes Iiothéind t the ppymataquarﬁmtmg siep sizes
”é?(hglugt el\? n|n eacl Elzte(r:gtﬁovn?' ]=ourth, the proposed joint optimization

algorithm improves the objective PSNR significantly, as compared to the

customized baseline JPEG, to the extent that the performance even exceeds
the quoted PSNR results of some state-of-the-art wavelet-based image
coders like Shapiro’s embedded zerotree wavelet algorithm in J. Shapiro,

"Embedded image coding using zerotrees of wavelet coefficients," IEEE

Trans. Signal Processing, vol. 41, pp. 3445-3462, Dec. 1993 (hereinafter

"reference [13]") for some complicated image like Barbara at the bit rates

under comparison. Table Il and IV tabulate the PSNR results of the proposed

optimization algorithms for two more images (512x512 Mandrill and Goldhill).

Table 1. Comparison of PSNR with different optimization methods (512x512
Lena)
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scal ed defaul t quant| zation table, th
rbda ¢
M1 Ul.. USTU J UI IIl UIJLI IIIMLI UIJOIH‘HO f.)l 1 l IIIII bcll dl SU 'B‘Esehne Embedded
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Table IV. PSNR results of 512x512 Goldhill
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g-table
.25 29.30 29.72 29.97 30.00 30.08
.50 31.72 32.15 32.50 32.64 32.62
.75 33.26 33.73 34.28 34.52 34.42
1.00 34.55 35.05 35.83 36.05 35.94
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remarks are in order. First, the optinmal adaptive

t hreshol ding schenme in referefites [7] and [9] is a

subset of the proposed run-Ilength coding optinization.
Therefore, the proposed run-1length coding optim zation
sepmputatiopal eopplexite optimal adaptive threshol di ng

schene for both inages under any bit rates as
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Ft)) 1993 (hereinafter
applled to we lmage acceleratlon it takes around 0.2 seconds to optimize a

typical size (300x200) JPEG color image with 2 iterations.

Table V. CPU time of the proposed joint optimization algorithm with one
iteration on a Pentium PC (512x512 Lena)

Settings Float DCT Fast integer DCT
C ing 3 si
omparing 3 size 1 5s 03s
groups
C ing 10 si
omparing 10 size 90s 07s

groups

Optimization of DC coefficients
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optim zation algorithnms for two nore images (512x512
Mandrill and Goldhill). Table |I. Conparison of PSNR
with different optinzation M€ hods (512x512

Lena) Tabl e Il Conparison of PSNR with different
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to the scheQUANRKIZATION STEP SAESNd [9] (the fast

threshol ding algorithmin reference [7] takes around
6[(;099gcond[sTher fgr@dimgar ats{cugsiand grbposeheae graph-based joint
reference [9] takes, sever gzens of seconds for on
gP@v@taaaﬁnoﬂ%aﬂ%ﬂmh@ﬁ o RRIRAEnNG fiHe] Tae RRameters of a
gpgg;e? ?Hc‘!&fé}m - GRenRZARMSSLp! SIS fmbRItAble8PRhHTBETiRdices in
the format RUN-SIZE pairs. This joint optimization algorithm is

computationally effective, and is also completely compatible with existing
JPEG and MPEG decoders.

[00100] Suppose now we consider a different scenario where the
requirement of JPEG compatibility is removed, but both encoder and decoder
are required to have low computational complexity, say comparable to that of
JPEG encoders and decoders. (Such a scenario arises in applications like the
re-encoding of JPEG compressed images.) How can we further improve the
rate-distortion performance on top of the JPEG compatible joint optimization

considered above?

[00101] Once the requirement of JPEG compatibility is removed, any
state-of-the-art image compression/optimization algorithms and schemes,

such as the embedded zerotree wavelet (EZW) compression algorithm
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the proposed joint optimzation algorithmw th one
iteration on a Pentium PC (512x512 Lena) Optim zation
of DC coefficients[0098] The #danti zed DC coefficients
are not optimzed in previous experinents. Unlike AC
cqefficient H_&@ffl i.ents are usua
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telelg i repe ’6%1‘ E0GRSS{NG, VRY- t% PP- g%@%rﬁ%q, |Jzu?)(]§¥§§— (hereinafter

R P S T o o

TRET aoeffidientsddeserimidoin pX.o Yidg.e SHighgordeh- ¢entext jnddeling and
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StEMpPegsicn,” i Fro@ B 1saRbfsmar0enPSighld] Spstenit, tdmputers, pp.
format RUN-SI ZE pairs. This joint optim zation

allg68i138a iNovoAPaT atlitondl ILiang: fard | Tre Tramd “Adapiiveo Runlength
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sganaindo mharrant h‘e)dn@é)dlentEmfopyF’Eibdmgpaf i Bidckt Wransform
! %ore%%?gﬁtg forb Pr%agg tChoﬁnge%gl%L aIré(ljl_:EOI %QE(IJI’?S Image Processing, vol.11,
pp. 1271-1283, Nov. 2002 (hereinafter “reference [16]", “reference [17]" and
“reference [18] respectively);' pre- and post-filtering techniques described in
T. Tran, J. Liang, and C. Tu, “Lapped Transform via Time-domain Pre- and
Post-Filtering,” IEEE Trans. Signal Processing, vol. 51, pp. 1557-1571, June
2003 (hereinafter “reference [19]"); can be possibly employed to improve the
rate-distortion performance for a given image. However, due to their inherent
encoding structures, these methods may not meet the stringent computational

complexity requirements on both encoder and decoder.

[00102] In this section a different approach is taken. To meet stringent
computational complexity requirements, we replace the Huffman coding of
JPEG by context-based arithmetic coding. In this way, we avoid performing
the computationally expensive wavelet transform and inverse wavelet
transform as well as the extra DCT transform and inverse DCT transform,
especially in the case of re-encoding of JPEG compressed images. To

improve the rate-distortion performance, we then jointly optimize run-length



are required to have | ow conputational conplexity, say
conparable to that of JPEG encoders and decoders.
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re-encodi ng of JPEG conpressed i mages.) How can we
further inprove the rate-distortion performance on top
of the JPEG conpati bl e joint-é4ti m zati on consi dered
above? [00101] Once the requirenment of JPEG
conpatibility is remved, any state-of-the-art im

c 6%%8 SopiBMaserz atihmets sodingangn i aHizefee, S"@gc Rizes as

SEOGI TGALCHo S48 (MElilnd BEAL ST gated e

c cbldsttgteds iang iz Eigure @8swbérentinest rexodirgeof arc uen@mpressEEEmage is
Trants Si gnal Processi ng, vol. 4 1, pp. 3445-3462,
siratpghs (hereinafter "reference [13]"): set

partitioning in hierarchical trees Pl HT) desc
i 00303} andFigares 49 anreh20-ysfyate, dgtblo%gla)g@m& {g}qoperatlon of

SISO e b 44 00 T e rion,
vdifferént plpcurﬁsltanédéa IthlTea sitogitor( loé réguref 18y the éiprtence JPEG

ed, bl ock di Wi th 1
| iRadi A5 RoSTsd Bhets o eonERtBhamt F ﬁ:ug]%%eg}'ﬁ;dr’#&&aage has
S%ﬁ‘bé@)ﬁ%ebﬂm EHrtSSI-?uﬁﬂaH" do'@il ql uantiz&tion. aMéeordlngly, to
| mage roceSS| vol 70, Jul

1 p p 5 2
(hegii thef 1cumt bp@ﬂm@no eOf[ ma@nt)zatloomrw%ﬂeml@, e@cé?q ra@gycontext-

aBaSeY Ben Al EBuRo. lF e HibDedhyel ot By Sl fpooded in
ng?pl o Cém)dldéq@mhzwt inORYers 08249 Baseda vel ehe resultlng DCT

ficients for € conpressi on, i.n Proc.
rﬁ)@i%l

Aspetigiantsotte jang mlzqf,w @,frsqqu;ﬁgt;@@rlg sii%) 326 run-length
1 %a g;aﬁzst K %7%@%-8&13 Q‘]ﬂ?g]é"t FJ(Bn-%rr(ﬁPsteﬁg%O) using

ive EE cessi
Lebhtﬂxsmoddls 332);3 then cﬁ)hdﬁétedl\/ar. 2003 and, Tu and T.
Tran, "Context-Based Entropy Coding of BI ock Transform
01?@6104]' ent $n fFqur‘en‘B@etl@éﬁb@@@ 820 odeEﬁEsTdsmml uhesrppressed
Processi ng, vol. E’%Q 1271- 1283, Nov.

( raage A emstea@fczﬂfr%d i9pge as iy El‘gé%e"s[ 1Sl]m'aaﬁa the JPEG
gﬂ[:gél 1{1?6 b Blgur 85 PRRS e\‘lgbé@r 3Ebeof Plb?".re‘l%oa r1:|’rst\] partltlons the

errng techni ques descri
LIuﬁﬁgmp&é&ise@ image ' 3_4f£]om'&d s imddeksnand ath&n nprodesses these 8x8
Pr e- d . :
rir?xaggl rE)Iocks. Each block is first transformed from the pixel domain to the DC
domain by an 8x8 DCT in the DCT step 342. Based on the resulting DCT

coefficients, the joint optimization of quantization table in step 326, run-length

coding in step 328, and context-based arithmetic coding in step 330 using

context models 332 is then conducted.
Context Modeling of RUN and LEVEL

[00105] JPEG standard uses run-length coding to order a block of
quantized coefficients into zigzag sequence in the order of increasing

frequency shown as

(DC)(RUN, SIZE)(Amplitude)..(RUN, SIZE)(Amplitude)( EOB)



Post-Filtering,"” |EEE Trans. Signal Processing, vol.
51, pp. 1557-1571, June 2003 (hereinafter "reference
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rate-di stortion performance for a given inmage.
However, due to their inherent encoding structures,

t hese nmet hods may not neet tH® stringent conputationa
conpl exity requirenents on both encoder and decoder.

[(00102] In this section a different approach js takep.
Thigesgquenee ni§ chencld Hﬁ@@gt en¢rded: dﬁpq:&ﬁ?{(g, modeﬁng ""anecl1 related

r ' r [ i
St g Afe faftides BEic DUTRdReS! 418 RualyRieiged into
Hhefsepadg to fenca (RUNG LEIFE]L) sequepeashownas el et
transformand i nverse wavel et transformas well as the

extra DCT t{ﬁﬁ@{{ﬁﬁfm@tﬁbﬂ)ﬂ. }@UFJ?L@@ELg(fEU@ orm

especi al ly e case of re-encodi ng of JPEG

;&H&rﬁ mesltlﬂa %f’q@%?? gr?%{qowvme%%r? $frn5§ré§écqjtﬁlgoﬁérboﬂc coefficient
rHBckE NBLibIC 86l ) thorerd @fle kage tEWELL yrehé cvatodi ofgtheambnzero
quanti zation step sizes as shown in Figure 19 where -

t¢neffigenh dutixaglhe EOBrembehindicaies thahdeeresare no additional

L TR
IR S e T

PSS I tihe YBREHRR. of RUNIE/ENsequestes bintemtizéd DOT blocks

situation of Figure 19, the input is a JPEG imge. .
dedy ap stnadlRIVYNS ioscuBingemere freduentyhgorargs RUNgSs LEQ%GS with

i AR h . ' -
RS DS RS PAFE Y F) EVEL Tt Sniucs
0§&:lt m'htégt, iaorgbrﬂéxtct?]@e‘d! Biab'r)garithmmt:]d eodgrhiscusichtp ancode RUNs
cont ext based arithnet| ing, this JPEG |

{ and LIBUE 6 YRATEBL B 1 GPAB0399 S Aposal AN SUboD. To
: he r . _ art _
RSP b RSy [ Bl oot g syl
r binakized tfinstc Sincey simallsRBpls3as] sarall tbWEEstodsas edore frequently,

SBhSEEhr SShheEe e oA RNiAL R SR8 R ARSI LeveLs
EACERTSIe IiRafPRI 8ehSReaWhithC ATEREIRRArequirement, described in
more detail in Tu et al. [17], is as follows: RUN is binarized as (RUN+1) "0's"
followed by a "1"; EOB is considered as a special RUN and binarized as "1";
and LEVEL is binarized as (JLEVELJ-1) "0's" followed by an ending "1" in
addition to a sign bit. The DC coefficient of a block is predicted from the DC
values of its top and left neighbor blocks. If the predicted DC residue is
nonzero, it is binarized in the same manner as that of a regular LEVEL
symbol. Since the statistics of different bits may differ greatly, different models

are usually used for different bits to maximize coding efficiency.
Context Arithmetic Coding-Based Joint Optimization

[00107] The basic idea of the context arithmetic coding-based joint
optimization is similar to the JPEG compatible joint optimization problem

described above in section I. It is a constrained optimization over all



i mage 340, instead of a JPEG image as in Figure 19.
Simlar to the JPEG encoder 20 of Figure 1, the

werwoney18820 of Figure 20 first partitions thePCT/CA2005/001084
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unconpressed i mage 340 into 8x8 bl ocks and then
processes these 8x8 i mage bl ocks. Each block is first
transformed fromthe pixel doMatn to the DC dommin by
an 8x8 DCT in the DCT step 342. Based on the resulting

é%%ﬂ%%;gfﬁ:%n(eéﬁﬁl éai\/ﬁ:—ljs)? Ié%tf%g‘%“ erZ)a %I‘}{{,C%JBPF@SIP}? context

S90068, i, ABHeLBPSBlr I Thh Wt <. fiftefi hoUithnization

foth MAdR posePhs RUN and LEVEL [00105] JPEG
standard uses run-length coding to order a block of

ordar of i nopBakiAlp s Ll REP R M e~ @O

SI ZE) (Anpl i tude) ... (RUN, SIZE)(Anplitude)(EOB) This
5\%@8%9;[ ! (SR s ePdEHBt“e@ﬁHe%l"@c@ﬂ% bé@e%ﬂﬁhéﬁrlgm%bgé I, and

ropy encoding, the anplitudes of th

DRE idrdhssctal %m‘é?lé%été‘rn‘?‘ﬁéél %@h{)mm drite &b\?@f HPAC édéfﬁments,

forma {RUN, sequence shown’as {

LEaVEEL] (R B}JM]- H&Ebi)e[s&@)commeesﬁhlmaw fdrIaIIr/k@ roeeffitients mesulting
nunber of consecutive zero AC coefficient indices

pfronr the chosenz@h, &) opairaurendL theEicontext Heodelsué? off henequivalent
nonzero coefficient index. The EOB synbol indicates

t wagonstiainediprtimizatianiPrPRIRM iSnonzer o coef fi ci ent

indices in the current block. [00106] Tu et al. [17]
proposed a onimt éo((h)m)db’u(ﬂgl)sgdl‘re’w@[( LsM Bakes use of (21)
the pr oper tF° B¢ %f RUN- LEVEL sequences of quantized DCT

tW %lfq? g%%i_qg%i@gslglﬁlélwéﬂ pligy; Ccuﬁ:f narr%:ﬁ%?f}ragg%ﬁn p¥esents the
oﬁﬁHéBff@g ré’f%rf%r Hfsttﬁrﬂohhéﬁd Jﬁ)(gisstﬂé L Hgrafbi cost. In this section,

magni t u a co Xt - based brnary
ajvet yeddtc s@uﬂésne icontoes badenpddes RIXs optinhize)VEhs probability

separately (EOB is treated asaseca U . .
TdistiRiBienSHNdEREARRCPNIKHbPAGY I8 aénoﬁa%fpe FingtREetive algorithm
CBfovibdethY Th¥onsfained optimization problem can be described as

follows:

1) Initialize a context model distribution P(M,) from the given image I, and a
quantization table Q,. Set ¢ =0, and specify a tolerance ¢ as the convergence

criterion.

2) Fix P(M,)and Q, for anyt=0. Find an optimal sequence (R,,L,) that

achieves the following minimum

min {J(2) = d[1,(R, L)o, ] + A-r[(R, L), P(M )]} -

Denote d[l;,(R,. L), 1+A (R, L), P(4,)] by J'(2):



bi nari zed first. Since small RUNs and smal |l LEVELs
occur nore frequently, shorter binary sequences shoul d
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bi nari zati on schenme which neets this requirenent,

described in nore detail in Tu_ et ai. [17], is as

follows: RUN is binarized as-¢RUN+1) "O s" fol | owed by
a"l"; EOBis considered as a special RUN and

bi nari zed as_"1" EVEL is bhinarized as

(| LEVEFIX €%, L0 sUpdaEﬂ IP&MaaiaIB&/ Cariuen §(4g.:) P0d; @, respectively so
addition to a sign bit. The DC coefficient of a bl ock

i s pregis¢ e tddethéphiisvethe FAlRWIAPmARthubef t
nei ghbor Epl%ock “t hde%gpredl cted DC resll%d)ue i s

a Tegulhr LENE {9%'dffeo?@,4@&w§a2‘(’%?fﬁﬂ?@§ﬂift el

di fferent blts may differ greatly, dlfferent nodel s

are al | r, diff t,bits 0

o £ Bfes SR 2 o8 110 P2 Co il SelBee SR TR output
Optim zation [00107] The baS| c idea of the cont ext

arit hméRj,cLcpodidg- bad @4, g) nt optim zation is simlar

to the JPEG conpatible joint optimzation problem

d iched a [ a

of TRy, CaRE e e et aldoriyls PEBAPARTSIep 3), ie.
ofindiRy the degquenber(R, L)iiol miyisizebthe lmgmagmnrmeelﬁkM glven P(M)
and all possible ?uantl zation tables Q _Therefore,

opnil iRzand sipdpting teenasantipatigiosien siges wifhethe B@erpd@es of the

; ﬁﬁégmﬁ%?@qnﬁ#ﬁo&eﬁ?ﬁgé Eﬁﬁé{}ﬁ%g’.@@g{n’é i Bection | can be

| 0Bge fevetrer Imtéﬁfiubpbs(e‘?ln l\t\)haridlldﬁm\&@é adldres’CStep 2), i.e., how to
coefficients, and

enotes the conpres
r ﬁn@ the pptimeal A@qwager @fcilé@ h4lor 836 Llask qiveRinsdis fh%@ﬁ of the
fﬁé‘{&}ﬁld and the.c nte t mpdels M. The equival ent
uﬁ% BT ﬂPﬂ'i‘%ﬁPGrF%FPFﬁlEFém.s (Rb{J 1) =<
o,L)Q+ -r[(RL),M} (21) where the Lagrangi an
multiplier I is a fixed paraneter that represents the
tradeoff of rate for distortion, and J(I) is the

L &greayt Medebs Adoptedhi s secti on,

[00109] The context models used below are a set of slightly modified
context models for DC, RUN, and LEVEL from reference [17], which is hereby

incorporated by reference.

(1) Context models for DC residues

[00110] Two context models are used for the magnitude of a DC
residue, which is the difference between the current DC index and the DC
index of the top block neighbor, depending on whether the DC residue of the

top block neighbor is zero or not.
(2) Context models for the first RUN
[00111] The first RUN is conditioned on the flatness of the neighbor

blocks. Five context models are used to encode the first RUN of a block. The
first three are used to code the first binary bit of the first RUN corresponding
to neither of, either of, or both the left and top block neighbors having nonzero



we sel ect suitable contexts and update (or optim ze)
the probability distributions under each context in
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solving this unconstrai ned opti m zati on problem can be
described as follows: 1) Initialize a context nodel
distribution P(M0) fromthe-48ven image | 0 and a
guanti zation table Q@ . Set t = 0, and specify a

tol erance e_as the convergence criterion

2AG DEges: T TUTTOMAdeldS dipeshiar e SeqinénbiBarybit o the first
JRUe t’ﬁi” PR %%?Kﬂf’? Byt g bipdnfiils ™ |
) E’(ggpﬁl Q e P @)hdgkad}aalé% é”itlt\%igﬁe) h 8§ﬁtf|):<'t %é&%lé‘o} the first

r Reeaid Uskdy only dththé 1a%tMntrop )en@bdm@l\éta@@;ethby ar@abt iwvelved in
the follow ng mnlrrummnliéﬁx 0, (Rt ,Lt

- the(rint, qp[tm)fzai(qw wrpcesa)(ml pelly @@%@ah«yn BFREESP, Wgrw'“ employ
| Etlfhg%d)m,kiaafglr‘lk,lé d}%(WFfi 1'h)1|sf?s ng%g%fﬂ{ﬁ?ﬁrtsg (q):{;ﬁeﬁlo coditioned

i barthe flethessgdthe hmg’hboﬁhg fbl@ksaadd Sisegucd) including the first RUN

ol the, it GpBaiationy wihieS Bna Do EoRpIcAES ot otimization
iqﬁ%agl'tﬂrﬁt S%esdo%l?ngstr?eeﬁrs‘l\RUN bRE tBRYS hﬂié'r& 8mallffrddiien in the bit

The same quanti zation stép-size updating
arajes; thimcomprsise éswellgastified. used for the latter
purpose. In what follows, we address Step 2), i.e.,
how(B))Cbntw(ttﬁmhtspforrﬁherslétmsnce of (R L) for each
block given the distribution of the context nodels and
S]Eat I 0oDthéeRUN a¢mbolenatesbnditicised oﬁdhstmdgnltude and the
[ 0109] The context nodel s used bel ow are a set

sFiggagiadenef the ddeeesing LEVild slegotest apen apdngz . aeﬁpecﬂvely The

nlads?] . which is hereby
mcorporatedse% %rea;sce (1) Context nodels for DC

resi du(fzz<6 and m=1), (zz<6 and m>1), (6=zz<15 and m=1),

(6=<zz<15 and m>1), (zz=15). (22)

[00114] In addition, different models are used for the first binary bit, the
second binary bit, and all remaining binary bits. A total of 15 context models

are used for other RUNs.
(4) Context models for the magnitudes of LEVELs

[00115] The magnitude of the LEVEL is conditioned on zz, the zigzag
order of the current LEVEL, andr, the current RUN. The context models are

chosen as:
(0<zz<3), (3=2z2<6), (6=szz<15 and r<3)
(15<zz or 3=r). (23)

[00116] In addition, different models are used for the first binary bit and
all the remaining bits. A total of 8 context models are used for LEVEL

maghitudes.



[00110] Two context nodels are used for the nmagnitude
of a DC residue, which is the difference between the
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nei ghbor, dependi ng on whether the DC residue of the
top bl ock neighbor is zero or not. (2) Context nodels
for the first RUN [00111] The4®i-rst RUN is conditioned
on the flatness of the nei ghbor bl ocks. Five cont ext
nodel s are used to encode the first RUN of a blo

THROT1 st t Mingeaddifionaletingle medel ishused fastthgi sian )b'tbﬁ’ft LEVELs

%nﬁrﬁb %ﬁﬁ?ggh'g%% gﬁg‘éﬂ{jérqglﬂgég n'ec%pﬂﬁﬁlzgtflo 8&?}%}8% total, 31

bors

nbireey edftext thotiets arﬂméobtmrériconieothé DGT eoefficient indiees.
second binary bit of the first RUN, and the fifth

"Glaph-Baséd RUNILEVEL Optimfzaion ng binary bits.
[00112] It should be pointed out that the five context

'TW'FB of t hesiifap liddahb QIE@ grasiloasty cﬁ)\ﬁlmﬁlfﬁldrﬁéf sectlon | can

encodi ng stage; they are not olved In
j bemmptayechtzdtndoﬂnepopiﬂnabsqquertobeoﬂ (@, nlt) loﬂhemqﬁextmnthmetlc

i l.o fi del t
Rironases e, oBRuAcD. ERRarines JEWHES pishaipvp gnooded
t B@naulnahamsﬁw@h Bdie the izgjxagr order Bhacks ,m@gwﬂtm SfUBB, preceding
including the first RUNIn the joint optimzation

wi, | |
r bEYEL, .argrapmféergah{spmctaﬁé@on%deneddptsemuz@! wijhbe utlized.
algorithm Since coding the first RUN only takes a
v §091 ‘éﬁall Flrcamtﬁh@rwaya Wids lwire engodsd, it Hobows fimatdhesguantized

 Grsnont b acfnis 3 oo S) SBBERET afBl o, 2aB bfter of the

e wdtecaétsbfﬁél@ntél grauiset digr tHef ehbedingeek RUNs;LEMbver, the
denoted as mand zz , respectively. The context nodels

afdaphizscd magnitudes ofethgnd ncaqf)‘lmepk»‘za&er thei first 14 are encoded

(Baad 1 e R i Gy nd i elseh ondbnitile o e

f iaddthohahdepenﬁéncyt he defirmdnéimarreystatd foraasat:mbi the first 14 AC
;‘fzg& nl n Sé’}{uﬁ@%h@,qs@eﬁn"et ealddlrecte1 g?aoprﬂlt vevﬁl éIP super nodes (or
super states) which correspond to the 64 coefficient indices of an 8x8 image
block in zigzag order and an end state (or end node) as shown in Figure 21.
Each of the first 14 super states which correspond io the first 14 AC
coefficients (state 0 corresponds to the DC coefficient) includes two states (or
nodes): one is called a basic state indicating that the magnitude of the
corresponding AC coefficient is >1 (state 7’ to state 74’); and the other is
called an extended state indicating that the magnitude of the corresponding
AC coefficient is equal to 1 (state 7 to state 74). Each of the remaining super
states (state 75 to 63 as well as state 0) has only one state and is called a
regular state. Each non-end state may have incoming connections from its

previous 16 super states, which correspond to RUN, R, in an (R,L) pair with

R taking values from Q to 15. The end state may have incoming connections
from all the other states, which corresponds to the EOB code, i.e., code (0, 0).
State 63 goes to state end without EOB code. For a given basic state /'

(Isi's14)and its predecessor i'-r-1(0=r=<15) (although for the first 14



(4) Context nodels for the magnitudes of LEVELsS
[ 00115] The nmagnitude of the LEVEL is conditioned on
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the current RUN. The context nodels are chosen as: (O
<zz <38) , (3 zz <6) , (6 2zz <15 and r <3) (15 zz or
3r) . (23) [00116] In addit-iadh; different nodels are
used for the first binary bit and all the renaining
bits. Atotal of 8 context npdels are used for

LEVE .
regiest uacL3) UoTe 7o Gre- daeareligiansiial SeioaBitheD teee m s
3 rhAfain? s of PR Aete tial 1% eBGeKr eBRbe cither a
Ddkibi statey aromhexkiemaidel statee Weedssignetw ozieht Hearsdion  (7,7')
coefficient indices. G aph-Based RUN-LEVEL
Qpt i 22k, o> [ ORdrhGitate £+ 1 do siatea’ Bocashevijeln shdefinastias the
optim zation of section I can be enployed to find the
dntieméntabbagrangiart cost, ofl Joing fidme statet &xt- o tstatst i ovhen the
codi ng- based joint optim zatio However  sinc I%UNS -
ai' th BéW eeeffigiantde miantisadiiey '(Ei] véh apgidll the 77 E’&z agoefficients
order and the magnitude of the _prece '_ng EVEL, a,
erpegarig inmediately bafengatheciothsPadr eReTIH §tefq gHantizgq fo zero.
Ut ] [ 19 he way RUNs are encoded, it
?‘Erlugdb\érjeﬁei'ftalt%%}ésu%enffrl{eglg?sl magni t udes (being unity or
gzn-Aénl ty])tf_t,(_)get her with the zigzag order of the first
coef fiSient goarg -wpadyi AAMNgiencodi ng of RUNs; 24
however, th%u’an i‘ze(% gni tfl;(gegﬂmf the AC @
cgeffl cients after the first 14 are encoded based on
t zi gza rder_on b d 38 "
b Ly A Jaced hnetielihen 23 OTREAE andDhe 7th
S - € . fi firh Gl
piaelion SeP Foeicdlfin S50 J o orRF rdioRiirsg maps fom the
NRHRSitiOR (» YPRI arP bRk 6y ratbibeiBed @' thepum@nt Qrobability distribution
coefficient i ndices of an 8x8 image bl ock in zigzag
ooflttie envterhmexdlss At Nofeothaé it poatgbility digttbwitiomof » given the

Elgggtrggbgmlflqlgal{%ﬂgg&i qtig[?eef. r%@ylén i e;{regtegetases rv‘ih—irc—hl, and the

probability distribution of /' given the context models M depends on both r
and the state . Similarly, for a given extended state i (I1=i<14) and its
predecessor i-r-1, there are two transitions, (r,1) and (r,-1), between
them. Since the sign bit is treated separately, we only draw one transition in
the directed graph of Figure 21 for simplicity. The incremental Lagrangian cost
of these two transitions, which means the " DCT coefficient is quantized to
unity and all the » DCT coefficients appearing immediately before the i" DCT
coefficient are quantized to zero, is defined as

i-1

NCI+(C,Fq) + A f(r, =) (25)

J
J=i=r

[00120] For a regular state i(15=i=<63) and its predecessor i-r-1,
there are 2m parallel transitions between them (note that if the position of the
predecessor is less than 15, then both the basic node and the extended node

have 2m parallel transitions to state /). The incremental Lagrangian cost



coefficients (state O corresponds to the DC
coefficient) includes two states (or nodes): one is
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the correspondi ng AC coefficient is > 1 (state Vto
state 14); and the other is called an extended state
i ndi cating that the nagnituddbf the corresponding AC
C?ef{]l cient is equal to 1 (state 1 to state 14) Each
of the remajni ng super stat (state 0 wel |
assogiated Oyitth 46¢ JFAP e (6Dak s "ARd <% IR Pgufar -1 to
state.. Each no nd, st ate nmay have i ncom ng

et

c%ﬂr?e’é?lsgﬂga NG a?)rew ous 16 super states, which

colrrespondto RUN, R inan (RL) pair with Rtaklng
val ues fromO0 to neh2st at e incomn
connections fro { %‘r(Ff @tg) r+;satj§ g@y ;\;\A%pch ) (26)
corresponds to the ECB code, i.e., code (0, 0). State

to | é;g%e
g@é’g gq t at e%?{tfe ﬁaﬂs‘%g‘ fmjélﬁlet%% ecsetg%(rnlr &)C% \{ﬁ (baSIC state
rand e éaehtiod gtaté iff 1 £ hel4) tosimele!krd siats; s cosﬁja deﬂmdeas
are 2m 2 parallel transitions between themwhere mis
t he maxi num magni t ude ofss LEVEL. Note that the

predecessor can be elth;(};j Hasi(6,03t ate or an extended (27)
state. W assign to eacl#transition (r, 1) (- mV >1)
fromstate f-r - | to state ' a cost which is deflned

\;0(11'22 i ncr EgERIagh teauianstate i COStIGN] tiymiengrd rome et dve more
to state when the fth DCT coefficient is
guransitiaes! ftam/state l-|16>t01)v &epending s thepgwpsition of /-76) which

coefficie pear i noredi ly befo N .
ceRresRanchic R A Bo 28F (¥efhrd! i) cabd, K5 cost is
cgéﬁnédsaglefl ned as C2J +H{CQ - qgi,- 2 +l- (24) J i-~r

where C, and gr are respectlvely the i'"th DCT
coefficient and the z'th; quantization step size; and
f(r,V) is a length functya #hatdsaps fromthe (28)
transition (r,/ 1) to adentropy rate based on the
current probability distribution of the context nodels
MNhél% pairhets, to)aispredteli g nysphciair ROd indth lehgth of ién With the

above definitions, every sequence of (R,L) pairs of an 8x8 block corresponds
to a path from state 0 to state end with a Lagrangian cost. Analogous to the
method of section |, one can apply a fast dynamic programming algorithm to

the whole directed graph to find the optimal sequence (R,L) for a given 8x8

block. The detailed description of the fast dynamic programming algorithm is
similar to that in section | and the corresponding pseudo-code is outlined in

the pseudo code of Figures 22a to 22d.

[00123] A process for jointly optimizing the run-length coding, context-
based arithmetic coding and quantization step sizes in accordance with an
aspect of the invention is shown in the flow chart of Figure 23. At step 352,
the iterative process is initialized, as outlined in detail in the flow chart of
Figure 24. At step 353, all context model entries are initialized to unity. Then,
in step 354, the index representing the i block of N total blocks is setto 1. At

step 356, the process determines the optimal path for block j, in this first run



context nodels M now depends only on the predecessor
V-r - 1, and the probability distribution of / ' given
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Simlarly, for a given extended state / ( 1 i 14)
and its predecessor i - r - | , there are two
transitions, (r, | ) and (r,=P%- between them Since

the sign bit is treated separately, we only draw one

: ranfis';lta,: {5 frSHRIOfc Thim HITSHE ririhir oo ehefl e Eigure 25
Je"?yn 56l QRS probb&d Aindd @hethdPGTisCRRS fihall BIBEK! SThis is

quanlze to unity ndgﬁ?terDCTcoe ficients
applelevedgpy umapaanglj;toﬂéf(meetqtaulmumbeDcfrbMB)| WWeere j is less

h a;]'ts lrzm?erggjenjég-m streps?(%)i;b]negoﬁsazr ;gl(JI ;:732 g?e
%136 ) ang-ﬁl F redegmmnghm @P&‘f‘@ltﬂﬁ’ir%are A"block ]
p%h s &’F\tllﬁi'éﬁuﬂ elqe@/@ﬁéﬁ’fe l§albe35arF Bﬁﬂnégpath%ﬂe@&ﬁ Bf the N

asl C node an the exte ed no e have ar al
t bmstwmma\»teobeeratdewr)mne'd\e The (ﬁﬁtnwaluaa@d@ﬁgsmmputed in

OSSR ML IBP ASITRE S0 . ot M il cos
d%&édtﬁﬁg’teﬂ%ﬁ? elblof }hél NI Hloéﬁs fTWis]\)alué |chér2<§de)Q|%Hzéda|nst the

For e transition from each super state %
b#i% valust aft &(Auinl quisey 824 evitre |§thﬂ difiererce bemtgert the hievalue of

ta 63,,C2
(I3 rwé%fzét +Bualie o pli3r 55460 & g sdlecliy drlttion, gr more
a
SRR, 1O, BB g 18 o 19 e
t cohipdetpai YWHets thi)is not the, cagR) tHezjeind aptimizatiogt process proceeds
! tio s‘t:e%sé6é in w%flclhnt?% c?usan zaltlon téb]le is )upgla?e)d into Q+1, as outlined in

detail in the flow chart of Figure 29. The context model P(M,) could be
updated to P(M,,) using the probability distribution of the context models at

the end of iteration f as discussed in paragraph [0099]. In the practical
implementation, adaptive context-based arithmetic coding is actually
employed both for joint optimization and for final encoding/decoding. Adaptive
context-based arithmetic coding sets the entries of the context models to unity
at the beginning of each iteration as specified in step 353 and updates the
context models at the end of each block as specified in step 444. At step 370,
index t is incremented and an additional iteration is subsequently performed

beginning once again at step 353.

[00125] Where it was determined that the selection criteria was satisfied
in query 364, context-based arithmetic coding is used to encode the selected
(r,)) pairs in step 374. After step 374, the process for jointly optimizing the
run-length coding, context-based arithmetic coding and quantization table is

complete.
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a path fromstate O to state end with a Lagrangi an
cost. Anal ogous to the nethod of section I, one can
apply a fast dynam c prograntdg al gor|thmto t he
whol e directed graph to find the opti mal sequence

OOARE] £ s REGHIN BOBr BuineaRbGhaltGRs ToNR 2% Geritiagation of
et tl\}é‘ ﬁfc‘étsé‘?ﬁ‘ ste 5@952%‘?%&%\9\/9&%{‘91* P@uPéQBqQ dé@@ﬁbed in

i's out |ne I'n the udo code of Figures~22a to
[moneZE]ataﬂ pAbsierBSZ)rthgadJ,agralyglaptmuitlpilefg7\; haeselected Thls is a

i pogmer ssefia RS e ate Tou dstariols Al 384,
0@ t@&wemgsmé %?ltér%e%h%"\@eieetéd‘e THiSVIs qheram@UnFlb@yum.ch the

At st 352 |terat|vg rocess is initialized,
aﬂ;ffemnceneﬂthm Lagtanglam rcastse 4'(Awoé rsanccesmth@afeomm must be
ste 0 no ent es are initialized
A??‘BWlfBQt eriRIAL 'O“EPE egggfsqqusg, @Q FQHM% nting
t he Jzth bl ock of N total blocks is set tao 1. S

12¥he prieaR 361 8N HBLINATRIZETOR fAHIe a s GEHETIEHCN Step

I
o7 S 8 e o' Sl e iy e
Qﬂ@emak%gurd Mﬁatpﬂ'ﬁs? duitiald ebgrarighes o&bﬂatdxeeeds ithet imnimum cost

a5 65 N 5
RS 18 5y S-Sk 5S4 st e

ulmarhéltuj)nsebeadgsccbmpm Asedesdribel, atmveoplhe maumlpmt hf fransitions
w || have bee ned

e‘?glagfc{ﬁ)n%pzﬁergg Wi g%s)depgng@m wie dz% Sl alg o1 Wd?ﬂ% question

”Ete{"'Bgs@fnoEbgélﬁ Rxchdd Adte, v r@buta‘ﬂ%oﬂb%ﬁhtﬂ]gﬂﬂﬁﬁéSstep deals
associated W th each of the N bl ocks. This value is

t wish haarmanddeag!arnmdQSh@nWt hinvalepe393, thel iterativgdedex t is set
ey @eqﬁitfﬁ*hrf??% G FERPE B oA B bR HEls orpte:
BB SRk o B AL e B8 dredgess o
CQaRBiring YRETSHtitbISpath fopta bt&kaéﬁstédW%Bthﬂwe flow chart of
opti m zat| on process proceeds
Figure 23 is described in more detail. In step 412, dist(r,i); d(il); and,
eob_dist(i) for the current block are determined: (1) dist(r,j) is the mean
square distortion of dropping all the coefficients between state i-r-1 and state
i; (2) d(i,}) is the mean square distortion resulting from C;; when the magnitude
of the corresponding index is I; and, (3) eob_dist(i) is the mean square
distortion of dropping the coefficients after state i (eob stands for end-of-
block). In step 416, i is set equal to 1, indicating that the method of Figure 25
begins at the first AC coefficient of block j. In step 418, the minicost for the
basic state, and minicost_ext for the extended state are both set equal to
large numbers, although not necessarily the same large number. In step 420,
the magnitude of the i coefficient index is set equal to the absolute value of

the corresponding i DCT coefficient first divided by the current quantization



to step 366 in which the quantization table is updated
into Q@Q+i , as outlined in detail in the flow chart of
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to P(M1+1 ) using the probability distribution of the
context nodels at the end of iteration t as di scussed
in paragraph [0099]. In the pP4ctical inplenmentation,
adapti ve context-based arithmetic codi ng is actually

I d .bot,h f t. f.i nal
oL G B bR oG Mot FAHzABdek RgAen "B eRfp the nearest
Cﬁﬂé%@r Siptstep ! hQZeﬂéﬂ' até kqfs a’sEi@n@@rH PAlie ﬁ”@‘?@br‘éséﬁt tlh@' rh¥ximum
at t begi nni ng each iteration as specif

spepsibi3 vah@ @f)dbeesurt iremsshiatelyt bafarel @I%ltcoeﬁ@lerﬁd Where i is

REiEL 65 P BEBL BT e e P rooval

sybsrqsiest bqu@letbf iof.mad sk fahe VveeiaBRaassotiated &ith RUN, is
353. [00125] Wiere it was determ ned that the

seekeqguaiofriteria was satisfied in query 364,
context-based arithnetic coding is used to encode the

sEMR%d (r In tepaA26s thercestdp state.i, wheea | istacpasic o1 regidar state,

ClnERRaa A hork 208 e ol i aeiani FRSahiRel B courrent

| sBosffigieineiscond i &t firBef £ icoefiigiombyy foowhith éxtended stateéxist, or
Figure 24, the initjialization of the iterative process

i ROt léﬁh%swr et state iBI8R AP firgi14siginse ﬂz@ qgery 428 returns the

OSREhEP R IR brogthat 18R Tap i hatis ghetto e
r emeetdedtsta@ |srdetemdeel dtfeiforeftheahetliodrthénqdroceedmto @mery 432.

ep 384, nvergence criteria e i el ect ed..  Thi
i essisut, B9 he HRothoe trocpers siieclly 1 pery 432 o query
ngg,aggb@ﬂ?cﬁ@‘g a30Jd! (1) , of successive iterations

nmust for the iteration to be deened
ful 9\‘9%% ﬁfttﬁ %agskk'ﬂvﬁétﬁ |§q?ssaﬂ1ank Where r
Ial® quan |za ener at ed

SEZIesarthamkx i lalmd:ragren’ogd ahsteps434] @ng the |1emt|dmfobeah:ulatmg the
ver ar nunber, in order to nake ure, tha hi s
Bl e Mottt Whert d Rt sk e kokien the method
E?&Héé@'s' 16 §{§be3@ "'ﬁ%ﬁé’h e cH@ltGP% ﬁec?életpaﬁ’s?l‘?on N5 §) ~ie.
t to be equal nunber of the i1'nage bl ocks,
i theszem dpclenyth somt— |sq>ah:1ulatedt h@f sontss, ifdfis less than or equal
to 15, then there will be no special transition, and therefore, no special

transition cost. The method then proceeds to query 438.

[00131] Query 438 asks whether i is less than 63 — that is, whether the
flow chart of Figure 25 has traversed all of the super nodes of the directed
graph of Figure 21. Where i is less than 63, then query 438 returns the
answer true and the method proceeds to step 440 in which i is incremented.
Subsequently, the entire iteration is repeated beginning at step 418. If, on the
other hand, query 438 returns the answer false, then the minimum cost to
each state is deemed to have been calculated (note that the minimum cost to
state 0 is 0). In step 442, the total minimum cost of this block when the i'" DCT

coefficient is the last nonzero coefficient to be sent, J (i),0=i=<63, is

computed as the sum of the minimum cost to state i, the mean square



transitions being conpared. As described above, the
nunber of transitions being conpared will differ
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a basic node, an extended node, or a regul ar node,
al though this step deals with_basic and regul ar nodes
only. In step 398, the iteratP@e index t is set equa
to 0 and the process of |n|t|aI|Z|ng the iterative

process is err .now to th ow

PHIaTioR o aPBIngste, herBIS GMaH SRR dr Geni SRp-Rih) 2hd the

ﬁﬁ’ﬂraﬂ @ BsESeiadPIvRKthle ﬂfn REP p%er(O g) fine ftlh@\/énd of-block
art o gure 23 is described in nore ail.

Sb@cﬂ\e)%k%,ledi byt)\( Thie)totad fininumaost obthiis Hiosk( U7} (zf)arls determined

current block are determned: (1) dist(r,i) is the

neprcopepering the tvalugsod” G, Ock op 3 n@yabackttm:kmg from i* with the

coefficients between state i-r-1 and state i

dhelpl of the storedraareva) paire andsherin¢amingestate: tyng, ts\eocmt@al path

e 5 S SRR 1085 g i

dpQipP ifiten the dmlﬁfeﬂlpdtlerdré us‘eﬁefo apdate ﬂhe(@m'ltteslt mmdels and the

for end- ofblock% I n_ st i |S.set e to 1,
i RERcess ifergiinging hehepmﬁhmihépr iogi) &5 9B g*?ns at the
first AC coefficient of block j . In step th

001323t f oReferangaiav tatthe élomaﬁ@arﬁanl |Fd@lé,'ie %@(:t thqu’-alt:wgtlon of

HEBIG o P Ba8olpbioP et Yo HAELLARHUT & outined in
Shifpe4dlail.t Na stégmtta,lcm] offséthm, Irebreseaflihg ¢he parficudax transition
is set equal to the absolute val ue

c beingsgisifiargd; isinibiatly sefequat txfAt ey @?ﬂm%ﬁh&ec%ﬁ%to step
t
;F%g:fgﬁ wh ﬂ%b%g&‘eﬁrﬁtspdléfgggoi g&/{s#e}#oﬁ i€ 2afdifL§ 7% bethe sum

er an en roun earest | nteger.
| of $1)dhe4ﬂéan squambdhetdrtlorsrasmr@nfe«zmadmapiug albof the coefficients

| BRbRST SiC il D Aot TR kS B T2 hiad edd Bauare distorton
@flfllﬁ{ tfr’&?ﬁ‘ tHe it lD(‘J“{S cefcERAwAer Qhé‘%o@ﬁesﬁ;@nd\ﬁbeléee! value is

ess than or equal to 15, k is set equal to -1 .
Aforseérbo he4m .(d:st(hleW)arlnawMé@sm@u cosé af olateni imgQmpufed as the

" Sl e bt o sl HE Yo 04 P A sl Rl e s 40

Abn@l YBE )énﬂraﬂ/ rafecaddoeRRss Withttee rumds/elpelr igFm) Isealed by A.
current coefficient is one of the first 14

Ceed{33] ent Thef Rleti¥ll BbrPpiciidad Bt giey £32 Skhichrasks whether
this total cost is less than the minicost term initially set to be a large number in
step 418. If the cost to state i is determined to be less than minicost, then the
method proceeds to step 454, in which minicost is replaced with J. In
addition, r, -m, J and the incoming state type to state i are all recorded in step
454 before the method proceeds to query 456. If query 452 returns the
answer false, in that J is greater than or equal to minicost, then the method

proceeds directly to query 456, bypassing step 454.

[00134] In query 456, the method checks whether the preceding state is
one of the first 14 basic states, or is instead a regular state. [f query 456
returns the answer true, then the preceding state is a basic state, and the
method proceeds to step 458, query 460 and step 462. If query 456 returns



not. If the current state is one of the first 14
states, then query 428 returns the answer true and the
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ith extended state is determ ned before the nethod
then proceeds to query 432. If i exceeds 14, then the
met hod proceeds directly to gory 432 fron1query 428,
sklpplng step 430. [00130] At query 432 t he net hod
%}S whet h i S

| h k
S aPPT Al 0t Biee propesio, S o2 EGHIAT, SAtes Giner than a
CB&QH'&%@%&H%@%& e §¥;ﬂés%e‘s dtSp IR fRdy M@eéﬁd 'step 462,

is not |ess , nethod proceeds to step
4tmtead1pm¢eed|nghhrawytto atienydb4%peci al transition

(15,0) - i.e. the zero run length code - is

CEOC1B53t ed. IrCbtepods & etheirhethodscHezks thdaamstsr toeqham i through the

{ Riacen i xtRnded skt HelSaAo NG Rastestater LR nis Gamt ! state
pf @C(.%‘ﬁ%utbe t8 %%rtMe 45%?:1 of HRIHLL 1dBRteydéd %tété‘ﬁ Wigd hﬁfremental

| ess t han - that Is, whether the flow chart of
ngtnmoasmnragxtemﬁ@k state kf-l tofstateel anpéhe potrepy sate agsociated

i LR Bl e B R o 'R T BB . whicn

PEREG&AThEMCT HIFIB 14130 cbst i8hesdtHan minibssteneUti€dess than minicost
Subsequently, the entire iteration is repeated

bthgimthierrgetitodsirepeadsto step 464, tmwh@hH@mI%ﬁfms replrged with J.
4 h
S I 80 R AR i M

t fTagntthe micthotl procesidst © quiatye464, whith checks epett, all of the
the total m ninmum cost of this bl oc tf:)v\%en t he

c8Bedifieq diansilione HEO Joe RiBRoding Stelerioi DRCHTETY %@‘feDhCT\'e been
Sﬁﬂéckeh 1K) is Igss 'tha@%/l 1 ?h&?'ﬁ%f”aﬁ%f%e&@%aﬂé‘iﬂdﬁs M\Re been

m nimum cost to state , he nean squaredl stortion of
dchegkety ankehe onéthodlparnceecta‘ toestep t466e i whlchetn is incremented by

eﬁb -ﬂ@%t(lt%‘&? ne‘(jrbtpgie‘é r%@(t’tﬂ %gzgg Y gégrjstltlon If, on

sqf 8thePtiahd, Mg H&Qé’ds t'ﬁ'aﬁ'l\milmtl‘?éﬁéte@MS-ﬁhrétumsQﬁb andwer false
(f) , 1s determ ned nparing the val ues

63?‘!(‘1 e artod of I igigref g@mn whichwthen cesteorbe @ﬁStq/r@Q)ular state is
¢ EeB D BRERY FanTevel pair Tormar of bl o6k

C?&O&%]det ean nr%%g nlow %o R ff'o4v€' chglq%f rFlng?u'rleeéﬁG,3 Istep 430 of the flow
chart of Figure 25, in which the cost to the i" extended state is calculated, is
outlined in more detail. In step 468, the incremental distortion is computed as
the sum of (1) the mean square distortion of dropping all of the coefficients
between state i-r-1 and state i and (2) the mean square distortion resulting
from the i" DCT coefficient when the corresponding index is forced to have
level value 1. In step 470, the cost to state i from a preceding basic state i-r-1
is computed as the sum of the cost to basic state i-r-1, the incremental
distortion from basic state i-r-1 to state i and the entropy rate associated with
the run-level pair (r,1) scaled by A. The method then proceeds to query 472,
which checks whether the cost, J, calculated in step 470 is less than the

minicost_ext initially set to be a large number in step 418. If J is less than

1



pairs fromthe optimal path are used to update the
context nodels and the process for finding the optinal
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the flow chart of Figure 26, the calculation of the
cost to the ith basic/regular state of step 426 of
Figure 25 is outlined in nor<betail. In step 446, an
offset m representing the particular transition being

considered, is initially set equal to Q. The
t'WéHCCp‘J‘rt.o@éfeH?ft W%W@H“Q&;queﬁ’ gﬁpcﬁ"iel? ﬂf@4 'HM‘@EEHF’Q!COSt ext is

d | d I
P A0 AR Doh 77 LIPS0 1 R B et stte
aéﬂe alko tdﬂereco»efddl cTlem nsethed \ileem psacatedsi torstap 4if6. Jf dtie greater

B30 21 SRAta ROk ¥l dod S R BPE AIOGFEAR EEcty to step 476
| | | f dtobel-m
CROERRApATDg Lo 450, “the cost of state i is
C@m%ﬁd asln&ﬁSP 298 te &lfﬁ 16 Qedte i FoPl Qtp‘?eéédln& extér{&%d state i-

nt al ortion culated in step 448" and
elnﬂ n@ paicukzted as sioe satneof thetcost tmeextandédestate &ty the lncremental

15 S Sk s WO
'\?vﬁﬁ tF\Q"JH] tl@@el[?d?t‘ (:,oslt) stcﬁfé@ b?'ﬁ' af ks Tokt, tR daﬁe@mned in step

arge nu ste he cost to statel
déT@isriesedhan nne:cbetht rtban miuary:é%& retumthelwﬂ&v&nia@ and the

pro s to st :

TG Brarefi Bt 480 i lrich iAGREext BoePHAE i . The
t ¥e8hdP of FRfufe 272 tiferptdrniigtes df@r istes480. Fdtitiefadlyer, 1, J and
the method proceeds to query 456. |f query 452 Qgifm to%al cost

tﬂ'@ ingeming state d/pe te %tﬁal areu all rpcordad in $iaR 480.
t t
b SyBEREh n 60 47T s RhAR GRS AT e fhggmethod of
thigun@lzhdérminaté&wmh@weaecuhﬂg stepc4Bl.ng state is one
of the first 14 basic states, or is instead a regular

steu1es] | f  dRerafrif§ Go Fagurenszs, tthe oamrort olute ddwfortthe special
preceding state is a basic state, and the

ptrepeitar (16,0 dpsignatedyinesier 6562t the é@Mgaftl pf ity 25 is
4

“BAEEIY ST oo B St g Bl gtater ran o
t bgoalt foe16ptthe: By@ittseresne oe WWéEHﬂdlim.rBi yraﬂsﬂloamsdfr@neqiate i-16

462, instead di
(depending on v%et?\%? olrn otdét[a?ec"i |1% is on %5‘ ¥h<§' ?iAr's't 14 super states

each of which includes two states). These transitions correspond to the zero
run length (ZRL) code (15,0). The cost of this additional transition is
determined in the method of the flow chart of Figure 28.

[00139] Query 482 begins by checking whether i is less than or equal to
62 and more than or equal to 16. That is, if i is 63 then i corresponds to the
last coefficient, and must be separately considered. On the other hand, if i is
less than 16, then the run-length cannot, of course, be 15. Thus, if query 482
indicates that i is outside the closed interval [16,62], then the method
terminates. Otherwise, the method of Figure 28 proceeds to step 484 which
determines the incremental distortion from state i-r-1 (where r equals 15) to
state i as the sum of (1) the mean square distortion of dropping ali of the



[00135] In step 458, the nethod checks the costs to
state i through the precedi ng extended state, instead
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conmputed to be the sumof the cost to extended state

i-r-1, the increnmental distortion fromextended state
i-r-1to state i and the entt®py rate associated with
the run-level pair (r, |-nm. The method then proceeds

460, whi ks whet h t ot al t
e%é]# bl heedostiaier B Ad e T A (7 e dbeen SRl fistortion
{Tx‘bg)gg{%ﬁqm%m’ VefiRididn thé cﬂﬂbﬁf‘bﬁbﬁ' qfh‘étn thé cost to state
repla

In this step, r, ,
| hdois caymputeddnisier 486 asttheesum aof theu:@si to éxa@rqj@rdreguiaa'rstate i-

L6, B PRierBrer itaBp gy st 18 B el fAOE liF FftBoy rate
Sé@é&nétedtvhm mermﬁnév@tp%ﬁreﬁmaooeobww bxerhk@dp 486. M s

| ess than M1, then not of these transitions have

ecke n h 0 r t 6,
mgﬁm@ i thandodth® @Fételid gh%&ﬁngdﬁgdﬁ} Etﬁp 4466 is 'Ist than
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t hen

- gael F Rep Ehed 1 B SR errup/sabty PhBa e et alue of 0

| forvihiect! hbaeCHd cost Uhand tthetiaabm‘ﬁgeetétartygtaafoeste&e | are all
calcul ated, is conﬁ)_l ete. [00136] Referring nowto th
u

f [esRrderhin stsp #P beznetmdewemsmoeﬁedﬁéomw 462 1 lghe cost
iF égggﬁgﬁ in %t%p\'%gsé: féulﬁﬁegsoﬁwtant RiriB&s {I‘l&n%%‘?ﬂgﬁ%dséfa\*lﬁure 28

ined I'n nore

4Apthcelels dimﬂpmmmeﬁlmqmmmomut ed as the sum
of (1) the nean square distortion of dropping all of

Etmm ¢f f i corehyp 4b2icneeks fhatiferiiis tebsandn o dg@al tA80, which is
t he nmean square distortion resulting fromthe ith

Degmf@eﬂt berauac itrid lesfe than PesauAtIn g0 esx thes prasieging node
it BPHSW fhe %Pf@élal dt?éﬁﬁtbas(tglgfhﬁg/ .6‘; U e)ﬂgn&é’&%oﬁg Wh%?@as if i is

roma prece nput'ed a
t freatemhah 30)&¢he @ﬁécddﬁn@@@de LBtd@tehe spedlal, tralhmtlon (15 0) will be

! BqRGUER@odR, 11 by les dnai 90 eABLLP < WonHBe Tsogue] Figure 28
Hce%?e%tb s\?\ﬁ?hﬁﬁ ﬁ 3%49 TQﬁ @?é&@%%‘é?&e%ﬂﬁﬁ%ﬁﬁg,t@mlle if i is

er t he cost
cgreajelaﬂnd 30 tiserethedmethaxd bﬁelélgutaﬂ& tenmnates ‘after query 492.

[00142] In step 494, the cost to state i is computed as the sum of the
cost to extended state i-16, the incremental cost distortion from extended
state i-16 to state i and the entropy rate associated with the run-level pair
(15,0). If this cost, J, calculated in step 494 is less than minicost, then the
method proceeds to step 498, via query 496. Alternatively, if the cost, J, is
not less than minicost, then the method of Figure 28 terminates after query
496. In step 498, minicost is updated to be the cost, J, calculated in step 494.
In addition, the run-length of 15, level value of 0 for the i" node, J and the
incoming state type to state i (extended) is recorded. Then, the method of

Figure 28 terminates.

[00143] Referring to the flow chart of Figure 29, the process for updating
the quantization table Q.+, step 366 of the flow chart of Figure 23, is



mnicostj xt initially set to be a | arge nunber in
step 418. If J is less thanm nicost_ext, then the

wWoreaokhoas1pz oceeds to step 474 in which m ni cost PERCAR®S/001084
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replaced with J. Also in step 474, r, 1, J, and the
incomng state type to state i are also all recorded.
The method then proceeds to <s¥®p 476. If J is greater
than or equal to minicost_ext then the nethod proceeds

At Sl o o Sk Wl R o
s{2{553 I sinhilardy, qals‘%é% %b?daacfeﬁd?rﬁnﬁwpéi’?a(}i RRNGPH an@ initialized

extended state'i-r-1 he 1 ncrenenta stortion from
ebot @rfded s 68 e Im stemSMx, theahleck Ir‘dﬁu jiswitialized 39 1 alnestep 506,

B GEd b A b el g e
N&tBp BUY, uﬂi@m 1B Entiig/ thé@CWQidéfﬁtﬁeﬁtfﬁbsﬁmfthérﬂQZag order

and the met hod proceeds to step 480, in ich
nohithegtblesk, is set egualde®nsi tIn Sep P8, the hovalee inthgpumerator

1arr33tl gﬁgcoﬁﬁéumeﬁ %?n?l?]% stuﬁi1 of i ygéﬁ nt 6?@1{ éét‘?@a[heyprofiuct of the

r@ﬁ@ihdpi@ DO TsécaHid8Rt of fhetjﬁeblécﬂ{ (i, )casd the rhatteredi DET index at
in s;h 476 i s not less than_m nig Elsﬂﬂ(e)(t fhen t

Pesition duthe ZinzearardRREEING %&Q@tﬂrm@e&fbﬁfep 506
4&@,'!) [ O3] fﬁeft lith QAP ir%uﬂgngrﬁmai&%ﬁé&t )Fs“b@r‘nbgfed as the

he cos e special transition
dasmgmfatsewrrentstaﬁm 4846 thé sghard bbmecBé)th lndex Rt gloe & &" pasition in

oytlined in nore, Recal | that for each
%@ﬁ'%agp‘ﬁ%qfﬂﬁ] gloﬁgé}étlér t han or equal to 16),
there is either gne or two addjfi onal gnsnl ons

sm1é411 16 Queperdf mgkewhgibentis gss i 88 dinat s 1\%@@2} all of
oﬂ% @&tsafg inSthi slél)oﬁk'qﬂﬁ(/e%e%heéolﬁ?ﬁ?eef Wii§ ess than 63 then

se transitions corr espond
t the metod pmdeedgtffor(l nlae}y 6ddido (step 616 \Mhareoosmasemented and

othe; wethad: beivrocegds begfa sbe 516455 harb pSfighht. o the
g aqemﬁ qh@%tﬂ@s%ﬁéhm | theSmbgtfedl thﬂfee@Ié madquér«; 514 to

morfe than or equal to 16. That if i is
t qearyn 5th rwmslpaalﬂswh@ aid is less thaeiN, |t|@¢ éﬁal nlaﬁheﬁg%blocks

a Qnsi h e
"B BBy GRRY ErefmeRelf S b oy b
bgeASMINANYS arral/s @We TUpdhE based on the next block, as the method of
Figure 29 returns to step 506 described above. Otherwise, step 519 sets i=1.

[00145] In step 520, the value associated with the i" position in the
zigzag order of the quantization table Qu1, q;, is computed as the value of the
numerator over the denominator at position i. Query 522 then asks whether i
is less than 63. Where this is true, i is incremented at step 524 and the
remaining elements in the quantization table are computed. Otherwise, the

updating of Qi+, is complete and the method of Figure 29 terminates.

[00146] In the rest of this section, we look at an example of calculating

the entropy rate of a given transition.



indicates that i is outside the closed interval
[16,62], then the nethod term nates. Ot herw se, the

woreaokhoas18f Fi gure 28 proceeds to step 484 whi cPCT/CA2005/001084

10

15

20

25

30

determ nes the increnental distortion fromstate i-r-1
(where r equals 15) to state i as the sumof (1) the
mean square distortion of drofptng all of

t hecoefficients between state i-16 and state i , and

AT ont Exaimoks GAIFREl s BekoPYTFAIR GfBe dasiiah fom state
si & sfaft%JIG. ih¥ I@r@'%t fbg d vk ‘?(’l é‘%eaéntFJb% r%ﬂé‘fbpfraﬁ;*,]ﬁon 1,1

cost to basic o tate 16, the’i ncrenental
diremostaieot fo statstf@r.e i -16 to st ate i and the entropy

rate associated with the run-level pair (15,0) scal ed
b500148]1dst eExé@ﬁ fot ﬂ{bléﬁécmﬂrammtmmsw t@) amda(ﬁ iQ), the entropy
conputed | n 486, is . less tha L Nj COS

natmfsep 26l e RSO BenE RIS OB giEgopalty GHITGRY rate of

R I\fﬁﬁrto' YV 1%?@bﬁﬁl%dsl% | LEVEL apddritrspy raltd 8f the magnltude of

value of O for 'the ith node
thEVEbst J and the incomng state type to state i are
all recorded in step 490. The nethod then proceeds to
O[oDrv9392. Theth&rdpqsﬁat@@lfchUNt isdherenttopy e of ssacht bit of the
| ess than m nicost n the meth

pPYERIEIR ré@tY"B Chrb% u%ﬁ‘%‘?d48’§ &%eﬁugFé/%ﬁ 32018085%9_] to the
qgﬁra%ﬁéﬁ%ﬁn FaRgmie rqﬁ\%}ﬁfd?\%ﬂ dbdve. biRe thittRUN lswﬁthetﬂ?st RUN (a

cant because If | Is |less than or
eRUMN startiag, fronemtatanpsethedflr@ Rbldk) Lullsdﬁlrsttbfe S@Imdablt and

 RShiacPet 18a et Bt XL %200 b SR e from e
Sﬂ@ﬁb@'oraéra@ﬁﬂh"e' ;srecéd#a Q)E\YEL Ihée tﬂefﬁ@ﬂégﬁbrdmdﬁ thé foréceding
| eSs than or ?o 30, then the nethod of Figure

BE}g!EbcleeH% Smes’m@ptragwtm@ @&ar;s from siade s%@nﬂg’éleo@ﬁgngude of
Lgﬁ?ggaéff g%[%ur 3 (%gé% this! Fadifdt Ear{é"I ?rBrr?’ gm %@Hdé@ State, the

ermnates a

[ 66Yté%] modles cemredPdndihy €o ahs tunity magmeude W$II berqsedﬁdOnce the
as the sumof the cost to extended state i-

i pentexkAtoslels gt detemined.ones @#%&9&%9%@9 srgropy rate
t Ba %@Bﬁ the ﬁﬂﬁeﬁfi@ro@?hﬂlﬂ?éﬁtsﬁﬁ)tuﬁoﬁ%? B é&ﬁl@rf"h@e@e.

evel I'S cost , calculated in
4 is,l t
PR | A58 BB TR 0 ST s rivr
t bRcedifg ,stalge iWe may use one bit (properly scaled by 1) as the cost of the
sign bit in the calculation of incremental Lagrangian cost.

[00151] The magnitude of LEVEL is binarized as (|[LEVEL|-1) “0’s”
followed by an ending “1”. The first bit and the remaining bits of the magnitude
use different context models which can be determined by the zigzag order of
current state (here the zigzag order of the current state is 16) and the current
run (here the current run is 1). Given a LEVEL, /, the entropy rate can be

determined accordingly.

[00152] In practice, we do not have to compare the incremental costs
among all the 2m -2 transitions between a predecessor and a basic state or

2m transitions between a predecessor and a regular state. Instead, we may



not |ess than mnicost, then the nethod of Figure 28
term nates after query 496. In step 498, mnicost is

wapwavedst o be the cost, J, calculated in stepPdP¢A2d08001084
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addition, the run-length of 15, l|evel value of 0 for
the ith node, J and the incomng state type to state i
(extended) is recorded. ThenB1t-he nmet hod of Figure 28
term nates. [00143] Referring to the flow chart of

Figure 29, the process for updating the quantizati
eompare a fewels B6b teansitiens aBRNG HdrYElt ™, du?i’ B4 F3, ...,

i sdesqcr. i ' .
VTS D B0 Tl a8 b o nRHIRGEK e wi
_&hspaﬁ%@,q?r{mag@m ][Etteprsia%r Oiherdteveld maestalilady result in larger
initialize 0 or 1 i63. | 504 h .
iineremgntals cogts: i ¥ye ehalk '&ompqr% @%é&%%ﬁmahcgc% C!&gmplex:ty
r i o

0S8 AP A L gt oG chingee e nex
tdubsB€fiortoef fi ci ent position in the zigzag order of

the jth block, is set equal to one. In step 510, the
i[0b183] ue iln ddeerdurcerwitivstitfurtheriaspeotspoft the iagention, the data

sumof its current  val th duct, of th .
APEeSRNg ﬁvﬂem:%%ﬁﬁfggﬂgﬁtd':'a\‘"%t Ei?'}%ﬁa'ﬁig &Eius(eea tojimplement
a&b%ﬁﬂ%@sfogsﬁfgtﬁgdfgﬁch né’%)ih e tdeRciib8d Pasdvie /i doAnkbfon with
zi'gzag order of the jth block as determned in step
F0Guld§ 19)to 20 bt épesel 2ases dhit ey 234 mayeinclude Huffmann

denomi nat.oor array .is conputed th j

e g, bt e O PR, g, ool as
! bbb iimgkle gr 9éadviag dastraétidnkefrbhh ablisek via th
(%bc}%@)b f001l44]g Query 514V|agkls vrvheé her r? is Iess\”tahane Hset

6Btetacat 236;, thanvigteprospssast 23t wilk sempressetiesinpyt impge data in

bl ock have beer i r i e e s
R lBes SRRE AT RIS S, 1, B hal odiRg o, itazatr
whelald befoleCpviing diten decdrhpreseediodateheto [theceetynunication
back to Stef 510 for the next coeffici

3 [ . 1f. . on.the . ..

oavisysiem 0. The GBSOt AU/t A K Thrb SaDGt this

4 17, which asks whether j is
|é‘§'ﬂbfﬁ%§%§ﬁ%ﬁiﬂ?§@&£mer of bl ocks. If j isJ | ess
t thep_j (LS. hnGr ed | 5
AR or ' Re el VS, pRelod Py G SeicCas0, may be
t fRofgorhtddl aslo. sdightsl wahieed of cell phone, while the mode of
transmission from communication subsystem 240 to network 242 may be
wireless or over the phone line, as well as by high band width connection.

Experimental Results

[00155] As discussed in the last subsection, given a state (other than
any of the extended states or the end state) and a predecessor, there are 2m
or 2m -2 possible transitions where m is the maximum magnitude of LEVEL.
We may find the minimum incremental cost by comparing any number of
transitions up to 2m or 2m-2 between these two states. Simulation results
show that comparing only two transitions achieves most of the gain a full
comparison scheme can achieve. As an example, Figure 30 plots the R-D
curves when the number of transitions in comparison varies for a 512x512

Barbara image. When the number of transitions in comparison is greater than



Figure 29 returns to step 506 descri bed above.
O herwi se, step 519 sets i=1 . [00145] In step 520,

w0 b@ewedlee associ ated with the ith position i nPCTEA2005/001084
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zi gzag order of the quantization table Q+i, qgi, is
conputed as the value of the nunmerator over the

denomni nator at position i. Q@y 522 then asks whet her
i is less than 63. Were this is true, i is

incremented at step 524 and the repmaining el enents i .
thethgieuin abmastde diffsrencs B cumpiassien @rff%mang@; I ?rée following

flrSh8f wet cﬁ?l% SEW?‘Ethe{?efoﬁP ﬂaﬁgﬁoﬁﬁ RAHe & .a'ﬁk%/\"}\)gstates.

u

29'Ter ni nat es. e rest o is sectio

| DalhleaV| dabelatempitiee @PUatimebafor nipet Be cedé rioplemeantation of the
a given transjtion.[00147]. Exanpl e: Cal cul ate the . .
CoRMBR, afbrietsr codlabmARRA oI PPEPUAtE L AGOTHTY JOE R teration
1$n P&t @cz?\(vhhfwzxm 9inHPara ifhagd whéh eheRUDRY of BhAsitions
of transition (1, 1) fromstate 14 to state 16).

[ dOdotBparidoreyaridsor t he special transitions (0, 0) and

(15, Q, the entropy rate associated w th any

t Tablei Vi. @P\4 dinss of theopropbsed jgiat ogtimization @gariie ot a Pentium
RUN, entr rate of the sign of LEVEL, and entropy
@P&%?X@ﬁﬁ @ ude of LEVEL. [00149] The entropy

ate of RUNis the entropy rate of each bit _of the
current RERIINGS which i g bi nblort P8 Tas t Hr ee Figst Wteger DCT
according to the binarization schene nentioned above

SCoatpdrimgs! Rahsitisnnot the first.7RN (a RUN st ar t0.3@s
fromstate O is the firgt RUN), its firgqt bit, second

JCbnﬂfg}ir{gqrﬁ-bﬁgiﬂgnQI ts yse diffgrent context nodedss
hat 'can"be determ ned flromthe zigzag grder of the

01 o4 EVELthere tire zigz rder gf—the
:)Pépﬁ%cﬁrhl'é %(E{V:I_Sllmsﬂﬁi4 si{nce th?’g ransi tji on st arot"é8 S

romctatae 14 and the dmanitudae of VM of o+ o4 1.4
oottt © ) ot e Tyt T Outc— ol CCvViE T Ul U Al © 15

(since this_transiti tarts fr d .
{ EROBI: ox: ThedETawe: PESSORTINITSS BReva A S Saclit stasts with

&ghggg@ ﬁ%gﬂfiﬁatﬂ?nc?atﬂé‘garﬁoﬂg&étbsWﬂgeété? oAb RGN neglgorithm

e corresponding entropy rate based o
t batlimedrie sectisrobdbiing the itkration blince the stepheize opdating algorithm

g?rg EL%;QJ gg%\gﬁ%cﬁ%ggéé zc?ﬁaﬁ %?nxatlityqqﬁeelini%igl Hl‘j’gr?tizfa?ironttgﬂes also
impact the R-D performance in certain degree. We can use a scaled default
quantization from reference [1] or any other quantization tables such as one
obtained from the schemes in references [3], [9] and [5] as we did in section I.
In this section, we only start the algorithm with a scaled default quantization
table and compare the performance between the Huffman coding-based joint
optimization algorithm and context arithmetic coding-based joint optimization.
Figure 31 shows the PSNR performance of context arithmetic coding-based
joint optimization algorithm and Huffman coding-based joint optimization
algorithm for 512x512 Barbara image. The curves are obtained by sweeping
the Lagrangian multiplier A through possible values given a scaled default
quantization table. For illustration purposes, also shown in Figure 31 is the
PSNR performance curve generated by a mixed scheme where only the last

stage of Huffman encoding in Huffman coding-based joint optimization



encodi ng stage. W may use one bit (properly scal ed by
) as the cost of the sign bit in the cal cul ation of

w0 p@omnast al Lagrangi an cost. [00151] The nagnP€TIda2a/001084
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LEVEL is binarized as (|LEVEL|-1) "Os" followed by an
ending "1". The first bit and the remaining bits of

t he magni tude use different -&nt ext nodel s whi ch can
be det erm ned by the zigzag order of current state

(here the zi order of the current state.js 16) and
talgorthim @ﬁpp? (es@ntexibasad Alipmelis qoding, | { tg see that

accc%aoﬁ‘ r?d‘lédﬁﬁf)ggﬁlrggﬁﬁ% IE)EHO%I P%;xé@d ‘%ﬁl‘ggmﬁrﬁ%ng\r}eal?orithm over
ddufraaa doding- basmmmtadptmza’moraaigngtmhlcom@ frem-twp parts. The

et T CEraRRs, TGt Wien O hr SaBBEREPeath 3Pl pSaR over

st nl YheorgeabRd a phfW dotnds  fidm the joint
tran5|{£|egnsﬁ§ﬂngﬁﬁecgam% 1+1, |, /- 1p 1-2, 1-3, :

whe
/optinizatiombEiguie ézvemmpafﬁs theesamepperiemanee for 512x512 Lena

gﬁ{eafgeg el%g? ﬁnﬂéﬂ”&bﬁf@%g%é *&g)d}@‘ feés‘g&ﬁ%%é %r%étgc{bpular bit

| REELTR Hoth ihAgés whéke S bibfattrpaintization mmé 1 mam/ scaled at
and conplexity difference_when the nunber

tthenkeginaing fon eashit ralenFeamibese |t¢1bl?ﬁ@fw'e ures, one can see
0 c t er

SHRECSS CRopkEP Al cRoRE8Y, int L Epliatiehcraiorin

2&5}19|étbnwraumﬂarfdnm§| ghee HLIB"fmaly a:loslmgabammdlm optimization
npl enment conpressi on nﬁtd%o @ (;[g as._tho etdescrl bed

a@}g@&thnﬂl by himeEdinaip 19 ¢ 185 ?'6929 UGN, hese

cases, the nenory 234 ma |ncI ude Huffmann deco (ta

' TABLE OBl aCamparisem SPEBSNR vtk (diferent agpijBizatigy methods

unconpressed i mages. On receiving instructions froma

ugsli2xéina Barbarager i nterface 236, the m croprocessor

238 will conpress the input inage data in the manner

descri ped abgve using the cal cul a |oHufirnauiuI e and
initializatign rm%ul e bef opgmfar ovil 0P @p Conp hmetlc
data tp Q q n?tg et )raocmgbsgssd( g'(p, ina based
conmun FSor a?fy'"% m| 2400t pradA] t henan{hﬁ]a?fism tcoﬁrt:agt @?fe
conpressed data to netwprk 242. coding
.25 25.31 26.93 27.23 27.24
.50 28.34 30.65 31.06 31.11
75 31.02 33.12 33.53 33.72
1.00 33.16 35.18 35.52 35.68

TABLE VIII Comparison of PSNR with different optimization methods

(512x512 Lena)

Huffman
Rat Customized Huffman C(j?gilrrl]tg c—)gisfd aﬁt(;::;ee)gc
ate h coding —based : dina-based
(bpp) baseline joint opt.[1] context-based | coding-base
joint opt. arithmetic joint opt.
coding
.25 31.63 32.37 32.92 32.96
50 34.90 35.75 36.18 36.22




[00154] As described above in Section 1, the system
240 may be incorporated into a digital canera or cell

w@b@waopsishi | e the node of transm ssion from  PCT/CA2005/001084
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comuni cati on subsystem 240 to network 242 may be
wirel ess or over the phone line, as well as by high
band wi dth connection. Exper-iGfental Results [00155] As
di scussed in the |ast subsection, given a state (other
than any of the extended states or the end

a predecegsor, tdégpg arg 28v®0 2nt 238QFsi b e 38.11

tr ansi bbons \Where mis he WnVIWHIIwngn|fnd of—-EVEL

W may| f1.00 {he 37.0Mmum i n8BiBent al 86346 by coﬂﬁéﬁi ng
any nupber—of—transittiohsup to 2mor—2nr 2 between
these two states. Sinulation results show t hat
conparing on transiti ons ach| eve rmst of

GRORBZ] 101 | Otaririations eoHdRBIBERTaS PEYE. Migipn de possible.
K BLEMpld IHE Gopfbo Mbdels MR sBribb & Wb¥es iMhRBtidRE could readily
nuftberoF ¢ ransitions in conparison varies for a
5ﬁé2>¢5ﬂ>lcherdhaothaag:ent&Msnodale niitheer, ovhiter thesiaspeeals of the

in con son, | reater th re iL.s

dvPaNEh cisspioed AHSE BT PR PhaluE, SRef pRES o (un. leve)
f Q4O DI %ép&dprﬁélﬁtéd byehese Yf GRiTPiar geugrttthaf other (run index
transitions between any two states. Table VI tabulat

t terivGrtive) paiss cpuld henses by dlerivingl iafexbased yabtes giper t an size
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5\1&@%39@@h@é|@ved&cewﬁmmtme sphebe ranaff sdapensf thiednegention as
arison varies. Table VI. CPU tinme of the
pd%fmg

y the ﬁlﬁ'%?Pﬁ?%ﬁq BereiP-gori t hm on a Pentium PC
(512x512 Barbara) [00156] The iterative algorithm
outlined above in this section starts with an initial
qgquanti zation tabl e and updates the step sizes using
the algorithmoutlined in section | during the
iteration. Since the step size updating algorithmin
section | only achieves local optimality, the initial
quanti zation tables al so i npact the R-D performance in
certain degree. W can use a scal ed default
quanti zation fromreference [1] or any other
guanti zation tables such as one




obtained fromthe schenes in references [3], [9] and
[5] as we did in section |. In this section, we only
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tabl e and conpare the perfornmance between the Huffnan

codi ng- based joint optimzation algorithm and cont ext
arithnetic coding-based joi rt6%optim zation. Figure 3 1
shows the PSNR perfornance of context arithnetic

codi ng- based joint optimzation al gorithm and Huffman
ORimg- based joint optimzation algorithmfor 512x512
Barbara i nage. The curves are obtai ned by sweeping the
Lagrangi an multiplier | through possible values given |
dl-scalAdetbpdwficompirssipata seruensecof mepeffiicenis bytdeiarmining
aur ROS n_Fi , i st he }
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CEHRTRIoR ST o SELAATHE dba ki corReponiBiceiygnoe of
CUBHiciERORYICRS ih@ludks @mlumngﬁu PalueSirtiding 2 nefiue, and
the sanme performance for 512x512 Lena inmage. Tables _
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can see that the context arithmetic codi ng-based joint
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PSNR wi th different optinizat] thods (512x512
L ShapPoeAs A ruf BRey ARG PRy rodi T cat 1 ons of the

i nvention are possi ble. For exanple, the context
nodel s desc(y)sblyiRg iee icBssREction tbleavhushsiiiadiequence in the

plurality of possible sequences of (run, index derivative) pairs to determine

an associated cost; and,

(c) selecting the cost-determined sequence of (run, index
derivative) pairs from the plurality of possible sequences of (run, index
derivative) pairs based on the associated cost of each of the plurality of
possible sequences of (run, index derivative) pairs; and encoding the

corresponding selected cost-determined sequence of (run, index derivative)

pairs using entropy coding based on a run-index derivative coding
distribution.
2. The method according to claim 1, wherein step (b) comprises,

for each possible sequence of (run, index derivative) pairs in the plurality of

possible sequences of (run, index derivative) pairs:



be replaced with other context nodels. Futher, while
the aspects of the invention described above have
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wi Il be appreciated by those of skill in the art that
other (run, index derivative) pairs could be used by
deriving index-based val ues -dther than size or |evel
fromthe coefficient indices. All such and simlar
nodi fications or varjiations are believed to be within_. .
t he sphere @AndleiRBHBING: & HOMGSPORTINGN SLYUGBF? n@%gvI iy coefficient
tri}gdigéseu ns appended hereto.Clains 1. A nethod of
conmpressi ng a sequence of n coefficients by
determining a cost-determ ned sequence of n ]
coef fi ci ent(ii) ndéteeminirgr @s conrespanding cerqustcer @f nad quantized
sequence of (run, index derivative) i.rs. un .
gicggﬁ'céﬁmﬁt HSIRg; He  AYPR gHan&?ﬁppna@ed@Pﬁvgﬁ V‘gorrespondlng
cQdiy0enék 8t hicButficRsht indigsLi n each sequence of (run,
i ndex derivative) pairs defines a corresponding
sequence of coefficient indices such that (41% each

f

i ndex in t héii)c sletersppingi iy YEQIEORE ePRESHeftnP cSeAence of n
i ndi [ , . _
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of values including a special value, and (iii) each

(run, i ndex(igedétemninirg a petat catepiessorarate resuiting:from using the

representj a, nunper of. copsecutive indices of

{ eamarun ot et opint REEAY & SRS e Bee of cun
Vahiis QérijdtRe) pARY; 4l | owi ng the number of consecutive

i ndi ces of the special value, the nethod conprising

the steps of: (a) using the given quantizatign t?%le_ .
and run-inded d@éerrmamgaae@éaofﬁgtﬂs# eqstiaga usstien of the distortion

f or mul, at i.on for a plurality of possible
Seadﬁwgé@tagpgﬁﬁ%%&ﬂgﬁh%t% derivative) pairs; (b)

appl ying the cost function to each possi bl e sequence

i 8. t he pl ur Thétyethbd prssiding teselgine ric aheodin (stem (C)iaotrvises:
derivative) pairs to determne an associated cost;

(Fun, ' hdox HEPOLIO.S) SHEEST Toth ST Qi Sy | opuper node
PASsthHiging & Yeast &hePhodé,UR. ondlfR8ne relation with the sequence of n

coefficients, such that each coefficient C; has a corresponding i" super node

wherein i is greater than or equal to 1 and less than or equal to n;

(i) providing an initial node preceding and an end node following

the sequence of n super nodes;

(iii) providing a plurality of connections between pairs of nodes
including the initial node, super nodes, and the end node to represent a

plurality of possible (run, index derivative) pairs;

(iv) determining the associated cost for each sequence in the
plurality of possible sequences by determining an associated incremental

cost for each connection in the plurality of connections;



derivative) pairs based on the associated cost of each
of the plurality of possible sequences of (run, index
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sel ect ed cost-determ ned sequence of (run, index
derivative) pairs using entro codi ng based on a
run-index derivative coding ﬂggtribution. 2. The
nmet hod according to claim1l1, wherein step (b)

conpri ses, each OSSIb|e se uence of (r
deri vative) (vseqqtgrmlﬁ Iﬁpgtr cPS$ t%ﬁ%'ﬁ”ﬁﬁséf clEJgnr@ec? or?é( from the

ZjﬂHn%ﬂﬁﬁéf BonAddiidns! Wﬂ%?‘elﬁ%é E'uéﬁé:e RiticoRnéttlons extends from

determ'ning a corresponding ence of n coefficient
i rttedmitial moda todtbeand mmdegwa actcbeaﬁweraﬂneg nodguande of
n quanti zed coefficients using the given quanti zation

o e ) SRLEIARAC B SGRBTEh Sefies Bl 3R, ndex
S Qiét%ﬁ@e)%anfs ﬁ@mf thedéssticostsdqlidiecsirdopsipetiotis)g
sequence of n quantized coefficients; (iv) determ ning

a total conpression rate resultlégfrom sin

gftven run-i B@xméquvﬁﬁiwln%d'inn W sty %liq"%ﬁ%qrb (c)(v) further
f
aggt‘ﬁgﬁ)ség ﬂs@f@nﬁﬁﬂﬁﬁl@ ssoc Irigdf‘d( flﬂarfh\éaFéa‘é?)coEﬁ'séauence of

ed cost as a function
otohmectidnstio the pimramyi 01f bennedtminsc winpreais $he leashtest Equence of

Th t hod di 1 i
CBspSabed BASRES o e 4Pelhicn 1808 Lo i deast one
egGheSyRy, node conprising at |east one node, in

one-to-one relation with the sequence of n
coefficients, such that each coefficient G

cbrr espondl ﬂbel methagpas dedinedwnesiainm 3, W@,e@l*bﬁ'teé)r (9fighfurther
1 and less than or equal to n; (ii)

pPS&%g'?ﬁﬁ an initial node preceding and an end node

following the sequence of n super nodes; (iii)

pr 8\” di ng a(ip! defaling yaof incremental oase begsiedor sichs cofinection,

nodes
representing an associated (run, index derivative) pair, from one of the initial
node and an (i--1)y super node to an i super node, as a number of bits
needed to encode the run value of the associated (run, index derivative) pair
and the index-based value derived from the associated (run, index derivative)

pair;

(i) defining an incremental distortion cost, for each connection
from one of the initial node and the (i-r-1)i super node to the i super node,
as a distortion incurred when the coefficient C; is quantized to a value
associated with the index-based value derived from the associated (run,
index derivative) pair and all of the r coefficients appearing from the

coefficient Ci. to the coefficient Ci.1 are quantized to the special value; and

(iii) defining an associated incremental cost, for each connection
from one of the initial node and the (i-r-1)i super node to the i super node,
as a function of the incremental distortion cost and the incremental rate cost.



including the initial node, super nodes, and the end
node to represent a plurality of possible (run, index

walesooweiiBye) pairs; (iv) determ ning the assocP@r/€d2005/001084
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cost for each sequence in the plurality of possible
sequences by determ ning an associ ated i ncrenent al
cost for each connection in-B8 plurality of
connections; (v) determ ning a | east cost sequence of

connections_f th I lit f : :

fhe sequencEneMebARces 6 B incsial (b oersd fsadh in, index
0 de. vi | ) . .

Eb\‘/é?ﬁ/ag\z?) e;?ﬁ]r fr:slr‘% ér‘ﬂl?ih (;Fev‘égg%a?:t stu@PeHat ﬂ{l@lrﬂ%Rﬂfas%C{%Iuél&ddeﬂned

( _ _ -determ ned sequence of (run,

ito dexadevélwatliey difiped as the oraluehof theaindexdollowinguibadgwmber of
of connectj ons. . The .nethod as defined in claim3,
\M?é‘lS@PHt"Q '@H"@é)‘%\ﬂ)’e ?B??'gEYat‘]H%'npri ses using dynanic
programming to find the | east cost sequence of

connect i onsThdnidiGod b fdefinkdl i tlare adiersinprovitiimgethe plurality
the | east cost sequence of connections extends

f
tafecantiectians mhetween the & lwalityneiBodes irH%IUCFi@aéhedH@anode, the

R ROER ) P R PR R T cee” (1) det i ng

an increnental rate cost, for each connection,

representi ng feneasis sapat rod¢ inuthe seglencdafinsiperaiodes having
pair, fromone of the initial node and an,(i=r-1).t
s @deastorI aNPEMM 'R T{ReT AbREPASEESSON, adks ifgiddbg dhe initia
Pngg)%%d"g%&iﬂ?otﬂ%g E0Ber HOAY 3 e %Egﬁé\%é\éﬁ ACdAJe? chddednand the

de rivative) palr and the index-based val ue )
d émitislenbde, @statiishingsa ciaxison leve| nimbex ofiepnneatiops connecting

it (i fini ; S di ) ' _
P dsabior e s el s ShEPRAL PP S b8 gfBlisgnolucin
t ke Ghitid holle $#868diAG ARat Sup&enbdd vinerein Bacde coaneation in the
distortion incurred when the coefficient G

) ! L
quaaximzesal lave! Burien of aerrRAtINE FofesRORdRtq Adiferaatleyel value;
val ue derived fromthe associated (run, index

gg;)ie\é?it in\ée% Ql@?ﬁér{%ééﬁﬁdsﬁér nbelif$hd s&q&dideCoEdper nodes having
less than the maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes,
establishing a maximum level number of connections connecting that super
node to all nodes including the initial node preceding that super node
wherein each connection in the maximum level number of connections

corresponds to a different level value; and,

(iii) for each node in the sequence of n super nodes and the

initial node, establishing a single connection to the end node.

8. The method as defined in claim 7 wherein, in step (c), the run

25 value and the level value of each (run, level) pair in the corresponding cost-

determined sequence of (run, level) pairs are separately encoded.

9. The method as defined in claim 8 wherein



coefficient G-r to the coefficient C are quantized to
the special value; and (iii) defining an associ ated
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initial node and the (i-r-1)th super node to the ith
super node, as a function of the increnental
distortion cost and the incre®®ntal rate cost.6. The
nmet hod as defined in claim3, wherein each (run, index

derivative air is air such tha he

i ndex- base)d "P%\IS@QUPQC%eP{JrYECPQ%F%%“tg CRIRISG3| %ehrstt group of
deldeifidertS d4rifa ‘é@g g?OI{H‘SLb&&ﬁ&eEQ &l@j@lﬁ’&rdrﬂﬁh@ 'ﬁ@@roup of
of consecutlve indice

e special val ue.
metdedficiestsdef i ned in claim6 wherein providi ng the
plurality of connections between the plurality of

nodes |nclud he initial no t he super_nedes

Che end modstebaRriccadisas sndigfifa fos Puf Vafls, BfgaRn @HE teve
S asHiEME ehef cotradiRRidinty ¢ost-tatenmihett sbgaéﬁce‘i dfeguRUmavel) pairs
run nunber of predecessor nodes including the Initial

ndisesr@tedi ng t hat super node in the sequence of n
super nodes and the initial node, establishing a

maxi mum | evel Hﬁﬁ{ th f|e|‘v‘8| G& BRASHE PGSl |8§%ﬁe&rlﬁg§the index

super node to eac e maxi mum run nu
nqatesedingl theimunhdreofi ourlseammmnheliqasemfdbe rsgpet:tadxtvamermsociated

nod, erein each connectlon

o I i By feCRech e b Soe s T e P PREAE cprgaponding
Vab4Re index Fe‘éédf?@othemerr&%n‘s@c&t% lﬁ&ﬁ:@@'@ﬁ%é’&pé‘clal value
super nodes having | ess than the nmaxi num run nunber of
prassec@éedwithdte sun icinubiedigstgreup oif coefficients andecedi ng
that super node in the sequence of n super nodes,

establ i shing a |

connecti ng that n?@péwgﬁ%&yoeétatﬁ“m Eﬁese %?Fﬂgﬁ‘g%‘bﬁgﬁ? Re mber of
| nddrisabutiasiengiices esfi tige tpatiab updue ruséeclaitmj avith éashrun in the
connecti on |n t he maxi mum | evel number of connection

coTaBERSRAST b ceHicianis ohiineegRefliGignt CoresaONding; 1o ftﬁﬂ% index

r t
A 8 S S o
enditimdderurBis il iflee secdratigaspdefdoeftcientscl ai m 7 wher ei n,
in step (c), the run

10. The method as defined in claim 9 wherein

the associated super node for each coefficient in the first group

of coefficients comprises two associated nodes;

the associated super node for each coefficient in the second

group of coefficients comprises a single associated node; and,

the plurality of connections between pairs of super nodes
comprises a plurality of connections between non-associated pairs of nodes

representing the plurality of (run, level) pairs.

11. The method as defined in claim 10 wherein providing the
plurality of connections between the plurality of super nodes further

comprises:



val ue and the | evel value of each (run, level) pair in
the correspondi ng costdeterm ned sequence of (run,

wO ewelo)sipai rs are separately encoded. 9. The neCTrod208/001084
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defined in claima8 whereinthe sequence of n
coefficients conprises a first group of coefficients
and a second group of coeffici®nts disjoint fromthe
first group of coefficients; step (c) conprises

encod g <N A eNahUS, 0L SEE D chetel )l BRYT o fler nodes,
| @NeedrniRRgr 8n Wﬁﬁ [8PePQsiA td“ﬁafdibiéblsib%' &@arﬂ%rtd@med by the

ordered | ocation of th eln% precedi ng the nunber of
c @ivarc guantizatian dakleofo ﬂuentgq:ﬁedhal carsgspondényg coeffisient in the
the r equence of n coefficients if the

C&Sﬂf‘?'&?%ﬂf”&??ﬁ!gg%%di ng to the index preceding the

nunber of consecutive indices of the special value

associ at ed (i) fdr ddod super inddelin tHeeséduisticedsfausuptr nodes having
coeffl cients, and the ordered | ocation of the index

deant @WHW ngn EBREB@HQW@SQMH‘PQ%%F’@C@H@ that super
?ﬁ)ﬁbailn ?‘1? @Cc?f Qtp¥t h?gé?%nﬁuﬁﬁe' |H|tfah‘?lo§§qkl§{é%ﬁshmg a
of n coefficients i

he" coerficient correspondi ng t
t meducate xupbereafi conndotions nd:]mnecﬁng ansedet ihv‘ehat ralipeesnode to

of tBe %fegci ﬁ'ltﬁval uePﬁﬁF@ﬁbgt ﬂ?@t he run |nr|]tiet\Ihneode or
d%ﬁb@?%dd%s?|p?éc‘?écﬁnghﬁé?'s[]pélh‘hoﬁés\%é?&ﬁq?édhp%nﬁ@tﬁ%n in the

for each coefficient 1n the first group o
coedfices bumbes afrppnee@qnsmqmndséd andiffesenttlaeel value within

CEGIRBHRGfiBRoR 5T o MonFEVELARBrIEGRL e eLB8r noce;

associ ated node; and, the plurality of connections

bet ween pai (i) for @atﬂersupedemdeormlth@%qanepberw ht supdr nodes
connectj ons. bet ween non-associ af ed ]pal rs of nodes

r SRVEIess tban e B]%“HPM RUNGRUM P& FPV@\?’@P?S?% r}gdeslpr eceding
Iﬁﬁaﬁgﬁﬁé}d ndde SR {Hee dedflerideiof nt QuBBE ToldBs PARY 'tHE Nfitial node,
establishing a reduced number of connections connecting a node in that
super node to all nodes (being the initial node or super nodes) preceding that
super node wherein each connection in the reduced number of connections
corresponds to a different level value within the selected difference of the

output level determined for that super node; and,

(iv) for each node in the sequence of n super nodes and the

initial node, establishing a single connection to the end node.

12. A method of compressing a sequence of n coefficients by
determining an output quantization table, a cost-determined sequence of n
coefficient indices represented by a cost-determined sequence of (run, index
derivative) pairs, and a run-index derivative coding distribution, wherein each
sequence of (run, index derivative) pairs defines a corresponding sequence of
coefficient indices such that (i) each index in the corresponding sequence of

coefficient indices is a digital number, (ii) the corresponding sequence of



plurality of connections between the plurality of
super nodes further conprises: (i) for each super node
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out put | evel using a hard-decision quantizer defined
by the given quantization table to quantize the
correspondi ng coefficient in-7he sequence of n
coefficients; (ii) for each super node in the sequence
of n_super nodes having at | east a maxi rum run nunbe

oFO%ﬁf'E@@EE&%‘EﬁS instcies Blusalitn oF vakiesJnRUAingoR sPpAaL M%'UG and
indHie t
e§t abae? h?ng A red{jﬂgg@g Egll’ Eridd Gl f\.lnr\%ﬂ‘l?e representing a

connecti ons
cnunrmer ohgoasetutieei mdlbdasabf ﬂlqospemmidmlme) aracan imobx-hbased value

th |rrumru nunber . of the i.nitial

VA TRIp Vol a8 e, riledpigvinG e SEpiHeT oS donsmeitie indices
eétheCéHHb‘i‘é]t\la% 'dhddvﬁefeﬂﬁia%%aue%@%f nfbfoem“é}ﬁ%dne% together
corresponds to a different level value within a
selitba adantizationdable, detarnines asequesoe of acsafi-decisionfquantized

SCRRORERR, #8 ey chimBePEHSEEL Than the maod mum

run number of predecessor nodes preceding that super

node in the(seasletting 0" yuamfieatioogeie;and the initial
node, establishing a reduced nunber of connections

connecti ng no e in that super node to al] nqd _
(bei g the [iselantnacl” guralier SRBvRall Ghing kb tion
super node mhereln each connection in the reduced

number of canRREiNPATBAITeERNBA® 6;0 a different |evel
value within'the selected difference of the out put

| evel determ ned for that 'SUP node; and, (iv) f
each node i (A)xYRing Edmctiantiza Wéﬁljﬂ@ranﬂdd@slnd@éidﬁﬁéawe coding

L blgBe e I8, 3" o8, B SR AR, B ossive
c asddfuetices of (o, telexrdsrivatige)asairgyt put quanti zation
tabl e, a cost-determ ned sequence of n coefficient

i ndi ces represented by a, cost.- eterm ned seque
(run, i ndex e?lPP/lX’t”igv%')e frafPs, Hﬁ'ﬂp%t‘? Lﬁ?cﬁrﬂ%?%e sequence in
defhbvad, YRirRIRG SH9psisiblel BedhbesVBR (®inD ifdEX derivative) pairs to

determine a s associated cost;

(f) selecting a ty cost-determined sequence of (run, index
derivative) pairs from the ty, plurality of possible sequences of (run, index

derivative) pairs based on the t;, associated cost;

(g) if the t, cost-determined sequence of (run, index derivative)
pairs together with the ty, quantization table and run-index derivative coding
distribution, meets a selection criterion, selecting the t cost-determined
sequence of (run, index derivative) pairs as the cost-determined sequence of
n coefficient indices and the ty, quantization table as the output quantization
table, otherwise determining a (t+1)s quantization table and run-index
derivative coding distribution from the ty cost-determined sequence of (run,

index derivative) pairs, increasing t by one, and returning to step (d); and



sequence of (run, index derivative) pairs defines a
correspondi ng sequence of coefficient indices such
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coefficient indices is a digital nunmber, (ii) the
correspondi ng sequence of coefficient indices includes

a plurality of values includifg-a special value, and

(ii1) each (run, index derivative) pair defines a run

val ue representing a nunber of consecutive indices of )
the speci al (Nalgncodiigy Kie i eRIESENPASIY voplgetedd esqssigtermined

fr I ; iadex..f ol i NG :
LSRRIl e BRI B PO EBaR basea on
a reagndec denvativecanefiig disénitiutiondi ces, together with a

quanti zation table, determ nes a sequence of n

soft-deci si uanti,zed cpefficients,~the nethod .
cOhpr 1 ot ng. §He Ty defissd uE Pl 17, WiGsRR SISO (b) comprises
ayaantizidd irPA HafdldRcisidh miinef thd'Sequétide sfuncbéfiitients using the
erivative codin istribution (c) setting a counter
derivat d di stri but (c) sett ter t

eQuafuantizgtiondjaklei try deterrninguantstarting opedugnee id(run, index

ryn=i ri [ | I SETd i Qn: B
HBolAUSE $4FS, HR0 En SBePo S A Ly Boiprouton
SeftRNSeRtiff sefusncé bfl¢rundandesatiohedtivedigatrs 4ethe 0" run-index
applying the tth cost function to each possible

segiivaive gadinghdistibytionural ity of possi bl e sequences of
(run, index derivative) pairs to determne a tth

aggoci at ed .?‘Hétmeﬁwﬁﬁ Cﬁ}iﬁ@ﬁﬁéd‘ﬂl &aih? hZF%bréiﬁts?éﬂéé)eﬁrﬁprises,

sequence of (run, derivative) pairs from _
pfarresichtpossible ssguénee sbueniodex oeriyativg) pairgdr the tn plurality of

derivative airs_based on the Lth associ ated cost;

(93 Plerarcluehiet 56 (EReRoBR drelabia) BIRE of (r un. " ndex
derivative) pairs together with the tth quantization

tabl e and ryn-deeaninied | Xatbirespording seqidriceutdfon, coefficient
neets a selection criterion, selecting the tth

costingieesr ni ned sequence of (run, index derivative)

pairs as the cost-determ ned sequence of n coefficient

i ndi ces and kh . NL.i - N i _
o5 el AR aaiohdhl s O ez
quevefiidentisarsingbhe typgdantizationdiable and the corresponding sequence

of n coefficient indices;

(i) determining a distortion between the sequence of n

coefficients and the corresponding sequence of n quantized coefficients;

(iv) determining a total compression rate resulting from using the
tym run-index derivative coding distribution to encode the sequence of (run,

index derivative) pairs; and

(v) determining the associated cost as a function of the distortion

and the total compression.
15. The method as defined in claim 12 wherein step (f) comprises

() providing a sequence of n super nodes, each super node

comprising at least one node, in one-to-one relation with the sequence of n



derivative coding distribution fromthe tth
cost-determ ned sequence of (run, index derivative)

W@ 0680518NCcreasi ng t by one, and returning to BCEPAL@F/N001084

10

15

20

25

and(h) encodi ng the correspondi ng sel ected
cost-determ ned sequence of (run, index derivative)
pairs using entropy coding ba@ed on tth run-index
derivative coding distribution. 13. The nmethod as

defined i | ai 12 wh in. b [ .
R sk hei satheeshrisnt E2nbels FAEBAREe L gyoer node
C AL iZé‘gFedfér‘ fAntrendy %ﬂgi I%ﬁ iR dradul tdn;

determn starting seguence o run, index

derivative) pairs, and then selecting a run-index )
deri vati ve (ippiavidiog enrinitiat negde preceringsang anggd node following
sequence of un, index derivative) pairs as the Oth

r -?‘ﬁ%‘é‘?@%eﬁ%ﬁ't’??fen &t ng distribution. 14. The

nmet hod as defined in claim12, wherein step (e)

conpri ses, (iiprporeddhgragsinlisy stooemantions Hetwaenipziexof nodes

derivative) pairs in the tth plurality of possible

Zmﬂh@mﬁ@@@f'm@ﬁbﬁ?d%n@\@xplééﬁm)(/é’f SYBGr 588‘?%: afeds fhe end node to
20T ol S 3 fficient

| TeieReft 3P oI PRRERIL fn RS OERAIve) RS ence o

n quanti zed coefficients using the tth quantization

table and t(h deterraining dhe@ssediatatt eosif fan easkf sequenae in the

indices; (iii).determning, a distortion betwe h

sé’ﬁ‘ﬂ@ﬁ%’eoépoﬁg"@ ﬁ?ﬂ%?%‘fﬁsg b JFIEfRInNg ragsﬁ%%%ﬁ?%sa fcremental

Se@UERF @ath donfLaidn FeeIEfaiityCofadtinpectiong; det er m ni ng

a total conpression rate resulting fromusing the tth

run-index derivative coding distribution to encode t?e

sequence of (V) determinimexa deastveast \iepughre of congeetigns from the

q JY . . .

LAY SRS 1 158 Skalinds BYBShGARIAE, gl from

aghd ¢rifigledode tetrm end Bodb eieatieastaneg $yperarquie; aed, (i)

provi ding a sequence of n super nodes, each super node

(vi) determining the cost-determined sequence of (run, index

derivative) pairs from the least cost sequence of connections.

16. The method as defined in claim 15 wherein step (f)(iv) further

comprises

(i) defining an incremental rate cost, for each connection
representing an associated (run, index derivative) pair, from one of an (i-r-1)i
super node and the initial node to an i" super node, as a number of bits
needed to encode the run value of the associated (run, index derivative), and
the index-based value derived from the associated (run,' index derivative)

pair;

(i) defining an incremental distortion cost, for each connection
(run, index derivative) from one of an (i-r-1)i super node and the initial node
to an i super node, as a distortion incurred when the coefficient C; is

quantized to a value associated with the index-based value and all of ther



conprising at | east one node, in one-to-one relation
Wi th the sequence of ncoefficients, such that each

weoewbiodaBent C has a corresponding ith super POOEA2005/001084
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wherein i is greater than or equal to 1 and | ess than
or equal to n; (ii) providi ngnan initial node

precedi ng and an end node folf%%wi ng the sequence of n
super nodes; (iii) providing a plurality of

ti t [ f d | udj t he. .
" APETErD apP RO T el SoBRETp s mdde i ShaTpiept Cit are
eydanfsed E@tﬂe%ﬁe%%%lﬁ Bharal ity of possible (run,
i ndex derivative) pairs; (iv) determning the
associ ated cost for each sequence in the pluralltK
pOSS| bl e seljlsiefisnggn assesiaedi ingremeniakenstaliosgach connection
t gl I
| PREEARE G nB06L LSRR TS il b e noce,

ofasceofumetibh of thd mrembletal)distoﬁlon yosf antheeintiemental rate cost.
wher ei n the sequence of connections extends fromthe

initial eendnde\llaat one su

e “and. Bdran ABHRSd o wm 15aNhefisieb B further
SEHHEASSS %mgr anamnﬁgfb SFn'nYﬁQ'tbe?mdPQhéSleéétoﬂbéth%quence of
| east cost s uence o0 connectrions. . The nmet hod as

dn:fnneeﬂonsl it athm pliralitgr of ncemrmptlpﬁ;z(uwb\equtther sequence of

GHReEBie dosff it k Ailial R T 2h8 ophfitiod P subBimgetes to

otﬁelémmd@éw@eutneaétrda@wper%dan (i-r-1) h super node
and the initial node to an ith super node, as a nunber

of bits needed to encode the run, value of the
atoci at ed [heinmeathexasiedelingd viey claipy 1Zewherein the (t+1)m

cﬂgaqngﬂﬁﬁ‘?a éllH%t%? q)v§?efl{/8&nf Pﬁtl‘?eﬁ@&dsﬁ‘b%?er(ﬁ%d sequence

erivatrve) an I ncremnen
dof(run, tindex desvatived pagably sowmngaatqmdrz@hmaquatmﬂex
derivative) fromone of an (i Mth super node and the

Llrﬁled md'gflllt ?qéﬂg@tggquegr Htln ?alm?gd@'}éjrl i ('togth run-index

V@éﬁ%ﬁétﬁé%@hrf& 8triMutidntif St dPis Rafrtey ak URe @Wblﬂbél r@h-index

the rcoefficients appearin romthe coefficient
Gienivativeocediag cdistribugipe nef & ccost-determined sequence of (run,

index derivative) pairs.

20. The method as defined in claim 15, wherein each (run, index
derivative) pair is a (run, level) pair such that the index-based value is defined
to be a level value defined as a value of the index following the number of

consecutive indices of the special value.

21. The method as defined in claim 20 wherein providing the
plurality of connections between the plurality of nodes including the initial

node, the super nodes, and the end node comprises:

(i) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node and any super nodes preceding that super node in the sequence of n

super nodes and the initial node, establishing a maximum level number of



quanti zed to the special value; and (iii) defining an
associ ated i ncrenental cost, for each connection from

wee@eobsishe (i-r-1)th super node and the initiBCT/0Aa®5/001084
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to the ith super node, as a function of the

increnmental distortion cost and the increnmental rate

cost. 17. The nethod as defi-nEd-in claim15 wherein

step (f)(v) further conprises using dynamc

programying to find the | east cost sequence. of .
c&ﬁﬁ@@?‘i‘%ﬁs(’?'ﬂﬂf%wé‘gpﬂhﬁ éupﬁ/neée A8 HREE N In e maximum run

thy n?l@é’r“(?r}‘fc?dé%fpr‘égaaﬁ LthanSu S ISEUES whiepsth [dh! dBrinedtion in the
node 1n the sequence G6f n super nodes to the end node
vinsaxdmune iskel nombsn pé comuaitions &orresponds tood differdnt lemelvalue;
in claim12 wherein the (t+1)th quantization table in

t i s.deri f t he .t t,hcost - det i ned )
iegﬂeﬁgé Iofs (ll??(%flré/aeq ol 0 g\}gﬁhlc%g?qlbec{}eqegémgli%?wc}ggesahavmg
qYyssl Mdrf teslyabkigim ¥n ridifibsrebh pfedscedebi medet nprebadiny that

12 wherein the (t+1)th run-index derivative coding, ..
dissiper potiedn tha saasience)ofinssueereredas Reccededdipthg tifial node,

fun. y . i . . . ¢
SRR BRI 150 it CSeong b e et super
paiode @Gl Theeleseinthding tef inited nodec|paecediby thiaérsiper node
each (run, index derivative) pajr is a irun, | ev Ig .
pavhersiic [eacha conmRCtiond % tha swaxipayme lgve! mbiely q?o qupections
a i | of the index

féﬁ%%bﬁga% #Zanun%rgﬁploef%[:\garlgg’c%ﬁ’ve i ndi ces of the

special value. 2 1. The nethod as defined in claim 20

wher ei n pr ofiii)dongaciheode in the sgqushmcemimesunasmodestareesded by

s Mlfouade! sRiptRERE & SholtccIRasiBasdila ho PRHS, . 1

super node in the sequence of n super nodes having at

| zz.lst d_a mXEﬁéﬂ‘héﬂh@d{é&bgﬁineﬁ iépclamﬁaﬁswberairg,dasstep (h), the run
Including the Initlal node and any super odes .
pv@u@@nvgth%avehual@e HfcRARCH ﬁuvhl@vgeq%wfbﬁ@r CreERAEIling cost-

SRR e RS o B Rl TRl ST e

to each node in the maxi mum run
23. The method as defined in claim 22 wherein

the sequence of n coefficients comprises a first group of
coefficients and a second group of coefficients disjoint from the first group of

coefficients;

step (f) comprises encoding the run value of each (run, level)
pair in the corresponding cost-determined sequence of (run, level) pairs

based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special
value associated with the run in the sequence of n coefficients if
the coefficient corresponding to the index preceding the number
of consecutive indices of the special value associated with the

run is in the first group of coefficients, and



nunber of nodes preceding that super node wherein each
connection in the maxi nrum | evel nunmber of connections

wa@erocesjasnds to a different |evel value; (ii) POrCam8001084
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super node in the sequence of n super nodes having

| ess than the maxi num run nunber of predecessor nodes
precedi ng that super node in THhe sequence of n super
nodes preceded by the initial node, establishing a

maxi mum | evel nunber of connectj ons connectin hat

super node ¢ é%rﬂe"r%'d&cqt‘ﬁﬁl Bﬁith% nAgX; nrielcggln%nglaee.number of

preceding t E?ﬁse‘t{ﬂfﬁ@é ifRESs pﬁﬂﬁ@éﬂeﬁé%lﬁé%%&ib% with the run
eve ds to

t he maxi mum number of connect | ons corresponds _
a di f f er ent in theesequenee; ofandoef(icienis if the eaefficientisoirasponding

Lhe SeUenCE, Bl BoRVHEL 00ES, DreR SR kS A Hies of e

node. 22. ThEedBf PAfeafssefaitdte tithnthel @inMs3A the&eebid group of
in step (h), the run value and the | evel value of eac

(run, | evel pogfficients t he correspondi ng cost det er ni ned
sequence of (run, level) pairs are separately encoded.

2 The met f el als 2in the

sééUence of tfﬁgcrﬁ%@&ﬂcélsg(ﬁ 'sdego'ﬁpcﬁ@eég\gxx{%?ér@t group of
coefficients and a second group of coefficients

di sj oi nt fr ¢ hibsodiatedtsupeoupdeffor eath icoeéitient istiheg first group
(f). conprises encodi t he run val ye of each (run,

| fgoetiicientsicomuyises P@:ﬁ?&ﬁ@it‘?%n @%ﬁ,- det er ni ned

sequence of (run, level) pairs based on both the |evel

val ue and t hfeOagiRichled Qipkt qibdef forNeadhndexffibient @lithe second
t he nunber of consecutive indices of the special value

asgrotipanfegefficients semprises @ singleasgoeiated Bede; and,
coefficients if the coefficient corresponding to the

i ndex preceﬂj‘@algplwbeﬁt u(;yf‘p% nﬁé%&’?{%sﬁﬁmé’f? M]FE coqsﬁgrger nodes

t he speci al "val'lie as’soci ate erunisint

fisorhposesip pifiradityedf conrattions drtiveen aodeasstclated pavs of nodes
of the index precedi t he nunper. of

r n
representing the plurality c?f (run, level) pairs.

25. The method as defined in claim 24 wherein providing the
plurality of connections between the plurality of super nodes further

comprises:

(i) for each super node in the sequence of n super nodes,
determining an output level using a hard-decision quantizer defined by the
given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients;

(ii) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes preceded
by the initial node, establishing a reduced number of connections connecting
a node in that super node to each node in the maximum run number of

nodes preceding that super node wherein each connection in the reduced



consecutive indices of the special val ue associ ated
with the run in the sequence of n coefficients if the

wa@o@boaBENt corresponding to the i ndex precedP@myCAb®S/001084
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nunber of consecutive indices of the special value
associated with the run is in the second group of
coefficients. 24. The method @5-defined in claim23
wherei n the associ ated super node for each coefficient
inthe first group of coefficients conprises two o
agwiothelt of cumestionscairmsponds etp suéiferaptideyelr valyeh within a

c o€ Biertioe DN TRR LG i GimiREl 45 Gt CiPerngder
of connections between pairs of super nodes conprises
a plurality(iipf forogetc tsupses roeiewire ther@egasace i aft Rdsuper nodes

pairs of nodes representing the plurali of (run, .

" Baing s aan sbs e HOUNSHRE Of ReedsSept s preceding
VRS Al Iné RRqBLHE ! 1Y sBpec ABAES _r@aédézﬁbyaﬁe initial
the pldrality of super nodes further conprises: (i

f modeaestahlipbingnadeduced inamey efnemneictions gpaneeipi:@, node in

d I Ni t gut_ | I ' d- deci si ,
otk FuBer el 83 40 horBe PRl et SHp8T Reky Bpein each
qédnhkétort etHeofddRizea Hlinsrcsreddrinelcadihs icBritBSor®sIte A Ghfferent
of n coefficients; (||%{98 each su?er node in the

r
s denel nadue Withins thee seles iiterenae af theeaytpud lexstidateimined for
r r. aof. decessor nodes including the initial
ng@%ﬂﬁggiéﬁﬁﬁggéﬁat super node in the sequence of n

super nodes preceded by the initial node, establishing

ahr educed niivibfer ezichcroodeeirt thensequenoecoi ngupenodeles rpreceded
t hat  syper. node t ach node |n the maxinmum run nuynber

b B3 toa B i) st s ARMOLE S DBl RIERAEH b Hie g0 nods:
connection in the reducednunber of conneptipns

C4.r €SPONdSAL teahdld f beic@Riprbsdify HabsqueNdeior Sequences of n

selected difference of the output |evel deternmi ned for

t ¢eafficiaptsr bynjmintly determining an output quantization table, an output run-
index derivative distribution, and, for each sequence of n coefficients in the
sequence of sequences of n coefficients, a final cost-determined sequence of
coefficient indices represented by a final cost-determined sequence of (run,
index derivative) pairs, wherein each sequence of (run, index derivative) pairs
defines a corresponding sequence of coefficient indices such that (i) each
index in the corresponding sequence of coefficient indices is a digital number,
(i) the corresponding sequence of coefficient indices includes a plurality of
values including a special value, and (iii) each (run, index derivative) pair
defines a run value representing a number of consecutive indices of the
special value, and an index-based value derived from a value of the index
following the number of consecutive indices of the special value, and wherein
a sequence of coefficient indices together with a quantization table
determines a sequence of n soft-decision quantized coefficients, the method

comprising:

(a) selecting a 0™ quantization table;



(iii) for each super node in the sequence of n super
nodes having | ess than the maxi mum run nunber of

w@e@doecassor nodes precedi ng that super node iPCT/a2005/001084

10

15

20

25

sequence of n super nodes preceded by the initia
node, establishing a reduced nunber of connections
connecting a node in that sup@&-node to all nodes
precedi ng that super node wherein each connection in

t he reduced nunper, of nnectjons corresponds.taq, a.
different | é&ploghnga @mpfw-wdeﬁé%@ﬁuﬁ eg&agfqd%weﬁw

of the output |evel determ ned for that super node;

and, (iv) f@g(ﬁgg@qg EGENt EGGalisQuence of n super

nodes prece the initiral node, establishing a
singl e connection to the end node. 26. A nethod of
conpr essi ng(dd forrARac Seanerer;fnd egogficignisoét fthei gepuence of

by j ai et I Ni.ng an out put quantization table,
a%l?dé{ﬁn%%%irﬂnqo%ﬁ@&ﬁg’ri vative distribution, and, for

each sequence of n coefficients in the sequence of
sequences of n c@et$ingient suantizatival tabds andeterindeederivative

sequence of coeffjcient indices_represented by .a fjnal \
g sisnutiosoderTERte adm qOSk fEndiRRder Be AssasiAIRd) tn Plurality
P¥ fssihe %é&hé‘n@é%.ﬁ@ (ft?rﬂtiﬁ&l&ﬁdefive(trvw ﬁa!rél;d ex

derivative) 'pairs derines a correspondi ng sequence of

coefficient indices such that (i) each index in the
correspondi ng sejl@pplying theebst itinstion itp ¢iach Passible sequence

b3 B, ety B BERERRRRRENRRS BRI frdt derivative)
| Bsils I dstepmiplResn assobrdted.coannd (iii) each (run, index

erivative) pair defines a run value representing a

nunber of consecytive indices of the special val.ue,

and an i ndex- bas@él splecinggan BssaciatesinCostidgiersiingd, sequence
: ¢ . . b "
S Fiph Shdgw B AR RIS o (GESSEuEIE iy of possve
csaqencies if (iumdintex deriyatitey paire basedjontheé assaaiated ot
determ nes a sequence of n soft-decision quantized

coefficients, the t hod conprising: (a),selectin

Oth quanti zé)i%{z?rtsg%? 28)( @pp@p%m %%gr%g%{%c?ﬁn{uhﬁ%ﬁto the tin

dgsd ot @ osREEREMiNed séduBrce@of (run, index derivative) pairs for each
sequence of n coefficients in the sequence of sequences of n coefficients, to

determine a ty, aggregate cost;

(f) if the ty, aggregate cost meets a selection criterion, selecting
the ty, quantization table and run-index derivative coding distribution as the
output quantization table and the output run-index derivative coding
distribution, and, for each sequence of n coefficients in the sequence of
sequences of n coefficients, the final cost-determined sequence of coefficient
indices represented by the final cost-determined sequence of (run, index
derivative) pairs as the associated ti, sequence of (run, index derivative) pairs;
otherwise determining a (t+1)n quantization table and run-index derivative
coding distribution from the selected sequence of the ty cost-determined
sequences of (run, index derivative) pairs, increasing t by one, and returning

to step (d); and



(c) setting a counter t equal to 0; (d) for each
sequence of n coefficients in the sequence of

waeguenaes of n coefficients, (i) using a tth PCT/CA2005/001084
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quanti zation table and run-index derivative coding
distribution to fornulate a tth cost function for an
associated t plurality of pos& ble sequences of (run,

i ndex derivative) pairs; (ii) applying the cost

function to each p055|ble sequence in the associ ated

tth plural i) @cqstegithe ccaerppanding selgdtet saaqugages of (run,

associ at ed cost;
qﬁﬁé%(ﬂEhyg%\{eggiaﬁ an as@@gﬁg‘[ﬁn&% ‘cost - det er mi ned
sequence of (run, index derlvatlve) pairs fromthe
agkoci at ed Thé rrmthodtlastcjefmfedpomlm 26 swhersir stepofb) comprlses
index derivati chg alr on t he astf,oca

ok readpeiueate ot Waficlei) [T HF srcuse ot ssnftites of n
f soesticientst O lﬁé}ﬁlz‘ir‘@ iAS B0 Al RIS - fhahAer thed sequence of n

sequence of (run, rLdex derivative) pairs for each
smpf&meetswsmgcﬁa "cioeantization fableetpusleternyne a sequence of

SR B0 OBk el B Defegng o

sigbes tdepivafivé todingndistidutiehiofahé kequehce wistarting issgquences of
tabl e and run-i ndex deri vat |thve COdI ng distribu

t (fen.dodex degvialine) Pairs a1% el eruanadex Behuripe co mﬁw&wlon
derivative coding distribution, and, for each sequence

Ojgn coeffi fh&ﬁhgt@nglgedeﬁmewaa% 56UWARFSA ﬁfepn(d) further

coeffl cients cost - det erm ned sequence 0
ccmﬁpnms rfor each sequerms ebrigbefiictgnts rethfe $@quence of sequences
run, index

oSSR SEEDNR B LIRS TS dervatie)

ﬁélké’ 3h i @) a@@éélétedoftPQﬂWaﬁﬁj detigsige né}aoﬁxe(nfcéé)ém (run, index
quanti zation table and run-index derivative coding

dilerivatived paiisf rom t he sel ect ed sequence of the tth
cost-determ ned sequences of (run, index derivative)

pairs, | ncrgg%ir ?wtég BYeoPRe oﬁgﬂﬁ spetqgl(eﬂb &t hGoekifedtdhdices:

and(g) encoding corres Iec ed sequences
of (run,
determining a corresponding sequence of n quantized

coefficients using the ty, quantization table and the corresponding sequence of

n coefficient indices;

determining an associated distortion between the sequence of n

coefficients and the corresponding sequence of n quantized coefficients;

determining an associated total compression rate resulting from
using the ty run-index derivative coding distribution to encode the sequence

of (run, index derivative) pairs; and

determining the associated cost as a function of the distortion

and the total compression rate.



i ndex derivative) pairs using Huffrman coding. 27. The
nmet hod as defined in claim26, wherein step (b)

waeeovpnddes, for each sequence of n coeffici ent BCT/OARI8/001084
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sequence of sequences of n coefficients, quantizing in
a hard-deci si on manner the sequence of n coefficients
using the Oth quantization t-dfle to determ ne a
sequence of starting sequences of (run, index
derivative)_pairs, and then selegt%&g a runi ndex

R9.i vat i ve Borimethad aoepiling & claimi 2 wheeiheiePo(d) comprises,
ril f : Lhee j hye A

L A SRR o ot RS SRR PELY B30y of

Teoefficiehtsd as defined in claim26, wherein step (d)

further conprises, for each sequence of n coefficients

in the sequence,.of sequences of n coefficients, and

for each pdYSVEIS & GREHEBoR! S{ ML SUPBhAMSFer S48 FAvBpr node
P&rhPridiAg {1 8eastso%e dolE, i Bnéltelonkl feYatRin WRAShE!Rquence of n
sequences of (run, index derivative) pairs:

denefficienisngueh thatreaghosrefficerktGuiac @ asrraspepeing; idisaiper node,

i ndi . i 0l r ' f..Nn
RGeS L b e L e B8 T ERE SR n3 T 81BAGE, By

tabl e and the correspondi ng sequence of n coefficient

i ndi ces; deprevidimg o itihsmoe pteedditigs twd tanoent atoseefollowing
t he sequence _of n coefficients and the correspondi ng
slhgrasENse Oh NRYRSr NPEBS:coef fi ci ents; determi ning an

associ ated total conpression rate resulting from using

the tth runsiffifing gégﬂfml%‘mw ®f CUSHBtighsS thdtRiebhOPait® of nodes

encode t he sequent (rdn, index derivative) pairs;
aindludiéngethe initiag node, thessupert ratlesoand the and medei torrepresent the

L0 bR SRR BT R v

conprises, for each sequence of n coefficients in the

sequence of dseameiingihefasdociaedd icoseas sin pssodidiedgineremental
sequence of n super nodes, each_super node

cost for each connection in the plurality of connections;
determining a least cost sequence of connections from the
plurality of connections, wherein the sequence of connections extends from

the initial node to the end node via at least one super node; and

determining the cost-determined sequence of (run, index

derivative) pairs from the least cost sequence of connections.

30. The method as defined in claim 29, wherein step (d) further
comprises, for each sequence of n coefficients in the sequence of sequences
of n coefficients, using dynamic programming to find the least-cost sequence
of connections in the plurality of connections, wherein the sequence of
connections extends from the initial node to the end node via at least one

super node.



conprising at |east one node, in one-to-one relation
Wi th the sequence of n coefficients, such that each

weowbozasent Ci has a corresponding ith super POOEA2005/001084
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wherein i is greater than or equal to O and | ess than
or equal to n; providing an initial node precedi ng and
an end node followi ng the sed@lence of n super nodes;
providing a plurality of connections between pairs of

nodes including the initial node, the super nodes and
tHe end nodda dethpd casRelingd Bseatn A% wberein sier (d} urther.

b f ndexderioat i
o015 SR SRR o (oA SAREHES of sequonces
asf socoefficidntisncr enent al cost for each connection in the

plurality of connections; determning a | east cost
sequence of e%onnecti ons from,the ;[)I uraljt

f .
connect | onSeHRH oPR (REeRIAnJaf CRBhnddt i BAEH connection

G¥hRIAGRtAG AR hEsodidtbl! (Rhn NAEEX WRrilakvedshinfiem ¥hé dttthe initial
| east one”super node; and deter moning 't he _
Juxste ded em{inebnssipesmadefto(anin; supgeRroder p§ A nueyoer of bits

s Rt RO ed® B RhofE of B 2085 e B e BBy ette) pair
faHd {her indexpasee valleodemarhromdenatoeated (oef fridexaddrivative)
in the sequence of sequences of n coefficients, using

daiawusing thety BindgXxderivative eoding isitibelidt, sequence of
connections in the plurality of connections, wherein

the sequentg i QRRRGERATaIRILBARY EiMol BéchRohhaktion from

node to the en e via at | east one super
Toree oftheoimhited nddei aretthen(iet Binrauper n@ﬂerteithesiﬁ!"auped)mde, as a

further conprise for eagh.s ence of. n coefficients .
ditoRion, BB RE v asn 43k, sERBEITER!F GleRlireh B aovaile HikBoiated
dgith Mhé Gnddk-basEEVBRIcAbnd HIEof 85 r doifiams &siERTgi #8m the
representing an associated (run, index derivatjve)
paeffidientr@iorte toe corficiant Gi.apreradantized tarthe ispecia) value; and
super node to an ith super node, as a nunber of bits

needed to e%qﬁ,\?/@ te{r?),g ?rgggcig{@'du fcPimERtl 330ttt &5 'Bhnection

i ndex deriv
from one of the initial node and the (i-r-1), super node to the i super node,

as a function of the incremental distortion cost and the incremental rate cost.

32. The method as defined in claim 29 wherein each (run, index
derivative) pair is a (run, level) pair such that the index-based value is defined
to be a level value defined as a value of the index following the number of

consecutive indices of the special value.

33. The method as defined in claim 32, wherein providing the
plurality of connections between the plurality of nodes including the initial

node, the super nodes and the end node comprises:

for each super node in the sequence of n super nodes having at
least a maximum run number of predecessor nodes including the initial node
preceding that super node in the sequence of n super nodes and the initial

node, establishing a maximum level number of connections connecting that



and the index-based val ue derived fromthe associ ated
(run, index derivative) pair using the tth run-index

waleoosweiiBy e codi ng distribution; defining an PCT/CA2005/001084
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increnental distortion cost, for each connection from

one of the initial node and the (i-r-1)th super node

to the ith super node, as a-d&tortion incurred when

the coefficient ¢ is quantized to a val ue associ ated

with the index-based, value and all of the r . .

R N0eriOse3aH BaRG iy e BIATARMCBEHYTBPER P! epdes fngluding the
iR | ¢ ifg 2freat 9 | 288et @hERSN SEEH aontRlctsn in the -
alﬁglaggﬁﬁﬁ ‘r?grgg(%}dlggsg% a%{gfgéri nerenental cost , _for each
cmarizad deve| mumleref connaetionsi caregsponde taadlifferent levig) value;
th super node to the ith super node, as a function of

the increnmental distortion cost t LNCr t al :
rate cost. 5 Come s e PRAUPER o i<EPBE rdes having
Wass hdh BRCHairdom fundeumBer bl pilddeedssuti nodes idcluding the initial
| evel ) pair such that the index-based val ue i s defined

teode precediay (hatusuger | RRAE o8 dhe a$euescer f NngkRer nodes,
B4 M TR, o SERLL! U P8 bl rat super
whedeetaralpnodéslinefudihg the initizl nbye girecsating thatsupebabde enherein
the plurality of nodes i ncl?léld' n he initial. node, the
SeE} corraionn the MaANuRy elaﬁwﬁ)ﬁg o copngctions|carigsepnds to
ngﬁﬁérenﬁlggeﬁ%ﬁ@% of n super nodes having at | east

a nma

X1 mum run nunber 'of predecessor nodes incl uding
the initial node preceding that super node in the o
sequence of fan eaghenodifetheasequenss of pisaipens@des and the initial

bl i shi.ng. ' I | f [
oy S Rl fordd IR ssla R he. ot mum
run nunber of nodes including the initial node

pagcedi ng tipe syiRod nage defieedi im exaim c2Bnadiareim ithe (t+1)m
t he maxi mum | evel nunber of caonnect 'hons corresponds

/ ) . t
addantizatienttapleyig stepl (Dds desiveddeemdppsieledad SeAUEReS of the to
S d [ i t Bs; | i
e G el SUAENBRCER (Bt TUDCRRIANY | BETH Joing
ngdadratie egdatign.t hat super node in the sequence of n

super nodes, establishing the maxi num | evel nunber of
cgg.nect | onsTﬁgmgt%toidna% éer}aﬁeds“alc?éim 26, wherein the (t+1)w run-index
derivative coding distribution in step (f) is derived from all of the ti cost-
determined sequences of (run, index derivative) pairs for all sequences of n

coefficients in the sequence of sequences of n coefficients.

36. The method as defined in claim 32 wherein, in step (g), the run
value and the level value of each (run, level) pair in the corresponding cost-

determined sequence of (run, level) pairs are separately encoded.
37. The method as defined in claim 36 wherein

each sequence of n coefficients in the sequence of sequences
of n coefficients comprises a first group of coefficients and a second group of

coefficients disjoint from the first group of coefficients;



node to all nodes including the initial node preceding
t hat super node, wherein each connection in the
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different |evel value; and, for each node in the
sequence of n super nodes and the initial node,
establ i shing a single connect8®n to the end node. 34.
The nethod as defined in claim26, wherein the (t+1)th

gquanti zation table in ste f) i,s derived fromthe. .

sel ect ed se%ﬁ@r@sf c@mﬂrﬁ@slto ﬂcé{ %%%Q SGAVENs r‘?idi‘ g%ﬁ'ﬂg'ﬁggssm the
Aediere df%@ﬁﬁeﬁ@éé ¥eh icweificRMits, erlvdffy thentinavalue of each (run,
quadratic equation. 35. The nethod as defined in claim
Jeyelpairdn ihe lsorrespanding coat-deteaxingsk segenge afdtimdevel) pairs
dki?sterd)bution in step (f) is derived fromall of the

t %0 det er mi ned sequences of (run, index

derivative) pairs for all sequences of n coefficients

in the sequestetind lewsiugalagesand thecoeddredi mcation 36f. the index
The nmethod as defined in claim32 wherein, i.

! . kNSt .

(9), the rupreggAing Hhey rt"lﬁ@beFreQEIC%?E‘ét'\(ﬁ "é%{'&‘ﬁs (cﬁﬂme special
level) pai rV%lUG%@?&iQf%(f\ﬁlﬁﬁTﬁé Réh ﬁpﬁfedfécgléﬁcﬁ‘%ﬁ n coefficients if
sequence of (run, Teve pairs are separately encoded.

37. The rre; thedcafficefi cardesponding to the intlex precestinghthe number
sequence o coeffi.cientss in_the sequence of . .
seq]y;e_nc_es ?‘F’PHO'S%&I“F'V%N% ﬂfgs &5 ;}sg glaggpﬁesgssgq%ﬂsdowlth the
coefficien ia Sf Sgbetficienef bhgi ent s

di sj oi nt fr@r%ﬁt hgﬂ%i rls%?@grlgﬁp of é%leffl’ci ents;step (Q)

conprises, for each sequence of n coefficients in the
sequenlce of thee quidereds lasatian cokthe dndax sprespeing; My (Hember of
run val ue of ch.. - L Lot ; :

cor r espondi ﬁ%ﬁ%ocgl% i’?‘e@@'?%nseégg?esg%({é%‘c\yebluoé %F rsacr;{?te]dev\\//gP )the run

pai rs basedinoihelsiduehioe dfevedefficients ifitie theffioiede cedesponding
| ocation of the jndex preceding th nu?ber of . . o
consecut i velq i@ BEex e‘?@fﬂn%MFHW%%I%@%%%%W&UBG‘CGS of the

wi th the ruQ%é&aF\%uégil%%SB%?eoo it tﬁgerfuﬁi i§lifMhe seboh8Qroup of

coefficient corresponding to the index preceding the
nunber coefficients.
38. The method as defined in claim 37 wherein, for each sequence

of n coefficients in the sequence of sequences of n coefficients,

the associated super node for each coefficient in the first group

of coefficients comprises two associated nodes;

the associated super node for each coefficient in the second

group of coefficients comprises a single associated node; and,

the plurality of connections between pairs of super nodes
comprises a plurality of connections between non-associated pairs of nodes

representing the plurality of (run, level) pairs.

39. The method as defined in claim 38 wherein, for each sequence

of n coefficients in the sequence of sequences of n coefficients, providing the



of consecutive indices of the special value associated
Wth the run is in the first group of coefficients,
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nunber of consecutive indices of the special value
associated with the run in the sequence of n
coefficients if the coef fi ci-d4t- corresponding to the
i ndex preceding the nunber of consecutive indices of

t he speci al I iated with th iS |
B e e SRR tho Pl B bl Aeles further

qu,{gé}%sizn claim 37 wherein, for each sequence of n
coefficients in the sequence of sequences of n

coefficients, the associated super node for each
coef fi ci ent(i)i fort &actt isuper graslg ibfthe osgdquesicenek n super nodes,

C rises two asspcia . noges.. it he. '

R 200838 o ) Sy are' diGRR iaBlRE, pAREd by the
@ﬂ@éﬁl@@ﬂ&ﬁti@@r@mese@ Guaitizgl theaswpmspbadingodoeffisient in the
the plurality of connections between pairs of super
resgpienee @b N ereffieMbur al i ty of connections bet ween

non- associ ated pairs of nodes representing the

plurality i) gjl’r%%gys%)%t'hoaéii the ShueHed % Siskratodes having

defined in erein, for each sequence of n
catekebist imentaximumt hen sembence predeegssarcredesf including the initial

ng? f I@?éq%rq]itgﬁsqoﬂ%rt gﬂbgbﬁggégﬁ Sllééj rs%!ag% cqo faf, ﬁgsg{]?)%?tnioggg preceded
G Si8al hdde, [alsiBhlhgSa Pédudtebitumbet bEcoMmiBEtiBRs odhnecting

n 'super nodes, determ ning an output |evel using a
haunodedi ithatcaup@uandei@eaggmd@dnkt maxigugerpn number of nodes:

ant i zat | t abl At i . '
SRR s By AL 4 HOBR S EARRYbAteeg rumber of
f @5nrRREBNS UBRESPOELEs ioha Uiffereriecsioealod withinupeselevtee slifference
having at | east a maxi num run nunber of predecessor

neidbe quirutlavelfeteraningd ferdhahsRepicd®adi ng t hat super
node in the sequence of n super nodes preceded

(iii) for each super node in the sequence of n super nodes
having less than the maximum run number of predecessor nodes preceding
that super node in the sequence of n super nodes preceded by the initial
node, establishing a reduced number of connections connecting a node in
that super node to all nodes preceding that super node wherein each
connection in the reduced number of connections corresponds to a different
level value within the selected difference of the output level determined for

that super node; and,

(iv) for each node in the sequence of n super nodes preceded

by the initial node, establishing a single connection to the end node.

40. A data processing system for compressing a sequence of n
coefficients by determining a cost-determined sequence of n coefficient
indices represented by a cost-determined sequence of (run, index derivative)
pairs under a given quantization table and run-index derivative coding

distribution, wherein each sequence of (run, index derivative) pairs defines a



by the initial node, establishing a reduced nunber of
connections connecting a node in that super node to
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t hat super node wherein each connection in the reduced
nunber of connections corresponds to a different |evel
value within a selected diffd%%nce of the output |evel
determined for that super node; (iii) for each super

node in th f n. ) d [ I .t han.
(R SSRRNHRG TSR s dag 28 GuohMeL O FERR digier In the

td@FesESﬁ@@gntgﬁguéﬁbet Be R eindfced. BUBCAighadaember, (ii) the

prece Initial node, establishing a reduced
reomespoodingosemusaricenel coefficient mdices iudes anpluraliyof values

i ] di.ng th d i .
5eFcsB-m apePh VAR REG Wl dAs (o BRes R DAL Pahgefines a
GRAhRFRE Réisrekenting b fghieét of 8diflecuiVe ditéd o tieepecial value,
sel ected difference of the output |evel deternined for

tanst apupdextheged valde dariveds iemeacralued the index following the
ERBAEEr ShrRefRE 10B1eS o' B0 SaoRl Vol i il processing

ydeem4dmphistiag:a processing system for conpressing a
sequence of n coefficients by determning a

cost - det ermi ped,.sequence of coefficient indices.
represente aggf“%g‘@ggtm@%?%ﬁﬁﬁé‘a‘_ R Bratagion table and
'rﬂﬂ%d@ﬁ?éf%’tw@)cd% SistRgBtioR t81 jopmumians | &t i Rction for a
tabl e and run-index derivative coding distribution,

vileraditynotpadsitle sequerces of (rum, indexderivaive) Rairse) pairs
defi nes acorrespondi ng sequence of coefficient indices

such that (4) e . nd ' : di :

ot coer 11 ci Ghe ARIGE Hiehls (PG APRVIRTARE S, AREHGETE oach
Qeussie osstiuthcee i gne eplitalitpedfl posible iseduerses rofl (rdrs index
a plurality of values Including a special yalue, and
(denvatival R3S e deteraine @ asaaciatey %t,ra%¥qrr$§e<a'n9uwe cost-
v ) . ; . . L .
LA RGIE0E (U RleR SRARSE) afd o BOE gty o
fpassitdle \walquenoés ofigrimdedeX deticativey pairs basdseon dhe associated

E,c?qr;si Zﬁ’g%eg#ygl%leﬁlﬁi%ﬁ%ﬂtf gq%iséfg)?é: Isgauc\e/r?cl:e%ebf {rﬂﬁ, Pn%te‘ril( derivative)
pairs; and encoding the corresponding selected cost-determined sequence of
(run, index derivative) pairs using entropy coding based on a run-index

derivative coding distribution.

41. The data processing system according to claim 40, wherein the
calculation means is further operable to perform the steps of, for each
possible sequence of (run, index derivative) pairs in the plurality of possible

sequences of (run, index derivative) pairs:

(i) determining a corresponding sequence of n coefficient

indices;

(i) determining a corresponding sequence of n quantized
coefficients using the given quantization table and the corresponding

sequence of n coefficient indices;
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(a) initialization nmeans for using the given

guanti zation table and run-index derivative coding
waele@bnodaeti on to formul ate a cost function forPEr/CA2005/001084

plurality of possible sequences of (run, index

derivative) pairs; (b) calculation nmeans for applying

the cost function to each po$8ble sequence in the

plurality of possible sequences of (run, index

derivati ve) a| r to deter raﬁr}ﬁ an associ at gg 7
for selecti@ %@'f‘aelae BiPry *€8 (ﬁﬁgluence or n
Id&é?ﬂb.&%la\@tthé%r@bbﬁdh @@qhaﬁc@bwhaiuawz@a c@éﬁ.&iebh@

sequences of (run, index ger|vat|ve pai rs based
t he associ ated cost of each of the plurallty of
possi bl e sdii) sieteranining(a taial gararresgien; ratg resyjtingafrery; using the

e PR A eE SSSRRLFSRREN 25 g e, spauagoe of (un

5 ﬁﬁdé)‘édaﬁvm&@tai‘repand:odl ng based on a run-index
derivative coding distribution. 41. The data

rocessin tem accor di t I 40, wh he,. .
o Cut at | orlvhASIRIGNG e RSsoIER ARLat & TBRUGH A hidtistortion
?r?qoﬁ\eot&alfc% gﬁégg]oﬁtp%l bl e sequence of (run, index

rivative rs in the plurality of possible
sequences of (run, index derivative) pairs: (i

(1)
d2.er mi ni ngTheai‘a’la mmmsgsﬁqmeamr@mgﬁOMnM@u wherein the

Pafon, b I FiRs esPorde g PefRRANe A Trer on

tabl e and the correspondi ng sequence of n coefficient

i ndi ces; (ii(i) peatdingi aniseguenck sf ar tsuper bﬁﬂ%ﬁ&abh&uper node
sequence of n coefficients and the c res

SURIRY &t Igagf R Node: tueneieoBRt e at@“v‘?’“ﬁéb%rﬁﬁqHﬁﬂﬁe of n
ac&e‘?ﬁ&ént‘éo%gﬁitﬁépaaéﬁtc%eﬁ Rt e érc%??e‘éﬁbﬁ&nbhﬁ‘ super node

given run-in erivative coding distribltion
embedin i isegreatpndmareonéqyalia,1 andiessdean vaegual)topyi r s;
and (v) determ ning the associated cost as a function

of the di St(o S folro%rl]dlﬁg %ntlﬂ%a} 3e precré%rlnegsgr'mé) an e%tdenode following

15 the sequence of n super nodes;

(iii) providing a plurality of connections between pairs of nodes
including the initial node, super nodes, and the end node to represent a

plurality of possible (run, index derivative) pairs;

(iv) determining the associated cost for each sequence in the
plurality of possible sequences by determining an associated incremental cost

for each connection in the plurality of connections;

(v) determining a least cost sequence of connections from the
plurality of connections, wherein the sequence of connections extends from

the initial node to the end node via at least one super node; and,

(vi) determining the cost-determined sequence of (run, index

derivative) pairs from the least cost sequence of connections.



42. The data processing systemaccording to claim40,
wherein the calculation neans is further operable to

wW@esbooist he steps of: (i) providing a sequencECDCARN05/001084
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super nodes, each super node conprising at | east one
node, in one-to-one relation with the sequence of n
coefficients, such that each&oefficient has a
corresponding ith super node wherein i is greater than

of, equal tao.1 gnd |ess than or e to.n. (Jil) .
Faoui'ai ng. o e pBRetiEd 5y 8eat A Jethiadh oy 42, gherein the
fcaldutntidiomicans 5 Attt peiraile U RRE d@Resic progriamming to find the
providing a plurality of connections between Pairs of |
neaRicosheeaurnag efroringctions imibeLlualieef ¢ravestionsdvhgrein the
no ' Ik ,
R0 S b 7 Sthp e, Selshifs HorT RS Gl hbuE o the end
arRleciiatat basvohefsupeenotie sequence in the plurality of
possi bl e sequences by determ ning an associ at ed
I hcrement al_cost, for each connectiopn_.in the plurality .
“connect | BIR GG ATOgEEURGSHRISY! 45 ERBEd dSIATDEA7 aHfidrein the
i ' tdfons,
e e 8 P T oo ¢ he
initial node to the end node via at |east one super _
node; and, ()videfidiageani inaigmentalceale- gesterfier neach connection,

sequence of (run. .in der | ' . pai r e .
TR od i B R Sh A Tl efEhor e i
Hodeesnd Eh $yst pns@serdedde &sl dmitbapen ABde wasreehantbee of bits
cal cul ation neans is further operable to use dyganic_ i
rigi fipads theduntvalue ehdte agsqciatedBbdndex derivative) pair
ti [ h ' f j i dbrivati
e FELIFES befell IR dolad Ko nERRIREieha Funk oK dbrivative)
tpedr;i nitial node to the end node via at | east one
super node. 44. The data processing system as defined

inclaimi42,. rein the cal cul at.ion. neans, i.s further .
oper abl e téi'b\gfgﬁﬁmﬁw ?%@@?@FQ@]‘&'S@H}O"HE‘P? fQfgeagh connection
| fRsTh SARNb At Mithil $R8E, arldPthee@s M ) FUPLE hodd to the i super node,
representing an associated (run, index derivative)

e g distoniamdnedrrehewhen tihgl  coefficient is guantized to a value

associated with the index-based value derived from the associated (run, index
derivative) pair and all of the r coefficients appearing from the coefficient to

the coefficient are quantized to the special value; and

(iif) defining an associated incremental cost, for each connection
from one of the initial node and the (i-r-1)x super node to the i super node,

as a function of the incremental distortion cost and the incremental rate cost.

45, The data processing system as defined in claim 42, wherein
each (run, index derivative) pair is a (run, level) pair such that the index-based
value is defined to be a level value defined as the value of the index following

the number of consecutive indices of the special value.



node and an (i-r-1)th super node to an ith super node,
as a nunber of bits needed to encode the run val ue of
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i ndex- based val ue derived fromthe associated (run,

i ndex derivative) pair; (ii) defining an increnental

di stortion cost, for each corfifecti on from one of the
initial node and the (i-r-1)th super node to the ifh

gﬁger node,Tﬁs distorti.on incurred when the lai 5 wherei
cBf i ci ent THS GARTPIEHING YSIRN@S £LBEfae il 45 wherein
t hydvidiie indpreslity aF éBnastiorRbdtiveBhithe Reafs 8f ksbes including
(run, index derivative) pair and all of the'r

clbefinitial redes thg super nodes, amdithe endaiddeceamprises:t he
coefficient are quantized to the special value; and

cach connecd) OhePPARRL 187 [ e, Fateupe Hodes having

e e St s g o
i R4 RERREMing Hat supsr noge mrﬁt.e a%wrmeoefggswgrﬁ%i@énand the
e L
i thaésuperseaties td each sodefin thexl maxirbemarunewehberbiieodes including
O BT B L U U085 o e

ARLRINMIAIERS intehisarSreBhAs ciitts dstfedpdnabab @ cﬁﬁer‘éﬁﬁleﬁie'ﬂvalue;

providing the plurality of connections between the
plurality of nodes including the initial node, the )
super nodes(i) fafeachesuned negadn tmpequanee gfin syrgr nages having
S S T
FHRE AP PR R EBo0h fRHRBLadR A it
i mede dbregeding itimatt istibenogedepriac doe ngeduemices wfen soper nodes,
in the sequence, of n SUFE{J nodes and the initial

e2¥tablishing ggmaxirainnizvel BugbeR W"@Pt'%ﬁ%'&@%iﬁ’g%%’t super
CRoqetd n%ﬁ‘ Ho&?é‘?]nggéﬂs?ﬁ]{] rt]lgl? ﬁgtllél%o‘?i%‘:&'.eee&#ﬁg'tﬂatt QS drmgd@iherein

run nunber o ng the initial node
peachedomedtiobatin tiue enaximde lsvel rumben oficenmantions meriesponds to

t he. paxi num | eyel nupber of connections corresponds to
aagffgﬁ?ﬂgyell‘@@’ W{Tﬂe; (ii) for each super node in
t he sequence of n super nodes having

(iiiy for each node in the sequence of n super nodes and the

initial node, establishing a single connection to the end node.

47. The data processing system as defined in claim 46 wherein the
run value and the level value of each (run, level) pair in the corresponding

cost-determined sequence of (run, level) pairs are separately encoded.
48. The data processing system as defined in claim 46 wherein

the sequence of n coefficients comprises a first group of
coefficients and a second group of coefficients disjoint from the first group of

coefficients;



| ess than the maxi num run nunber of predecessor nodes
including the initial node preceding that super node
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maxi mum | evel nunber of connections connecting that
super node to all nodes including the initial node
precedi ng that super node whred%®in each connection in

t he maxi num | evel nunber of connections corresponds to

a different Ievell val ue; and, iii% fqor each, ngde in
t he seque_nct@eo?a ﬁu@ﬁ%rmﬁ%'&%ésj grakle tPrfrGade ﬁ@dé?” value of
SSAAPIUANENBI) Dahl RAh8 CHRFEIPOhHRY éd&t—td'éferﬁﬂﬁied‘geggeﬁc?e of (run,

The data processing systemas defined in claim
viaeelpairs hasedonval ue and the | evel value of each
(run, level) pair in the correspondi ng cost-determn ned

sequence of (1 uny,od SKEd, A%, HE EEBAIALE|00sRAGHe index

48. The data processi ng system as

whrecedingtthe meabenckcarisstutivefiidicésof the spaciblsesiue associated
first group of coefficients and, a second group of .
QWigh the ramins the spauence plomoogticignts df @Po“tﬂ?ﬁb‘f'ent corresponding

B IREb RS Rp R AL B3RS SREEAEb g vl
cassoeied diithghe oan islit therfirstagtoap qf enefficeig, ramd, | evel )
pai rs based on both the | evel value and the ordered

| ocation of the jnde recedi. n e nynber of .

consecut i ve | naiEBSTPchBoEREph e BHER Pieising, tngnumber of
Védrizethiive URdicas t b tiss BiRieeR @dlud sesfddted ewith tHe tbR in the
coefficient corresponding to the index preceding the

rgeencef ot gheeliicientsi Hdihee sogfficiand egrerspanding e the index

SHRBREL e b 5 ekt i deed b e 50HR Plyg posocistes
pwigie ¢tk nan ishie tinelsdesnddfrotprsfaneficients ndi ces of t he
speci al val ue associated with the run in the sequence

of . n coeffigients if the coefficient _corresponding to,
" naex. i ey ocRSIng slens pS GGt i Fog RN beein
of the special value associated with the run is in the
second gr oupe0dssoerltéd SLBEE Bode for each coefficient in the first group

of coefficients comprises two associated nodes;

the associated super node for each coefficient in the second

group of coefficients comprises a single associated node; and,

the plurality of connections between pairs of super nodes
comprises a plurality of connections between non-associated pairs of nodes
representing the plurality of (run, level) pairs.

50. The data processing system as defined in claim 49 wherein
providing the plurality of connections between the plurality of super nodes

further comprises:

(i) for each super node in the sequence of n super nodes,

determining an output level using a hard-decision quantizer defined by the



49. The data processing systemas defined in claim48
wherein the associ ated super node for each coefficient

WO poobloasiB: r st group of coefficients conprises PGIDCA2005/001084
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associ at ed nodes; the associ ated super node for each
coefficient in the second group of coefficients
conprises a single associ at e®thode; and, the plurality
of connections between pairs of super nodes conprises

f { bet fe
&Y?@@arﬁ%aﬁ%nCoﬁﬁeighﬁﬁﬁglﬁhﬂ%pm?%gpﬁﬁ 88 EbEffcient in the
| R¥¢flehc@®df hcoehibierfiBe data processing system as
defined in claim49 wherein providing the plurality of

connections_between the plurality of super nodes
further corkfi} fos@achsuper ppde e thessgrenssii n sHReRdodes having

Smas&% n‘?é)g&éﬂgﬁ)&ﬁ RSt fciﬂ’e%gé%dr?& ﬁoé’r‘ee%mgeﬂ‘nﬁ super

har I SI ON quan l'zer
qwtm |nztite saqieidecof o suwertnovkest ded dbe rieiipbnddegestablishing a

coeffi n n.the sequence of .n coe ICI
fgAUES ﬁugfpﬁépf fenaeet rleré’"é‘@&H'é%@é‘ @aﬁavpﬂd&@e to each
rh'ﬁéien& fHe hRA&Fhum AR hOHBeT G rde!ége(;beﬂf ereﬂﬁt‘i",ﬂsrﬁﬂe or super

es preceding that super node in the sequence of n
snmbs) rmde@dlagdhaheupen no@e whgfein eachlsionsiactien in the reduced
redu unber of connect ns c ﬁpectlng a_node

pBE T EstShs SERRRFa ShtEre AR Rith R g splected
sz.ffém.@é dffied BAtPul feviel ubteaimrmwﬁ)r Hiatgliper nbages)

precedi ng that super node wherein each connection in
t he reduced_nunber of connections corresponds to a

differ ent | @0 glor \eadhe sypehingdg Befhe: s8quBNEe afeRciRgr nodes
tH’a‘?n th%ﬁ“tﬁé rﬂ&%ﬁﬁﬂﬁ & nufbdr it réHé’@éss'&?%%geS Efécedmg

su er € 1'n the sequence 'of n super
Hhat rwpbesm)d‘eh&n thdslsemnenmam)fr nnsuparbaodes amdedm:emhalr node,

S B A eI o i o
téﬁ]i{é? $iddBUBRAr n6&e§(§i@?ﬁ%¢}fHeolﬂﬁla¢ ABAE O istPep nBGé’@ ;br’écedlng that

super node to odes (being the initial node
@upsnpedenetiesdin masbechnmgctibatin the reduced number of connections

corresponds to a different level value within the selected difference of the

output level determined for that super node; and,

(iv) for each node in the sequence of n super nodes and the

initial node, establishing a single connection to the end node.

51. A data processing system for compressing a sequence of n
coefficients by determining an output quantization table, a cost-determined
sequence of n coefficient indices represented by a cost-determined sequence
of (run, index derivative) pairs, and a run-index derivative coding distribution,
wherein each sequence of (run, index derivative) pairs defines a
corresponding sequence of coefficient indices such that (i) each index in the
corresponding sequence of coefficient indices is a digital number, (ii) the
corresponding sequence of coefficient indices includes a plurality of values
including a special value, and (iii) each (run, index derivative) pair defines a



super node wherein each connection in the reduced
nunber of connections corresponds to a different |evel
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| evel determ ned for that super node; and, (iv) for
each node in the sequence of n super nodes and the
initial node, establishing a%lingle connection to the
end node. 5 1. A data processing systen1for
conpressing a sequence of n_coeffi |ent

dJunevalsiereresgning ﬁu@uraggrn?f capseqyti ygﬁncgce%of the special value,
Cad aﬂeﬁw%g"dé%@dsx‘?élti@ gérl@éd ’Froﬁ?%f {ihrieest tHé“ﬁ*ld’e&Sfollowmg the

repr esente a cost et er m ned sequence of (run
i mavkedef cwseoum)/e fedices oﬁthe special valdexand wheseinva sequence

b Coripioht 10iieS 108t MBS, oBEMEEED, Bolgy thtermines a
g8 of ©ogdtl-tetisioh hﬂdhﬁﬁd ooeiffidiéntt, (the @aeh processing

i ndex in the correspondi ng sequence of coeffi ci ent
i Syteyecomprising:gi t al nunber, (ii) the corresponding
sequence of coefficient indices includes a plurality

of values ip, lMﬂér‘:{%t%nﬁﬂgéhé‘lf%[ QEGin?8 b hidntiz8R6A table and

(run, index derivative) I nes ~arun
repfaserhdey derinative codnhg atistsibation, vand seitingsa cbuntee t equal to
speci al val ue, and an index-based val ue (derived from
wval ue of the index follow ng the nunber of
consecutive indices of the special value, and wherein

a sequence @) daléRsidi s fda%)cs@ngt@qtﬁtq*t@rntmaﬁéh dable and
guanti zation'table, determ nes a sequence of

sr@mndex mnuatn@aﬂdmg@ustab@mn to Enmillaterre tug g@%t function for a t

PR bF O Se Sk Bf D, bRy hisy i HBing the

ryncobstdfiqhctieni wakhye Mitﬂ@ sﬁ ehtdUhi the tapduradityt bhgossible
a counter t equal to al cul ati on pmeans for

uERaHpngestaf (Ewbriﬂd%ﬁﬁﬂﬁa’@\@ém?"&n’f@ defRIMiNged tn adsodiated cost;
d@g %’é”léét %Qiﬁ?érrrﬁlﬁé!&' EAcE fo"(rhr‘?"t iRdéx [detivafipd) pairs

I on ur a p033|b e 'sequences 0
(fir onm, therlOIﬁe)plldahiyvaf lpme$|bimsequen(oes) offninyiindex hrkerltvahve) pairs
cost unc ion to ea h p055|ﬁle sgg%ence in, the t
¥eif T

oP PRyt ﬁftthrﬁfsggicﬁ Seglue @rmt-dme;gneé sequence of
d&0h Y fidek%CdeRAVSE) baird WbgeREWith HehtyA§aaKtARA ©BR and run-

index derivative coding distribution, meets a selection criterion, selecting the
iy, cost-determined sequence of (run, index derivative) pairs as the cost-
determined sequence of n coefficient indices and the ti, quantization table as
the output quantization table, otherwise determining a (t+1)n quantization
table and run-index derivative coding distribution from the ti cost-determined
sequence of (run, index derivative) pairs, increasing t by one, and returning to
step (i); and (v) encoding the corresponding selected cost-determined
sequence of (run, index derivative) pairs using entropy coding based on tn

run-index derivative coding distribution.

52. The data processing system as defined in claim 51 wherein the
initialization means is operable to quantize in a hard-decision manner the

sequence of n coefficients using the 0" quantization table to determine a



(iii) selecting a tth cost-determ ned sequence of
(run, index derivative) pairs fromthe tth plurality
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based on the tth associated cost; (iv) if the tth
cost-determ ned sequence of (run, index derivative)

pairs together with the tth oRAntization table and

runi ndex derivative codi ng distribution neets a

selection criterjion, selectin tth cogt:determ
s%aﬁglgcée%‘fe’t‘}euﬂ# ?FUHd&A%F'?"\& t'iV§ P& PEaaiQeE‘h“@'ec““g a run-

Clﬁaéﬁ' VB0 Loty Qﬁ@cﬁb@lﬁorﬂ of Qﬁéfétéitﬁﬁ@t sbABIFRS ofMin, index

quanti zation table as the output quantization
tdﬂ:}ﬁ\atlve) pairsvas ¢hel 6 sundimdexyderivative codingdistribzdionon
tabl e and run-index derivative coding distribution

f the tt - t ) . of, . d

BT et ve) T Bl PRaERE SR 4" et el BRCierein the
t galstilatiorn imeansds (aperableoth p@roh® the sesyEo Al ftg‘ each possible
sel ected cost-determ ned sequence of (ru

dequancey 8f (Fan.r ndex ﬁ@rléﬁfﬂwppa%dnn %é@e'eln%ﬁhtvt ff possible
dat
PUREBE B by TioeUIRANUD fei plisdfs sies T 11

initialization nmeans is operable to quantize in a _
har d- deci si determiniry atdoerespqudingesegtience oéhfdoeffimirry indices;
using the Oth quantization table to determ ne

and then s SHRRTTIING. AP AUEsPaEng aceYBebi) " A * quantized

desdffitiBpts Win@thd Reqwdrizatios taisie whdthe Corlespondingd@guence of
derivative) pairs as the Oth run-index derivative

cogpatiiciant indierf:i on. 53. The data processing system as
defined in claim5 1, wherein the cal cul ation neans is

operabl e toq %{%m,ﬂ{, gexs T bgfwe%rpfheeééﬁhé?%% ofoh %ﬁeﬁicients

sequence of rrvative) palrs'in th

phnd #e torrespqruking béquermguefcquamtizegdreoeffidientsx
derivative) pai rs performthe steps of: determining a
n coeff.i ci e

o2 oo MBS A ARG B i omin e

CRELIdEK ¥igativd BthbQﬂéﬁlBuﬁNﬂB ERGddOthd 864 ferisadoft (fén, index
correspondi ng sequence of n coefficient indices;

dderdrative) pgire andst orti on bet ween the sequence of n
coefficients

determining the associated cost as a function of the distortion

and the total compression.

54. The data processing system as defined in claim 51 wherein the
calculation means is further operable to determine the associated cost for

each sequence in the plurality of possible sequences by

providing a sequence of n super nodes, each super node
comprising at least one node, in one-to-one relation with the sequence of n
coefficients, such that each coefficient C; has a corresponding i super node

wherein i is greater than or equal to 1 and less than or equal to n;

providing an initial node preceding and an end node following

the sequence of n super nodes;
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and the correspondi ng sequence of n quanti zed
coefficients; determning a total conpression rate
WO e@lovi1ey fromusing the tth run-index deri vaPCweA2005/001084
codi ng distribution to encode the sequence of (run,
i ndex derivative) pairs; and determ ning the
associ ated cost as a functief3ef the distortion and
the total conpression. 54. The data processing system
as defined in claimb5 1 wherein the, cal cu] ati on nmean

i s further P6pEdiagl @ plyrajity e‘?fmcﬂ’_én?cﬂlé)nés BeYeRE P sfns nodes

tnﬂdrlucﬁﬁ(%i h[héQHHEPHSd%PtH&EILﬁéIH%%f'§L¥>e fngdeesbhli&he end node to

sequentes by providi ng a sequence of n super nodes,
eqoriesenpa plutality of possibis (rgn aindex dstivative) padrs; in

one-to-one relation with the sequence of n

coefficient such that each. coefficient C, h .

correspondidsﬁ&erm'ﬂmgu qﬁ?&@'% r%‘?sﬁ of; g%’? e%?ae"feqcﬁaﬁn the

Z)Iur;aﬁw%f pRsbla8Eqlididesttipdetefmpringbntaesotiapsddiceirnental cost
ninitial node precedi n% and an end node foll ow ng

forceasiyernmmeastion im thapleraliy gbsomresiicAtng a plurality of

connections between pairs of nodes including the

initial no ol uraliky %éhq%r 0 ;

end node tgﬁ%ﬁ%ﬁaﬂgggn# géda& ucfda%lfti y O cgoggﬁﬁngaﬁ%ﬁr}f from the

iphgraktydef bdmihéotie)'nspwihesein dhé eseguenog df ronmestonaextends from

cost for each sequence in th Lurality of possjible

Joeinifimlewds,todBe &N ndsy/ia At IRaSHENS suRET Redera al

cost for each connection in the plurality of

connect i ONgfetE@hiRMG thBd cst-88rmitsl seflisieee off (run, index
connections fromthe plurality of connections, wherein

tdesivativelqraits fidmdbe teasticontseduansg LT ICOBRLENINS ni ti al
node to the end node via at | east one super node; and,

erm nin oSt - . ' af L .
Tiex der | g TR BEHEb b IS SEUGRER 1 ciaiti B¢ wherein the
aﬁa}j@ﬂéﬁgﬁ?ﬁie@r@;is ﬁisi'ihe\'li\:hhmedable tgrdmlﬂﬁheghemss(m tesl incremental

efined in claim54 wherein the cal culati :
fagst frsreasponpestion inbedlHial oheonmestiens bl

i ncrenent al
(i) defining an incremental rate cost, for each connection

representing an associated (run, index derivative) pair, from one of an (i-r-1)n
super node and the initial node to an i super node, as a number of bits
needed to encode the run value of the associated (run, index derivative), and
the index-based value derived from the associated (run, index derivative) pair;

(i) defining an incremental distortion cost, for each connection
(run, index derivative) from one of an (i-r-1)x super node and the initial node
to an i super node, as a distortion incurred when the coefficient C; is
quantized to a value associated with the index-based value and all of the r
coefficients appearing from the coefficient Ci.q to the coefficient Ciq are

25 quantized to the special value; and

(iii) defining an associated incremental cost, for each connection
from one of the (i-r-1)u super node and the initial node to the i" super node,

as a function of the incremental distortion cost and the incremental rate cost.



cost for each connection in the plurality of
connections by (i) defining an increnental rate cost,
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i ndex derivative) pair, fromone of an (i-r-1)th super
node and the initial node to _an ith super node, as a
nunber of bits needed to enc8@e the run val ue of the
associ ated (run, index derivative), and the

SRS DSl SRSl B8t I AR el B erein the
bﬁu@éﬂdn%esgﬂs furler %P%Pakﬂéfﬂ@%éidtyﬂaﬁﬁél Rrodraffiting to find the

erivative) fromone of an (i-r-1) super node and

femsticost $eduensecoficonaactions inupemluwelity, ofonaegiiens mhesgin the

sartente ob EPRreaRIS FehE® Ml e IR T84, 87 the Safenge of n
tsipef n6@&E {d s nad e atrlgastran® superaelef i ci ent
g-r-i to the coefficient C are quantized to the

speci al val.ue; and (iii) defining ap_assaqci ated .

iofer ement alTheodata prepeeties SM%%%?iC{;‘rﬁ'nPF’d% B 3 whegein the
e _ L oi Ll .

Ll PR oBRIR RNy I BaIBUiaOR tndcns i thB t cost

diet¢roninéd rsegoshcarnd (rurg index eleeivative)r paies byssaldieg aigeiadratic

dat a _grocessi ng system as defined in claimb54 wherein

B%alaNcul ati on means is further operable to use

dynam c programming to find the | east cost sequence of

ggnect i onsTHghtacpridkEssihg tsysim egrdeiieddnclainh8n eitierein the
t he sequence of connections extends fromthe initial

r(i_:idiéthirh?ﬂmdﬁ@d‘@ﬁi)@ﬂy@ ceding dishbutinde selestachas mem@m run-
Skl RABHRIPARARLof T 3 S Aud G e o

Qe tihdeit derivdtiae) pairs. derived by the cal cul ation nmeans
fromthe tth costdeterm ned sequence of (run, index
derivative)_pairs by solvin uadratjc uati.on.. /58, .
e dat o protosein grasaasing Syl redetived Mt aig p4. wherein
ééé%‘n it b I e lpbail Susiw eidtdhe index-based
| St reqr%tlﬁgen)( Péﬁ%ﬂggggg lggqi(uhé enpi rilcarél(rpgini nd%;(n exhase
dealuey it definaxbth hg alleyet valuei defined ahe value of the index following

e S T 35 SRR G o i BpodifiUtuger  vat i ve

60. The data processing system as defined in claim 59 wherein
providing the plurality of connections between the plurality of nodes including

the initial node, the super nodes, and the end node comprises:

(i) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node and any super nodes preceding that super node in the sequence of n
super nodes and the initial node, establishing a maximum level number of
connections connecting that super node to each node in the maximum run
number of nodes preceding that super node wherein each connection in the

maximum level number of connections corresponds to a different level value;



59. The data processing system as defined in claimb54,
wherein each (run, index derivative) pair is a (run,

wo ewelo)sipai r such that the index-based val ue iBCTI€AR0v&M01084
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to be a level value defined as a value of the index
foll owi ng the nunber of consecutive indices of the
speci al value. 60. The data-®%tessing system as
defined in claimb59 wherein providing the plurality of

Che i ni t1 arlihBsEach super Bate Tolsctysi e nalipst Sids having

qgwrthéﬁsthe(mbxfn%met%hnﬁh% dfopRdelesdtt ﬁ@d’é’@@ﬁ@céﬁmg that
n super nodes having at |east a haxi mum run nunber of

Eupee qesisoin ihedssnuemeeuefi ngupse nodes | RiEcedrit bythednijial node,

RIS BeERTH IS ARIPAPE SBfEcidte S TERIRg: svper

rotdtenall godds iRbidieig Pk inviana6de qireceding et super rmaae wherein
super node to _each node in the maxi mumrun nunber of

Rathsconnestian iy thenmaxinpey lerelqaumber ef sornggtions corresponds to
Cé)aﬁi%?éﬁtqgvél Vaﬁ&egrﬁpm mum | evel nunber o.f. connecti ons

corresponds ferent |level value;(ii) for each
super node in the sequence of n super nodes having
I ess than t (i foreachunodeaiim therdsejuente pf adeipes sodes pieeded by

ece hat I node n t he ce of
Hbaagtal e et B g F Aol ontedonde dap PIARPAE. o
maxi num | evel nunber of connections connecting that

sser node Tie dbta pRALEsINGLyetim Gt defiriad ini @hinm@deavherein the
precedi ng that super node wherein each connection in

teaiculationmmeans, is on@rﬁm tofsapaiaielt porade dhe dyporRide temd the

d f f I

SrAL Lk, SRR (L5 5ol ) ohea g 6 berminec
fmﬁseneétomiummm pian% ngl e connection to the end
node. 6 The data processing systemas defi ned in

cl ai m 59 mh rei.n the cal.cul atjon S i,S 0 e to
Boar ac el y D oAl PRESSIRD SRS 2R GErTE i GBI S Haein
each (run, level) pair in the correspondi ng

cost - det er nfheede§AENENCE Af cobfitierts VebhpRSes sa fﬁgt group of
The data processing systemas defined in claim®6
wtasfiiciants and a second group of coefficients disjoint from the flrst group of

coefficients;

the calculation means is operable to encode the run value of
each (run, level) pair in the corresponding cost-determined sequence of (run,

level) pairs based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special value associated
with the run in the sequence of n coefficients if the coefficient corresponding
to the index preceding the number of consecutive indices of the special value

associated with the run is in the first group of coefficients, and

the ordered location of the index preceding the number of
consecutive indices of the special value associated with the run in the

sequence of n coefficients if the coefficient corresponding to the index



the sequence of n coefficients conprises a first group
of coefficients and a second group of coefficients
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cal cul ation neans is operable to encode the run val ue
of each (run, level) pair in the correspondi ng

cost -det erm ned sequence of'@ﬁun, | evel ) pairs based
on both the | evel value and the ordered | ocation of

fﬂ?gg 2@% Irniﬂ?n din eéoglgggﬁ Ve &‘@oc}tﬁs{: ﬁfn cué%lﬁl]va I\{ell?%éggomated
SR eRCRINGS M‘tﬁ‘é)%cfdrfél' §alp dfcobhiRieref f i ci ent

corresponding to the index preceding the nunber of
consecutive indices of the special val ue associ ated

Wik h the rukhe datarpropessing systgibag detined B ¢laim Sgiwherein
and the ordered | ocation of the i ndex preceding the

nunber of ggp Phﬂa’t’é’d Lok é)forté?Chsgc%?PéiEnf’ Al #8 first group

associ at ed Wlt e sequenc
qﬂefo‘éﬁmmﬂt&onfprlsbstwoa‘sﬁoma’emtnmmzrsr esponding to the
i ndexpr ecedi ng the number of consecutive indices of

t he specia valuea ciated wt therun S. 10 -

second gr olpe oSG ‘F‘?(ﬁ%’ﬁf §’°Vg€eF°fTﬁ%°'b§P e&gééhﬁﬁgsecond
§r6f%6eﬁ*iefén@seeom@n§é§ar§|@e\dag@@iafedt ﬁw@mm at ed

supe node for each coefficient in the first group of

coefficients conprises two associ ated nodes; the
assom at ed tbapﬁfuraﬁideof sonegstions d1gtwerBnPairs Qﬁqéuper nodes

SIS i B BE HATBEASEP Sl s of e

h@bmtmglthé puframymr(rum(mm)qmmrl ses a plurali ty of
connectlons bet ween non- aSSOC|ated palrs of nodes

6 data L?ﬁ&é%‘ré%‘é%% st s Rl B hRRy 6% wherein
}I\ﬂg’(’pl %’ié"ﬁl P@' Bf‘%oﬁhé&ft@n‘st Ne@fee%oﬂfeeﬁtmﬁli’c? dredymaNnodes

al 1ty of "super nodes further conprises: (i)
ffartheacomptipes: node i n the sequence of n super nodes,

(i) for each super node in the sequence of n super nodes,
determining an output level using a hard-decision quantizer defined by the
given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients;

(ii) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes preceded
by the initial node, establishing a reduced number of connections connecting
a node in that super node to each node in the maximum run number of nodes
preceding that super node wherein each connection in the reduced number of
connections corresponds to a different level value within a selected difference

of the output level determined for that super node;

(iii) for each super node in the sequence of n super nodes

having less than the maximum run number of predecessor nodes preceding



determi ning an output |evel using a hard-decision
guanti zer defined by the given quantization table to

W@ e@adae2 t he correspondi ng coefficient in thePGEGARINGE01084
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of n coefficients; (ii) for each super node in the
sequence of n super nodes having at |east a maxi mum

run nunber of predecessor nedds including the initial

node precedi ng that super node in the sequence of n

super nodes preceded by the jnitial no est lishing. ..
At auerinegerarth SfSWEt?oﬂ§ltR§ﬁH¥¥qunBr%F gebY e initial
t t

e, ORISR o S ABRED LfiGer B ORI U TARRY R Hode in
dbahecpepmade ttheall eninoesd pmerrea:bmg dhat cupett hous wherein each
corres onds to a differept ue within .
SDnoeehen it me s, fUer of EeSiore: Sitiiniadg 3 gifferent
LBE| HRE withhsl @he (deldoted %Ffféiéﬁbe %fﬁﬁé A@pat ievel determined for
sequence of n super nodes having |l ess than the nmaxi num
rthat supesenodef apdedecessor nodes precedi ngt hat super

node in the sequence of n super nodes preceded by the
initial n &QH%
connectlongﬁgggﬁégpbﬁgmg %J@g %@?Qgﬁpgppgégod?srneceded

ay thedditial nodes, estitatgishirgf a Sihghs commestioheo eh@ eadaiode.
connection in the reduced nunber of connectlons

S@responds to a different |evel aI ue withint
ected diA f @RtenBEOGHSSEL Y5ie 10 O cGabtRsilh &gagRoe of

chEes 6; ARLRIicRHs bg é&}\tlfl Bété?ﬁﬁﬁln@ eoutput Jﬂ@antlzatlon table,

eq ence of n super S preceded the i nit
rmd@utmﬁt am-lrxiaxngeavaﬁmeglddﬁtﬂbnﬂtm:tamm far eaeh @ﬂﬂuence of n

SRaTisieRs N U GeBEoR o SedieRs, ehins CREREBTIL 1§ fhal cost

deitefinetiNSeGiierfdd Bt cobifidibhe ahdiess trabreseraed ob putfinal cost-
run-i ndex derivative distribution, and, for each

m@@n@@daeq.uea@eforfu(mrvem@q denvalivelpaiss cuherein each sequence
FUE € ik &%E{flé CliSHsS . definbs @l &?&ggﬁ@@@a%%%gpce of

squenCe or coerrticCl I'ndi ces represent

mﬁfﬁ&éﬁq indived Mﬁmm (ﬂ) @bch rmx:tiex lmﬂwgdzespmtdinga)aequence of
airs erein each sequence of (ryn, index .
d‘é’rqfﬂlfd?"tv dieRs i %Qfg"%géqusﬁn%r Kﬁ)sg'tﬁwﬁoﬁrﬁ’sgg%@ﬂc%e%ence of

coefficient indices includes a plurality of values including a special value, and
(iii) each (run, index derivative) pair defines a run value representing a
number of consecutive indices of the special value, and an index-based value
derived from a value of the index following the number of consecutive indices
of the special value, and wherein a sequence of coefficient indices together
with a quantization table determines a sequence of n soft-decision quantized

coefficients, the data processing system comprising:

(a) initialization means for selecting a 0" quantization table,
selecting a 0" run-index derivative coding distribution and setting a counter t .

equal to O;

(b) calculation means for, for each sequence of n coefficients in

the sequence of sequences of n coefficients, (i) using a t quantization table



coefficient indices such that (i) each index in the
correspondi ng sequence of coefficient indices is a
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coefficient indices includes a plurality of val ues

i ncluding a special value, and (iii) each (run, index
derivative) pair defines a rf®value representing a
nunber of consecutive indices of the special value,
and, an jndex-basgd val ue j ved frgn1a val

| f .
NI tE% HEhY2 14%099%&3{5@ B < e &dn Sost fifction for
E:éo}g faéesab?éd Y@ Iiﬂ’tqgf gaﬁﬁi%!é‘_séqﬁéﬁé@‘@)?_(ﬂfn,, index derivative)

fficient indices g er with a quantization table
deatiesy; nfiih espplyingq then ceosd f function ttod eeicki pasgjblentsegeence in the

CRHRTAT T Buchls o BRI SR B B YR GRIPALRERSR) s to
WeBfrhimatarPBsécdthted é‘o@t;@) ise@otingtdh asboiateety, cost-determined
derivative coding distribution and setting a counter t

esamlence ¢ (ram,) indlexcdgrivative) paimdrars therassogiaied tin plurality of
< ti i i _ .

SEHIE SeRlpHcEEEE . TS bBHRIFUETSRH on th associaed
gc_ws{tl;t {i\g)a?ﬂ@ﬂsttepb:c(eatod(liit)u apbiyti@ad@tggvegateecasbd?nmon to the tn

istribution to formul ate tt ti.on.

?%SSS@@I%S?‘&GOFMG"_BUUFEQ %%L@?ﬂ%é}éfﬁ@n&@@h@%ye%aﬁg for each
(4R SSEERbly P Aorks o REPRACR0 of R, o
tddtephineaa it4 aggfegade siost; v} #dhe g @goodgdte nost imekis a selection

derivativ airs to deternine associ ated cost; .. .
(P OB et ke, i ta SLBBRERIAP 4He GO0 TGP Jiyative coding
SGEHBNGEN Obs ( IE, olitPEEXqEkHtiz48bh VRbIPaANE fHeOorBUtpet run-index
associated tth plurality of possible sequences of )
(derivativa diedingedisirihution) apdi for eachespaiencereolar soeffigients in the

cost: (Lv f { s Lo ik ) ¢ i

~Sahieniop S FiobEhaft BF B darciats, i (ndRRetidabriined sequence
costostatientmimices espresenteds by rtha finah ¢ext-determitdds sgquence of
pairs for each sequence of n coefficients in the

e siexotiedaiven dadrsops rthecrssaciated s, SeqHeNseePhi(fy, index
adérﬁ\;bti@ggg‘égét BtHePRise &Igt)enlnfniﬁi% QLW%ﬁQQ%ﬁ%Qi%nC@BFe and run-
neets a ectron criterion, selectifnig the tth

gindex idesivative tadihg distdbution frodethedsaléctat iseguende of the i cost-

di stribut th t put tizati t abl d t
R NEGh SaRneedert THE: EetypE PaTBL iosaasiagd by one,
f 9hd SREIMRRAYS &R pOfi);N afaeVi) @neBlmg thé N®rresponding selected

sequences of (run, index derivative) pairs using Huffman coding.

66. The data processing system as defined in claim 65, wherein the
intialization means is operable to, for each sequence of n coefficients in the
sequence of sequences of n coefficients, quantize in a hard-decision manner
the sequence of n coefficients using the 0" quantization table to determine a
sequence of starting sequences of .(run, index derivative) pairs, and then
select a run-index derivative coding distribution of the sequence of starting
sequences of (run, index derivative) pairs as the 0" run-index derivative

coding distribution.



sequence of sequences of n coefficients, the final
cost -det erm ned sequence of coefficient indices

wo eeesdst ed by the final cost-determ ned sequRC/E€ARF05/001084
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(run, index derivative) pairs as the associated tth
sequence of (run, index derivative) pairs; otherw se
determining a (t+1)th quanti-#%1on table and runi ndex
derivative coding distribution fromthe sel ected

sequence of _the tth costdeterm ned se nces.of .Lrun, .
e der | vES Jalp RRERSSING P BHR ARGEINEY 18 Gy Wherein the
&l dPriedns i€ furlHer p%%lé‘fd),)fo%%@l?béauérﬁ& of n coefficients in

correspondl ng se ect eé) sequen_qes 0 run, i ndex .
dheisequened opaequencasmf MHebéffigients dindgfor @ach Tiessiipg gequence

processi.ng system.as defined,in claim65, waerei .
FaTe s et HeiEHES) Barporatiel 4e5Bomet duc ALY i Bossible
Hequehtss b GuRNnSek Hetiati v PLIRS pedbms BisisrRpefol N
coefficients, quantize in a hard-decision manner the
sequence of n coefficients using the Oth guantization_ _
table to dedeierminnca sefgeperding seauenemgt B caEHIGISH ingices;
(run, index derivative) pairs, and then select a

run-index qehiMa ‘éOdbéWesjioﬂd?ﬁg?u%éaﬁeﬁée tBe n quantized
sequence of starting sequences of (run, I ndex
deafficienteajsinmathest"apantization table and dex cderespending sequence of
coding distribution.67. The data processing system as
deFPH 8”¥"Wﬁ9§%ﬂ 65, wherein the calculation neans is
further operable to, for each sequence of n

coef fi ci entgetbfininiify 86 HesB6iateRf disRAitienbetvedn the sequence of n
coefficients, and for each possible sequence of (run,

i eredficierisians theeoriesppading saskiense o nauaptizes coetficients;
plurality of possible sequences of (run, index

derivati Ve)dé}éh{xmirgﬁ%fé%][sgbfa% ﬁt&lpéorﬂ fesggﬁw%‘t’% Pe&\Btify from
correspondi ng sequehce of n coefficient 1ndices;

deding the it gur-index depvatiliengoding ulistributidn to gneode leel sequence
coefficients usipng the t h quantization table and the

cr (s ﬂ%‘"“é@ﬁ{%@ﬁ@gs’o?nqw coefficient indices;

determi ning an associ ated distortion between the

sequence of g&tefARfidd the Bs8odiBfbd BEsICAS EefMRIGh N the distortion
sequence of n quantized coefficients; determ ning an

aarb theatotal compiessionpatessi on rate resulting from
68. The data processing system according to claim 65, wherein the
calculation means is further operable to, for each sequence of n coefficients in

the sequence of sequences of n coefficients, perform the steps of:

providing a sequence of n super nodes, each super node
comprising at least one node, in one-to-one relation with the sequence of n
coefficients, such that each coefficient C; has a corresponding i" super node,

wherein i is greater than or equal to 0 and less than or equal to n;

providing an initial node preceding and an end node following

the sequence of n super nodes;



using the tth run-index derivative coding distribution
to encode the sequence of (run, index derivative)

w@aioesps1end determ ning the associ ated cost asPEI/CA2005/001084
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function of the distortion and the total conpression
rate. 68. The data processing system according to
cl ai m 65, wherein the cal curaO0on neans is further
operable to, for each sequence of n coefficients in

t he sequence of .sequences. of .n coeff.icients erform
the steps oPTOVIHadi i FIGraline @f (eATECPi, RiigenBags, of nodes

epeidhtP e MAFE OB biSerdtodRPahd B eRAdRE 1 represent the
one-to-one relation wth the sequence of n

casgqaiaied in plursliiyof pessibisasequansesiof (v, irgextdarivative) pairs;
corresponding ith super node, wherein i is greater

than or eq uaétehﬁrﬁrﬁw% ld':\:s%%cfa@cp Bkt &9 gaar{a ﬁgg%gétneg | incremental

provi ding an’i receding an

f codtdoi each benrsstioarie ¢heoplunality pé comaststiongr ovi di ng a
plurality of connections between pairs of nodes

i ncl udi ng tge initial qode, the supe es and .t he

r no |
end node t odPEPNEURG A tIREST, SOBl iSEABNES HPTpFeRRAGHiopS ofiom the
pera%é@ R Ff SOMHBBESSs, Ahdrei thd BESdektds by %Bht"(é‘étitd?rg' &&ends from

determning the associated cost 'as an assoclate
i therinitahnadle tothe énd nede Nicatnaast ormnsupenrosiepbodal ity
of connections; determ ning a | east cost sequence of

the. sequenc el Hld oesrdndmbeqr SehbahSs P Tlh." index
n@&kivdtive) paire idmtheledsiecadt seqasihceofcaetionsde; and
deternmi ning the cost-determ ned sequence of (run,

i ndex derivative) pairs fromthe | east cost sequenc ,

of9connect | HAS et reﬂeéswl&%/s&ra@e%%fﬁbedskysql@m 88, Wherein the
defi . - : h . e _
{E418Hoh el e 5L o S S B ARciionts i
cihef sequendes of seqbencasqgaknceoeafficisrisy eseedyrmsimioc programming to

LS SR Siont SRaUMARE A AR BAR TR bR BbLBF gnpgetons,
CRABRSH itAE SeqUEREL b cdiifectiB Ay @Xshdef frérrtAeGhitiaNsode to the end

extends fromthe initial node to the end
node via at least one super node.

70. The data processing system as defined in claim 68, wherein the
calculation means is further operable to, for each sequence of n coefficients in

the sequence of sequences of n coefficients, perform the steps of:

defining an incremental rate cost, for each connection
representing an associated (run, index derivative) pair from one of the initial
node and an (i-r-1)s super node to an i super node, as a number of bits
needed to encode the run value of the associated (run, index derivative) pair
and the index-based value derived from the associated (run, index derivative)

pair using the ty, run-index derivative coding distribution;

defining an incremental distortion cost, for each connection from
one of the initial node and the (i-r-1)s super node to the ith super node, as a

distortion incurred when the coefficient C; is quantized to a value associated



node via at |east one super node. 70. The data
processi ng systemas defined in claim@®68, wherein the

w@ado60b#aBl on nmeans is further operable to, forPEHCA2005/001084
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sequence of n coefficients in the sequence of
sequences of n coefficients, performthe steps of:
defining an incremnental rate18dst, for each connection
representing an associated (run, i ndex derivative)

pajr .fraomone of the initi de and -r-1

S‘M%rth?ldage)f aged jv@ esaaerﬁLeﬂ e&sc%ﬁ?ﬁ]ﬁfg;é gqﬂr\gsfrom the
Qi Vi

i ndex derl vg§| Vecé%ﬁflﬁHg%dﬁ%%:qlﬁ]éggﬁ622@%799@(F|§ﬂvé|{1@,nand

derived fromthe associated (run, index derivative)
pai r usi ng defining rarr agseciated u@remanta}ecqsbdfmgeach connection

e o 810 1o Bl bRUB AR RIPETNE Ao flodé, ol )" Efier noce,

tdxea fundtioh) dflths igemeats disioitiop ddshafd pies intpe@entsd réte cost.
distortion incurred when the coefficient G is

q7u ntized to a val ue assqgci atedwith the i ndex-based
V

Al-ue and al fe sfata HYopessiRg ravelem as B&fli ‘ﬁgc?frﬁnﬁg Hherein
tcfé;éhf qoﬁh &R e%eh\(?aﬁ\}éz g%g'% b (?ur?rlévéBJgélrr %uQH tREShdek-based

eci al val ue; I'ni Nng an assocl
ivatue iedefihed ¢ be d deedaaalmechefnmd ama \ialmmodrtlee afdexhfollowing
istBItlal node and the to the ith

BAHMRR LT G2 QSSC‘FWﬁcf‘F’G&&? tq%gp‘?‘ﬂ%' it al

distortion cost and the increnental rate cost. 7 1.
Tie data prpee sRitd hroved %%sfé?rﬁléb?deflﬁed?hﬁldmlﬁﬁ 71 wherein

.wherein each (run, index derivative) pair is a (ru

| Fé’@éld)HQJH’IGr PRIy OF sonpectionsdestweas dbe whurality ef mqslqleéludmg
l?r‘?‘t|§| ﬁ&ﬁ'thé( 3|, Srﬁ’ éés”%‘?d i énd %HS Fn trf%% J ndex

I oW n e nu consecu ive | n P t he
speC| al vaI ue. 72. The dat a processing system as
defi ned i n for aaoh %uﬂaer nbdg @ thepsenueathice@ftrheugeruradasthaving at
f connect.i ons betvve t Iurallt f node —
TreF AMTRRIGEY 1Y DHEIbS: oh Brodefisasan Bpden AEiding the ditial node

PHEcBPHE hAfRUpELROIE Oh tREGRGEERSE oRP8upet hbdes and the initial
sequence of n super nodes having at |east a maxi mum

rnode; egtablisbing aenaxisaworlevel dusmber bli gongectiansi eonnegting that
2%%(9{98%2@ t{fﬁ e frhﬁ}q %ggﬁurhnru%hneurﬁggrugp ﬁc?dé)sf inrc]:luding the
initial node preceding that super node wherein each connection in the

maximum level number of connections corresponds to a different level value;

for each super node in the sequence of n super nodes having
less than the maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes,
establishing the maximum level number of connections connecting that super
node to all nodes including the initial node preceding that super node, wherein
each connection in the maximum level number of connections corresponds to

a different level value; and,

for each node in the sequence of n super nodes and the initial

node, establishing a single connection to the end node.



node, establishing a maxi mum | evel nunber of
connections connecting that super node to each node in

w0 b@efreaBrum run nunber of nodes incl udi ng t hePCHCAR@E/001084
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node precedi ng that super node wherein each connection
in the maxi mum | evel nunber of connections corresponds
to a different |evel value;-fl8B2-each super node in the
sequence of n super nodes having | ess than the nmaxi num

Tohe" b ocedt ity DaRdbocaEna AIBET Ae R neBqn G Of. Wherein the
el atist fifeand St Bk e 18 defife TR (U, 'c{h\éﬁ’cizé%‘fpﬁble?from the

connections connecting that super node to all nodes ]
iseteciad ngequmndeniof | the riw deogirdetenningd t fequengesr ofoden, index

erei.n each connection i he maxi num | evel nunber of
el GREr 67 PRE R A Suadrai S HalREPELy | evel vl ve.
and, for each node in the sequence of n super nodes

gyl the i niTheblaogi®cessihgRystm ag defibeddh lmé® ovhein the
to the end node. 73. The data processing system as

F@AleHRlPN meangi imopsrakifde sierve Hae &l raninsiexderivativg coding
apnle t eV t IZ Al I m;
SRErBGgy Ryt al 8 08 ' pat fepHARes” SohEnceR it (R Mindex
sieyivatices pairs( farnalli setmendesi ohitn \oepfimdents iny tlwol sequgnce of

a uadrati(f: e%u ti.oq. 74. The data processing system
é*@%d‘@f‘Pﬁ%G P @%Eﬁlﬁﬂ 85, wherein the cal cul ati on neans
is operable to derive the (t+1)th run-index derivative

cagli ng di stThddhbtPPrdcessing! dystdm tddedéfiied in claim 71 wherein the
cost-determ ned sequences of (run, index derivative)

palewation nganss isgopambie 40 sepasatety eneeds the rupevalue and the

JPRc Lo SR PSE b rieiP T bl Sonoling $Bstfh@rminec
aRIqtehat iof (rume ivel)i gaigper abl e to separately encode the
run value and the | evel value of each (run, |evel)

ir in the_correspondi ng cost-determned sequence, of .
(Run, | evel Thedpiabrossssitg Vatem o Asiacd im gy Jcatinsrein
defined in claim75 wherein each sequence of n
coef fi ci entgydisédiferRRISEA WReficiéitg 4§66 Sequence of sequences
of n coefficients comprises a first group of coefficients and a second group of

coefficients disjoint from the first group of coefficients;

the calculation means is operable to, for each sequence of n
coefficients in the sequence of sequences of n coefficients, encode the run
value of each (run, level) pair in the corresponding cost-determined sequence

of (run, level) pairs based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special value associated
with the run in the sequence of n coefficients if the coefficient corresponding
to the index preceding the number of consecutive indices of the special value

associated with the run is in the first group of coefficients, and

the ordered location of the index preceding the number of

consecutive indices of the special value associated with the run in the



of n coefficients conprises a first group of
coefficients and a second group of coefficients
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cal cul ation neans is operable to, for each sequence of
n coefficients in the sequence of sequences of n
coefficients, encode the runWal-ue of each (run,
| evel ) pair in the correspondi ng cost-determ ned

seguence Q r Un.. l.evel airs hased on both the |eyel .
VBN 8 it RSN, b R GReBRR P e dar P index
t frecedingethe0iuriBas 6F bbhatutifd ifdseH bf the s?é@iﬁl flusadsdsciated
associated with the run in the sequence of n

cwith the rumisdnithe saeondbarduipcfaeeffiicirntespondi ng to t he

i ndex preceding the nunber of consecutive indices of

t speci al I ' | t hee S :
1ot "o oupr i cafy PraRbRblstirh e, B8iieslin el 75 Fagrein, for
odadhhesaqueare poecedcogffitibatsnimbthe dequensecof isegjuences of n
i ndi.,ces of the special value associated with the run
i?quﬁgg'%t&uence of n coefficients if the coefficient
corresponding to the index preceding the nunber of

consecut i vethengdsoRfatéd stipér AB8E &Y eaéH BSefeRPE irtiRdfirst group
with the run is in the second group of coefficients.

7qf copfficients £LoprasisesIWapsspsi pedelifi ned in claim76
wherein, for each sequence of n coefficients in the

sequence ofy.se : 0 C e, Cl , : :

associ at ed t@%pgﬁg%édf%%&éacﬁégg‘ g ?éf?ecr?tteﬁﬁ:ﬁeqth'g the second

fgrosip af coefficients cofrfprises Btsingie sobsiated nodeisamki at ed

nodes; the associ ated super node for each coefficient
ients conprises a_sin

in the second oup, of _coeffi |l e
associ at ed_ﬁ@dg,iurﬁﬁtﬂ, of HePeg |gq1§tlg)et34ee oRAEEL Pf)r?é‘p%r nodes
bc%nﬂﬁﬁéb@é'ﬁl%rgfﬂ%ép BSANSIRS I5<tvBEh Srfb%—éséﬂfdi’eﬁgg g%afrsoéf nodes

connecti ons t en non-assocl at ed pairs o

riepresantingige phaalityofdtur, Jevel) gaimn, | evel ) pairs. 78.
The data processing systemas defined in claim77

rein, f coefficients i .
\;\gguence o?ﬁg% g%&@goggéggﬁﬁ s%fsté}'n 2 ééﬁnedeﬁln Sain! 7t7rWhereln, for
each sequence of n coefficients in the sequence of sequences of n
coefficients, providing the plurality of connections between the plurality of

super nodes further comprises:

(i) for each super node in the sequence of n super nodes,
determining an output level using a hard-decision quantizer defined by the
given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients;

(ii) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes preceded
by the initial node, establishing a reduced number of connections connecting
a node in that super node to each node in the maximum run number of nodes

preceding that super node wherein each connection in the reduced number of



coefficients, providing the plurality of connections
between the plurality of super nodes further
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n super nodes, determ ning an output |evel using a
har d- deci si on quanti zer defined by the given

quanti zation table to quant r484t-he correspondi ng
coefficient in the sequence of n coefficients; (ii)
for each su

HERIRGIGDS CBReRPaNdRia Rellerant BURDEI ML ASCUESeS difference
"8 dUASHBL OGN hEl Forthafiferideedi Ng that super

e sequence of n super nodes preceded by the
initial node, establishing a reduced nunmber of
connect i ons(iifofaiegacmgurendwsie in thextsesygace fda swper nodes

each e Ln.t ' n [ [ .

RN T g, PR LA BB bt locRESSpEhBaES bléheding
nhab &upef ¢odecint thenseq@sices ppndsuper Aodes fppeesded by ethe initial
value within a selected difference of fhe output,|evel )
deeds. nesiablishing @ irdusgdeRUmBEE of Gonneckiens éaaﬁe%tm&a node in

' h enge o ale] ' S

(BEE suber Rode HeRAnBAeg MUBEANGOHER AR AcUBCRNEIIR cach
t tarinestiparin rthd eedoucad austen ef oonokcivrsupemrespatets to a different

preceded by the initial nogde, est i shi d d .
PeReEySiue Wishincbe ieteonBstaTe of sqauimit faidl d&iStnined for
NGEe stiferhoddigs Preceding that super node wherein

each connection in the reduced nunber of connections

corresponds to a different | evel value within the
sel ect ed di fiY)efosreashotodenin tha peuenseepl BaUPeRiNesgsfyeceded

R B8 SR 8 e

node, establishing a single connection to the end
npgle. 79. AAcsmputer ppog@napredund fot useroruaecommputer system to

CORpISSc Al SSBPTUR: GF M AORGCRTEDLY. deleerinie e sagidktegmined
oledudR8ldn PLaghe SRR BRrRARSty ot delomined sequence
paf (renuindex derigaties) prisnundarta givenaplantiaation tablé madxrun-index
derivative coding distribution, wherein each sequence of (run, index
derivative) pairs defines a corresponding sequence of coefficient indices such
that (i) each index in the corresponding sequence of coefficient indices is a
digital number, (ii) the corresponding sequence of coefficient indices includes
a plurality of values including a special value, and (iii) each (run, index
derivative) pair defines a run value representing a number of consecutive
indices of the special value, and an index-based value derived from a value of
the index following the number of consecutive indices of the special value, the
computer program product comprising a recording medium, and means
recorded on the recording medium for instructing the computer system to

perform the steps of:



derivative coding distribution, wherein each sequence
of (run, index derivative) pairs defines a
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that (i) each index in the correspondi ng sequence of
coefficient indices is a digital nunmber, (ii) the
correspondi ng sequence of codPPi-ci ent |nd|ces i ncl udes
a plurality of values including a speC|aI value and

(iii) each I ndex. deri VatLZ@SI) nes run . .
val ue repre rﬂﬁ'% ﬁﬂ@eﬁ”%’?t' ngt@bq 9@d fHB.’E@%X gerivative
té&lﬁ@&ﬁﬂﬂbuﬂéﬂ bt@ fo@ﬂﬂlla'%é énéifé?f foasesh et l@pﬂﬁéhyegf possible

froma value of the index follow ng the nunber o
cSﬁ%@@GﬁS@é(rUﬂdlr@@X defivetiee)spaitsi al val ue, the conputer
program product conprising a recording nedium and

means recor ' [ f [

The- compar 40T 8pBRig T SER KirRonTe edch Stssleie SeHbh in the
tmaragutweﬁpmmwseqtmnoes ab(renamdeklderwaﬁ@eg ptdis toaddte@mine an
codi n% di strl bution to fornmulate a cost function for a
ARRCL ?S’/C% BBQSl bl e sequences of (run, index

derivative) pairs; (b) applying the cost function to

each possi bq(c? SEBEMRF Sthie chBRdBleihildd yséﬁ“ueﬁ@ésb’P' ®un, index

sequences of " (run, index derivative) pairs t
diarssativer mrrsaﬁgumtheepllumj&y ofapdsS|bb) squIemesng:ft (ren, index

SRiER D R cBasil 4 T Brofibo, FRCRL Gthed! e uraity of
(passiblé ndeyueiRicsy ¥ | (kan, NAdes dasedive) pdifs;a8RECEAESHINg the
cost of each of the pl urallty of possi bl e sequences of

(GairesPoRding seleripst pesdydgiaimived srauenes difngur hindex derivative)
Cﬁglfseéﬁﬁ@ g)lr(mﬂggf ?bg@b\%s adn 4Sh&5M gﬁrﬁ%‘wg 'E%gln distribution.

run arrs u3|ng en
based on a run-index der|vat|ve codi ng dlstrlbutlon
&0. The corfhe eompubgr progparadproduet aceatding tooclaimi#8, wherein

S lheeshpisb o’ SRR B 8o A FRbblcFvatie) par

ﬂh%é'pldrﬁlﬁ?fof PRSShIE SoRRMEBETA Frup ifdekUerlABGE) pairs:
derivative) pairs: (i) determning a correspon i ng

sequence of n coefficient indices;
(i) determining a correspondlng sequence of n coefficient

indices;

(i) determining a corresponding sequence of n quantized
coefficients using the given quantization table and the corresponding

sequence of n coefficient indices;

(ili) determining a distortion between the sequence of n
coefficients and the corresponding sequence of n quantized coefficients;

(iv) determining a total compression rate resulting from using the
given run-index derivative coding distribution to encode the sequence of (run,
index derivative) pairs; and

(v) determining the associated cost as a function of the distortion

and the total compression rate.
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(ii) determining a correspondi ng sequence of n
guanti zed coefficients using the given gquantization

wo awbooaszr t he correspondi ng sequence of n coePET/CARNNE/001084
indices; (iii) determining a distortion between the
sequence of n coefficients and the correspondi ng
sequence of n quanti zed coef ilP€irent s; (iv) determ ning
a total conpression rate resulting fromusing the

%11ven run-ipndex deritvative codi gg tdi stri but{?onI to7 herei
code the GRAWPAteS PIOgIRM RTRqEG ABFrdng; Peylam; 1% wherein
M€ (&) coifprisas: ni ng t he associ ated cost as a function
of the distortion and the total conpression rate.8 1.
The conput er program product according to claim 79,

wher ei n st e(ﬁ providingns? isegyenes )°f|d? SUPET ﬁ'@dﬁsséa%rfd@er node

Oéon’?% 5 @& at rfggsqsor}eeﬁSEe,SMpﬁtg?-ﬂ?-%ﬁe%!?i{th\;vﬁﬁ tRL s!egﬂ%bce of n

one I'n one-to-oné relation Wt e sequéenc
receffidiénts] entls thatuehch latfiiciarit hasfd icorrespohdinga™ super node
corresponding ith super node wherein i is greater than
HIBITh) sigredtes tiipn ebsyaldn Inhless han,or edyaity n;

providing an initial node preceding and an end node
fol | owi ng t(h)?p&ﬁ/‘itﬁﬁ@‘éﬁ iRktialnSAP Bfed@fiRPand AU Atiefollowing
plurality of connectiions between pairs of nodes
ithelseduence bénisuper abdegide, super nodes, and the end
node to represent a plurality of possible (run, index
derivative) R3S ¥) - } i : LAt
cost for ea"ﬁadsfég'gé cé plln ﬁ|ﬁé&p%ﬂ%#@©53§h§%§@ip§%g of nodes
dedudinge thaynitialt aode hsogeranodssoandtite end rrodentalrepresent a
cost for_each connectjon ip the plurality of
WAt Plprssikie (rueindex Jariyglive) A cost sequence of
connections fromthe plurality of connections, wherein
the sequen SAAMGT R 2is8SEIBRAE chSOfDr Idien 8bdiéHce in th
node to thgﬁgg%etngﬂeﬁﬁa at Ssealst oﬁe suger node(?u ancg, n the
(plunaliticoepossitla geghences by determining dinsasposiated dfcr¢mental cost
[ fndex N . L

or each connection in the plurality of connections;

(v) determining a least cost sequence of connections from the
plurality of connections, wherein the sequence of connections extends from
the initial node to the end node via at least one super node; and,

(vi) determining the cost-determined sequence of (run, index
derivative) pairs from the least cost sequence of connections.

20 82. The computer program product as defined in claim 81, wherein
step (c)(v) further comprises using dynamic programming to find the least cost
sequence of connections in the plurality of connections, wherein the least cost
sequence of connections extends from the initial node to the end node via at
least one super node.

25 83. The computer program product as defined in claim 81, wherein

step (c)(iv) further comprises:



derivative) pairs fromthe | east cost sequence of
connections. 82. The conputer program product as

waledosioeddsi n claim8 1, wherein step (c)(v) furp¢BCA2005/001084
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conprises using dynamc programming to find the |east
cost sequence of connections in the plurality of
connections, wherein the | ead®7cost sequence of
connections extends fromthe initial node to the end

d t 8 h .
B?oSr b r o ETa N G e TF LR s CPStuil BRRT spgpnection,
('éé’ént%@r%rﬁ‘%rssééi | §68: ihbiex ¢RFiVEIRY Fdr, 'fﬂﬁ'h w&ﬂhe initial

rate cost or eac onnectl on, Ee resentl ng
asade iaatean (-ui)n isudex nadeitozan V& supar noder & @rﬂwnmer of bits

i 1o B o iy DR e

ralrﬁu v ielefibdsRd e deAlad fromithe asutiatée (fumtindes) derivative)
pai r and the index-based val ue derived fromthe

aRdtici ated (run, index derivative) pair; (ii) defining
an increnental distortion cost, for each connecti on

from one of (ii> h%fl'nm Eﬁlln ﬂ?erﬂ&lddlgﬁﬁtléh c'bstl)fbr‘e%Hﬁed nnection
th super

node to the as a distortion |ncurr
whem tdne afddefinitinbntde anquhet(l =) super nedauto the i" super node,
assom&t ed with the ased val ue derived . fr

285581 pERion uRCUTRRIGE: TES: | SRETGIERY, hrHLANtPeg 1q s value
I a&Qhidtb 8 VAH the3RBERDRBEd VaR dé}ﬁ/e@qﬁsmltﬁe %@goé.aterdw@un index

coefficient are quantized to the special value; and
(dem\)attwef pairranchall of e I soefiicionts eppeadng Hem the eeefficient  to

(g, ot el e o e onaaalid g 2.0 '

functl on of the increnmental distortion cost and the

i ncr ement al (ifedefinteg bn SB4ocibter mormuemal postgfameach connection
pr oduct as defined 1n claim8 1, wherein each

| e orR of Jae IVEy! nede and the (irighin $URAEIN0dS, ﬂéulc rsuper node,
va?ue ﬂ@?dr{wgﬁfﬁe%@%ﬁ%‘g{atﬂgsfgﬁ &ﬁééﬁ%q‘dtm? l?ﬁ?r@n{&\fﬂrate cost.

I ned e 1 ndex owng th
nunber of consecutive indices of the special val ue.
884. The coniﬁhee:onppuigr prograwdpraidugt ad efefined in elaimad i wherein
Sé‘aéﬁ‘ ?run index derivative) pair is a (run, level) pair such that the index-based
value is defined to be a level value defined as the value of the index following

the number of consecutive indices of the special value.

85. The computer program product as defined in claim 84 wherein
providing the plurality of connections between the plurality of nodes including

the initial node, the super nodes, and the end node comprises:

(i) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes and the
initial node, establishing a maximum level number of connections connecting
that super node to each node in the maximum run number of nodes including
the initial node preceding that super node wherein each connection in the

maximum level number of connections corresponds to a different level value;



providing the plurality of connections between the
plurality of nodes including the initial node, the

wa@ apesoiigezies, and the end node conprises: (i) POT/Ca2m/001084
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super node in the sequence of n super nodes having at
| east a maxi mum run nunber of predecessor nodes
including the initial node pﬂ@@eding t hat super node
in the sequence of n super nodes and the initial node,

est abl i shi ng. maxi.mum | evel .nunber of connecti ons .
Connect i ng A" CireTRes d0dedN i Roes of 1t R SiliRdashaving
I'léBs fﬂh’éﬂ?ﬂﬁe Aaxiadasrinmnelimeenef pféﬂécé*sédraﬁodé&iﬂpluding the initial
precedi ng that super node wherei n each connection in

t RederaRieeadindeibat raupeer nede cion e t setenser ds postget ghodes,

26 Sbla80 a, MRl IetBi flinbet o FRFRRYRE FRRdG g that super
needertarall wodes imhiding the atesiersierpreeddingitnat subdrthddeewherein

initial node preceding that super node Iin the sequence
ofagh §%’Ei%€?°t'ﬁ’6d@§he ERPABIUNTE lﬂVﬁbn'deﬁf( PhEannesiioNs femesponds to

0 dff%@ﬁf:lb'\/ﬁlr\ﬁalﬁg ting that super node to all nodes

i nc I'ng the 1nitiall node preceding that super node

wherei n each connection in the maxi num | evel nunber of
connect i ons(iigofor ezqubndede dn dheli fefopieane dfaveupealnoegles and the
an ii,i) for.each node in the.se nce of super
-Biet haie es1BbUsTTRG g s combei AP R Ciads, g1 &
connection to the end node. 86. The conputer program

pa®@duct as Tré icoatbuter Fio@ram&&owb@t 8% defindd Sh eRifc85 wherein,
the run val ue and the | evel value of each (run, |evel

).
pii stepr{(c) Heedsn: ¥alpe rnchthecleyel Maluerofi ereh GuRulaved pair in the
( i & y, d Lol
e PUSl BB Aol e U REEL P60 e Hags i scpartely
warecazlenl. t he sequence of n coefficients conprises a
first group of coefficients and a second group of

coefficients disjoint fromthe first group.of, . .
SBEf 11 ci ent She SPHIPYRY PTOGHI PGt A8 AT RGO R Glaiig B6 wherein
val ue of each (run, level) pair in the corresponding

cost - det er Mhee@eHBEHEHNCE! ¥ doeHitientSVEbhpHSes Sa first group of
coefficients and a second group of coefficients disjoint from the first group of

coefficients;

step (c) comprises encoding the run value of each (run, level)
pair in the corresponding cost-determined sequence of (run, level) pairs

based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special value associated
with the run in the sequence of n coefficients if the coefficient corresponding
to the index preceding the number of consecutive indices of the special value

associated with the run is in the first group of coefficients, and

the ordered location of the index preceding the number of
consecutive indices of the special value associated with the run in the

sequence of n coefficients if the coefficient corresponding to the index



based on both the | evel value and the ordered I ocation
of the index preceding the nunber of consecutive

w0 paooedsnf the special val ue associ ated w th PEECARNN5/001084
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in the sequence of n coefficients if the coefficient
corresponding to the index preceding the nunber of
consecutive indices of the spe@ral val ue associ at ed
with the run is in the first group of coefficients,
and the ordered |ocation of the_index precedin

; [ th )
RIRERFING fthe HERET T eOoNSeaI I Inshicash %e%?%q'al\»%l%%ssomated

. . . f
RPHALRDS 1 i ddtoridiolip o iBefiRntce of 1

Icients cient corresponding to the
i ndexprecedi ng the nunber of consecutive indices of
8% speci alTheatereputes peograstpradust as defined insclaim Bifevherein
second group of coefficients. 88. The conputer program

product as f] | ' er.ehn . cinat

super node tﬁ%rasggg'ﬁ{écho%%@%% Wné%e‘*?ecééfﬁ%?ﬁg?‘oﬂﬁ‘% @ t group
afebbffitieasé sorpiiges 306 dssociatrisdddsed nodes; the

associ at ed super node for each coefficient in the

second group of coefficients c rises a single.

associ at ed Msa@sSeRRieck HPS W04 ey S86h CORAERNIJRsthe second

g%w%ﬁceéﬁi&%n@é cOMPREeHALHTy IS 2EBGLSRY fodd; il ity of
onnecti ons between non-assocl ated pairs of nodes

representing the plurality of (run, level) pairs. 89.
The conput dhepphuyaliiyn pf cxbneectiensidigtwesni paiss apimsgger nodes

e gisebe AR ot Aol detBhe T RRGRR By B hodes
fr@Freﬁs@ﬁhnglﬂmpumm? of (runh eevepqzaece of n super nodes,
determi ning an output |evel using a hard-decision

uanti zer defined by the given quantization.table .
%@ami ze thEhe 6PFRY nranosgaredw hék & GSfRed g ff@ﬁhéﬁa@efem
_ Lcients L . N
HaTERRENS ST, of bbindclorg bt Bl o\Gper nades
rfurthenicdraprisdés:pr edecessor nodes precedi ng that super

(i) for each super node in the sequence of n super nodes,
determining an output level using a hard-decision quantizer defined by the
given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients;

(ii) for each super node in the sequence of n super nodes having
at least a maximum run number of predecessor nodes preceding that super
node in the sequence of n super nodes and the initial node, establishing a
reduced number of connections connecting a node in that super node to each
node in the maximum run number of nodes (being the initial node or super
nodes) preceding that super node wherein each connection in the reduced
number of connections corresponds to a different level value within a selected

difference of the output level determined for that super node;

(iiiy for each super node in the sequence of n super nodes

having less than the maximum run number of predecessor nodes preceding



node in the sequence of n super nodes and the initia
node, establishing a reduced nunber of connections

W@ wa®eeilBNg a node in that super node to each POIEARNV5/001084
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t he maxi mum run nunber of nodes (being the initia

node or super nodes) precedi ng that super node wherein
each connection in the reducégonunber of connections
corresponds to a different |evel value within a

sel ected di fference of the oufput |evel determned fo
chaf SBssrnansidr (e s9aueiceclL R SupEh nRgEs. 0 the Inital node,
SEQHBIHInG a ?eéH&ﬁi MesissT BAGoRAetHE EBARedtMg BRXLHRITh that

run nunmbetr of predecessor nodes precedi ngthat “super
neutEeri nodehte albnodes: Gaimg thesinitial nodeay super nedeshpraceding that

node, establishin reduced n r qf connectio .

SR i Sneflncthch SoieEnah S GeBlieSg N Q8 connections
(bsrédpdride tonit disferamdevelr valugewitiindge) slecieddiifferéivat of the
super node wherein each connection in the reduced

newbut leyel deterainaddrs thadistespBade and.a di fferent | evel
value within the selected difference of the output

| evel det erffngd {om hBAL if URE"sRRficeidn bkt riddfes and the

each node i sequence of n super nodes a
i imitial abdepestabksttiad bisiigle goansctigl #© thererechodm to t he
end node. 90. A conputer program product for use on a

cggputer systemto compress a sequence of 1
SHOF 11 i ent & FMBRIEL PROGRRY PaiEd 1B 158 i ) SorpRygr system to
t éhthBresd & Q8usde bih TRRRASHE Byed&terindRe hh i dtitiit quantization

I ndi ces regresent_ ed by a cost-determ ned sequence of
(table, a seskdetermingd sequenger ef neefficientnindiegsxrepresented by a

ST SRS B Y DT e R e
casniegivendoting edistrittionf whefdinh cieaoh iseduerse sofh(run, index

that (i)_ each 1 ndex in the correspondi ng sequence  of.
cderiyatives pairs slgfings aj coreesrogaing sww&e,of(qog%@% indices such

. : o L _
G JDSPRA AeR 180 rlepbhf) SRR STIGERL s is =
( digital mambe(,r(iinthe coteespbadingseqwngeadfr catfficiertsindicesrincludes
val ue representing a nunber of cpnsecutive indices of .
{APEREY T Valgs, nGhame, & sRswiahyebie. 2Hd i deah, 4@in, index
faemaived! peir abfinée d PEevalR reesantiny aHiker f consecutive
consecutive indices of the special value, )
indices of the special value, and an index-based value (derived from a value
of the index following the number of consecutive indices of the special value,
and wherein a sequence of n coefficient indices, together with a quantization
table, determines a sequence of n soft-decision quantized coefficients, the
computer program product comprising a recording medium and means
recorded on the recording medium to instruct the computer system to perform

the steps of:
(a) selecting a 0™ quantization table;
(b) selecting a 0™ run-index derivative coding distribution

(c) setting a counter t equal to 0;



and wherein a sequence of n coefficient indices,
together with a quantization table, determ nes a

wa@egoenae2 of n soft-decision quantized coeffi cPENCa2005/001084
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the conputer program product conprising a recording

medi um and neans recorded on the recording nmediumto
instruct the conputer systemlfld-performthe steps of:

(a) selecting a Oth quantization table; (b) selecting

a Oth run-index rivative codi.ng,.di stribution. I
setting a count e&§ﬂjsglﬂjﬁlttht%'a@?'%%‘i°m§qm% agdtrt”ﬁ"'gagx derivative
HéRfihd BRstfiRicrAR Bradhié Wty SeKPful&Idn friav &, pREAIRY of possible
distribution to fornulate a tth cost function for™ a :
tagueingealof {pnoindeysisirivative)eepiishces of (run, index
derivative) pairs; (e) applying the tth cost function

to each possible se i the it :
possi bl e sequenc<ee§ %Fsrgﬁ]&,tﬂﬁng‘éxaéé}r ﬁ{x/g%t@\ﬁe)txp%farcg tpgSSlble
dsdciemicasinahetty plasity af pdssidid seqlignces! etc{rungimleit derivative)
cost-determ ned sequence of (run, index derivative)
paairsstordeiminping a kmasnagiated st possi bl e sequences’ of

(run, index derivative) pairs based on the tth

associ ated cost; j _ GRILEA SR i
sequence of (run(,f)(ig%lggin%gﬁtr&gﬁ ?/ggnp?ai rsééfaoget ﬁeorf (run, index
vderivatiue) tpiairs ofoemt theaty plurality| ef possiblenseéquences of (run, index
derivative codin di%tr'bution ets a sel ection
Jervativghpaits, %%?qq R t?%éh ??Sf?cé%tggg’(%ér ni ned sequence

of (run, index derivative) pairs as the

cost -det erm ned ggaifeheet;picost-derfrminddeequedcsasf @od, index
the tth quanti zation table as the output quantizatjon

tdgrivative} neaits Jegeleer Withi e dn( uentizatiniadapbleatdnsh run-index
ENBRE LS 0 55 LS SR ol Bl 10 cost.
dﬂﬁtbﬂﬁtrie?eéeqw'nce, ct)]ﬂ (mam,eiagfan gddrit\]/bﬁve)npairsaasl dthetamsnbla’@rmined
to ste . angd. .encodi n e correspondi

st <t cORiotaiTaSs B dhedn A ERCOT fRids as the output
deidntehtivR kabia! Bﬁle‘r'\ﬁllsﬁgdé%éﬁﬁfhﬂiq SQE 1Y quRRagat®th tdble and run-
run-i1ndex derivative coding distribution.

index derivative coding distribution from the ty, cost-determined sequence of

(run, index derivative) pairs, increasing t by one, and returning to step (d); and

(h) encoding the corresponding selected cost-determined
sequence of (run, index derivative) pairs using entropy coding based on ty

run-index derivative coding distribution.

o1. The computer program product as defined in claim 90 wherein
step (b) comprises quantizing in a hard-decision manner the sequence of n
coefficients using the 0™ quantization table to determine a starting sequence
of (run, index derivative) pairs, and then selecting a run-index derivative
coding distribution of the starting sequence of (run, index derivative) pairs as

the 0 run-index derivative coding distribution.



9 1. The conputer program product as defined in claim
90 wherein step (b) conprises quantizing in a

whasod/ooas: si on manner the sequence of n coeffiPCEONS005/001084
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using the Oth quantization table to determ ne a
starting sequence of (run, index derivative) pairs,
and then selecting a run-indd{2derivative coding

di stribution of the starting sequence of (run, index

derivati [ the Oth -ind ivat i .
0Gai vt L TRE ceruien b opram dRBUELES Selea iR slaii,g9. wherein

astefqE) BfhpriBes, Bt BhdY pobiBletdd R dffiurt AN d&fvative) pairs
for each possible sequence of (run, index derivative)

pi&i the ti pluralitytafipossibieasequenses piginp indexcdprvative) pairs:
(run, index derivative) pairs: (i) determning a

corr espondi (ig &éeggﬁﬁigig@ngé &r?éés?ofnidﬁ{ge gecw%wcge?)li‘ z'c(le Id tdefficient

det erm ni ng ng sequenc guan
cipefdeisci ents using the tth quantization table and the
correspondi ng sequence of n coefficient indices;
deternininggﬁ aistortion bet ween t he sequence of n

a

coef fici ent _@tQ_rW@'EQJr?_e%Hﬁﬁ? '_@%qﬁ%‘ﬂ%%‘c@f of n quantized
QLSETHiIBRE G9R fth&tthgtgllﬁﬁ%tizéﬁéﬁ 1456 S tﬂél?%g%tsﬁ)ﬁﬁ&ihg sequence of

conpression rate r ting from using
r micoefident dndicesit i ve coding distribution to encode the
sequence of (run, index derivative) pairs; and (v)

di stort 1 on o SRETEEND € ASRbdy fetisH e Soalelies of
pesEficianty attlitHe esrrelplondig detudnai of wqwdrized Ttosffients;

(f) conprises (i) providing a sequence of n super
nodes, each super node conprising at | east one n

. de, .
i n one-t o- ol GILENINGY Jutetal corBPERSSIREe Fpsuiting from using the
ef i i ent 5o e : h
BT UL FIGRS, SeriHR Coltho RASHOGRA! & Srittheihon8adenge of (run
oindey ulerivative) paind; beds t han or equal to n; (ii)
providing an initial node preceding and an end node
fol I ow ng (v) determining the associated cost as a function of the distortion

and the total compression.

93. The computer program product as defined in claim 90 wherein
step (f) comprises

(i) providing a sequence of n super nodes, each super node
comprising at least one node, in one-to-one relation with the sequence of n
coefficients, such that each coefficient C; has a corresponding i super node

wherein i is greater than or equal to 1 and less than or equal to n;

(i) providing an initial node preceding and an end node following
the sequence of n super nodes;

(ii) providing a plurality of connections between pairs of nodes
including the initial node, the plurality of super nodes, and the end node to
represent a plurality of possible (run, index derivative) pairs;



the sequence of n super nodes; (iii) providing a
plurality of connections between pairs of nodes

w0 p@bet18y the initial node, the plurality of BCPEA2005/001084
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nodes, and the end node to represent -a plurality of
possi ble (run, index derivative) pairs;- US - iv)
determ ning the associ ated <bkd-for each sequence in
the plurality of possible sequences by determ ning an
associ ated i ncrenental cost for each connectjon in the

plurality 6iv) cleterariningnthe éﬁoﬁﬁér?ﬁsﬁifﬁb egch saguengs:in the
?ﬁﬂﬂﬁt&ﬁﬁ X Sssfb\‘/?é: g?@}ién By éP%‘e?rﬁﬁ\irﬁqj?lﬁ"‘HsbBéﬁafgd incremental cost

onne e ‘sequence connectl ons

dont eagdsconmeetiphén ithe plusdlityofleonedtibasend node vi a at

| east one super node; and, (vi) determning the

cost - det er ni ned, sequence, of , (ru i ndex derivative

pairs fromr&)haeTeé ing & {e E&Bﬁﬂ§%q"¢?ncteoﬂﬁ88?ril%ﬂ9n)s9fﬁqm the
PistafigOUESHndUtioaE AWhBFEIA URE styudAtE sFddnhettiongneRfends from
wherein step (f)(iv) further conprises (i) defining an

ithe irdiial mogle todhe endgtoder\da ablaast eoaseper bade; and,
representing an associated (run, index derivative)

i al ' nodd) ieterfid 183 cobt BRFITRE SARNCIT (rup, index

rietivativé)patisciooia thddeasttogbdeienicetdi eoansctivrest ed (r un,
}ndex ﬂeri vative), and the index-based val ue derived

romthe asgociated, (run, index,derivative) .pajr;: £ii .
T ng. an HenEPBRUIRT HOATa grosis 2 detid, i Eldii 63 'Wherein
%%W@q(ﬁ\é)qﬂdﬁé%mbﬁg@( derivative) fromone of an

I - - th super node and the initial node to an ith

super node, as a distortion incurred when the )
coef fi ci ent(i)cdefiginguant iirgramental vateusosssii §86h @ppRection

he | - d. . i Ci .
UBRiesPAo ARCATOHEE (Y it g pgP o BffibPan (ir-th
Pkl irgidf%nénd:tlﬂé anitidRnbieeto tam euperenodé, salaiaumied of bits
e B e P o Py 500 o bt o
3Rg it d¥-bAdd PAuBALFVES FORE tHd BssothftEd TRAE index derivative) pair;

(i) defining an incremental distortion cost, for each connection
(run, index derivative) from one of an (i-r-1)i super node and the initial node
to an i" super node, as a distortion incurred when the coefficient C; is
quantized to a value associated with the index-based value and all of the r
coefficients appearing from the coefficient Ci.¢ to the coefficient Ci1 are

quantized to the special value; and

(iii) defining an associated incremental cost, for each connection
from one of the (i-r-1), super node and the initial node to the i" super node,

as a function of the incremental distortion cost and the incremental rate cost.

95. The computer program product as defined in claim 93 wherein
step (f)(v) further comprises using dynamic programming to find the least cost

sequence of connections in the plurality of connections, wherein the sequence



as a function of the increnmental distortion cost and
the increnental rate cost. 95. The conputer program

w@e@doeiisas defined in claim93 wherein step (POT/€N2005/001084
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further conprises using dynam c progranmng to find
the | east cost sequence of connections in the
plurality of connections, whdiéirn the sequenceof
connections extends fromthe initial node in the

sequence,.of n super._nodes. to the end node via | east
BB RS BEENES romh B N NORe b G Srip ik n 34581 nodes
d8ftha@Adinbde! a4 Bt KastbRE&upet RBdéL +1) th quanti zation

table in step (g) is derived fromthe t

cost - det erm ned sequence of (run, index _deri_vati_vez) )
f.rs by solhe sgmputgraeiogran rgduet as defired Thelaim 90 wherein

t&r pr t [ [ (.m.9 .
SRERE i REAH D TRk s BRI R P Wb trost-determined
iesfuenbetof gmini, Indekeferivalivé)spaind IBE beldingsa hadetipigquation.
run-index derivative coding distribution of the tth
cqst - det erm,ned sequence of (run, index.derivative .
o g, "HE COBIRTob OB AR B bR TS J8 At Op ehersin
GhaiER 193 rudifdesd derffille (dodihg HiBRBULER ih 4R cgg)is BélebtdPas the
a (run, level) palr such that the index-baséed value is
dwhpiniedl run-relex temraltiveatodindedistnibatios of thel e cost-détermined
i ndex foll ?WI nﬁl?ighe nunber, of. consecutive indices of
tREAUEREE 0% (U, MeleX dsdivatiie) Ry ut er progr am product as

defined in claim98 wherein providing the plurality of

gginect i onsTietyePutdmsrogram Protiictods defiesd imekairdi 98 wherein
the initial node, the super nodes, and the end node
&ﬁﬁﬁ‘r@r@ééﬂd@i{ Sjef'\éﬁt'V@é@ﬁ'réﬁl |§e(F uhdeeel) paif gech éféﬁ]-éh% indgx-based

BSOS 10108 I bR ypR g LRI S M Rfley Tollowing

shpewnmuetesf conseeutivegndicas of tirespedalevalue.t he sequence
of n super nodes and the initial node, establishing a

i mum | evel nunber of connecti,ons connecti.ng,t.ha .
SFher node 1P GURR g OB HIOHHS, A AeT TR0 A0 e gp wherein
NREeRIinY Bfeepiufslity BRtoRNERondastweBAtRE PIGARY of nodes including
connectl1on in the maxi mum | evel nunber of cdonnecti ons

dberiritalomatie, the super nedes:anddhe lenddlage; cqmprisesor each

super node in the sequence of n super nodes having
(i) for each super node in the sequence of n super nodes having

at least a maximum run number of predecessor nodes including the initial
node and any super nodes preceding that super node in the sequence of n
éuper nodes and the initial node, establishing a maximum level number of
connections connecting that super node to each node in the maximum run
number of nodes preceding that super node wherein each connection in the

maximum level number of connections corresponds to a different level value;

(ii) for each super node in the sequence of n super nodes having
less than the maximum run number of predecessor nodes preceding that
super node in the sequence of n super nodes preceded by the initial node,
establishing a maximum level number of connections connecting that super

node to all nodes including the initial node preceding that super node wherein



| ess than the maxi num run nunber of predecessor nodes
precedi ng that super node in the sequence of n super

woowesojaseceded by the initial node, establi shPermyCa2005001084
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maxi mum | evel nunber of connections connecting that

super node to all nodes including the initial node

precedi ng that super node whdf@i-neach connection in

t he maxi num | evel nunber of connections corresponds to

a different. Ieveﬁla val ue'U a@d, ii'bé fgr each. node in

t FRES Eefsrtiondr the Mmdmunyis¥e! plrober glicangaiions fofresponds to

nedaferest 0L NI AR, S| ngl e connection to the end

node. 100. The conputer program product as defined in

claim98 wherein, in step (h), the run value and the

| evel val ueliibffoeaash pede in { quepge of insues nodes preceded by
I ' j | evel )

e AREPA S et I £ STLRECoRFBRIE e shl g

program product as defined in claim100 wherein the

sttfuence of Tine coaffuten progsarngurpdusteas defined tin graimpd®fvherein,

ARSStEP b g s A Bedlavebyalsatt rasrEiTE, leyebpair i the
(&0rrEQHBRTIRE Eo SR i hihet N Juei ci adiUpu®f |efay Eaﬁr%ué‘re separately
| evel ) pair in the correspondi ng cost-detefm ned

sengogiede of (run, |evel) pairs based on both the |eve
val ue and the ordered | ocation of the index preceding

LTt at ou e ROTREh ARG REoERs 8o delfpTFElafn 460 Worei

coefficients if the coefficient corresponding to the

iﬂdex prec;el@ienlgeqhena:mrdﬂem g:be_f:f'ma&r'] ﬁucdnmprifsesi!a:eﬁrsbfgroup of
t he specj al yal ue associ at with the run is in the

R iR AR Ssons AR coRfinknie Bt iam s fresgroup of
ofodifiGehfadex precedi ng the nunber of consecutive

i ndices of the special value associated with the run

in the sequence of n coefficients if the coefficient

cor r espondi $igpt(® compringeensodingdthegrurnealigntfeeadch (run, level)

Cy%}?elﬁ utth'eveco'rr@g;')gne |n8 fcc.%s —ede?gr%hgclzl é’e%uue%cgsgp C('ruant, e|%vel) pairs

based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special value associated
with the run in the sequence of n coefficients if the coefficient corresponding
to the index preceding the number of consecutive indices of the special value

associated with the run is in the first group of coefficients, and

the ordered location of the index preceding the number of
consecutive indices of the special value associated with the run in the
sequence of n coefficients if the coefficient corresponding to the index
preceding the number of consecutive indices of the special value associated

with the run is in the second group of coefficients.

102. The computer program product as defined in claim 101 wherein



with the run is in the second group of coefficients.
102. The conputer program product as defined in claim

wQamemasEi nt he associ at ed super node for eachPCT/CA2005/001084
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coefficient in the first group of coefficients
conprises two associ ated nodes; the associ ated super
node for each coefficient in*l®e second group of
coefficients conprises a single associated node; and,

the plurali of connections hetween pairs of super ..
hoden omr fecSssotad SUpey Rofe onaaeh PoRGicRbE g first group

n hat ISt enting the
pfeﬂ?gﬁ?ﬁ(?gh%f&??ﬂﬁél eve? p%%ti?l@?%% The conput er

program product as defined in claim102 wherein
provi di ng tihe peseciatedysupercaededer eash raehikgient: ifethe second

AP isheRicilS BoritRESE ol ihaieCHesPORRed e ek

determ ning an output |evel using a hard-decision
quanti zer dihel pdutalily tofiecginestions abéivwesin @airsabf esuper nodes
guanti ze the co[jrespondi ng coefficient in the sequenc

ofCAMRIESS 8 PIWAty; of Gannecions hetvagrBpnasaeciaied pRIrS of nodes
S i [ at | east a maxi mum
; TRRICRIRG e pHAAly BPHER, KN BAIRL | G0g The i niti

node precedi ng that super node in the sequence of n
stip&r nodesThe ecbyrdebyrogrami protiuel asdetined gt albim siii2ngherein

a_reduced, nunber.. of .connection onnecting a,.node in

PRisSE dn HIRGling bor SOAREEIAR Refifet fid MluBitoSt shfier nodes
ofurthefesniprieeedi ng that super node wherein each

connection in the reduced nunmber of connections

corresponds to a different |evel value within_a
sel ected di ik &0le 836N o$URSEeNRR J0t thee SRAUULRGS: Ofi h&yPehnodes,

t rb%tteﬁfﬁﬂﬁ{gf Qﬁ%t%&t’ lelél L&hﬁeé‘%r&-‘d@é{sid?ﬁgﬁahtﬁzér*k?eﬁned by the
sequence n super nodes HRaving lI'ess thdn the naxi mim

r wivenu rhntinatiqrr ddielee ts quantide sthpr ecredspundimptcosfiisient in the
node in thg se g@nc% of n super nodes preceded by the

i MEAUENCROHE, COEMEHIPshi ng a reduced nunber of

connections connecting a node in
(ii) for each super node in the sequence of n super nodes having

at least a maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes preceded
by the initial node, establishing a reduced number of connections connecting
a node in that super node to each node in the maximum run number of
nodes preceding that super node wherein each connection in the reduced
number of connections corresponds to a different level value within a
selected difference of the output level determined for that super node;

(iiiy for each super node in the sequence of n super nodes
having less than the maximum run number of predecessor nodes preceding
that super node in the sequence of n super nodes preceded by the initial
node, establishing a reduced number of connections connecting a node in
that super node to all nodes preceding that super node wherein each

connection in the reduced number of connections corresponds to a different



that super node to all nodes preceding that super node
wherei n each connection in the reduced nunber of

W@ waeeilBons corresponds to a differentl evel vBCTI€EA2005/001084
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within the selected difference of the output |evel
determ ned for that super node; and, (iv) for each
node in the sequence of n sup&f-nodes preceded by the
initial node, establishing a single connection to the

end nod 104, A conputer ogram product for uysge,on.a
sl valties pithisnifes SEBRis ey Herg ab iecOtiPuL sl etermyfed for
ntlfé%%ﬁg'e?h%ﬂésa jointly determ ning an out put

quanti zation tabl’e, an output run-index derivative

di stribution, and, for each sequence of n coefficients
in the Seqdéﬁcfér each awpdenitethectequenser 61 1t istipes noges preceded

- bR e BRRRIE SRR RE B NG, SinreRlind bR Rnd REhe™*

(run, index derivative) pairs, wherein each sequence

of04.r un, i naleontiter ptagrain priduet fef usesnaa computer system to
correspondlng sequence of coeffici Qes such

tGOARPIESS B3RIHANGE! Sequenees Pé?@sﬁmﬁn%@ ¥ dgiilly detegmining an
cor?m L&NizhBH SBR, 'ah gl#tghghgrflnd'éwmﬁ'f vatilé idistfiB&tion, and, for

ondi ng sequence coefficient |n i ces I ncludes
aegdhursslquencef of/ah umeffmehtsdlmngtm sequieace val wequendes of n

i nd t d -
aaeiSaR o orialy S dRbnid ¢ Shalide VB | AESEREND{ indices
LRpreeddinyval fifal @%@d@fémﬁﬁwseqa@ﬁcé/Qift{euﬁiernu&ﬁddenvauve)
froma valué of the index foll ow ng@the number of

cRAitse cwherein | eatthc sequeneed eofs fuidi dndeda| desivativie) Wedisedafines a

R RPEAR g tediBioe 2t EbroiRtt ke it oot index in the
sedrtespopidirigoBequande 2 coxtfdiéniCineides, is Iaedmapmnmmr (ii) the
program product conprising a recording medi um and

rRUFRSPoBNEadURNacheT cegbiciant dniiees wisludes dsPIURlty iqfevalues

PR S SY BT 45, PSS abgle) B dines o

r uin- valde xepesenting \eengraben gf doissedutive mmahces )of $lee sioagialavalue

c%ﬁs? fq%&r@@? ué}aq|$di ﬁ%logecé%b@ggﬁg%a%hvasleguefn fhe mdex following the

number of consecutive indices of the special value, and wherein a sequence

of coefficient indices together with a quantization table determines a
sequence of n soft-decision quantized coefficients, the computer program
product comprising a recording medium and means recorded on the recording

medium to instruct the computer system to perform the steps of:
(a) selecting a ot guantization table;
(b) selecting a 0" run-index derivative coding distribution
(c) setting a counter t equal to O;

(d) for each sequence of n coefficients in the sequence of

sequences of n coefficients,



sequences of n coefficients, (i) using a tth
guanti zation table and run-index derivative coding

wolzaeioddasz i on to fornmulate a tth cost functi onPEDCA2005/001084

10

15

20

25

associated tth plurality of possible sequences of
(run, index derivative) pairs; (ii) applying the cost
function to each possible se&u@nce in the associ at ed
tth plurality of possible sequences of (run, index

d t tq det d
(1) sel ebt Png @ntslad & fbuaT A ofoeblcs ng tiianex derivative
S%Bélﬁﬁ@ccﬁst?'bu(lbh"ﬂ@ fdrﬁﬂﬂ'é‘tedaef oGt *fMﬁ)tloPnéfbf &n farsgﬁblbf&i t plurality

assocl at ed plurality of possible sequences of
(pinppssslhlﬁeseq;@nceatqwr@m [peiexSlepiyetive)drritshe associ at ed
cost; (e) after step (d), applying an aggregate cost

function to the if ?‘RQM{@ gﬁt%ﬁ#f&?i(?%ﬁ%@%%gg%e sequence

sequence of (run, erivative) pairs

s @7l e asswiatedapadliitatityest sossible vequenuves o€ (oh, index derivative)
sequences of n coefficients, to determne a tth
a§giedadeterpype a(‘fe)SSPF'af%cQsth aggregate cost neets a

selection criterion, selecting the tth quantization

table and run-i g’%eq’é‘étf paéﬁ %8s659aten %, Hot-delHriifed Qéquence
the output quantization table and the output run-index

def i(wa, | index cdjarwgtmje)spalr:b dtanorihe aa&$ocrab¢d da quradityu of pessible
h
° seheRsad oflr ) RoeR ghfVaRE) BERS Bafhd 2 e MiERe Bl oost

coefficient indices represented by the final

cost - det er melyeyfteﬁ%{ﬁg@f Elyiﬂiglan aggie t@emstamna‘t&)n to the ty

pal rs as the associ at sequence 0 run i ndex
déspociatagegosisetermiped épﬁy@.@ea@ft @wii indley dgriyative) pairs for each

SUBALEGCh 1O AT oAU A B, 1o

C detatating @i theahggegatercosy of (run, index derivative)
pairs, increasing t by one, and returning to step (d);

o o e R RO b B Sk A AR Bptocing
%Qlie’ t%@ra@gg@wrﬂam AHRAINPhAEN deratide ldobRe HRtridudion as the
output quantization table and the output run-index derivative coding
distribution, and, for each sequence of n coefficients in the sequence of
sequences of n coefficients, the final cost-determined sequence of coefficient
indices represented by the final cost-determined sequence of (run, index
derivative) pairs as the associated tn sequence of (run, index derivative)
pairs; otherwise determining a (t+1)n quantization table and run-index
derivative coding distribution from the selected sequence of the t cost-
determined sequences of (run, index derivative) pairs, increasing t by one,

and returning to step (d); and

(9) encoding the corresponding selected sequences of (run,

index derivative) pairs using Huffman coding.

105. The computer program product as defined in claim 104, wherein

step (b) comprises, for each sequence of n coefficients in the sequence of



step (b) conprises, for each sequence of n
coefficients in the sequence of sequences of n

w@o®bNdBENt S, quantizing in a hard-deci si on NROTEA2G08601084
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sequence of n coefficients using the Oth quantization
table to determ ne a sequence of starting sequences of
(run, index derivative) pai rd19and then sel ecti ng a
run i ndex derivative coding distribution of the
uence of . starti uences. of
rigefiRe

R RERs opt . vesride iR BRITRITL iMatx hats Petisiope manner the

csluimedi &t hi @ééﬁ|@ients19§|nng% obnquEizalbAAEBIE S @tsiinine a
as defined in claim105, wherein step (d) further

cerfMensesof stﬂftmae%@qgeﬁ@ ¢enninsiexf dedyatived pairs; lend then

S%e;ig&glcgza igla E@cﬁ%ﬁ&%ﬁa&& dﬁﬁg& s't EJéJ? |Bba f. t\ﬁ;(@e %e%%ngé‘ﬁp starting

té@qmem oft eaint tihdgk Ldaivatl\ye)ObaDQS& the G®qurdedsx aferivative
(run, index derivative) pairs: determning a
C‘EQCF@@;S!%@P'-H@%equence of n coefficient indices;

determ ning a correspondi ng sequence of n quantized

cpgs fici ent?hé}%bﬁq)u&é}eprbprhnrﬁ tcpggguaaég a&m{e@hheuﬁﬁmw%ere.n

cor respondi ng sequence o ficient 1ndices;
detepr (d)nifurthern casywiseat ddr ddashoservantset afedn corfficients in the

SSHBRER 9l shuiBBkb ol LB AhecBr BERB IR sgpuence o
aﬁﬁﬁchﬁ(ﬁ@@' dSi\dltiveP NP4iRs Shothd adssdehtedi t tinIplliFlity Ush bssible

e tth run-index derivative coding distribution to
esRAUBNCER Of Sy eiex dariveiive), Paifidex derivative) pairs;
and determ ning the associated cost as a function of

the distor tH%rlﬂﬂﬁ%énggcrog%%@bn&ﬂ@@eﬁ]ﬁéh of ﬁtc%effﬂc?%g indices:

The conput er “progr I'ng to clarm
wherein step (d) conprises, for each sequence of n
coef fi ci entdetermirting sequeorespindiegjuesegasnceé of n  quantized

coeffi.cignts rovi di ng. a,.se nce u

Samih ol grartizaoa e 26 aaorsagendild Savence of
ORRobficiMe indieed;i on with the sequence of

ncoefficients, such that each coefficient ¢ has a

correspondi ng ith super node,
determining an associated distortion between the sequence of n

coefficients and the corresponding sequence of n quantized coefficients;

determining an associated total compression rate resulting from
using the ti run-index derivative coding distribution to encode the sequence

of (run, index derivative) pairs; and

determining the associated cost as a function of the distortion

and the total compression rate.

107. The computer program product according to claim 104, wherein
step (d) comprises, for each sequence of n coefficients in the sequence of

sequences of n coefficients:

providing a sequence of n super nodes, each super node

comprising at least one node, in one-to-one relation with the sequence of n



wherein i is greater than or equal to O and | ess than
or equal to n; providing an initial node precedi ng and

wa@nooesosiende foll owi ng the sequence of n superP@Ddag(05/001084
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providing a plurality of connections between pairs of

nodes including the initial node, the super nodes and

the end node to represent thd2@8ssociated tth plurality
of possi bl e sequences of (run, index derivative)

e S P eodiSRSh s h sitaifion 1 supg noce
RINERIA ¥ qvéafé? MGEEF 858l 16D &idTlels Marfol 84541 65!
sequence of connections fromthe plurality of

connections, wherein the sequence of connections _
ext ends fr dwoviding ant iniial mede precedingeand gddend inedg: following

R eglehes SR B8R RABE of *(rum. i ndex der i vat i ve)

pairs fromthe | east cost sequence of connecti ons.
108. The cqsmoviding & qduralityp bb diorineationte fietwden npaitsiioh nodes

107, wherein, step (d) further conprjses, for .each

s'@ﬁ'HQH@eﬂ”@f'nﬁ'ai aefiéi eheewpaerin?d@ﬁgap@t%eﬁ% ngHs 10 represent the
0 Lo Dans . . i . .

YRRASE 1| el Of pLELIBR! Soquehlog of IR TIneR WRANAN) birs:

plurality of connections, wherein the sequence of
connect i onsdaetetreiming the mssbgiatasl cosll an@easgociaiedeingremental

nod ia at |east. one e 109, Th t
L N
(d) further conprises, for each sequence of n

coef fi ci entgetefminiigy sedesstceosti seguermseces odnrections from the
coefficients, defining an increnental frate cost, f
a

€ | ) r

Rleralibo gheennesiansy IR e eAURNCEPLEVN]GIGRS ?’&%’&S from
3 . . _ b o and an

(el e BEie P0Gkt 000 It R el e
of bits needed to encode the run val ue of the
associ at ed determininglethedecast-aieters)ingdi sagdendee of (run, index
I ndex-based val ue,derived fromthe soci at.ed (run,
 GRIBe T posy ot thedepe{iioeh sohenG A enerHits
derivative coding distribution;
108. The computer program product as defined in claim 107, wherein

step (d) further comprises, for each sequence of n coefficients in the
sequence of sequences of n coefficients, using dynamic programming to find
the least-cost sequence of connections in the plurality of connections, wherein
the sequence of connections extends from the initial node to the end node via

at least one super node.

109. The computer program product as defined in claim 107, wherein
step (d) further comprises, for each sequence of n coefficients in the

sequence of sequences of n coefficients,

defining an incremental rate cost, for each connection
representing an associated (run, index derivative) pair from one of the initial
node and an (i-r-1)s super node to an i" super node, as a number of bits

needed to encode the run value of the associated (run, index derivative) pair



defining an increnmental distortion cost, for each
connection fromone of the initial node and the (i-r-1

WO w6182 node to the ith super node, as a di BEDCAR®N001084
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i ncurred when the coefficient G is quantized to a

val ue associated with the index-based val ue and all of
the r coefficients appearinglBiom the coefficient Cnr
to the coefficient C are quantized to the speci al

e BT P RE A i e
t&ﬁr (&ingthe X Furiiverk d@?%ﬂ@@cb&ﬂg'&n&nﬁuﬁ’cﬁ{ node, as a

function of the increnental distortion cost and the
incremental rate cost. 110. The conputer program
product as @@‘ﬂilmaaannmpr@mrﬁalldlstomm @cps’c féﬁ@lachrqmnectlon from

98e 1 PABSER AR (S U I b B U noce o

V@bmtlcdefndmﬂ@daﬁhen \the: woefficiesmeC;iig d@vanflzédi ww@altjé eassociated
nunber of consecutive indices of the special val ue.

with thedndexrpased vafusyeaeh 3t ghitke raeo '?'Pl"@daﬁ)ﬁ??&’lr& frem the
ERmARRCCl o Pt O, okl 8 ABRGA! s anc

node, the super nodes and the end node conprises: for
each super alm‘timg ran aessegieeh nerementad ugpst, fosdeach connection

nShelbr e il mae, e sttnetinel okl TPrES 12 dper node.

neslg furﬁbttdheof&ﬁa iirementaldistoRRn dued8Adand ifdiémeehtdl irate cost.
node, establishing a maxi num | evel nunber of

connections_connecting that super node to each node_in
t hE0-maxi nunt e GompHiRr Pregra dsedusiasdelined ineclaim (104 wherein

%@bﬁ GRgLR Qef Uéﬁ\@ Wanis 'éogﬁn ,"l@@élg béir SBER tAAE Ghd Chased

maxi num | eve conn I ONS correspon
tvalae @ tiefineshto bevalevehivakie definezhad asvgiae ofdhe |mde>¢ fwlowing

sequence of_ n super nodes having | ess than the nmaxi num
~BR TR Of AONSPEdMeIBd e ) 4R SPRRALAMG the i niti al

node precedi ng that super node in the sequence of n

SYPEY nodeﬁh@%bﬂi@ut&mragrém Produdtasnadiiedl iniiRet 10 wherein
connections connectin at supernode to all nodes

i provigdnaghéha plarality of @pnnecte:q@rl@eiwengherm@rabtyp@frn@dﬁﬁemcludmg

") SR 158 B0BEEhGRkd Bnd B BRF B CoRlctoer  of

for each super node in the sequence of n super nodes having at
least a maximum run number of predecessor nodes including the initial node
preceding that super node in the sequence of n super nodes and the initial
node, establishing a maximum level number of connections connecting that
super node to each node in the maximum run number of nodes including the
initial node preceding that super node wherein each connection in the

maximum level number of connections corresponds to a different level value;

for each super node in the sequence of n super nodes having
less than the maximum run number of predecessor nodes including the initial
node preceding that super node in the sequence of n super nodes,

establishing the maximum level number of connections connecting that super



a different |evel value; and, for each node in the
sequence of n super nodes and the initial node,

we3siaoalohilshi ng a single connection to the end nPABCALDZ/001084
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The conputer program product as defined in claim 104,
wherein the (t+1)th quantization table in step (T) is
derived fromthe sel ected sed@gnce of the
tthcost-determ ned sequences of (run, index

oS B Bhodinede B i pee precsting il stpe’ Bpde pnerein

184ch wheicitidntinend Mz%rht]rrf Ié'i}el RGRBeH Bf b&lﬁ‘r‘iédﬁ%n@%ﬂf&ponds to
distribution in step (f) derived from al |

t@ﬁ"ffﬁﬁglﬁué‘té@'e\fahﬁleﬁﬂdsequences of (run, index
derivative) pairs for all sequences of n coefficients

0 the sequepesiiaiiehceSedllelecdh ubbP Abies B the initial

The conput er program produc

whaedes iestablishiigep sing)e corresction tu dhelendmadehe | evel
val ue of each (run, level) pair in the corresponding

Cﬁfér ot ety LA GaRibuter oot neofint s delin Saiit i@ wherein
d(?ﬂ)ﬂ%dnﬂz&ﬂlcﬂi fApld th vk @ R &@rﬁ}édsl?&%qné%e%ctéd sequence

coefficients in the sequence of sequences of n
cofdheitaicost-deteompnadsesquences of (o inplexf derpwativelpairs by solving

a 0 roup of coefficients disjoint fromthe
f$gggdgﬁﬁﬁgﬁgﬁoﬁbefficients; step (g) conprises, for
each sequence of n coefficients in the sequence of

sﬂmences OT h@ con@futerqmregtan pemmﬂlasgdéfh@drmrcladm 1@4 of/herein
each (run, pair in the correspond

c@@t(i’ﬂ@wéﬂﬁ‘r'ﬂ@% g@wﬁ;wsecqwnq disvibytiopdn)ster(f is derivad from all
?ﬁf Q:B@t-&@t\éﬁhn\é@' @é]‘fﬁo h8f e b G‘éﬁ{/éﬂ}é&%alrs for all
e Ind Ao

recedi ng t er o YConsecut Ve 1 n
osﬁectdwcepexﬁ natoe@failerasatsﬁlmseqmmetdf selgeienoes ohn chefficients.
sequence of n coefficients if the coefficient

di to t h d di mber. .
Biectt verfaaPaelarPtoRtr pisdist B0l beatiEsiiat Lip wherein,
thj $tepN@),rthe rum Vdlué kdf theSkever 0albedf &8 (rufl &Ved, pair in the
n
acorresponding cost-determined sequence of (run, level) pairs are separately

encoded.
115. The computer program product as defined in claim 114 wherein

each sequence of n coefficients in the sequence of sequences
of n coefficients comprises a first group of coefficients and a second group of
coefficients disjoint from the first group of coefficients;

step (g) comprises, for each sequence of n coefficients in the
sequence of sequences of n coefficients, encoding the run value of each (run,
level) pair in the corresponding cost-determined sequence of (run, level) pairs
based on

both the level value and the ordered location of the index
preceding the number of consecutive indices of the special value associated



the ordered | ocation of the index preceding the nunber

of consecutive indices of the special val ue associ ated
WOWwak/003182 r un i n the sequence of n coeffici ent BCT/ACARG8/001084

coefficient corresponding to the index preceding the

nunber of consecutive indices of the special value

associated with the run is irZ3me second group of

coefficients. 116. The conputer program product as

def.i in.claim115 whecein, for each se nce. of n .
cBltprAiE LR o Sembeudt BE Aot B IE S BORITERR BormBsponding
cteethiel intieR pecddigy &% AGIMBEE Bf BURSSCULVEendigés BRtHE special value
coefficient in the first tgroup of coefficients

il

casgndiated withothessipds it e fisbigrouptafeogdicirntatand super

node for each coefficient in the second group of

coeffici e”.tghec EedC foctish ”beeihé‘siﬁeéik aﬁr%@eﬂ?lge'théa%mber of
the plurality of connectlons between pairs of “super
5 noaleecutiverindicesaoplibe aspecialolaltenassodiates hdthwéden run in the

non- associ at ed L.r.s of .ngdes representing th ,
PYRRUENGEy OBiM (FARANCIPRGefT) iy qasTiciany. CyiieSRaiding do the  index
PHREEAMPIHRINGhDES of Bbhaeditive ifdiBe8of He WRBEIRI ValubMssociated
each sequence of n coefficients in the sequence of

swiinéhe eyn isfindhe setond geopsof goeffidientsg the plurality
of connections between the plurality of super nodes

f her co ' -l p d . .

(oot TP ik B R PR 15 rerein
10 ufeir ngach Baydedesiofi Ancerficieh&ein dré i swidpret bE sggvénces of n

guantization table to quantize the correspondi ng

ceRafficieNtSnt in the sequence of n coefficients;(ii) for

each super node in the sequence of n super nodes

having at | gashsdhdmxy 'le?gr Hggg Wﬂpéécﬁgoeﬁiﬁ%‘f‘?ﬁ'ﬁ% first group

nodes including the 1nit e preceding that super
nofdepefficiehts comprisasdwof assosigied noddgs preceded by the
initial node, establishing a reduced nunber of

cach node ;1 ABSUER, R odih b e BRCin the second

15 group of coefficients comprises a single associated node; and,

the plurality of connections between pairs of super nodes
comprises a plurality of connections between non-associated pairs of nodes
representing the plurality of (run, level) pairs.

117. The computer program product as defined in claim 116 wherein,
20 for each sequence of n coefficients in the sequence of sequences of n
coefficients, providing the plurality of connections between the plurality of

super nodes further comprises:

(i) for each super node in the sequence of n super nodes,
determining an output level using a hard-decision quantizer defined by the
25 given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients;



precedi ng that super node wherein each connection in
the reduced nunber of connections corresponds to a

waoledobeosasr | evel value within a sel ected differenca26/001084
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the output |evel determ ned for that super node; (iii)
for each super node in the se%&ence of n super nodes
havi ng | ess than the maxi mum12dn number of predecessor
nodes precedi ng that super node in the sequence of n

super nodes pre d the i.nitial d t abl
P etucad nESaah suiter Sodedn dhe ShadeIGe o RSl gHS having
mﬁlgiea%i‘%ef'neﬁ@ﬂﬁnf furllunfistest Eférﬁgggéé& hbdés W@(&m@%@ initial

reln eac onnection in th uced nunber of
cmd@orecmhng:mm@p@nmdeonethduseqeeem of avslipergiages preceded

i thin.the select dlfferen
ot EiehindR! feae iesten g 2 BaEoLplmer o) Bppedioh connecting
NQGRJENN thet SR PREE t@fe%hsﬂtm%rlnrtﬁd eRaBiRAPARFnbMbERef nodes
initial node, establishing a single connection to the
epieceding, that super node wherein each connection in the reduced number of
connections corresponds to a different level value within a selected difference

of the output level determined for that super node;

(iiiy for each super node in the sequence of n super nodes
having less than the maximum run number of predecessor nodes preceding _
that super node in the sequence of n super nodes preceded by the initial
node, establishing a reduced number of connections connecting a node in
that super node to all nodes preceding that super node wherein each
connection in the reduced number of connections corresponds to a different
level value within the selected difference of the output level determined for

that super node; and,

(iv) for each node in the sequence of n super nodes preceded

by the initial node, establishing a single connection to the end node.



