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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 system has motivated the
study of JPEG optimization schemes — see for example J. Huang and T.
Meng, “Optimal quantizer step sizes for transform coders,” in Proc. I[EEE 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.
Acoustics, Speech and Signal Processing, vol. 5, pp. 389-392, 1993
(hereinafter "reference [4]"), V. Ratnakar and M. Livny, “RD-OPT: An efficient
algorithm for optimizing DCT quantization tables", in Proc. Data Compression
Conf.., pp. 332-341, 1995 (hereinafter "reference [5]") and V. Ratnakar and M.

Livny, “An efficient algorithm for optimizing DCT quantization,” IEEE Trans.



(hereinafter "reference [4]"), V. Ratnakar and M
Livny, "RD-OPT. An efficient algorithmfor optim zing
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Conf.., pp. 332-341 , 1995 (hereinafter "reference
[5]") and V. Ratnakar and M Livny, "An efficient

al gorithmfor optimzing DCT duantization," |EEE
Trans. | mage Processing, vol. 9 pp. 267-270, Feb. 2000
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[0004] JPEG’s quantization step sizes largely determine the rate-
distortion tradeoff in a JPEG compressed image. However, using the default
quantization 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
component. The problem of quantization table optimization can be formulated
easily as follows. (Without loss of generality we only consider one image
component in the following discussion.) Given an input image with a target bit

rate R one wants to find a set of quantization step sizes {Q, : k=0....,63}

budget ?

to minimize the overall distortion

Num _Blk 63
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conmponent. The problem of quantization table

optim zation can be fornul ated easily as foll ows.
wOdclvositsi| oss of generality we only consider sa®dAneny®o1559

conmponent in the follow ng discussion.) Gven an input

image with a target bit Rbudgé one vvantstoflnda

set of quantization step sizes o,..., 63} to

mnimze the overall distortion (1)subj ect to the bit

L Roudget (2) Hel
r%%{ee%ﬁﬁr@a’watg%aﬁé%er N ff?kl Dnuk?a)(ll t he

distortion of the k" DCTc;fflment in the nth bl ock

if it is quantized with_th and Rn(Q)
, ) is the number of blts @f‘:ﬁe ?3 ggzdk‘f?ehg the n'h @)

bl ock vvlththe quanti zation table [(",...,Q 63 .

BB B P 0RT S L5 SRRt v 1

frequency bands into one synbol, the bit rate is not
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ng - see reference [3] - proposed a gradient descent
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t hethe muantizatola table esigrmprokieti basédionethenassurhpiion that the
probability distributions of the DCT coefficients are Laplacian. A greedy,
15 steepest-descent optimization scheme was proposed later which makes no
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
20 reached. In each iteration, they try to update the quantization table in such a
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
table. Mathematically, their algorithm seeks the values of k and g that solve

the following maximization problem
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quanti zation table. Mathematically, their algorithm
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and ARQ g are respectively the change in distortion
rate when the ent r
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cr us 0006] Both
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expen3|ve Rat nakar and Livn see references [5] and
6] ~ proposed a ara% fficient algorithmto
[:o]nstruct t he qua&ﬁlgail 0 % é)baéeg&o}] the DCT (4)
coefficient distribution sfatistics without repeati ng
the dgntl re conpression-deconpressi on cycle. They
yed a dynami ¢ programm ng approach to optim zing

quant| zation tables over a wi de range of rates and

di stortions ach simlar per e as_t
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In JPEG the sane qué tization table nust be applied

to every image block. This js also true even when an

i N -itedtation vie qapmttedamtdnrRtb,agbl-eR(@),usQag,)rS'FﬁuswhéRE@ is the
qguanti zation | acks |local adaptivity, indicating the

convergence criterion specified by the user.

[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
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].
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
block’s characteristics and the average block statistics. This is the motivation
for the optimal fast thresholding algorithm of — see reference [7], which drops
the less significant coefficient indices in the R-D sense. Mathematically, it

minimizes the distortion, for a fixed quantizer, between the original image X



potential gain remains fromexploiting discrepancies

between a particular block's characteristics and the
wavercageishl ock statistics. This is the notivat POW(AQ004/001559

the optinmal fast threshol ding algorithmof - see

reference [7], which drops the_l ess significant

coefficient indices in the R D“Sense. Mthenmatically,

it mnimzes the distortion, for a fixed quanti zer,

bet ween the original inmage Xand the threshol ded i nage

X agid/the thmeshplded iimagei KagiweX thalsjusntized imaget Xbsidject to a bit

c i.nt |{a mn D\ X X X subject to R X\ Rb

. WCPB P’Aﬁ"equi val ent unconstrai ned problemis

to mnimze J(I) (=Dl z,iy |+ (7) [0009],A dynam c

progranmm ng alggy gtxn;}}x sldjexad klox3elve the above (6)

optini zation prohl eém’(7) fecursivel It ™4l cul ates /

* for each 0 k 63, and then finds k* that mnim zes

t X * , H . i i . nqg; F f-] ient

t tomgggij(t he sﬁgngv%ﬁﬁﬁugg%ﬁﬁﬁlgﬁb{ ndepg%g%ﬁ?ﬁﬁlkérhe

reader is referred to reference [[7]Jyfor details. Since
Sonly the | ess si gnif(iﬁéarﬁ(&é’e%/\lgj}ﬁ}t i ndi ces can be )

changed, the optinmal fast\thresh ng algorithm- see

reference [7] - does not address the full optim zation

of[0008] coef A dydRMIE icgEaMing algethie e ®spployed to solve the
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This indicagtes that it is %enefic%ifl t.o bind them L
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oint thres[\o?cimg and quantizer selection

15 [0010] Since an adaptive quantizer selection scheme exploits image-
wide statistics, while the thresholding algorithm exploits block-level statistics,
their operations are nearly “orthogonal”. This indicates that it is beneficial to
bind them together. The Huffman table is another free parameter left to a
JPEG encoder. Therefore, Crouse and Ramchandran — see references [8]

20 and [9] -- proposed a joint optimization scheme over these three parameters,

i.e.,

min D(T,0) subject to R(T,Q.H) < Ry (8)

where Q is the quantization table, H is the Huffman table incorporated, and
T is a set of binary thresholding tags that signal whether to threshold a
. 256 coefficient index. The constrained minimization problem of (8) is converted

into an unconstrained problem by the Lagrange multiplier as
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into an unconstrai ned problem by the Lagrange
multiplier asT m, Qi , nH[/LA) = DT, Q+ R(T,QH]
(9) [0011] Then, they proposed an al gorithmthat
iteratively chooses each of QT,Hto mnimze the

Lagrangi an cost (9 par anet ers

are fixed. Summarip f@iﬁﬁ@%%ﬁb In )

accordance with a f| rst aspect of the invention, there

| J0@11vi ded There s pRiposeaRirEaRiofithA tAOHE! 9elgfclfboses each

coefficients by, determ ning a cost-determ ne quence

10f 2. EJEipiininizel theilagsanaipn sosh{Daivsn that the other parameters
gé |9§ erm ned sequence of (run, size, ID) triples

under ‘gi ven quanti zation table and run-size

tributi WPerei n each sequence of (run, size, 1D
tmm%spondi ng sequence of
cpedf2jci ent |j rlé’ddb?éaﬁé@%fﬂ‘%t fitdt) a§FEL b g |hVeﬁtﬂ?n there is

correspondi ng sequence of coef $ICIent indices Is
dpgowdednarrmethogu of Qm’éptﬁﬁﬂmp@n@l&mmuﬁnnecoéfﬁments by

CREIAAERL B AGBIELET Bl bbby I mpresentec
| By &réodtalstefniRgl dequsny@! ofe(ruAPISBAENIDN e WIFRRST a given
of consecutive indices of the special value, an

i fUapgtization table Bndpeir9ize istrinetiomprhergie each seguenaesof (run,
| SPGB BHTEES BlSRhRArY el 5hefiadTopices sue

btltai (iNeepch @nlexoinsther soreaspiondéng seqlh‘eﬁceiofldb@fﬁoreht indices is a

S eC| |ed b I D val ue. The nmethod conprises, the
B )&l enﬁoqrﬁ%oondmg sequence of coefficient indices includes

a pIurallty of values including a special value, and (iii) each (run, size, ID)
triple defines a run value representing a number of consecutive indices of the
special value, an integer value ID specifying the amplitude of the index
following the number of consecutive indices of the special value, and a size
value defining a number of bits required to store an index within a category
specified by the ID value. The method comprises the steps of: (a) using the
given quantization table and run-size distribution to formulate a cost function
for a plurality of possible sequences of (run, size, ID) triples; (b) applying the
cost function to each possible sequence in the plurality of possible sequences
of (run, size, ID) triples to determine an associated cost; and (c) selecting the
cost-determined sequence of (run, size, ID) triples from the plurality of
possible sequences of (run, size, ID) triples based on the associated cost
function of possible sequences of (run, size, ID) triples; and encoding the
corresponding selected sequence of (run, size) pairs using Huffman coding.

[0013] In accordance with a second aspect of the invention, there is
provided a method of compressing a sequence of n coefficients under a given

quantization table and run-size distribution by using a graph to represent a
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cost function to each possible sequence in the
plurality of possible sequenc,; of (run, size, 1D
triples to determ ne an associ‘ated cost; and (c)
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c ef ficient
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| Qiveinr durdretizégibh rtaslesard! mmeizeejnsteubuasﬁ i lf@@n@awarbfa&t function
of consecutlve i ndi.ces of the special value,

i fRregePlupalityof nossiiie  sepiuggcen O AFN, iSiZRIPIFS; t(hb CPHatéstctmg a
| BEASHAOGebIBATRS PSP BOLLIELAGLASS, B (LI see) el
bi(¢)sleterminingca pathsd)fdhe graph ecteending friom tHBefmsahegerqf the graph

RSB 5id oHe REMe,otaRh Gasah on i Pesan R a8 detammined by a
T%Bstsfl.ﬁ‘l%tlghsgd)' @é{bhﬁl?uﬁg)tﬁéjwﬁle@b@n n?oﬁqu%HESttngFhrf Uize, ID)

[uralit EESSI € sequences O run, Ssize
péﬂlmS$ fiiom) tlme)as tert paily; andr(aprncodingthe swentesphading sequence

pbfﬁwb'e%%?ﬁpﬂ °§§1ggt»ﬁu%wgﬁ%§ Baph extending Trom e
;@@{ﬂ]ggd:n?f L0 (gra 0 i ﬁ'tlrép%saégte §ftgyllﬁvgn c?n, there is
provided a method of compressing a sequence of n coefficients by jointly
determining an output quantization table, a cosi-determined sequence of
coefficient indices represented by a cost-determined sequence of (run, size,
ID) triples, and a run-size distribution, wherein each sequence of (run, size,
ID) triples 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, size, ID) triple
defines a run value representing a number of consecutive indices of the
special value, an integer value ID specifying the amplitude of the index

following the number of consecutive indices of the special value, and a size



cost function; (d) determ ning the correspondi ng
sequence of (run, size, ID) triples fromthe sel ected
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e

oSt ermne quence of (run, size, ID) triples,
dﬁgﬁﬁg{n :Mow §[c£atn|2:eq\llleé{ﬂt %Hﬁnasfp%tc):lt eofatﬂg i?]%gﬁtslér%,ethere is
provided a method of compressing a sequence of sequences of n coefficients

gggﬁél 8@ﬁﬁ|ﬂ§ 4 gmrﬁrer Hr AL reﬁ?ferg& gbr’sggrcez%@ ti'rgrg{)g\rlvﬁﬁwes category

by jointly determining an output quantization table, an output run-size
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, size, ID)
triples, wherein each sequence of (run, size, ID) triples 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, size, ID) triple defines a run value

representing a number of consecutive indices of the special value, an integer



a selection criterion, selecting the tth
cost -det erm ned sequence of (run, size, ID) triples as
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triples, and the tth quantization table as the output
quanti zation table; otherw sedetermning a (t+1)th
guanti zation table and run-si ?e distribution fromthe
tth cost-determ ned sequence of (run, size, |ID)

e t , r; '
(goCHD, <aRiRY e arORE; of B ik Tol Pl Jhémumber of
semmmhveﬂndlcaa of sthe: spetiB) vaisengnéisf simervabesldatining a number

| AURRA resbifet B 997 SpribiruBahi st il et Bty  value,

S8AY Q/UW@reﬂ aS%HLﬁéTﬁfésoPEoé‘fﬁ@%ft ﬁhdibé@ttégé‘ﬂ‘]ek Hith bYquantization
determ ni ng an out put quantization table, an output

r table ideteranises i sefdancensi n sofi-desisiors ayasticed epefiicients. The

cBERE b ERbEsLE ) TIPS OF flanfPRUT 68l R Belppting a 0" run-

c sigbfdistribtion;N@) settingep coaster e@qay! o 0 @ lfor each sequence of n
cost - det er m ned sequence of (run, size, | D% trip

wheefdiciensadn the fRsencsf of sequengeseof noyoaf lmsné%, (I) using a ti
?ﬁgéﬂﬁz%t%nctﬁb eﬁ R ?9:;1 'égzesﬁls t E@?nﬁ% ftBﬂ'E[lfa'té 8tcos éfunctlon for

I cCesS SucC correspon
sanumsoeiatéd ¢ @idrah’nyemft passible eequenaesliofi(tua, smmﬂ@b tnples (i)

| AEPS i GPSt Binctonde SAHuBS Bl SHURNE Epis Gpscciated to
Ehh‘&h a&d bbible 82gliehEss. ofscraﬁo 142 1y Pﬁaéj?é'dé@énﬁme an

n va epresentlng a nunber consécuti ve I ndices !
oassdrma@riemﬁj (i)eselectingnan misegeintesl recosh-dgterningtmgquence of

cUTocehe: 1 Pl beRheiRioudied h BOmEL o HRSChaences o

veJuhesﬁef )] mgle% W@n tHe Qsécﬁ:létéﬁtdo"sﬁfie{ aftst Step (@n aJ)plymg
index within a category specified D val ue

meraggﬁe@atgeczpﬁém@ct@m eftm@S@ﬁ@latemp@@tsdetag@mdrsequence of

M, gggug@gg@éggg £30) 8oL PR AARIMENR 8 sduence of

cesgueness of a) c@ﬁhe@htsﬂqudétéhnmwaatt{hzaggregateabbet (()bl)‘ the t
sel ecting a Oth runsize distribution; l(“&] sett
cagaregate ceglmestyacelqdlipnigiteren aleg {bé toraupntization table

CORHl hi- g%e;d'l In?ﬂﬁoﬁﬁgé‘etﬂt%eﬁﬁff&e&éﬂgﬁt‘?ﬁlo?{t le and run-size

coePfl Ci t uantr zati on nd

r distsbutiornti and, fort each tseqtiencell ot e coeffidientssin thmsequence of

f grequences of n coefficients, the final cost-determined sequence of coefficient
indices represented by the final cost-determined sequence of (run, size, ID)
_triples as the associated tn sequence of (run, size, ID) triples; otherwise
determining a (t+1)x quantization table and run-size distribution from the
selected sequence of the ty cost-determined sequences of (run, size, ID)
triples, increasing t by one, and returning to step (d); and (g) encoding the

corresponding selected sequences of (run, size, ID) using Huffman coding.

[0016] In accordance with a fifth aspect of the invention, there is
provided a method of compressing a sequence of N coefficients by
determining a cost-determined sequence of N indices represented by a

corresponding cost-determined sequence of differences under a given



an associated tth plurality of possible sequences of
(run, size, ID) triples; (ii) applying the cost

wouonmtoosisit o each possi bl e sequence in the assecTane4+001559
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tth plurality of possible sequences of (run, size, ID)
triples to determne an asso_ciélted cost; (iii)

sel ecting an associated tth coSt determ ned sequence
of (run, size, ID) triples fromthe associated tth

thér%ia‘t%n%fte el dHca §%ﬁe§£@§|s%bdtfdhn l’@l’%lﬁ edc'ﬂ)seguence of

I pl es based on the aSsoci at ed cost ter st
( db‘feramﬂsydamem aaw@mr@hmseqﬂanm |od>rN irdicés such that each

TR Iy 0 RO SRRA s oAl et an i
SRRSO MiIRGS BANEAS, MdeR Veed Til bdiRg igFeates tH OrdHdRss than
a tth aggregate cost; &?Q if the tth ag%re gate cost

nélei sThe metthed rompeises 816 slieps 0] (@ Using thiecivem quantization step

0 [
oHRB AR bR ARt BrLBle 2t Hindit B 2 pluralty
aoﬂpoésiblee@eduam@emft:@ffefenmeepeﬁ)f amlymgstherbdd‘néunctlon to each
sequence of sequences of n coefficients, the final

cbessible: spavenee e hbyaliy ebepssiblecpeaueREasf differences to
d

(SRISFRERE S BsbPRted BB AR (O Bl G, R BReSBoBting cost-

oﬂe(ermnecssecquenda) ot diffptrerscesdrdra rthegﬂurﬂhtyeohpmmlgleasequences

t+1)th t t abl d t but.
t phitiietencer didseel 8Bl egsaroie Sooh Bddefermiingdae cost
SQBHRRHRS Sbqliénce of NEfhdiddd frbf meeéorrégﬁéﬁtﬁﬁgrlﬂ)s‘t—d'%‘lermmed
one, and returning to step (d); and (g) encoding t

cseqwmmm@er%beet ed sequences of (run, size, ID)
usi ng Huf f man codi ng. [0016] In accordance with a
f [0aTT]aspecin afccotdanceyethi arslxiﬂhaspea:tsoblth)audmtmn there is

t ho f f N fi
RIS eIet S BohSeRs oA Sequente S gaatineas By jointly
I gRfRRAAIGdaR YoRpGP 'JuURHR2ARbA %té@sélzéjeéﬁr(b'@ltﬁﬁg cost—determmed

sequence Of di fferences under a givenquanti zati on st
sbegquemes ®f gﬂ\nedmsZ@meseme@ubycm cm@p@ndlmmst-determmed

SEHERER O orbrienGrs 200G I otBit BugRiaTBR aRa e and A outout
sepeerdistrifution, f wHRNIERF éscih Sequéide NYMMffepEvGed Ndefines a
an i index value mnus an (i-1)th index val ue,

be
gc@aeépomwag seavence s Nhiioes) suciththateeariy dlfferencegm the
5@\{ Sof é\ﬁefén%%%‘. |8 dn&;ﬁél MJ%BQr EE@aIH‘I V&Y i, index value minus

izatron s
an (i-1wm index value, i being greater than 0 and less than N-1. The method

comprises the steps of: (a) selecting a Oy, quantization step size and a 0y, size
distribution; (b) setting a counter t equal to zero; (c) using a ty, quantization
step size and a ty size distribution to formulate a ty cost function for a t
plurality of possible sequences of differences; (d) applying the ty, cost function
to each possible sequence in the ty plurality of possible sequences of
differences to determine an associated cost; (e) selecting a t, corresponding
cost-determined sequence of differences from the ty plurality of possible
sequences of differences based on the associated cost; (f) if the ty
corresponding cost-defermined sequence of differences together with the tp

quantization step size and the y, size distribution meet a selection criterion,



size and the given size distribution to fornulate a
cost function for a plurality of possible sequences of

wdizbdemogisces; (b) applying the cost function teCceaalond/ 001559
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possi bl e sequence in the plurality of possible
sequences of differences to determ ne an associ at ed
cost; and (c) selecting the cor'respondi ng
costdeterm ned sequence of differences fromthe

8 O A SRR OB B Bl o
c@mtelmtlmem sequerrgl of Ciifferbndbs, NMiheC RS fuadlizhtién step size as the

corres ond ost -det erm ned sequence of differences.
%ﬂ&@?l@an@éem 3iKCq 1Byt SEeoditrUtiomp as the output

' 'b‘(%ﬂhké’lrb ‘}?)Lsg%# . Ier Q‘l’t? gsgt @etgﬁhﬁéﬁ %c{ BARBR'F RPInAfked as the

seqguence o clen erm ning an
o bt m&detarmlmMSeqwcs afd\l lmdmes;tqlhér\mse determining a (t+1)w

AR R AR b, B AL R B, o
urResrmiRed @éh@é'ﬁcé! BRAffeFAdRN ity EiR %%g% A RLRtg to step

size distribution, wherein each sequ

di(eX er ences deflnes a correspondi ng sequence of N

i ndi ces such that each difference in the sequence of
di[00t8)ences Ihsaczodiandealvith arbeverthuadpery cdrthé inverdion, there is

BB o ooy S Inl A ot hpelis Sefence of n

S*c%@ﬁlcﬁénts( BY é@tb%mlﬁél # C@Shd@%lhéét éétﬁ.:eﬂc%o ofIr? %oefﬂment

size distribution; ting a counter
edfMiiC% @elzr@sente(obb)y @sCosl- obtemmnqd a&qusat:emf (sdresize, zlé)) triples
n tri.but to fornmul at tth c
F OheBr o i codsriiphEH Bk SBe HibeiB dsfisiitimn; shesein each
dlsfefqaéﬁﬁéﬁﬁ“ (rudl) s 1D)ngiplde o*eﬂ’lheﬁoétcd‘rkgﬁiidn@md @equence of
each _possi bl e sequence in the tth plurality of

p&Q@fflﬂ'%ntsl@@'G@ﬁ@é'§hdha1d(|)f eaghe ivlex indhaaosraspasding sequence of

S o O
plcueﬁiaér}t indicpo fsilidess & plirantyest velluel intRidemy aspeakedalue, and

ssoci at ed cost f) If the tth correspondi ng
ol Saeh o sl Bkl U5tnes e iiralus TeRIAGENG\A fymber of

t'&%néé@nﬂ}@ma&t bf’fhes% Gaisl @Quén?n |H% r\‘/aﬁ,'uetz pteﬁ.lé‘ylng the

di StFTDUtion Neet a Seliection ¢Fiferton , sele

t @mplidsde ddttheninder fokawiagctheohunhibief m‘fecm%caavé hneadices of the

OUt gc al V8 ute?gtngramsgeo\l/alue defining a number of bits required to store an
index within a category specified by the ID value. The data processing system
comprises (a) initialization means for formulating a cost function for a plurality
of possible sequences of (run, size, ID) friples using the given quantization
table and run-size distribution; and (b) calculation means for applying the cost
function to each possible sequence in the plurality of possible sequences of
(run, size, ID) triples to determine an associated cost, and for selecting the
cost-determined sequence of (run, size, ID) triples from the plurality of
possible sequences of (run, size, ID) triples based on the associated cost
function of possible sequences of (run, size, ID) triples; and encoding the

corresponding selected sequence of (run, size) pairs using Huffman coding.



sequence of differences, the tth quantization step

size as the output quantization step size, the tth
wei2awms/0df1stri buti on as the output quantizati on BCELA2004/001559

size, and a tth cost-determ ned sequence of N indices

as the output cost-determ ned sequence of N indices;

ot herwi se determning a (t+1Jt I?‘quantl zation step size

and a (t+1)th size distribution fromthe tth

C erm ned. seqyence di ff nces, easin
oJ0RAET or o B agRf e wh AP iR SRt of $hE ik, dhere is
Wigrbviiegle e dhta é}ﬁr@@éésmé émehn\f@ﬂtddmpretsaﬁfgea %equence of n
provi ded a data processing system for conpressing

s &getfivientsundet activer: fuantizatipndableraadchrumysize dlstrlbutlon by using

- S bra B BURb Aot BUTRN, & ndts i skt O f 3o 1) trinies
5 sivaitich,| fogetiierplvigls thnderreapghdiag inwnégargtindiees 4Dl andifite given
run-si.ze dl?trlbutlon wherei n each sequence of (run

sigantizgsjon tﬁeeéet&smneege%%meﬁéﬁﬂbﬁaa%z%me‘ﬂeener wherein
cQgfchl éelcﬁ%fncerlﬁ' (RfD sﬁe‘:gPS (l't:}?eeé lakbfiRds édgpe?sg)dnﬂlr{d@equence of

correspondi ng sequénce’ i cl ent
dlogxeﬁajlentunﬂlees s(uch)thahe) each mzclmmm thg cerpspoadingf sequence of
coef { Hl. cient indices i.n

des .
" roeting i op JatabnamerC (1 fe.cdictadiing squence of

10 | Qbe\‘ﬂdlé}{ﬁnél’@éé "}ﬂ:ﬁu@esf éirbll)’réhgeoff BIIES fitlidisg @ Walue, and
of consecutive indices of speci al val ue; a

i i gachviaunesivey Hpelsiply defines @ wmvabedepmsem@gu adhesmber of

fall t he nunb of cansecutive . dlces of

< SoLSh Nl ics R IneC b iRt iy BF k™ iR Shseitving the
bidraplitadyi dfethet ddek FoRoRihg THEEXUMBEY ¢F Gortsiceiioé Vindices of the
specified by the ID value. The data processing system

c&peplai,yglqea)anﬂrﬁ pizgIvajug ﬂ@ﬁmneﬁgumﬁrfoébﬁmrewr@ to store an
15 CG5dek Wiﬁ'ﬁh Qﬁg)&[tegor@l YWalitity %tﬁ@?ﬁ'ﬂl&es ﬁ@g@{tl‘ég%r%fcessmg

(run, I"es™ usi ng i'ven quan
tfﬂybﬁerambmplmees (=) mlmnzahohlmeanerfdr Us)ng: e glivasn quantlzatlon

23%6@%&5 TSRS Rty (o forBBASELR So8t daiiodeTagta plurality of
gusiSkqbhodd ) 0ot 258) SRS CAEGRRLH Hbas for
ofCOOstmptlng aeggrapbjto treplpelseet thepplurdléy if pioabibtey seduences of (run,

20 size) pairs; (ii) determining a path of the graph extending from the first node of
the graph to the end node of the graph based on an associated cost
determined by a cost function; (iii) determining the corresponding sequence of
(run, size, ID) triples from the selected path; and (iv) encoding the

corresponding sequence of (run, size) pairs using Huffman coding.

25 [0020] In accordance with a ninth aspect of the invention, there is
provided a data processing system for compressing a sequence of n
coefficients by jointly determining an output quantization table, a cost-
determined sequence of coefficient indices represented by a cost-determined
sequence of (run, size, ID) triples, and a run-size distribution, wherein each

30 sequence of (run, size, ID) triples 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



possi bl e sequences of (run, size, ID) triples based on

t he associ ated cost function of possible sequences of
woOnrws/0osisre, | D) triples; and encoding the PCT/CA2004/001559

correspondi ng sel ected sequence of (run, size) pairs

usi ng Huf f man codi ng. [ 0019] In _accordance with an

ei ghth aspect of the invention,®there is provided a

data processing systemfor conpressing a sequence of n

bl
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pl (i) adachy(raf, QQQSIE@) tipledetiness Ain (an@ re?iré@entlr@ a number of
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i fl ndsefi-decipioni quantired, caefticienis.) Thactaiar pnocessing system
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follow ng the nunber of consécutive indices

speeans feal (e Using aat:suwnima@endtahkmargd aummldlstﬁbutlon to

O UERISIE 548 AR 19 SRS b bS8l e o (un

C Giigy, Ilﬁ)(}SrmSIé)s {inidpplying ahe QJ@stTﬁmtﬁlohOtb &EdH goééIBIeQSé/@ance in
quanti zati on tabl e_and run-size distribution

f 3Pl Riwally i fossiiR spauencas of (unrsizetp) émplséég idgtermine an
15 S%’é 8%?9%1 é’ést( {j@rbeléétﬁ@)a E}bh&?txdét@mlﬁéh %%Iqtﬁhh%‘ of Gl size, ID)

Py const represent
pltuplebl ﬁrgmomeptasplmhbtysefqpesmbls séqenoes of gen, Q&Id SID) triples

t i n raph ext endin
{ IRESPR Tt TR ioteR £o8f Ah T Be tn o8 leiagaunes seféence of (run
‘9@%1 9P afpRE, afbg%‘iﬁ@ﬁ'v@ﬁl“r‘@h%oﬁh GARtZEtREC tBYle?ah8SFun-size
function; (1i11) déterm ning the correspondi ng sequence
ofdltﬁtrlbntlom mgets ) selegiiarns cﬁtejmn hseleeﬂnm:ttbel tpacdst-detdrmined

20 sy B Bt Wlul iz lPD SRS dtn s STUGRIE T el asiuege ! (run,
Wls‘iﬁé ADNtrip1és, afieedle tﬂfqdd?ﬁ’lzaﬂdﬁfﬁﬂl@%s th8®UuBputuantization table;
otherwise determining a (1+1)y, quantization table and run-size distribution
from the ty cost-determined sequence of (run, size, ID) triples, increasing t by
one, and returning to step (i); and (v) encoding the corresponding selected

25 sequence of (run, size, ID) using Huffman coding.

[0021] In accordance with a tenth aspect of the invention, there is
provided a data processing system for compressing a sequence of sequences
of n coefficients by jointly determining an output quantization table, an output
run-size distribution, and, for each sequence of n coefficients in the sequence
30 of sequences of n coefficients, a final cost-determined sequence of coefficient
indices represented by a final cost-determined sequence of (run, size, ID)

triples, wherein each sequence of (run, size, ID) triples defines a



provi ded a data processing systemfor conpressing a

sequence of n coefficients by jointly determ ning an
woubguosiguant i zati on tabl e, a costdeterm ned sequeErc®4/001559

of coefficient indices represented by a

cost -det erm ned sequence of (“ﬁg size, ID) triples,

and a run-size distribution, Fein each sequence of

(run size, ID) triples defines a correspondi ng

SRS S83 IR LR UER 408, 8858 i i e
| mbrmdnsilrag deguente rofrdusfiicient Indibes ¢o=r RN GURber, (ii) the
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specified by the ID value, and wherein a sequence O
c s¥ffifsoeanired Adistere @@g’@lﬂxewlthmtawcategoa;nspeaﬁed rbytthbl 1B value,

ft-d ant i
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10 ( @hblendétienmirress i acrreqmmé éiolﬁ sl @8disipl quatitized coefficients. The
qu ntization table, a Oth run-size distribution, and

t3 precessing SyHiRIFomPEseRi (2 initializaipndneans fari splecting a 0"
A e
f cﬁqLal to 10; ;olb)JcalbUIayloufmpass rfcbxi éorseﬂcleeeqtae?ée bltf lmncoefﬂcnents in
[ t he cos uncti on
o 46 sputbnés oPsERiieiias obh RrEHibrts: G using,a br uantization table
15 P Mrﬁsiiéq}iﬁ%ﬁﬁoﬁ’fto Hﬁhlaﬁé qffh % llﬁﬁét[ﬂneﬁarté}[ associated tn

determ ne an assocl at e cost ; | Ui
c piuratity eff ms&ﬂdes&ammces of (|(um 1$jzes |l¢ Irlplél) (tnD iapbfdng the cost

f h h pl t |

R b Obl e RES Bh SoSE TS0 St s
| fseqhentéd of tln detzer 'ID Qﬂp@%qw?ﬂ@%rﬁfméréw ’as§béi%ted gbst (iii)
triples, together with the tth quantization tabl

r selepting an assaditeddn, costdetermingd sequencecof (run; sme, ID) triples

20 S it TP I8 sERPKBISC o L 408, 0) il
( based rzthe dsdodiaten| @st; (V) Gffdrestép |(1m)ii WegblyiRg dnP8ggregate cost
bl e, as the output quantization ta

unction to the ty associated cost- determlned sequence of (run, size, ID)
triples for each sequence of n coefficients in the sequence of sequences of n
coefficients, to determine a t, aggregate cost; (v) if the ty aggregate cost

25 meets a selection criterion, selecting the ty, quantization table and run-size
distribution as the output quantization table and run-size 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, size, ID) triples as

30 the associated i sequence of (run, size, ID) triples; otherwise determining a
(t+1)in quantization table and run-size distribution from the selected sequence

of the ty cost-determined sequences of (run, size, ID) triples, increasing t by



ot herwi se determning a (t+1)th quantization table and
run-size distribution fromthe tth cost-determ ned

weoeemsmssi of (run, size, ID) triples, increasi RQTICARY4/001559

one, and returning to step (i); and (v) encoding the
correspondi ng sel ect ed sequeqqﬁ_pf (run, size, !'D)

usi ng Huf f man codi ng. [0021] Iy accordance with a

tenth aspect of the invention, there is provided a
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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, size, ID) triple defines a run value
rebresenting a number of consecutive indices of the special value, an integer
value ID specifying the amplitude of the index following the number of
consecutive indices of the special value, and a size value defining a number
of bits required to store an index within a category specified by the ID value.
The computer program product comprises a recording medium, and means

recorded on the recording medium to instruct the computer system to perform
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an integer \)alue ID specifying the amplitude of the index following the number
of consecutive indices of the special value, and a size value defining a
number of bits required to store an index within the category specified by the
ID value. The computer program product comprises a recording medium and
means recorded on the medium for instructing the computer to perform the
steps of: (a) using the given quantization table and run-size distribution to
formulate a cost function for a plurality of possible sequences of (run, size)
pairs; (b) constructing a graph to represent the plurality of possible sequences
of (run, size) pairs; (c) determining a path of the graph extending from the first
node of the graph to the end node of the graph based on an associated cost

determined by a cost function; (d) determining the corresponding sequence of
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(c) setting a counter t equal to 0; (d) using a t, quantization table and run-size
distribution to formulate a ty, cost function for a ty plurality of possible
sequences of (run, size, ID) triples; (e) applying the cost function to each
possible sequence in the ty, plurality of possiblé sequences of (run, size, ID)
triples to determine an associated cost; (f) selecting a ty cost-determined
sequence of (run, size, ID) triples from the ty plurality of possible sequences
of (run, size, ID) triples based on the associated cost; (g) if the ty, cost-
determined sequence of (run, size, ID) triples, together with the t,
quantization table and run-size distribution, meets a selection criterion,
selecting the t, cost-determined sequence of (run, size, ID) triples as the cost-

determined sequence of (run, size, ID) triples, and the t;, quantization table as
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quantization table; (b) selecting a 0™ run-size distribution; (c) setting a counter

t equal to 0; (d) for each sequence of n coefficients in the sequence of
sequences of n coefficients, (i) using a ty quantization table and run-size
distribution to formulate a t cost function for an associated t plurality of

30 possible sequences of (run, size, ID) triples; (ii) applying the cost function to
each possible sequence in the associated ty, plurality of possible sequences

of (run, size, ID) triples to determine an associated cost; (iii) selecting an
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sequence of N indices such that each difference in the sequence of
differences is a digital number equaling an iy, index value minus an (i-Din

25 index value, i being greater than 0 and less than N-1. The computer program
product comprises a recording medium, and means recorded on the recording
medium to instruct the computer system to perform the steps of: (a) using the
given quantization step size and the given size distribution to formulate a cost
function for a plurality of possible sequences of differences: (b) applying the

30  cost function to each possible sequence in the plurality of possible sequences
of differences to determine an associated cost; and (c) selecting the

corresponding cost-determined sequence of differences from the plurality of
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5 ag[gﬂag]at e cdéigufeu?ctihom Hiack déagram, atasicat@sejbint optlmlzatlon of

cost - rmned seguence of (r size, . ID) tri

¢ oaiEnie ihisnadh Shotsbnnd Hdimanicoding in agaBiERcsrwith an
s%p@apgsth@fprgsémqﬁ{,ém&nts to determine a tth

aggregate cost; (f) if the tth aggregate cost nmeets a

: gblﬁgﬁlaon CrFlbﬁFé %nldu%ét‘aegté oSy E;Lé(;btg‘l’@n?%p?é‘éémhg different

nd run=size distribution as

queosisitzet icoefficibht inditesufersi equdneiemhlmuthem ruandizef @airs) in

10each S enc of n co§ Tfhm ents i.n t e sequence of

séf8 AR ASPELLPIENE Lresent IRYEIHIONG ost det erm ned

e[ﬁﬁgnkce of oefficjent indices represent ed by

f ilHdP4kost adtigrfa fidiusiaiee Acedenceu, cqwr@@tlon@)end nodes from
rﬁgff: %x%som ated tth sequence of (run, size,

;‘ |p etwi se deternmining a (t+1)th

I
(o[ ¥ atl 0 | tion fro
& se(%éﬁﬁée%oﬁmﬁﬂé*%@ 3 6008 S, o8 d bl ocistinct
ofvadueena BCZlﬁdek lb)ant tfalkelfeSa $etﬁfeﬁh@%l &fon tcobYfiokstets iRREcordance
return| £ and (g) encoding the

15 ¢ ovite rr\%fP@éit@ E'"@cpr%a@féﬁﬁ%@'%f (run, size, |ID)
usi n Huffrran codi ng. [0028] In accordance with a:
se[Q@gﬂeent h Rigpeasi6a 6k ard baiepseude-code illusirating @ graph-based

T T R AT N T

di{%ﬁéﬁeﬂt e g5 LA EyRIETh TS pebasedh Jowty optimizing

seqm@ﬁ@thqfoomhé fﬁﬂmﬁﬁﬁscddﬂfbeén@ qliaKaPatfbibIE M h&Ebrdance with
St ep size and a gl ven si ze

20 an aspect of the present invention;

[0038] Figure 8, in a flowchart, illustrates an initialization of an iterative
process of the process of Figure 7;

[0039] Figure 9, in a flowchart, illustrates a process for determining an

optimal path for a particular block in the process of Figure 7;

25 [0040] Figure 10, in a flowchart, illustrates a block initializing process
invoked by the optimal path determination process of Figure 9;

[0041] Figure 11, in a flowchart, illustrates a incremental cost

calculating process invoked by the process of Figure 9;



di stribution, wherein each sequence of differences

defines a correspondi ng sequence of N indices such
woOheie/0esich di fference in the sequence of diffePemEA0G4801559

a digital nunmber equaling an ith index value mnus an

(i-1)th index value, i being eater than O and | ess

than N1 . The conputer program product conprises a

recordi ng medi um and neans recorded on the recording

to | the c .
b ” | IBGHE 2 I 2 AORURSE, BNEHES 8 PphES B Boating &

arm:anhzamrvmblesum@kdd yrthe processtof HigureLy;ate a cost
function for a plurality of possible sequences of
difo643 anCGS Figle applidi ablédie defrand Uingsirafest 8 @aaNprocessing
possi bl e sequence in.the plurality of possi bl e
sé«@@ﬁ@@%awordaﬂc%whmasnﬁczﬂ@f ﬂ?&rpmeahlrwesm at ed
cost; and (c) selecting the corresponding

5 c§8044kt er nifrigdres eefiyeinca gfaph,f flestrates ratesdistdrion curves for

al | fpossi hl e sequences of differences based on
#%ggf)@%?%@ '883?§'eand determ ning the

c -det erm ned seguence o Nlndlcesfrom
3P0 o HGusS TS i AcaTAPh o Eieadistorkion furasciefiecting a
[Q)Qf?&]enk%%%é%* Sﬁ‘ﬁéﬁati@n‘éhoiagn ‘?’@Qﬁ\?@ lHt %?)Hﬁﬁiatfgn blYforithm in
invention, there 1's provid a conpu program
pmGQtdaﬂCer\NltlsencaspacchfrtbeumrerEtlpﬂtemto conpress a
sequence of N coefficients by jointly determ ning an

10 oj046] quantFigarts 6 pidte pats-distortion @uiryes of different configurations

uence of N indjces represente

b
oo foggﬁiﬁ%ﬁ% %da%éggw 8FRPTEMCS it differsnt aspes Sidbs present
d t put
M ST e v o o4
id 'r];gﬁffe'le nces hﬁgﬂﬂenﬁ:; g‘ﬁg gﬁe?@gﬂﬂﬂbﬂ %u?\f%espa?fepént'%oglg urations

I CES suc rence in sequence
dioff foptierization smethddgir abc@mhee it al_iffengn’aaspédts iofdR& present

val ue m nus a val ue, i being greater
15 ¢ W’é‘f?rﬁ'oﬁrﬁi)ﬂl'@gé‘g(afé#&%@ arpAER ERAERIt er proogr am
product conprises a recor di ng nedi um and means ' _
r §8@48led on Rigere d8oplatadhee BiGuantwpynsateurs. the DC distortion

f. |
;‘ngﬂhggafﬁ%ﬁfﬁz ?Th%;ba;%t%ggﬁngnén %t%%&ﬁ 5412&5%5 BS54 Wage in
diestordanceanith abaspetitofiige invemtioher t equal to zero;

(c) using a tth quantization step size and a tth size
diDetailéd De¥triptid w ONAstieets OftThe Invention '
20 [0049] A JPEG encoder 20 executes of three basic steps as shown in

Figure 1. The encoder 20 first partitions an input image 22 into 8x8 blocks and
then processes these 8x8 image blocks one by one in raster scan order
(baseline JPEG). Each block is first transformed from the pixel domain to the
DCT domain by an 8x8 DCT 24. The resulting DCT coefficients are then
25 uniformly quantized using an 8x8 quantization table 26. The coefficient indices
from the quantization 28 are then entropy coded in step 30 using zero run-
length coding and Huffman 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.
30 This framework offers significant opportunity to apply rate-distortion (R-D)



cost function for a tth plurality of possible

sequences of differences; (d) applying the tth cost
wounwmtoosisit o each possible sequence in the tthPCT/CA2004/001559

plurality of possible sequences of differences to

determ ne an associated cost; {g) selecting a tth
correspondi ng cost-determ ned Sequence of differences
fromthe tth plurality of possible sequences of

diddrmsideretionDas ahe 0onddterads Ofhale dne lantdatidn 1df1&s 26 and
tth corresponding cost-determ ned sequénce o _
di *Flf'f@véﬂ dales Sgcdmpdworfrespatameters theceridadiar ican optistize.

size and the tth size distribution neet a sel ection
crl0P80] on, sEhedhirdgbtheomdwhats hiddesrerirée ashraftienNGehich the

' , t-det ed sequence
ore"hioPeE PEl lifo Spitnie ¥ i beddk et trarpslies Sapondiog on the
5 ougtanys wineds the? ﬁ‘hé%ée] déiéfﬁresétzﬁjrir{d“ﬁet WhHoR G enc&di%arocess,

distribution as t out put quant’ zation step sz
atg? HMags data dake rdifferenjuione a¢ shdwnliin eBigase theBefore hard

' T ' f indi ces;.
otfoR ot SRignE e e BRPHHS Foma ot G T e Bitianteraa: after hard
amgcaiqn qupntizatiors tegttakduié fmi BPDETENdikBs 36, ie., quantized
c et erimi ned sequence of differences, increasingt .
b;frf c(tﬁﬂ é’oﬁﬁlﬁl"@rg? GoRMagzed bytthp L(;@}‘i. @rardizatios csrtefann?zgn after zigzag
; i i ption o . :
10 TeenBe e oag A D S S R JoPh S Fumsic s
r &lloveat byt intedersfspdaiiyimpttl axaaamplitudebe BCTARGiLLs within
Fi e,.l. in a block dia%[am |IIustratesaJPE_G_
eh%sgoroeéﬁ";"e[??{iléﬁ?“%? gukrany ! 7€) Gpdesoand dnwgtegnry indices 38. (For
i blaisy, voé @hail Pbfek t9 %gbmﬁ@prg%“ag3?-85%@%#@@&?%&%ygte that DCT

-l'ength codin n codi ng ©n ¢
\zwuﬂrél%c%gf@gﬁmr wﬁqtht teaptizateomn stepv sidesprieteAABS] qbhbtiE&] DCT

15 39?%@#%&?@%@@@%{%8@?&@%& hx!faﬂl(rgp,\/\(rls: rec(e alﬁgrgtiizrz]a%on ta_b{es to be
equstosiized lay thé f@idodb\d,ntyﬁicza‘ﬁg %rﬁ@scfa&é@ﬁ%%@z t}ﬁé et}ample

ct of the present invéention;
?HP%@FZ%&P@SEQI%@E@M iethsf stendarsc+ iseaseferdnce ffs- (¢add default

810300 Bl T g SRSt SRS St o
default tables are image-independent and the scaling is not image-adaptive

20 either. Even with an image-adaptive quantization table, JPEG must apply the
same table for every image block, indicating that potential gain remains from
optimizing the coefficient indices, i.e., DCT indices. Note that hard decision
quantization plus coefficient index optimization amounts to soft decision
quantization. Since the coefficient indices can be equally represented as run-

25 size pairs followed by in-category indices through run-length coding, we shall
simply refer to coefficient index optimization as run-length coding optimization
in parallel with step size and Huffman coding optimization. As described
below, we not only propose a very neat, graph-based run-length code
optimization scheme, but also present an iterative optimization scheme for

30 jointly optimizing the run-length coding, Huffman coding and quantization step
sizes as in steps 40, 42 and 44, respectively, of Figure 2.



val ues a DC i ndex can take for a sequence of n
coefficients in accordance with a further aspect of

woheospoeisent i nvention; [0036] Figures 6a, 6b ROW@@0G4801559

5

pseudo-code illustrating a graph-based optim zation
met hod i n accordance wth an agc, ect of the invention;
[0037] Figure 7, in a flowhar4Y"illustrates a process
for jointly optim zing run-length codi ng, Huffman

codi ng and quanti zat | | e i ordance with an

aspect of the presenﬁ?ﬁ{?g%tr?%e?"?%g%ﬁo'ﬁ gure 8, in a

fl rt, iJhjustrates initialjzation of an

it pg? fve p_r\b) eggwoéormj.f@antsr 8%%‘§§”Q)Pp£”i’&?rtl§’n7?“{m9@9]wmre the

Firginiraiz2tioniis d@néldwa:aﬂrthe thricbUrdd a&%&e%ﬁﬁgﬁ%ociﬁnﬂe JPEG.
[

determ ning an optimal path for a particu
t HeppBlyeaensiderthr optimizatommof AC qoeffidents in this section. The

| piEAdon bt beeddMdond il B f fshﬁltifi%ﬂ%r bcess. of

i : 411 Fi | 11, )WC: ;
PR o o wrehan'e'ﬂéhfg?a@eo'gf bl 2 fXes Aughiizationstable O in the
i of .Fi 9: [,0042], Fi 12,
SN B RERBR SR G s Pab A e e o
quanisizapaies flledl by iPsaRgbYy indfalfBf Bash BksMISK frdugh run-

[0043] Figure 13, in a block diagram illustrates a
daenothr sedingi rand yige vMersa.aOssr prblamvist posed asec constrained

10" PRURISARL o150 94T R0 sy bR ] Yoo by
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qurxcategdryondicels! €5, All0P8S3ible Hufimdd tables W aRlhd all possible
showi ng rat e-rli stortion curves reflecting a different
nQYEOHZRHON BBest Cons of an iterative joint

optim zation algorithmin accordance with an aspect of

the i nveP{tszgl}fj' df@d&ﬁ;@)gﬂlmlbjﬁtm of(® St p<dj stortion  (10)
curves of “different confi gurations of optimzation

nmet hods i n . accordance with different aspects of the
pPé?QH{"a:"?W&nti on applied to a 512x512 Lena i nage;

[0047] Figure 17 plots rate-distortion curves of

di ff er eng, B0t riglras Hdrapibject to d[1,,(R,S,ID), 1< dyppe, (11)

where d[I,(R,S,ID),] denotes the distortion between the original image 7,

and the reconstructed image determined by (R,S,ID) and Q over all AC
coefficients, and r[(R,S),H] denotes the compression rate for all AC

coefficients resulting from the chosen sequence (R, S, ID) and the Huffman
table H. In (10) and (11), respectively, 7, and d

g ATE T€Spectively the

rate constraint and distortion constraint. With the help of the Lagrange
multiplier, we may convert the rate-constrained problem or distortion
constrained problem into the following unconstrained problem

min {J(A)=d[l,,(R,S,ID),]+ A r[(R,S), H} (12)

(R,S,ID)H ,Q

where the Lagrangian multiplier A is a fixed 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



of optim zation nethods in accordance with different

aspects of the present invention applied to a 512x512
weanlwansisi mage; [0048] Figure 18 plots the DC eartapgo4/001559

rate vs. the DC distortion resulting from

trellis-based DC optim zation 6or a 512x512 Lena i mage

i n accordance with an aspect of®The invention.

Det ai | ed Description O Aspects O The Invention

SREL ARG 2 Al 40 TIIRIEE Sdd SEPOT B ot

arcamprgssiorgyeEEE Trdrs. Sxforhl. oTisorgndol. 3 Pp0GaESESL76, Sept.
one in raster scan order
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t( hisii ﬁ?)%eﬁ%%? reaianest d0k) e Fr8t YendrafibZméhang orariable-
t hatdrsis M%%?ng .'hEéE?FrgﬁéTﬁhfbr T 8vcEPCI9,26‘p. 586-608,

The resul ting efficrents are en unf'f orim
5 quMar.i 1989 (bereigafier "BeferencetiiPnt i on table 26. The
coefficient indices fromthe quantization 28 are then

erf00588) coddtlis infetresati’Otaisom@areoar Fcﬂﬁi @ﬁﬁhfka@i@ﬁimmem with
ntax | eaves the

Huf i ng. The JPEG .
= ane d9nb I s ioldccan Aiaiiacs relacsinst ses reiagenass [8] and [9]. On
H . .
oG MQURT e alelon RERANE prBeBLS Sl Gitfize the three
i eyeametars joimdlyevwOnk thed father shayrd,f baangchemer dififeirs Yfrom that

10 ¢ fehbletel eP ¢ SletEnasn it 20 [ ianve<cIsindiaspects. First, we

H t i r r
ks e ) S 0 BEAEHA G 1 Soquonce

f r(@eS.pR) dneteed whiaipartial enﬁmﬁmtimnmeateﬁ@Wiby Zeopsing only
t he .i dat g_t.hepsel ves. Dependi ng on the stage
wEreniient cReEciRat Bidiges a CelFAegthecakelesTdS] and [o]. As
eRFOIhAH REOREHR négesécgﬁﬁ,eitqaf]r% é@tkﬁla‘i“tﬂé §UF Bptif%don has a
as shown in Figure . Before hard deci sion

15 queny heat, icomputhtionaligleffectiee Solutionf TRIETs troebrtrastavittsthe partial

? fﬁpﬁ%aetis@?? rrS/&- iggiésﬁgtiy%ﬁﬁfﬂeég%q%i@tghe tc&r% etrsho%*le solution
o . . ot

CRoL bripRata e T AbIR L LARE o SREHATHERS, Rbelboly any

t figye-carsuming fioantizer selection schames faffindvibe ByD optimal step

L\A.réﬁzﬁel%ﬁfnseggﬁ ‘ﬁjefré/fi&g IEQFea%Z(%et u%gr{h'etéjeq‘guﬁfqu%zlaﬁgﬁ ‘iaet?le as a

20 starting point and then update the step sizes efficiently in each iteration for

local optimization of the step sizes.
Problem solutions

[0054] The rate-distortion optimization problem (12) is a joint
optimization of the distortion, rate, Huffman table, quantization table, and
25 sequence (R,S,ID). To make the optimization problem tractable, we propose

an iterative algorithm that chooses the sequence (R,S,ID), Huffman table, and

quantization table iteratively to minimize the Lagrangian cost of (12), given
that the other two parameters are fixed. Since a run-size probability
distribution P completely determines a Huffman table, we use P to replace

30 the Huffman table H in the optimization process. The iteration algorithm can
be described as follows:



respective categories - (run, size) codes and

in-category indices 38. (For clarity, we shall refer
WOQoswohiSi nt egers as i n-category indices.) NoteCritakoo4/001559

DCT i ndices, together with quantization step sizes,

determ ne quantized DCT coeffigjents. Al though the

JPEG syntax allows the quantizZdtion tables to be

custoni zed at the encoder, typically sone scal ed

ver si O : . zatipn tables given in
{he F SRUBZ® ¥ (B BidRlfok 1. APut e diveh difRee™r, and o
tabl es) are_used. The scaling of the default tables is
subopt iGHANtFAdRs dablee Gef dhlet apgbicatioar ©f this pre-determined
i mage-i ndependent and the scaling is not
| mage- afirpitiz4Bore r n; - adapt | PR
guanti zation t abltéé@éJ%‘E?Zﬁs'%mrg%rggy %{gg?éﬁng%ﬁgatf%r}’ In that
every i rrulgglg bﬁock,. i ndi g@ti ng that potential gain _
r emai nSYGAAEN IR9RyIndeeeadent (A antexarapleethe initial run-size
DCT indjces. Note that hard deci sion quantization plus

S coef f i @igAbutieriek epid tiezthe empanical distribatisnfdf the sequence of
deci si on quanti zation. Since the coefficient indices

can be (rqyaidey patieran&inke drons ukingsa ﬁﬁrooéééixfxiofw%déh‘fﬁgr given by
by in-category indices through run-length codi hg, we

shal | gy : 0efd LCp L s ti.m zatd Qn
e un T Sl D8 dRrfe8 ecbET cbBEAR I T of s =0, and
step size and Huffman coding optim zation. As
descr i 588CIHER dQlerafcensas dhe gopyergesee aritesion. neat |
graph-based run-1length code optim zation schene, but
al s@2)piFés ahitanang, ffer ahy ve @pFinti Ardbptmas €eqUENES(R,,S,,ID,) that
jointly optimzing the run-length coding, Huffman !
10 codi ng ' B : izes as in steps 40, 42
0 and 44?%ﬁ%¥%g??é|€(gpwﬁgpﬁ@ﬁ%ﬁe 2. Formal probl em ;
definition [0051] W now fqrnulate opr joint
optimi zation prob} Il’m{J(p&)er IJ,(&R—:—S,dDDH 'iatr[i(B,nS),iP;][}done
over all the thre€free paranmeters In the baselTne
JPEG ﬁe onl yrcansi der the optim zation of AC
coef fi e@ﬁt%di[ﬁa,(ﬁhﬁsll%kgpff&nrp[(lth%),Bthymf%(ai)i on of DC

coefficients will be discussed below. [0052] G ven an

e JPER B8P U S B D PALE e atistllpy so that

deternm ne a sequence of run-size gai rs foll oned by

i n- cat &yo@Ndi Rditegathepackigye tiax Bliowirgk mininuigh
runl ength
15 %1;)1{1(,1) = d[1(R,,S,ID,), |+ A+ r[(R..S,),P]}

where the above minimization is taken over all quantization tables 0
and all run-size probability distributions P. Note that P, can be
selected as the empirical run-size distribution of (R,S,).
4) Repeat Steps 2) and 3) for r=0,1,2,... until J'(A)-J*(2)<e. Then
20 output (R,,;,S,,1.ID,,,).0,.,, and P,,,.

[0055] Since the Lagrangian cost function is non-increasing at each
step, convergence is guaranteed. The core of the iteration algorithm is Step 2)



coding, and vice versa. Qur problemis posed as a
constrai ned optim zation over all possible sequences

wohotensisi ze pairs (R, S) foll owed by in-cat egeCy/CA2004/001559
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indices ID, all possible Huffman tables H, and all

possi bl e quanti zation tables ) ] subject to
rl(R S),H rbudget (10) or ecftivalents RQr[(R' S)
"' H] SWbjeC t0O \. , ID) Q@ <dbudget (1 1) where d[l

e ST R g p—
dedost m(%?e %“@iﬂ (RaRdID) ad dp@afiNg rthé!duaﬁ@z‘fiﬁ;cﬁi gtréﬁaﬁgéignth the

and r[( denotes the conpression ra

cowhf iindiess sofr euimage These ttve stepsesres adursieed(&patrately as
I é and the Huffman table H In (10) and (1 1),

rg l;!)%"g?'i vely, rbudget and dbadget are respectively the

rate oBstrai nt and distortion constraint. Wth the

hg-il"fﬁpg? aaed rygrigngth gadingeptimizatiomay convert the

rat e- constrai ned problemor distortion constrained

prl8856Im i nt cAs erttioiedviliay e,y RRES tqueintizdtion dadkendeal adaptivity

= . ; | -r[(RS), 12). wh th .
L Eyehagt R iR A b e el e o tiid, iR undipais that potentia
r epiie se@hbhst ffemtthadpahfization 8t @ef c%efﬁéiéﬁtghalc%%th%gpggs. This

1(X) is the Lagrangian cost. This type of optim za
f A is gxploitad i1 ftel &)y Optimead theeisholtling xestes refprence [7] -- only

' Yang, Z. Zhan nd T. .
CROEM KERET b Bufidon 5o GonfUBAEIESS, Ve, aropping less
c sigrificit eoefficldHEE N R-D kBhes.MVeTHepbYe aM%lfﬁTiééﬁ gréBh-based
146%,-1 76, Sept. 1997 (hereinafter “reference [10]™) _
af@upa ﬂ?.a*h(ﬁﬂ@rcams slgorithan & optimizeathieceqefiicientdndices fully in the

S [ ' f . Qr Ve VOl 45
SR SRS M WSEBRY BR% 14l OERcHNE kg, Bt aloo car
1thahge [tio@BFforh toniescatefanynatanothéro- @\ﬂﬂpéﬂi? lgllg a Zérﬁgcoefﬁcient
optim zation problemw th the joint threshol ding an
i Acsra8) hEBrEiorsasticictids Rasitleridusdedindne H-B) sorge. In other
ORRradN8ur BPATh-Bhsed Ot i 'seat iy QIPSARR? Finds ThE Dptimal
to optl_mz_et_hethree_ _ _
coefficient indices (or equivalently, the optimal run-size pairs) among all
possible coefficient indices (or equivalently, among all possible run-size pairs)
to minimize the Lagrangian cost. Since given Q and P, the Lagrangian cost

J(4) is block-wise additive, the minimization in Step 2) can be solved in a
block by block manner. That is, the optimal sequence (R,S,ID) can be
determined independently for every 8x8 image block. Thus, in the following,

we limit our discussion to only one 8x8 image block.

[0057] Let us define a directed graph with 65 nodes (or states). As
shown in Figure 3, the first 64 states, numbered as i=0,1,...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
(end-of-block). Each state i(i <63) may have incoming connections from its

previous 16 states j(j <), 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



paraneters jointly. On the other hand, our schene
differs fromthat considered - see references [8] and

wp2ho6/005151t WO di stinct aspects. First, we consPdECARIE/001559

full optimzation of the coefficient indices or the
sequence (R S,1D) instead of artial optimzation
represented by dropping only i9rsi gnificant coefficient

i ndi ces as considered - see references [8] and [9]. As

V\ﬁn i H t i J h t -

e Rlrl e eI B 2l SRS A8 sidieb WB sBith, Slfiactipn from
efstalet ii (i 6)| tapresenting sthesEOB aodld, disd., Wdde (08) after the i*
partial optimzation for which a relatively
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| nstead, we use the default I'zati

stpairt Fog spmplidityané 6RgriraRdsietrhhsitioh 8 thé @?a:»ﬁh shown in Figure
efficiently in each iteration for |ocal opfimzation
o e elg g&aph pege dhe somansiam of GO5H9r Faeh state i where

r di rit i | y m ( Is,a,joint

RSSO B S TRRRUHR T SABT0A el G hsponas

qtienpairai5.0), tablZ&L @ed sewlemtle) (RIS WB)assish &ScH Bnsition

optim zation problemtractable, we propose an

i lt[zéﬁ)afrp%sbﬁt@dﬁ n-hhiq Btate drooosiswhinh isedpfaveceas the incremental
Huf f man tabl e, and quanti zation table

S, 1 D).
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dWHere UL § 21 207 63, e IRAYUBNBE TOoefficient, ID,is the in-category index
corresponding to the size group s that gives rise to the minimum distortion to
C; among all in-category indices within the category specified by the size
groups, and g, is the i” quantization step size. Similarly, for the transition

from state (i< 62) to the end state, its cost is defined as
63
2.C2+ - (~log, P(0,0)) (14)
j=iHl
No cost is assigned to the transition from state 63 to the end state.

[0058] 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-



(run, size) pairs obtained fromusing a hard-decision

guanti zer given by the initial Qto quantize the DCT
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wiceRt amon pesybleraths inpluding beth legitineateitbhand illegitimate

i g j ' [ f 1 t he .
AR 185 REGAE I R0 b B B dogetverwi
Thisscoraésporuling ihajdtegoryninGicas a3 .deBirimed in (13), achieves the
t hr.eshol di e reference [7] -- only considers a

15 pPIRTEYMAR TP 23 fPLATGSIVER D cBaind Sxepiocknls sbeh, anesean apply
R B A BT G 3hE b B o o nd o
paplimet aeqienge RYNIDY fon the gipéh BxBepibbIe. & @hblicbePointed out
| rt]l?ajltcbzsse];illele IJ\ié’EI(‘;1 sin?tgx will not generate an (R, S) sequence ended by (75,

0) for an 8x8 block. Theoretically, the optimal (R, S) sequence found by our
20 dynamic programming may end by (715,0) through state 63 even though it is
very unlikely to occur in real applications (it might occur when the entropy rate
of (15, 0) is less than the entropy rate of (0, 0)). However, an (R, S) sequence
ended by (715, 0) through state 63 is a legitimate path and can be

encoded/decoded correctly by baseline JPEG syntax.

25 [0059] A more elaborate step-by-step description of the algorithm

follows. As an initialization, the algorithm pre-calculates A- (—logzP(r,s)+ s) for
each run-size pair (r,s) based on the given run-size distribution P. It also

recursively pre-calculates, for each state i, the distortion resulting from
dropping the preceding 1 to 15 coefficients before the state and the remaining
30 cost of ending the block at the state. The algorithm begins with state 0 (bC
coefficient). The cost of dropping all AC coefficients is stored in Jo- Then, one



R-D sense. It can not only drop | ess significant
coefficients, but also can change them from one
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to a small nonzero coefficient is possible if needed
in the R-D sense. In other worgs, our graph-based
opti mal path searching algorit finds the optimal
coefficient indices (or equivalently, the optimnal
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(or equivalently, anong all possibl’e run-size pal
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j k. [0057] Let fine a
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to take care of EOB (end-of-block). Each state i(i

63, iarheace asnddnisinpecib mesuits ionthef mimmiuhs disteioadsr €6 in this
states j(j < i), which correspond to the run, R, in an .

( Rizg)greapy If (£ 8 ,.JFECs shoseix asthe rgestiumber inasizdgiaup s since
1’}3% The end state may havei ncom ng connections from _
althis dargest Aambet sesudisvp the Brieimuo thstottionninfthisrgretipt Similarly, if
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et SRR AR 0 iee 78 it e o
ietmstrpr € g%ltézgs’éogr?’h%@éj_ﬁe?ﬁ %I(’)Elﬁ)Lgéql %ﬂ&é&? tctgnlé‘ﬁ'\:g tggg'?-li{@%um cost to
patade lefromrstatei 0 iaodseberda@minieminvebshas WelleEPPBIUASize pair

, . ; > ’
Wl ST IR Rt mGT: ioh skite o Egtn, Shmast of Sropping al
' a. 3 h ds.th sj on of_ S. )
Fo8eftBiarts i, 2 1RA0 AEARE S FR IR AR BESIATE 2z sum s

t stoned tin of), fuhioh ist tibetotal Hiniuin ¥H4CHF B PRERUSH H%éﬁrst AC
t he 1;é_ai r (15,0), i.e., ZRL (zero run | ength) code.

aSeflyRiand ie de lastaienzere woefficigntf toobe stat.eProceeting toostate 2,

S| E dre EE ﬁops‘atthé."'ﬁni §t%tei 2 ﬂ%er}r]; ispaef‘g O?inwneg {.hne%,eigﬁ %taﬁwls go to state
2 from state 0 directly and 100 paths go to state 2 from state 0 through state 1
(10 times 10). The most efficient way of determining the best path that ends in
state 2 is to use the dynamic programming algorithm. Since the minimum
costs associated with ending at state 0 and state 1 are known, the job of
finding the minimum cost path ending in state 2 is simply to find the minimum
incremental costs of going from state 0 to state 2 and from state 1 to 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



Lagrangi an cost of going fromstate i - r-1to state
when the i"1 DCT coefficient is quantized to size
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represent its anplitude) and all the r DCT
coefficients appearing i medi ly before the h DCT
coefficient are quantized to Z€ro. Specifically, this
increnental cost is equal to C+C - q ID 2+l
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Simlarly, r the transition
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2P(0,0)) (14) No_cost is assigned to
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with a Lagrangi an cost. For exan‘pl e, the sequence of

r $osie & pddy bagktracking {rom )%, with She Melp 09 thd stored,pdlds (r,s) in
of a bl ock corresponds to a path shown in Figure 4 .
of3chstaienene ﬁandmdrtbﬁ qqtlmqi@laﬂsfrpnbﬁa& ate tie eadtstaie wnth the
e | eqi t|

o h s i ol 5 B0 Ib B LA Bhed heEOhimT SSauence

cdRLS, S for e lgtven 8x&)blockpAgseaitbscodeast thrssélgaﬁﬂ‘lm isﬁiﬁustrated
path consisting of a transition (0,5) fromstate

styFigures 6p) @hvende. a transition (15,0) from st ate 1
to state 17 and a transition (0,0) fromstate 17 to
t §R0G0Jd st atldei abave pﬂobegturtel st mllmhmmpcbgiaﬁﬂmngtmethod To

TS Rt ThserdntatRRal SoRmISK, dve ot @veli it phghty. In

aparticdiggiihi pricBceale dbhesiehade %Wﬁ;ﬁ%el R 'il‘n&?fr?ental costs

path the total Lagrangi an cost of is stri
| @gronth ke tifaor of1 phaealidl | teapsitions drqratdne §taatee1fooaaother state.

th“?stead, it may be sufficient for us to compare only the incremental costs
among the transitions associated with size group s—1, s, and s+1, where s is
the size group corresponding to the output of the given hard-decision
quantizer. Transitions associated with other groups most likely result in larger
incremental costs. We shall compare the complexity and performance
difference of these two schemes in the experimental results described below.

Optimal quantization table updating

[0061] To update the quantization step sizes in Step 3), we need to
solve the following minimization problem

min d[1,,(R.S.1D),

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



optimal path fromstate O to the end state with the

m ni mum total Lagrangi an cost anong ALL possi bl e paths
wonadewds1sg both [ egiti mate paths and il egiti nrC®/(Pa0dIN01559

is always a legitimte path. Furthernore, the optinal

path, together with its corre_s:%o_ndi ng i n-category

i ndices as determned in (13), achieves the mninumin

Step 2) for any given Q P and 8x8 bl ock. As such, one
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whol e directed graph to fin opti mal sequénce

(R.S.AD) for th iven 8x8 bl ock. It should be pointed
oLﬁOSE’#FFA%"Tbaé di ﬂ% éﬁg PEGPS§itiPRXANINE| Zigzag geder af theary”OiRyck. The
S) sequence ended by (15, 0) for an 8x8 bl ock.

Teeouence _a(IRI,.Sf,ID) eterptinem DG Rindigess 8 @ eqeantf2NECY coefficients
our dynam c programm ng may end by (15,0) through

R YAl Bl LY e B 0T nex
rate of (15, 0) is |less than the entropy rate of (O,

S ofthe FHoRrsitien imkhe Rig=)g sedprevicthee itidsiobly obidine8)from (R,S,ID).
through state 63 is a legitinate path and can be
e MG d@gé}q C : I, EG synt ax.
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altﬂgeo M’?ﬁ[ﬁc rlg]_élgpe?ﬁyatl(%gi.| _Ith_ Fg{& 9 @M gpd+Ksj)qi,f\@e can rewrite
each run-size pair (r,s) based on the given run-size

diéﬁIOEGR%“,VDPj 4 . It also recursively pre-cal cul ates,
for ‘each st%te the distortion resulting from

dr oppi ng the preceding 1 toﬁéLS coefficients before the
state and the repmi ping cos ﬁ‘g‘%@din the bl ock at
the state. The gﬁg’é&‘ﬁﬁ%ﬁgé;n 'i,tiﬁl‘g,t@e 0 (DC (15)
coefficient). The cost of dfbppilng all AC coefficients
is stored in JO, Then, oneproceeds to state 1 (the

10 ¢ ?"’P?f e A@”&-e@f‘ﬂ? HTeeWt'mbeFrﬁgg%B Blosks énthe-given imageat e 1
which all start fromstate 0. These ten paths

006 pond Frormhd5),at ﬁjllbWsQﬁbﬁﬂférlinﬁﬁrrﬁib?ﬁon_t&ed@gg}g,lﬁcfg] can

index may fall into. The cost associated with

pheradhievsd byl mirdthizing igdegerddrmyy ﬂib?)nnc?fﬁkgjnrﬁrr{a@ni of (15) for

first termin (13) is also precalcul ated,

dBREN riTled- o f QLT @Rgl isdp Wadnal Bet of newe quangization step size
consi der positive indices here; negative indices are :
pﬂz]c%s%é@) o minimizey by symmetry. Suppose IDL is the
out put of the hard-decision quantizer with step size q

in Num _ Bl A\
15 min Y, (c,.,j -K,, q,.) ,i=1,...,63 (16)
q; Jj=1
[0063] Equation (16) can be written as
Num _ Blk A A
min Y.C,”~2C, K, q+K, g’ i=1,...63 (17)
9 j=1
[0064] The minimization of these quadratic functions can be evaluated

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

20 obtained when



response to the input C1, and it falls into the
category specified by . ID1 is chosen as IDl since it
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group. If s <sf , IDl is chosen as the |argest number
in size group s since this Iarg st nunber results in
the mnimumdistortion in thi's ‘group. Smlarly, if s
>s' , IDL is chosen as the snallest nunber in size
group s. After the ten increnmental costs have been
conmput ed out, we can de'glkthe m ni mum cost to state 1
fromstate O and recor @l,sKm ni mum cost as well as
the run-size pair (f=S)=which r lt& in this mni num
to state 1. Then, the c’YﬁgB”‘og drogpl(ﬁ?’g al | (18)
coefficients from2 to 6&Ks added to the m ni num cost
of state 1. This sumis &tored in J1, which is the

m ni.mum cost of this bl ock when the first AC
cgtrfef pleretites b $tge I LN heorpdated assprdinglént to be
sent. Proceeding to state 2, there are 110 paths to
state 2 from st atIrellIWdlﬂﬁlopﬁmmﬂﬁnngo to
state 2 fromstate O directly and 100 paths go to

St[@0B5P f r ormsttas eséetidh, ough c‘éhgto%rltr{elﬁ ﬁng @n%%ﬁ.on of the

The nmost efficient way of determnin
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costs of and 1 respecti vel
t he S cost tate

TPRBEE | ket U B ESarhh FLSHERR. which Gfesfiond to the
r emmmmer mﬁDCh@fﬁnlmtﬁyheQQﬁé n@frbeFtaTroxg bchl@é & re?,start interval
Tgﬁ] é st of dropping all coefficients from3

SDG RreifiGentpedietian dminiiizedde Gsetthe beginming Oiamch restart

[ c t C
ST ot s S et B, PP RIUCRE 47 sttes, whicn

nearespond&d the distinct valbes sddC.indlet eah taite, drfd $taees | |n adjacent

f t at 0 di tl t
Y R SO S L) b taei oo
| aisdociatdCWitARAESstiviNsich iig fﬂe Minibsurd %ngozﬁﬁ% Qfatd ‘?fo‘f‘ﬁ%e initial

to zero. If the mninmumpath to state roms
1 stataeThe precess df findingihiecdptinea BC index sequence starts from stage

0 until stage N -1. At stage N -1, the state with the minimum cost is sorted
out and the optimal path from stage 0 to stage N -1 with the minimum cost is
traced out backward, yielding the optimal DC index sequence.

[0067] A more elaborate step-by-step descriptio\n of the process
follows. Let x(i,j) denote the ;" state in stage I(0<i<N-1,0<j<M-1)
and v(i,j) represent the DC index value corresponding to state x(i,7). Let

cost_mini (i,j) denote the minimum cost to x(i, j) from the initial state. Let
cost_inc (i—l, i j) represent the incremental cost from x(i—l, j') to x(i,j),

which is defined as



the first ACindex is nonzero. The recursion continues
to the third coefficient and so on until the | ast
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conpare the values of / , =0,1,...63, and find the

m ni mum val ue, say, J .for song k*. By backtracking

fromk * with the help of the Stored pairs (r,s) in

each state, one can find the optimal path fromstate O

to the end a i th, the g ni num cast ano |l the

possi bl e pat 4 ’,hsa(zmaiﬁe’ngé‘ l{y ﬁ'J;_Q@'t"l(ﬁ’FﬁF +s'€dﬁg)%@% (5)+5) (19)
(R S, 1D for the given 8x8 bl ock. A pseudo-code of

t Wherel goid thenguantizationtstep sitel for HQ¢oefichnts 6DaNE the i DC
6¢c. [0060] The above procedure is a full dynam c

pr. ] ] her duce its . g
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In rticular, in practice, we do not have to conpare
thPe(%‘Sn'&'éﬁ@m%b'&Ws@@Oagﬁhg thesize0 categbtiesa(et Set11). The cost
transitions fromone state to another state. |nstead,

| tasgeyiabed withf thel iaftial keiteUs S t6 YEPET WePBlatt B/ stage 0. Since

i ncrenental costs anong the transitions assocl ate

WialBh Sit#8 SHIPHBs Bhd-indom ﬁgdpoa;tﬁ #Dtevgg}%'i ?% éaélﬁ 3@325 inSistZe@e 0 is the

group corresponding to t

har d- deci S i zer,. . T Lti iated with
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costs. We shall conpare the conplexity and perfornmance

dMitnestair 8. bherenase M insosting pedhs to bcfne())a‘anarjc(ﬂgf)g(aﬁ J<M-1).
I

results described below Optimal quantization t e

Iuﬁ‘ijl%: 'elgg ggcqggééq%g g%ggsagﬁgf, 23? %‘%:(63&1‘&3 asré egalghl%?esd using

m nimzation problemn d[lo, (R S,1D)Q since the

cenpationsi(t9) and thekeed/ rindredrpraldcants QreredetRoShe D hiinimum
given, where | 0 denotes the original input inmage to

beostenaysesRsd wahdRe f09tatéd at sthg’3d Féas%%%ﬁ\g%lgﬁﬁe minimum is

quanti zation table. Let C] denote the i Cien

Shol 4,558 oo P bAoA (EAPARE BT o

i.e. C%uant i zed DCT coefficients normalized by the
qRflgcEssPbIs alsepresppdad fardthepirpgsacefebadiéradking. ddeke same
at

manner, we negd to find cost_mini (1,j)(1<j<M-1) and the optimal
predecessors for other M -1 states in stage 1. This procedure continues to
stage 2 and so on until stage N-1. At this point, we can find J* with the
smallest cost_mini (N -1,j) for o< j <M ~1. This cost-mini (N -1,j*) is the
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.

[0068] Atfter the optimal sequence of DC indices is obtained, we may

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



the i"1 position in the zigzag order of the j "1 block
obtained from (R S, ID). Then the quanti zed DCT
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the j"' block is given by KU qgr Wth help of C and K
q, we can rewite d[lo, (RS I1AQ as 63 NumBl k.
d[10,(R S IDQ= Cj -K g (7 1=1 j=i where Num Bl k

is the nunber of 8x8 blocks in the given image. [0062]

e " _ ne 9l : _
CARtal e SR i H Bt el & e i or e
i rjdiep @ptienization obthengeantnetnACi coeffitienisSyith ahe @p@intization step

e Qu | is to find t of
auien pod R B ve S 10 1S % 83) to monimi ze
N | min \C- Kijgi \ , i l,..., 63 (16) 9, i=\ J
[ &g@%’ Equath BC [ndex caantake up for 2047 d@fergnt.v%a,lw (1633 to 1023)
b [ . a NCti ONSy- .
L98Cpiell, TR il 9D R g e v
r enaber ofstates Nidionty incnreasesfthé Bnplexitybdfaheetbove algorithm but

N Bl k, Th t [ in Step.3) can be updated .
2 U8 dRbts REalY PLSBUBER bR 4 Paesie. [0BOBS Gapficient s
t Richt-§eahiiAY 19 Gl 4Rkt d'%al Fdh tﬂetbmg%ﬁ‘.téfog. Rird-decision
the quanti zed DC coefficients wth the quantization
standizes ihRwstilikelyaresudts|is. a hightPE®s$ yattaxThétefore, in the real

ey I VB Sl B SV A Y st o o
pPrremigersofgainés 2eiciCor@spend Jonte boeinemsds Mat are arou/nd the

encodi ng a quantized DC coefficient only depends on
t I8!t hard-decision quantizer. For example, we may only use 33 states

in each stage with the middle state corresponding to the output of a hard-
decision quantizer, and the upper and lower 16 states respectively
corresponding to the 16 neighboring indices that are larger or smaller than the
output of the hard-decision quantizer. This reduces the computation
complexity and memory requirement significantly with only a slight
degradation of the performance.

[0070] A process for jointly optimizing the run-length coding, Huffman
coding and quantization table in accordance with an aspect of the invention is
shown in the flowchart of Figure 7. At step 52, the iterative process is
initialized, as outlined in detail in the flowchart of Figure 8. At step 54, j, the
index representing the j' block of N total blocks is set to 1. At step 56, the
process determines the optimal path for block j, in this case, the first block.
This is outlined in detail in the flowchart of Figure 9. At query 58, it is
determined whether j is the final block. This is achieved by comparing j to N
(the total number of blocks). Where j is less than N, j is incremented in step
60.

[0071] 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(A) is computed in step 62 as the



quantized DC coefficient, a trellis can be used in the
joint optimzation. [0066] Let us define a trellis

WQi200%/005151 ages, whi ch correspond to t he nunber POT/dAG004/001559

coefficients, i.e., the nunber of 8x8 blocks in a

restart interval (the DC coeff:#7c| ent prediction is
initialized to 0 at the beginrni'’ng of each restart

interval and each scan - see reference [1]). Each

stage diake Mmmirﬁhﬁﬁdlsvmsﬁs ‘éeé&géfé%ﬁ .th%ééﬁeoidfh%t NMibeks. This
val ues a DC i ndex can I'n adj] acent

stValls isathers gqmpanedmgametjtheaé“ szhium”oﬂ J(}xFurg quer3,564 Where the

t oci at ed wi

i e P I
| Rhanh 8l(tid siectidd ‘érrﬂ%ﬁ% e§emdke fSEQgI'ﬁEQI V. tﬂ?% ?gé\ée%en?e criterion),

i ndex sequence starts Pom stag

5 Atthemgmlzathn isheorsldered wohiplétee Wherd s ¢9Rbt ihe case, the joint

out and the optimal path fromstage O to stage

qptﬂm'%#'qrher%eﬁ? G‘@otQtSf?lé 66ranceauantiz aamblecﬁm is updated,

‘ y'a%'dittmed hﬁd@tﬁtl'ﬂﬁieﬁ&/dﬁﬁé‘i‘%flsﬁﬂfee‘i‘ e. [0067] A nmore
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el abor at e step by-step descriptFon of the process

f gbb'f’?js tAtxsgéQ @ﬁﬁé‘;’fﬁgﬂg&ﬂablllb Idi%p@g@qn ?l{r}ngODdS used to
| m:akxllatalthe entopy $ pleralisogiated aﬁtatranfs(.zet p%ur (L@t At step 70, index

FRE et lecldndSn Buitens: frmioy & sebeecquemiicprdbenes. Where
t rte\NbQQ:fe%‘ﬁ’ﬁh@H ﬂﬁgﬂhef Bgfé‘cﬁgﬁ / c/n]cejlllan Wb(s é’ndf%g( ﬁ%%"ry(m the

e i ned ascost) nc
19[)*1 @rebgb)llltysdtslmmmlmnfumnoasmcﬁtealwﬁherh diXe palr (r,8) is

coefficient, is
oF5t) 6 sElaty Shtmizedyfimandabies i S ve: Step huses these
aﬁdsﬂﬁkedﬂﬂuﬁmaﬁrtﬁbﬁi@ ’do‘ éb{c@d@ﬂge rhesbe gé and, indices. The
categories (O cost associ at e {
i RFe¢Qas &falodﬁﬂ)s Oﬁémlzlbg ZTBEOrunﬁbngttlarctodimgmHﬂffHW ﬁodlng and

f‘gﬂﬁﬁtl st a@b%t%reo&gé%leés one incom ng path, the cost

eac is the increnental cost from

t itial state. The ceed to stage 1 and
I8, 1 ' B o B befdhdr e Hbe §3Psdniglization of the
( itefb)tlvefmbésé M step52 o‘F tH\é hbwc?gﬁeof'\#l rf?ﬁg@&nbed in more
costs (i.e., cost_inc , are c a
egatail M gm 82n@ Laggmgmn oultpker al, |smlectelde Telmkiwl a fixed
t BaFarFﬁeter r{ﬁat represents the trade off of rate for distortion. At step 84, the
- convergence criterion ¢ is selected. This is the amount by which the difference
of the Lagrangian costs, J'(A), of successive iterations must be below for the

iteration to be deemed successful and complete.

[0074] In step 86, an initial quantization table Qq is generated. Step 88
uses the given image lp and the quantization table Q, generated in the
previous step to determine the run-size distribution Py(r,s). At step 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°(\) 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,



costs associated with the Mstates at stage O,

respectively. The mininumis sorted out and recorded
wa0eesism ni (1,0) for state JC(1,0). The opt PAEICA2004/001559

predecessor is also recorded for the purpose of

backtracking. In the sane rranr}%r, we need to find

cost_ mni (lI,j)(l j M ) and“fhe opti mal predecessors

for other M1 states in stage 1. This procedure

fﬁpg'd’}uﬁ% ih8eR t&BE s%n?gtﬂ tA& i® tcﬁf‘% éﬁlékﬂ?ﬁlggp'theﬁlidex is forced

oI nt, "we can e Sna
caskiza grbubm o 150£63), is SM to 0. Firadlycaisstepia, t{e\iérative index t
is the m ninumcost of the optinmal path fromthe,
i m$tse&ecmaeltt@ Po28d dfe Rracessyobiutializiogithg itewtve process is
Eﬂﬁ%@ hel p of the stored optimal predecessor in
eac te, one can find the optimal path fromthe

5| 1aes] eéﬂgtﬁeé%% bt 1o top " REEhast: W PR R 8 process for
D@e*télﬂﬁlﬁﬁ‘@ the oplingalnsdh fMebIUBB{ hbﬂé@b%é’(ﬂheaﬂwmm of Figure 7

gquanti zation step size % in the sanme manner ) .
adelideseded impwre. detain trﬁée@ﬂﬂﬁmbi%ﬁh bi§ ipitiadized, as outlined in
it f | 4

S BB TRt ) St Bl Mgt e variabie
snm storksHinief mntabWest L@@@ﬁbmﬁ Mtltochwteqa‘nrlbm jLIB set to a

2047 djfferent val to 1023) in baselin
10 5 Baige QDAL A dteRd Bovaliabla bis pRSERGH 2 VAS torFRIesent the
I dhinet o e
c BB ot é‘%@@%&ﬁ"&?m%P%ﬁ?aﬁ%@&m%%fe >18, k is
plassignedf asvalvags 1%calhens.i<15, kriatt i Aestef 1&8D@ the variable

coefficient is soft-quantized tg a val ue that |s
fraéﬁPPWéG%M'HPJtFUBf I ﬂ?&r%q‘é@ciospoﬁnéu%\hﬁt%ﬂ s 1S5 n*ts@t variable

| idseh¥ig Mltb%li%@yﬁg%h%{t t(?E.St path. Therefore, in

,therea e trellis-based DC

15 oiPArRE G 82&&2@6&‘3“?%2't&sﬁﬁa?eiﬁthgﬂﬁg%iwg}%ﬁﬁ% B of the
ourémibn@fs 8 di) K 1Gediestngd) Wire itFiglis nbPthecyas® [the cost to state |
onl é{use 33 states in each stage with the mddle

stl%lpélccl edépstan hddtas oHbinedtipumorer detail an Hur §pwebart of Figure
nt r
oD Al flen 2, MRE GG B ie BufEbait B Bisiprspy minimum cost
| REineds rhidosar eNhergdr thy c§$t9l’o| gtatd henleb®&han current_minicost,
20 current_minicost is replaced with J and the variables r, s, id(i,s) and J are
stored to state i in step 128.

[0077] From step 128, as well as from query 126 when the current cost
was not less than current_minicost and from query 122 when it was found that
s=0 and r<15 held true, the process proceeds to query 130, which asks
25 whether s is less than 10. Where s<10, s is incremented at step 132 and the
iteration associated with calculating the cost to state i is repeated with the
updated variables. Where s210 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,
30 where ris 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



out put of the hard-decision quantizer. This reduces
the conputation conplexity and nmenory requirenent

weoeigwiohsisant |y with only a slight degradati on 8€Ttda2004/001559

performance. [0070] A process for jointly optin zing
the run-length coding, Huffman,coding and quantization
table in accordance with an asfpyect of the invention is
shown in the flowhart of Figure 7. At step 52, the
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Figure 9. At query 5 term ned
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(the total nunber of blocks). Wiere j is |less than N,

i [0878]ncr entdtefedingnowep thé flo&\whﬁﬂt] of TFiguy 00 et Witialization for
ch block j continues

L:pﬁ&}k” Oftr\?q 9@5? ?ﬁkﬁe h for Igg%ﬁ% 5 geberan Y Mok detail.
bls@sik s15% | thehang &eSF&cﬂeé@étme‘?)%d O&hﬁllé tré&ﬁmdgldé?cﬁgted for

J(1) is conputed in step 62 as esu
d| tfeﬁ& i Dhis cosresponde withi the cest bf difopipirey &ll bf theksoeffitieats after

! SalRdr PIE R B FEtfiSh ikt 8 s eciabhebreaviated for isr<15
V%'nHezé?iG%( *I'Pns"’]’@ﬂar&@@tl{é ﬁ@aﬁw%q‘j@ré‘ﬁls%m% R/ISE) +fea§§P9mg all of

han e _(t e selectiron criter nore pec

t ltree coefVieiopenbetwaentstaiedin) 1 ahbistatetil m zation is
consi dered conplete. Were this is not the case, the

j poO79IOPt i MiAZ altéS™ 58, %@ééorf@&%%or‘h@n%éﬁlcﬁ@(?é)dls calculated for
guanti zation table q +i i s updated, as outl

détibﬁﬁi% a'md flge<19. o\thsakStth@fmea@ @ﬂéa@dlSECUWIZ](MﬁE)sneepltmg from

D AR B LRSI s i
r @&esgréap@alﬁ\t tbp 3568, fHe PHBR td Be denf for the'ltBDCT coefficient when

increnented and an additional iteration is
sthss dadends yn psae @rrme@ s, \i6rsd, ist caksilated doni 163 temid 1<s<10.

P SE MBI i€ S inSi3 Reaetrasmet 1o Silibe aitielioation for

%mkrju@pémptét@alr (r s) is

[0080] Referring now to the flowchart of Figure 11, the procedure for
calculating the cost to state i, step 124 of the flowchart of FIGURE 9 is
described in detail. Query 172 asks whether s is equal to 0. Where this is
found to be true, step 174 determines the incremental distortion from state i-r-
1 (where r=15) to state i as the sum of the mean square distortion of dropping
all of the coefficients between state i-16 and i, and the mean square distortion
of dropping the i DCT coefficient in the current block. Then, the cost to state
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.
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used to generate custom zed Huffrman tables in step 72.
Step 74 uses these custom zed Huf fman tables to encode

woOheosroostssi ze pairs and i ndices. The process f ®8CT/CA2004/001559

jointly optim zing the run-length codi ng, Huffman
codi ng and quanti zati on tabl %toare conpl ete. [0073]
Referring now to the flowha of Figure 8, the
initialization of the |terat|ve process in step 52 of

E)GS‘H OWChf’@:‘\lheﬁif sFvgir ﬁot7 ?ﬁ?“d 'a*PQTLérV {3 € I"Fée'it?dd'lemental

t step a Lagrangi an is se ect
ﬂfﬁtgﬂIO@ la CDmp_uﬂeqba‘r atept ‘&8 a$1 ﬂle smprcrfﬂl&emseamsqmarectbstortlon of

g L5 18 AU B A P b B e e
0L RS dh‘.bbrﬂbm ety foff greah cD’fC'Pfc:oleffﬁ%lelrﬁSi\fh%rr‘lgt'hérborrespond|ng

cost S, , of successive iterations nust be
fiRgiex lﬁéorced R0 $7e vsoue sdekhreaosito statefiis then computed in step

0 : J t
LY bR hel DR 143 Ak W iRy rom
atatetiineg wustatd iz ptuslthetahﬂo@y@ategmcﬁéd with thBqun size pair (r,s)
previ qus st to determne the run-size distribution
g)y A \Woe

sGgled Bhegostier ihe tieradipn hagibeen earapdirdiia either step
HYBoraREs 166, $2I63 8 Sl PoRBLERBN 1 BbpRigec! 2t of

the run-size pair he initial

E?‘?%. nal - DEFTEl by iﬁ@%&%ﬁ?‘iﬂﬂ i "fhe process for

wpdatipg itiee quantibaticn &ilée Tal4, efep 8Bl of e, ﬂ@tf@hérh@f Flg%ure 7, is
entro rnﬁée assocjiated with run-size pair (r

desprt gtail.s 1 step 12, equanetator Bfea Hha) |§f|n|t|ﬁu,\@l to O for
s Sl i 88p0fad, AdrRinohbf deeb B Hgaizen

Oofos i z6<@B.oump step 196, etk index $aé |ri|ﬂaliked:td1¢| |A(1; steb 198,
step 98, the iteratjve index t is set equal to 0 and

PI%?“plr isciestore fromtkurun-sirg ane indiees foreatpicoceate |cgeffICIent

r 1
SRR gy K OCATRIP 200 DB kg L YSHRE e o o0
padetrdfcbhe]i’f bl@lskjls séttotep 56 in the flowchart of Figure
7 is described in nore detail. At step 112, block j is

[0083]al i zeth sksp 202 theat! vausll tid nifickdisr éfr@%@ébh&ﬁed as
Figure 10. At step 114, current_mini cost, the variab

theasury fritsscymentcyalie and| thaeediielpfdhg iciiginal st DGT coefflClent
B ME [ pidtk MPHe reldrefDAP ifex at the i position in the zig-zag

order of the jth block, as determined in step 198, from the run-size and indices
format. In step 204, the i'" value in the denominator array is computed as the
sum of its current value and the square of the DCT index at the i position in
the zig-zag order of the j*" block.

[0084] Query 206 asks whether i is less than 63. Where [<63, i is
incremented at step 208 and the numerator and denominator values
associated with the new i are computed. Where i is not less than 63 in query[
206, query 210 asks whether j is less than N, the total number of blocks. If
j<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.
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| arge number. At step 116, variable k is assigned a
val ue to represent the nunber of incom ng connections

wonwwpsevi ous states. Wihere i>15, k i s assi gnedTaA2004/001559

val ue of 15. Were i 15, k=i-1 . At step 118, r, the
vari abl e associated with run,,4is set equal to O and at
step 120, s , the variable associ ated with size group,
is set to 0. [0076] At query 122, the process

qebesyri nes IH‘L%;B‘% ebH AL 8 obBkEd \Aﬁ’lﬂsthé_lg g?)@ﬂigrnﬁiﬁhe zig-

are true. Where this I's not eﬁ%e case, the
s"-taélt erderi gf qaanuzaimntahie@ep q,24s cmnpnntebll aedheé rvatoe eof the

cost t(taé'n?\t’%} ﬂ\e %ﬁﬁﬁ%&f’ F %S' ﬁyg&uﬂ#ﬁﬁﬁgmhe@her iis

dosd thanrgRntYWhidhé ahfd is W\u%r q id mbP@méﬁféd Lo s%é@t.z%d and the
is | €SS than current m ni COSt currentj Nni ni cost

FERIAiBE RASItONS inthe Auantization tble are comfjuted) oamrwlse the
?’f@aﬁhg%‘?@%ﬂ%%&ﬁf g in step 128. [0077] From step
0]

mguery 126 when the current cost

wedta s fhElte e e e Tnd Blofk didgram o
ma@@ @s@cqysmgegﬁehpzw %Ml‘fmneﬁhh§ Boﬁﬁﬂfésé’i@ﬁ h&hods | 's%ch as

| ess than_10 ere s<10, s is increnented at step
dhesq deserihadahoye las@@@egtl@m wiiht fHigergiscix 2tim agcorldanceswlth the

hAth d a
ReBIRE ghpta SERRAGApb A AR BEl b qrgpries 2
Idésyday 228 for deiayang <for erxanSpIentrn@g@@t@@e&?aw‘iénﬁ]ﬂe@&m;lwly,
is reset to at. 120 and the iteration f

Tp FUPROM 2 BaoltTids SPRG ar MBEG fikh &4 be-baesmitied. On
:f‘g@éﬁmg lhﬁtrﬁ&for{seﬁvim@ﬁgﬁ#waqé' %ﬁr ilrﬁgrfgéé(ﬁsghgtrﬂ%%drocessor

ere t
i238reamapresdesthes inppit iMdgeddta methen'nanlaaen dﬁdﬂibedrabove using a

B ERREEpalRe loitelizaRtn s35diup Japtatisiniiin et Providing the
ephipratsédidatPto Q&Hﬁrdurhéatftﬁ{ QDHéﬁgmbﬂ@a‘?K% &?ﬁfﬂnﬂﬂlcatlon

in step 142. At step 144, the run-size palirs

subsysta® 2 may theatranamit thissebrmpresped data teenetworls R42.
probability distribution function Pt+i(r,s) and the
We¥Hss f oAs destiribgdtabovepthiensystemt 240 mayhde)mlcorporated into a

th hart of
éllquﬁlletcga'l ggéﬂ ﬁ&ﬂ@%'}c—g?l Qfg: (;Be e e o transmission from
communication subsystem 240 to network 242 may be wireless or over a
phone line, as well as by higher band width connection.

Experimental results
Optimization of AC coefficients

[0088] The graph-based run-length coding optimization algorithm and
the iterative joint optimization algorithm described above can be applied to the
JPEG and MPEG coding environment for decoder compatible optimization.
Both of them start with a given quantization table. Since the quantization step
size updating. algorithm discussed above only achieves local optimality, the
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,
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bl ock j of step 112 of the flowchart of Figure 9 is

described in nore detail. In step 152, the end of
wohoewkosisst , eob _cost(i) is recursively cal cul aCeaAR@M4/001559

0<i <62. This corresponds with the cost of dropping all

of the coefficients after stgte i. At step 154, the

distortion, dist(r,i) is recufsively calcul ated for

i <r<15 and 2<i <63. This refers to the nean square

) . ; . | L iants. A

DTt A REt, s AR, 12t A PeiPEl Ifa§8using our

geapnbased tun-tangth sedingaptidtization netlad. Curaeéd” Earresponds to

kB RS R Bt i SheBRbandao § o sgfe of 05
When Hallees &0 Nesppner ag ﬂh’éd%p'b§izE§I.OF 'dﬂrggézatzrﬁ %P&éd by

s. At step 158, the index to be sent for t _
sweeping batLagiange nuliipligsxA ithroughslizeosifiveuyalees in interest. For

i ' f 1<) <63 and 1<s<10. Finally,

15 o lposes of PraMpR R Yhe R-DP SRl aRRIFC by Shalito the
boentizationatabiabhlgris fatso Givenlad clirse oMM 841¢ belRBGhat we may
ggé,erri ng now to the flowhart of Figure 11, the

lexadhe spate iatastivref Rgint Mefremseurve "&t e eurve, b tepm curve
(2 e PUETP 8 EVSE 8 A0 b oy 0o

implenientailomib tedune theusomplesity sitkedetan beng-inuttiplied to the
in{:remsntal i,stortion fromstate i-r- 1 (where r=15)
ERUOPYI S ~ GrRMysiGah &9RIHAD &F the &laeseryihe BnDosurve.)

' o L 6.8 ate i
g o eludd s ORI GIAF Lo PGB B2 Eduon
pbirtanpstatbektivdcnanibe used toifindthe loptintal iditianscdling factor in

0S o state i, ,ig conputed in . step 176 _as the sum of
SRR &S &ssle fefeRied Fmniclatks. g anbaehiges most
bf €8 ghit Malt canlod BbEiAEE by m@%ﬁthﬁizﬁﬂégﬁ %%Hefr?é. he gmpirical
assoclated with the run size pair (15,0) scaled by
megoed s ugastia aungxperorendgual to 0 at query 172, the
incremental distortion is conputed in step 178 as the
HO89)f t heGinamtrexinitial glisrttizationrtable, dhe puintigeradf iteftions in

he.coeffici.ents,.between state i-r-1 and state i and

iR ey fRISY ePEeehan alodriebn elsey AP omdirest mpaston the
eOfltatiornEomPBRIXity En s R4 86 hﬁﬁ‘eéﬁgﬁ?bérf%rﬁ%’r&%q Figure 15
into size group s. The cost To state I i's then

gompatasitherR 4 eprves obtained from one iteration (optimizing the run-size
pairs only), two iterations, and full iterations (the convergence tolerance ¢ is
set as 0.1 and the resulting average number of iterations is around 6) for
512x512 Lena image. It can be seen that most of the gain achievable from the

full joint optimization is obtained within two iterations.

[0090] As mentioned above, the quantization step size updating
algorithm only achieves local optimality. In addition to a scaled default
quantization table, the proposed joint optimization 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]-[56] address only how t6 design optimal
quantization tables for hard decision quantization; as such, quantization tables



180 as the sumof the cost to state i-r-1 , plus the
i ncremental distortion fromstate i-r-1 to state i,
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pair (r,s) scaled by | . When the cost for the
iteration has been conputed I‘B"I either step 176 or step
180, the cost to state i calcldation is conplete.
[0082] Referring nowto the flowhart of Figure 12,
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query 206, query 210 asks whether j is'|ess

taiéowd?tltaratmﬁm@e roprepcoeflisients afepirantizes ﬂOrlzﬂrerﬁtdowoblt rates.

Thedufppase Ty’ SERIFRI SerBie AR R dbilay srated defaut
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B HRTe aFe Hifte WRWErPEodifient indices that can be optimized on, the

proposed joint optimization algorithm with an initial quantization table
generated from the scheme of reference [5] outperforms the joint optimization
scheme in reference [9] for all bit rates under corhparison. For simple images
like Lena, the proposed joint optimization algorithm still achieves better results
than the scheme in reference [9] at low bit rates since quantizétion table
optimization plays a less important role at low bit rates. However, the scheme
in reference [9] still achieves better results at high bit rates for image Lena
because our method does not find the optimal quantization step sizes
exhaustively in each iteration. Fourth, 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
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positions in the quantization table are conputed.
is conplete. |
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§4|s illustrated in a

W&I@Jfaelgggﬁ@ in J. Shapiro,

Sréférléﬁdé’ 131h o RBPHe c%ﬁf’pll'ifﬁtéd ﬂﬁé?‘é’%képggrb%a MiRKe bit rates

les to

e'transmtted

recelv

ng I nstructi ons

5 fundﬁr gonparison.alabledk randrlt/dabal@ée ﬂ%PSNRrreswpraﬁctlmspmposed
resses, the. in i mage dat
Splet R AR ET M onave i RgeR 1 2t A 8hd Gotdhin.
[ zation rm n fore, providi
an?é’ ¢ JripPRiveBion 4 SWRILB HtHED 5pp§m'@}mme&lm%éﬁ12x512
883 onmuni cat i on quhqut 9m240 may then transnit thi
conpressed data. t ¢ | [0@8*7] escPPSSW Embetdded
dedirts W Bl Sl 8T A TR | o
(bap)gi tegpelitcaner qojor | caplirhizadh Ora@raunv\ffl he t6Pee Ogoder [12] | algorithm
transm ssi on_fr om|cotiamuni|catthkten |Stobgsisit em 240 [13]
Betj\woBk 6242 nddi1be \BQrIQI 4sS2@9 qvéz.4a |phdhe Iln?&ﬁas 33.17
I.‘ as—hy—hrighertbandwidth—cerneetigr—Exparipgenta
5@3 ul ?é'ggpt | nﬁgt [ oﬁ’g \C3§c?g‘f fli §$g$1t S %%88 3Fh1é§ 36.28
s gphseased rsmzl engiyizscqdizngoont sgogdi i sg1aljgoga.dhn  N/A
and the iterativeljoint gptim zgtion glgorithm
1884cr BhHEM a{bo%"fcan 35653ap 139d@ t|03%-A@ |JP P arld PG | 39.55
codi g envi romrent —for uu,uuw conpati bte
My t th a given
10 S ChHERredR I PR R bal bl Chenags, 12+512
e | gorithm dil{cmlchedr) ngn\/p only achie QBQ Illm"'-llE T
opt| rral ity, i t geghi Odoint dpe~ def apl § Sooe ne | Seroe
Refelg rﬁqs@%i??domhieg?ah 2 disgaet [i IFTARNCEn | B | wavoer
(bgfp) baseline [9] optlmlza default tablesfrom -tl(l)n I9] cosder a‘?g’;ao\fiatl:m
tion g-table 18] [12] [13]
.25 24.95 259 26.01 26.91 27.00 26.7 26.64 26.77
.50 28.10 29.3 29.49 30.63 30.90 30.6 29.54 30.53
.75 31.02 31.9 32.23 33.13 33.79 33.6 32.55 N/A
1.00 33.16 34.1 34.41 35.22 36.01 35.9 34.56 35.14
Table Ill. PSNR results of 512x512 Mandrill
Joint opt. + . Baseline
Rate Customized th%’é?:gth initial scaled ir‘ljict)i:lt(:)-?;'b;re wavelet
(bpp) baseline optimization z(_a::gll; from [5] g;;] :rfc[>:r£|]
.25 22.31 22.70 22.92 22.95 22.87
.50 2417 24.59 25.25 25.33 25.04
.75 25.52 26.05 27.11 27.22 26.95
1.00 26.67 27.38 28.48 28.85 28.45
15 Table IV. PSNR results of 512x512 Goldhill



performance if a default quantization table has to be
used. As an exanple,Figure 14 illustrates this

wonbdewesise for 512x512 Bar bara i mage usi ng our PCT/CA2004/001559
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gr aph-based run-|length codi ng opti m zati on nethod.
Curve "a" corresponds to theégef aul t quanti zation

t abl e V\,hile curve "b" correspgonds to a fine scal e of
0.5 (i.e., halvethelength of all the step sizes).
The L.UI yes—are optpr med by Sweepi IT§ ttretagranye  Baseine
ointop YT ¢ [
I& \ erCuISto nt,"perdou hRaLléngmom Ijlt\?:e;’c | UeSloihtiopl. At € eShkvelet
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or 1, puLRQRe of | conp@ei sgn elﬂag“ - [ oiialadablsby ai traggiorm
bly s%al ng the quantqpﬁ'ﬂfqt'ﬁh t abhgbenl yf | SORIBo §i e 12]
a rve n,anmeer—t—h% gy uy ﬁ’d)b evet ig—t') 08
S e

ane di :tor%l on of| poi'nt”X flrom<curve |" or cunv
"PTEoFTPM T3 YE T al, e {HS€ [a SEEbEp | t° $£84 POIINT 3962
A 1s p|laced before the ratg in the inplenentatiion to

ediyse [ he 32l exj ty3si7ece |it 8apsbe [presgsd ti pl i es#.42

~ o~ -~

o the entropy rate; -1/A has the phydgical neanilng of
hel.80 ope o%t.dhe R D 860%e.)| FramBiur e "38.05 we |use3:P4
Conparatively large | to getl point Z IEven though a

bi nary-search nethod can be used to find the optinal
initial scaling factor in the R-D sense, a scale
mmputaumaimmplmmyy wor ks fine and achi eves nost of

the gain that can be obtained by the optinization

S{OME TheWen‘m'w ipces e ntesanosl cbmpmmn'bn'ai complexity results of the

9 th Li L
PO s dinammtinyealon AdaTghe i fhe Hefahi Rl Patiization
%@ﬁf%ﬁﬂﬁh&%d wwélgmrhé%teﬂe @n"de&[oréd&@@éoro e MRy find

l'exity and resultin ression
plee Moinirauwmeincrimental cestichyrpamparinge sizgsgroups or 3 size

it SRR o fféﬁﬂ”‘eaﬁa%’@ﬁf%‘??’i%r“ﬁ e hi.its two
HRIYIIBRIGCEoURL R rEACEXFerinterstetshaw that Heekk e schemes achieve

resul ting average nunber of iterations_is around 6)
ftoe ssmx pesformgaceningbe regictanf BiernstnOnhawheds isrextremely

.tlg'r%e g snézegmﬁﬂfﬁglr%&fsoclﬂﬂ é’%? nds1d) FB’%EJ%’%BRE@ néﬁ@)% BU‘ggrform

abe%suﬁéle)fq:ttﬁnpam@g IEDBIZSt@I@u&pBZGH‘I Lmdamcbenghcalvgmn tthese large
only achi eves, |l ocal optinalit

ket Cleradvil Dahrhe DisetoRiricsn (e8Y Hredplo etk Yisioptions or
UNcBEZ Al |H‘%rg‘etciuallﬁﬁ"I’h%'réi%ré’,%Iﬁﬁé'éx}éerlmental results in this

paper are obtained by comparing 3 size groups. Table V tabulates the CPU
time for the C code implementation of the proposed iterative joint optimization
algorithm on a Pentium PC with one iteration with 512x512 Lena image. It can
be seen that our algorithms are very efficient compared to the schemes in
references [7] and [9] (the fast thresholding algorithm in reference [7] takes
around 6.1 seconds for one iteration and the scheme in reference [9] takes
several dozens of seconds for one iteration on a SPARC-II workstation with a
512x512 image). When the proposed iterative joint optimization algorithm is
applied to web image acceleration, it takes around 0.2 seconds to optimize a
typical size (300x200) JPEG color image with 2 iterations.
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configured to start with any other quantization table
such as one obtained fromany schenes in references

wp2hoof083151 (1t shoul d be pointed out that schenBE€T/CA2004/001559

proposed in references [3]- [5] address only how to
desi gn optimal quanti zation §bl es for hard decision
quanti zation; as such, quantization tabl esobtai ned
fromthese schenes are not optimal for soft decision

ml\f ;ﬁ:gﬁﬁ t%@ﬁ%ﬁédﬁﬁ gggeél al‘;ﬁ‘mﬂ@ﬁﬁﬁ?h???}'gsfi@‘iﬁ 'with one
i on al'gorithm

J OI nt optimza ese quanti zation

o haot t er 4 cenal od AQ‘F Al + ~ApANnt 1 2t AN
ct—aur—t

tabl o rOHINGE, oL ool ron & 198D Eilooce. the- fzast ieger DCT
al g&qn@ NGn3 BCer ence [ 5] tﬁpgﬁnerate AN i niti %lﬁ
quantl zg];dl{?ﬁ tabl e tjo start Figurp 16 and Bl e

e

conpa Peak $i gnal -t o- Noi ée Rati p ( PSNR)

per(ﬁompiannge 10fsize f f ¢r ent confi gurati ons| of our
optim zation nmethods as wel I2.8$ the refprence métheds
for 51298MPS| ena i ngage. Figure 17 and Tpble |l conpare

€ samnme pertormance for 512X512 Barbara Tmage. A
custom zed Huffrman table is used in the |ast entropy

CEBiieY LB SRRl ding schene i n refer 2Eces
A B RS AL b v
?éhﬁ‘é&@ Lﬁﬂﬂb%%ﬁﬁ?e@%'tﬂ@ %Sgﬁ ik g%{%ﬂ%ﬁ% a’e\;;lﬁ'y large

adaptive thres ng s
Lamiemeady‘fexence ardy hes 028 axe@bapls fSeo‘dm‘ﬂnan coding in JPEG

ST hBARY 118, dees vt Szt et dk AGT Bostticients)
QEHeuently, tha @@m /b m\é/ tFéIﬁs—bééé’cFDCTJS‘&lrﬁszEQﬁ @éjllmﬂé@tWhen

Etlmzatlon sCcheme wt an initial scal ed defaul
doargaipatrpan D%w@tlmmtl@mess lveraged douthes bith satet Hbe overall

IBRbegReRR] 68, PRNRCI el TG, IRstie " sar pptotmance

$mpesydrhente r@étﬂtlﬁ@ rfaomon@tr@mso@ééecp IBDtoptifizadient badined in
can be optim zed on, Cpro posed joint optimzation

Sesden Mhigiien @ Rlqts “ﬂ@ RC goEeRY Yot PGrisionian tperdi2xbdd Lena
UERB! PRGe ! e Soa Bl s e LhBBridR didpGiren

laded D@mspﬁMiMalgEathmlmplf the segled stapksizé @ven thbggh the gain

pro int optimzation algorithmstill achieves
g’é(sl I'ts ’
[0093] Other variations and modifications of the invention are possible.

All such modifications or variations are believed to be within the sphere and
scope of the invention as defined by the claims appended hereto.
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than the schene in reference [9] at low bit rates
since quantization table optim zation plays a |l ess

wonpwroosist role at low bit rates. However, thePeTitan®4/001559

in reference [9] still achieves better results at high

bit rates for inmage Lena beca}ﬁse our method does not

find the optinmal quantization'step sizes exhaustively

in each iteration. Fourth, . the proposed joint

Wihimiszation al gorithminproves the objective PSNR
stgniticantly, as conpared to the custoni zed baseline
JPEG to the extent that the perfornmance even exceeds

the quot ed A°INRthask off teompressing st aequehce haf- ar coefficients by

Ty e T EANE G T P
ilbggge%@ﬂda@@rmﬁéw seRfuRhegest pluniesied e1DY @BpleisCLRBES a given
rans. Signal Processing, vol. 4 1,

Inpmtization takle andom-sirerdisiiiution, Wh@faineﬂ% gexglence of (run,

f . i d_j | i t i )

e, IBY O REAEL ol B st Rielofbodsifief Ingoes such
fm iy eaulhthSde it thee pon;es}mwz s I%fsgquiéiﬂée @g Ogslﬁgﬂti]e;rftpﬁ@ices is a
it N 6h AR SRR peARiRG ECHeRP® 0f cBREGeNt ndicds includes

SELLPRAY: SPTES 10E0HBIS LI, i ERTRO6EANNIR ize, 1)
BipleatafineSabrun valle repidRentisglat surnbebdPlodiisechtivglindites of the
Tabl e /1 V., PSNR r?sul ts of

EDRSTA (- E9el VebRolthanes Ty ipgotie Amlius lstia index

JonRyine REtRirhB8abf EQﬁ?Féc%l’l‘i{/é)(n(ﬂ@?é”oﬁ‘ ?hﬁ%{)&@%l VEIue, and a size
run-| engt_h coding optimzation algorit and the
Ring

ivedireadp o munlysri ofi bitst tegired dorstoteran Asdere miithimadcategory

. IV, t redecessoy, may find
et iR PorbfedrdMedol BIREBTRE e M P ne 10
si ze gr oupgapusiBgthé gidrogurmtizatien tablBand A@-LE&distribution to
from the hard-decision quantizer and its two _
feingwBte 2 sgshiupghien fora plugalite of Ressiblessasiventas of fregesize, ID)
chenes achi eve the sanme performance in the region
of Interest. Only when | is extrenely large, we see

that the rdbphpplyirfg thenpestifogetidh ® eaclypossiblesbé@lidnde in the
&llﬂfgpgﬁ& g?m L0 é?sséjc{l.i%’ggq cgf? g@%r Isri]z(;’e,sl DS)I tzr?plgsr ch pdsételrnrf]line an
associated cost;

(c) selecting the cost-determined sequence of (run, size, I'D)
triples from the plurality of possible sequences of (run, size, ID) triples based
on the associated cost function of possible sequences of (run, size, ID) triples;
and encoding the corresponding selected sequence of (run, size) pairs using
Huffman coding.

2. The method according to claim 1, wherein step (b) comprises,
for each possible sequence of (run, size, ID) triples in the plurality of possible

sequences of (run, size, ID) triples:

(i) determining a corresponding sequence of n coefficient
indices;
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values of I will not be used since they lead to | arge
di stortions or unacceptably poor inage quality.

wohersgbdise, all the experinmental results in thPET/CaAR@/001559

are obtained by conparing 3 size groups. Table V
tabul ates the CPU tinme for tQﬁ C code i npl enent ati on
of the proposed iterative jor'hit optim zation algorithm
on a PentiumPC with one iteration with 512x512 Lena
i mge. It gan t I | t r :
efficient g@nﬁ‘g?ee flgm{ % CS?E#(;‘SI@Q%FHI‘Q r%@reg%%e\sfﬁ[%quanhzed
aodffickntst beinigashe t giveahqldntizgatéidrgdablehrandn thef evreesponding
%7%‘ t akes_ar ou&d. 6.1 seconds for one iteration and the

BHURCS of 0 epeifigietd NAGes akes several dozens of
seconds for one iteration on a SPARC- Il workstation
with a 51_2:§ri]_§§2dél‘@ﬁﬁﬁingvﬁeﬂi§t5ﬁidﬁ PRANREN teE dédifence of n
joint opti ation algorithmis applied to web image
soefficients aod the cotraseending seduence efgt guantizes egafiicieats;
a typical size (300x200) JPEG color image with 2
iterations.,T . | 1.Qi .
opt 1 m zat 1 0 PEiniEA il BoflereodoR I ABTREHAnS i usino the
PvebAdxsiza distnidltichtto rérmaidiecthecseduenceedtt franesitze, ID) triples;
[0092] The quanti zed DC coefficients are not optim zed
PRdpr evi ous experiments. Unlike AC coefficients, the
DC coefficients are usually very |arge and the
di fference I i Si 0 u n Hiand
i IPEG sy fCArEie i SR dsBeRRed dodt b . gioRdof the
pistortioh@ndABGedowl Lomipeession ralensequent |y, the gain
fromthe trellis-based DC optimization is limted.

en the gain from DC opt.i.1.zat.i [ r { )
Bt race, e BeRRd FecRRihduE Haif " et 48 1o Gorhbifies:
negligible. To illustrate the perfornmance inprovenent
resul ting i gmwamg aadqguenbasfth Redeir ohedabiome relation with
outlined in Section V, Figure 18 plots the DC _entro
Jae $ROUBRIRIAT B COGHTICIENIES 15UETE Ra naen mfmwsa has a

n t '

FrBerpeiBind3 pRuETdtobE e HrEateTRiaY BBk,  2F eps than or
sigepl oizd; even though the gain is very limted. [0093]
O her variations and nodifications of the invention

are possi bI(|’|e)' providing an end node following the sequence of n nodes;

(ii) providing a plurality of connections between pairs of nodes
to represent the plurality of possible (run, size, ID) triples;

(iv) determining the associated cost as an associated

incremental cost for each connection (run, size) 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 first node in the sequence of n nodes to the end node; and,

(vi) determining the cost-determined sequence of (run, size, ID)

triples from the least cost sequence of connections.
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Al'l such nodifications or variations are believed to
be within the sphere and scope of the invention as

wdebdiervesiisby t he cl ai ns appended hereto. O ai ns: PCT/CA2004/001559

met hod of conpressing a sequence of n coefficients by
determi ning a cost-deternine% sequence of n
coefficient indices represen gd by a cost-determ ned
sequence of (run, size, ID) triples under a given

uanti zat i d t : (=) ;
daoh sequencs PR agEPHaf 5 Wbl Bovidigife Bluraity
ob cops@ativtisrapnsipesnce of coeff|C|ent i ndi ces such
that (i) each index in the corresponding sequence of
coefficient.indices is a djgital nunb
cor r espondiJo5 e MoBedn thieetiusnEn oh hapties haliia gleast a
PR | U ﬁﬁm‘b@'rttﬁ’spﬂéﬂi‘é'cégéatg n@dégeﬁﬂe%bd}{'@ Heat Adde in the
(1i1) each (run, size, triple defines a‘run val ue
segrenes of rrgnadasmﬁtabhﬁhm@rasmtmum sigeli nuwgbeyt ot pennections

SRAF R i rad® hRAEH hod G T ArBRRfm Y AChMBer of nodes

i ket ot whéereiri ehdie conssdtin ivahs enaXimiinfsizgeafimber of
val ue defining a nunber of bits required to store an

maas%cwrtsfwr%sn%rﬂégwyegwg@t? ﬁé‘fﬁrﬁvt $iFR valueyal ue, the
nmet hod corrprl Si ng the steps of: (a) using the given

quanti zatiq ke H‘ R ééqﬁjt% PHtH tﬁ’avin%lleess than

fornul ate a cost unction or a ura |ty possSi
e eadeBIND fruig mumbesi qfepreld@):essormcmas pl@cedmg {hatgnadeein the

cost function each poss e se
SERante of by ok, RRBe B i Sotgrt Al foddy biEberigg that node
M‘iﬂbﬂﬁaklﬁwﬁﬁtﬁi&hﬂﬁb{éﬂ ofesARERIcHE WRSein ES¢h £8hREEASIDIN the
e cost-determ ned sequence of (run, size, 1D

unammm fsizamumbesl afreannegtions ;@@yﬁspmdséq@ele@etsnate different
Eun, Siz ID) triples based on the associ ated cost '

%’Lﬁ?c‘(zillgﬁ %'?d’possi bl e sequences of (run, size, ID)

triples; and encoding the correspondi ng sel ected

sequence of(jiij rfon eash zm)depimi thee sedurgnddudf mamodasigsgabl&hing a

The nethod according to claim1l, wherein step (b)
&igle cergection to the end node.
5. The method as defined in Claim 3, wherein step (c)(iv) further

comprises:

(i) defining an incremental rate cost, for each connection (run,
size) from an (i-r-1)y, node to an i node, as a number of bits needed to
encode the run value and the size value and the corresponding index ID using
the given run-size distribution;

(i) defining an incremental distortion cost, for each connection
(run, size) from an (i-r-1)w, node to an i node, as a distortion incurred when
the coefficient C;is quantized to the size group specified by the size value
and all of the r coefficients appearing from the coefficient Ci to the coefficient

Ci.1 are quantized to the special value; and



for each possible sequence of (run, size, ID) triples
in the plurality of possible sequences of (run, size,

wODyostosisies: (i) determining a correspondi ng BETMAROE/001559
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of n coefficient indices;(ii) determning a

correspondi ng sequence of n antized coefficients

usi ng the given quantization*table and't he

correspondi ng sequence of n coefficient indices; (iii)

determ ni ng{lll?d@'gﬁfnﬁréﬁ 8@3&&&@'835‘@%%&8%%?%; 8hei connection

coefficient's’an e correspon

qoamt size) fmfmec(lemr,q‘h n(dde% tcdetherm rmoml% cad &t zitmcuon of the
1.0 te resultj rom usi ng, t he given

ORI PR e PR A he ReRmenl T gsee of (run,

size, ID) triples; and (v) determ ning, the associated

@st as a f'ItHé:Héiﬁonaé Héflﬁ’écf'ir?'iﬂdn‘PPSaWF'\e?é]ﬁ ét@ba(n?(v) further

conpression rate. 3. The method according to cl

mémw‘lseswelpg(dynamtmprcmamnomg tor thivd dhengeastsmgies@mence of

eI ation with the seguence of
ForDePRBBR I 478 ohpafaet detinetfoltsi drisieiny Hea5egu8hee of
ernh@awmiext@ndé fron® e ﬂ{@e hed& in tHeSsalfuRMcBIoftNAGUEY to the end
equal to O and less than or equal to n-1; (ii)
di ng an end node foll ow ng the sequence of n
nodes; (iii) providing a plurality of connections
t ween pai urality of
g;gs& bl e (r-ILrn% ﬁfetﬁl%%?&%ﬁnéc?ﬁ'[aﬁr?ﬁ‘?r wg(ﬁber m ni ng the
associ ated cost as an associ ated i ncrenental cost for
each connedhéseqience of inzeoefiicienthiadiszesrialderiyedffrom one of 8x8

SRACIPEGRDST Shelfisru i PidpediP B FREL cBREIETGHE, Bia block
LIPEE G B R i916n GUHMiekd @@T%&F‘@lénfsr & S)J@bfdcksm PEG hard-
node in the sequence of n nodes to the end node;

dacjsiar eiantiret € heoshitienrtst andithe spesiploabiee ist th(er z¢ro DCT
Sdo%?ﬁcnér@and quantized DCT coefficient.

8. A method of compressing a sequence of n coefficients under a
given quantization table and run-size distribution by using a graph to
represent a plurality of possible sequences of (run, size, ID) triples, which,
together with the corresponding in-category indices ID and the given
guantization table, determine sequences of n quantized coefficients, wherein
each sequence of (run, size, ID) triples 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, size, ID) triple defines a run value representing a number of
consecutive indices of the special value, an integer value ID specifying the
amplitude of the index following the number of consecutive indices of the
special value, and a size value defining a number of bits required to store an
index within the category specified by the ID value, the method comprising the
steps of:
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triples fromthe | east cost sequence of connections. 4.
The nmethod as defined in claim3, wherein providing

woheosposusal i ty of connections conprises: (i) feCcTEacing/001559

node in the sequence of n nodes having at |east a

maxi mum run nunber of predecgzsor nodes precedi ng that
node in the sequence of n nodes, establishing a
maxi mum si ze nunber of connections connecting that

node to ea ' o : .
precedi ng g%a@ﬁ@&@%?'e@@g%@@ﬁh%% [ gkn%f}]ze{]ﬁ%ﬁ?outlon to
femiutate aicost fundtien fof & pluralityi ofisoswilile sspordses of §run, size)
legitimate different size value; (ii) for each node in

PRESsequence of n nodes having |l ess than the maxi num
run nunber of predecessor nodes preceding that node in

th ' ' i
e sequenqg)l Egnﬂ%ﬁ%ge@‘ggﬂmfﬁeém th%?@l%rélﬂ%?f possible

nodes prece _ _ Xl mum si ze nuhber
sequemncescof (ours, sidedrsing; each connection in the maxi mum
si ze nunber of connections corresponds to a legitimte

sequence oforaisantTie &R bt e gfBh g INg Rl Bt noe
b thee geapsh nedhe énd hadenst thed gespid bbb anChgdavidted cost
wherein step (c)&i‘v), further conprises: (i) defining
spterminegby @afost MNClioBst . for each connection (run,

size) froman (i-r-1)th node to an ith node, as a

nb f b
Size val ?gﬁgeﬁgﬁ@g‘ﬂ@gpondl dridn %‘,EqMéﬁé@og’Qﬁhﬁéhs@ze, D)

si ze val ue g 1 ndex I'D usin

triples froomthel sadectedtpathyandn; (ii) defining an

increnental distortion cost, for each connection (run,
size) from i-Mth . node to an.ith node, a . .
i stor t1 on Ehearpdto i ceResrding &elfiERes i fun, size) pairs
Uit Hamthahodiigy. si ze group specified by the size

val ue and all of the r coefficients appearing fromthe

coefficient._ g-r to the coefficient CMare quanti zed
o the speditg Maihed; ageRIding Yo (dainmi&gwhareis syepatydfurther

icBﬁ{p?g‘égttﬁ‘é sfe‘b%tof: for each connection

(i) providing a sequence of n nodes in one-to-one relation with

the sequence of n coefficients;
(ii) providing an end node following the sequence of n nodes;

(iii) for each node in the sequence of n nodes having at least a
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, establishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

(iv) for each node in the sequence of n nodes having less than
the maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node

by the maximum size number of connections wherein each connection in the
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(run, size) fromthe (i-r-1)th node to the it h node,
as a function of the increnental distortion cost and

wohaosimsrsenental rate cost. 6. The net hod as de€Tmadoi4no1559

claim3, wherein step (c)(v) further conprises using
dynam c progranmng to find 1;52e | east cost sequence of
connections in the plurality“Y6f connections, wherein
t he sequence of connections extends fromthe first

[ n
ﬂﬂ%ﬁ%ﬂhtg%%a rglﬂglp‘r‘?z %ﬁﬁ@gf‘&?&?gfr@ mﬁ%gﬁdse'&ga @gggngte different
sizevateef ficient indices is derived fromone of 8x8
bl ock JPEG DCT coeffici ents 8x8 bl ock MPEG DCT

coeffici ents) 8x8 (g} 5 har d- deci s on ant i %ebq .
DCT coef fi &Y)effir<€ach nglg 'BI @kswcﬁa? dadd&s, Fstablishing a
9Ky ca/seddeh te%%@hgl,ﬁafesanand the special value is

thé zero DCT coefficient and quantized DCT
coefficient. 8 A nmethod of conpressi n% a sequence of
n coeffici évil gssma@g an gesasintgd aneremenia)icoshisl @acthgonnection

5 bl 3 ChBHERAT Yo ¥R e 0 R LBOESH R estonding

€ sequences O

ffiioin kies flrsMndd@ oft ibgedriaph toithe dritenods iof tine geaply is equal to the
in-category indices ID and the given quantjzatio
9851 af thece@iresnanding, seauerce,pf Huauﬁlﬁﬁl Haptriples, where ID is the

i >{|v\ﬁ’c A lthe Z’;‘Qféb%'r¥ rs?%%?ﬂezf%geﬂ{ee s¥e (I\H'H?h Gil&& ridPko the

eflnes a~co sequence o
mefnﬁlumlobstbrtlamhodbe couelspohding (drigired cbeffictat. i n t he
correspondi ng sequence of coefficient indices is a

igital nu er ii) the rres ond sequence .
d5% £ i andt Meninetid prepifiad 'S ST &1 AR PP B comprises
'u%Fngﬂiyrféﬁni% Jﬁ'@@ﬁdrﬁi‘mﬁgﬁ"{&ﬁnd g phin th %%M&UHPCO@ c¥éiermmed

trip fi'nes a run value representing a nunb
@Ntbem:@et:ﬁwnpv@n ndi ces of the special value, an
i nteger value 1D specifying the anplitude of the index

gLl 0w ng_ e AUANGY 2L BAOIEEILIE dinglLRes of the

spécial valu ue det'ining & nunber of
bits required to store an index within the category
speci fied Ky théendtbod duirdleer ¢drapriseh ot eamimpmods imgthehsequence

of n nodes of the graph, determining an output resulting from using a hard-
decision quantizer defined by the given quantization table to quantize the
corresponding coefficient in the sequence of n coefficients, and the size value
of the output;

(ii) step (b) further comprises providing a plurality of connections
between pairs of nodes to represent the plurality of possible (run size, ID)
tripless such that the graph is a reduced graph and any connection ending at
any node represents an associated (run, size) pair having an associated size

value within a selected difference of the size value determined for node; and

(iii) step (c) further comprises applying dynamic programming to
the reduced graph to find the path with a minimum cost determined by the

cost function among all paths over the reduced graph.
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steps of:(a) using the given quantization table and
run-size distribution to fornulate a cost function for

wea 2pletosisit y of possi bl e sequences of (run, si PEY/CA2004/001559

pairs; (b) constructing a graph to represent the
plurality of possible sequenégs of (run, size) pairs;
(c) determining a path of th&“graph extending fromthe
first node of the graph to the end node of the graph

hgsed on aq—r%s 'h%.egsc ér[mé&eﬁﬁfaém% Pyvﬁe?&?lt the selected

fuhcti on; erm nin e correspondi ng
difference issorze, I D) triples fromthe sel ect ed pat h and
(e) encoding the correspondi ng sequence of (run, size)

irs u5| Huf f pan, co 9. The hod according to
3?’& m 8, e‘reé?‘ﬁnﬁ‘ﬂde%s 3%{1 ipegiim %oWb?'l’eé'és the steps
of : (i) providing a sequence of n nodes in one-to-one

relation wiphd s %ﬁeﬁ@@%ﬂf@o@ﬁc%rﬁ%&fzb@|§rde?bve6'f‘rdm any 8x8
nd node ow ng the sequence of n

ﬁfsfé;?ﬁ%& S?Df@eeféa@ntmc&:@ blﬁcg MAPE & Dénlc goefficient e block
A i DD SRR i v

eetislon ghantized DEYidvefficidrite, andyber of connecti ons
connecti ng that node to each node in the maxi mumrun
nunber of nodes di ng that node wherein each
connect i on e Spae al PW@Pze nunber of connections
corresponds to a legitimate different size value; (iv)

hqr each nadgdiiod B?c&ﬁﬁber Frf(;gf Qfseﬂueﬁ(é’@%f H%e‘ﬁ%én%%y jointly

than t he maxi mum run nu > pre ecessor nodes
petratning anaouimdauamtlzaboeéqbbncae cost- detmnmed sequence of

EESRRE TR R P RLel ) o TSR BLEEH e 128 e

mpmés Oéhd A funesTB igetbaiicre wikeleai eath Ce@@qﬂ@ﬁbe &fgrun, size,

correspondstoalegltlnatedlfferent \
ID) triples 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, size, ID) triple
defines a run value representing a number of consecutive indices of the
special value, an integer value ID specifying the amplitude of the index
following the number of consecutive indices of the special value, and a size
value defining a number of bits required to store an index within a category
specified by the ID 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;
(b) selecting a 0" run-size distribution;

(c) setting a counter t equal to 0;
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size value; (v) for each node in the sequence of n
nodes, establishing a single connection to the end

waaas0s1sd (vi) assi gning an associ at ed i ncr enearAlA2004/001559

cost to each connection in the plurality of :
connections so that the total_ ,cost along any path
extending fromthe first nod@4st the graph to the end

node of the graph is equal to the cost of the

correspondi e LU LZE )age T
where ID i éa?@w?;%h \ﬂ‘?{%@%élﬁ%ré%éé eahgyruépéé'glé?ﬁﬁ %télbggc)on to
tforen slatee avii cdstJureton ferea ttp plinality of possiblesseyuermestsf (run,
t he rr_e?é)qndi ng original coefficient. 10. The nethod
Szl KiP'eS claim 8, wherein step (c) conprises using
dynam c progranmng to find the path with a m ni nrum

cost determ LR e | :
accordi ng Kgpg Q?mdsﬂ%mﬁ‘gs?g.“ﬁ (1 gd)tgﬁ%pr ots%ﬂga% ?ﬁé%e in the
darpunaditys of poseibieh saquences phéruse Giren dP) dfiplesntmddestermine an
t he girgeg{: q,eterrri ning an output resulting fromusing
57978 ?%ﬁ on quanti zer defined by the given

guanti zation table to quantize the correspondi ng

coef fi ci ent(f)i selebting entcaest-gétemmirerfl tequents of dnsh,tdige, ID)
si.ze value of the output; (ii) step (b) further

ddpissi fsed theotr aluiglity of pessibleyseauennaseet (rus siza, PR ririples
[ f esent the plurality of possible

?’?Jgﬁafﬁz@,@%&{aﬁ%?@%’% such that the graph is a

reduced graph and any connection ending at any node

r epr esent s (ghifdbedgicisédetermined iseqliepes of (ami, sizeaD) triples,
ssoci ated sjze val ue,.w.t hi sel ected. di fference of

Trastes o7 M e ALpRZRP By e Fufaidg AN (lopets a

felddieh cFiRsTidr, %%Fec%ﬁ%'tﬁé R cOMRITE FiniPe8 HedBhBE of @rtuhlﬂ§ize, ID)

reduced g{ﬁaph to find the path wwth a m ni num cos
deéplesram

egsttdriegoinedrsgnienca efrowny sire, Byt tniplasy@nd the t,
the . ce raph, 12, Th . as fined in claim. .
ARBnENEF feti Rt ot gl PR e peniRe adtefhining =
(t+1)t quantization table and run-size distribution from the ty, cost-determined
sequence of (run, size, ID) triples, increasing t by one, and returning to step
(d); and

(h) encoding the corresponding selected sequence of (run, size,
ID) using Huffman coding.

15. The method as defined in claim 14, wherein step (b) comprises
guantizing in a hard-decision manner the sequence of n coefficients using the
0" quantization table to determine a starting sequence of (run, size, ID)
triples, and then selecting a run-size distribution of the starting sequence of

(run, size) pairs as the 0™ run-size distribution.

16. The method as defined in claim 14, wherein step (e) comprises,
for each possible sequence of (run, size, ID) triples in the ty plurality of
possible sequences of (run, size, ID) triples:
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13. The nmethod as defined in claim@8, wherein the
sequence of n coefficient indices is derived from any

wéx8chsisk JPEG DCT coefficients, 8x8 bl ock MPEBGIIOATR004/001559

coefficients, 8x8 bl ock JPEG hard-decision quantized

DCT coefficients, or 8x8 bl 055 MPEG har ddeci si on

gquanti zed DCT coefficients; &hd, the special value is
zero. 14. A nethod of conpressing a sequence of n
coefficien Qi Rty d gl a "
quanti zat i fﬁ'ﬁ pé@lrg{,'mégcgs? é'ﬁé%ﬁ’n@%gdggg%gﬁ%eﬂop coefficient
friddg; ci ent i ndices represented by a cost-determ ned
sequence of (run, size, ID) triples, and a run-size

di stributign, wherein each sequence of (run, size, I1D) .
L1l es. defin @ tImaBNG 2 it aup B, reduios” of  quiintized
co&fritichit€ (5ing AL $E JuatfZationdhbld andafdcd nd uence of
corresponglélrr}]g seqtﬁchg% coeffici ent |nrd| es Pjsgt;té@q

di apieffidientLindiees; (ii) the correspondi ng sequence of
coefficient indices includes a plurality of val ues

D) tri pre GbAERE o BsiHldn bstbeefiie sebines bt R origina
ebeffielsifs Bhil ke cofessoNdIng bBgUSHIECHfah quahtitad esefficients;

i nteger value ID specifying the anplitude of the index
follow ng the nunber. of consecutive indices of the .
special valyedeterapining 2-Agta) somPrazsion rag resuilirg dronpusing the
i ts 1 . . A _ _
SR Bnitp ¥Ea8E the CEAROb i SRGAR) Linlps: and
coefficient indices together with a quantization table
det er ni nes (&) detgueining e associated eostsasa fupciioni ofdhe distortion
coefficients, the.nethod conprising: (a) selecting a '
@Pﬁ tﬁﬁiﬂ*ﬁ??%‘?‘%‘??s{%ﬁaé?- (b) selecting a Oth run-size
distri-bution; (c) setting a counter t equal to O;(d)

ygi ng a ttTheuastHosieddcondihg b elaamd 4, wheskittstep (f) comprises:
distribution to fornulate a tth cost function for a

tth plurality of possible sequences of (run, size, | I% i
triples; (4) RIBYIYINE seqepseofuRedeDH PBedaape relation with

RRS S50y GeREIUSNHE doBtfidlEnts, such that each coefficient C; has a

corresponding iy, node, wherein i is greater than or equal to 0 and less than or

equal to n-1;
(i) providing an end node following the sequence of n nodes;

(i) providing a plurality of connections between pairs of nodes
to represent the plurality of possible (run size, ID) triples;

(iv) determining the associated cost as an associated

incremental cost for each connection (run, size) 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 first node in the sequence of n nodes to the end node; and
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tth plurality of possible sequences of (run, size, ID)
triples to determ ne an associ ated cost; (f) selecting

wa 20a6h00816s8t - det er m ned sequence of (run, size, PCDCA2004/001559

triples fromthe tth plurality of possible sequences
of (run, size, ID) triples bgéed on the associ ated
cost; (g) if the tth cost-déterm ned sequence of (run,
size, ID) triples, together with the tth quantization

20 S, 00 TR M B P Y 7 0

tlplés rom tHezleast EYstisegpérse abcdrirections.- det er m ned
sequence of (run, size, ID) triples, and the tth

anti zati t abl s the_output quanfjzation table; .
Jehervi se dhecPathiRens, Seingy i Sl 1% 20hsrele BReblurality of
'bHﬂnééti?ﬁlqu§?§%ﬁWi2%rﬁﬁrB@s.t he tth cost-determ ned

sequence o ize, ID) triples, increasing t by
one, and returning to step (d); and (h) encoding the
cor r espondifeigeseh gradsd ins gpisaguenee (fun noslesehaviny at least a

it BV R O s S ERE P UES HRsRing Hipt foge in the
Bat denes io$ inonod@d) nestablighisg aueRKENGM $iz6 arfrhbs&i éhesnnections
using the Oth quantization table to determ ne a

seanerting Sezfuspde tereqanunodaiin dhe ImgXimyrp| reg, numiet ipémodes
??é@éo‘iﬁ@ﬂqeﬁ r{(:ﬁd%'\ﬁhér%iﬁjgaééﬁ bBHﬁéc‘ff&p% t@?ﬁnﬁiﬁﬁw 8%e number of
equence o run, Size) palrs as the run-size
doahectinns aorrespondsiie artegitindhta diffteéntrsize valuet ai m 14,
wherein step (e) conprises, for each possible sequence
of (run, siize, I.D) triples in the tth pluralit. f '
possi bl e SEERUEROUP 1 seBysace phil fades lualifg fess than the
RRAAFUNI A AumBier SSPERUREsS60HBAES HecBdRRETHAIChERE in the
i ndi ces; gll) determ ning a correspondi ng sequence of
sequance péo nasss; iconsactingihiatgodadotalhn precgdingnthat node

:b&ﬂ}ug é’ﬁg%mtuqﬁ s hEmBar gﬂ‘ anﬁeecqféﬁgc\ﬁhé)rfeimegﬁ %%ﬁé&[l)tn in the

maximum size number of connections corresponds to a legitimate different

size value; and,

for each node in the sequence of n nodes, establishing a single
connection to the end node.

19. The method as defined in claim 17, wherein step (f)(iv) further
comprises

defining an incremental rate cost, for each connection (run, size)
from an (i-r-1)i node to an iy, node, as a number of bits needed to encode the
run value and the size value and the corresponding index ID using the ty run-
size distribution;

defining an incremental distortion cost, for each connection (run,
size) from an (i-r-1);, node to an i node, as a distortion incurred when the
coefficient C; is quantized, via the ty, quantization table, to the size group
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(iii) determning a distortion between the sequence of
n original coefficients and the correspondi ng sequence

wofhoes/0gsiant | zed coefficients; (iv) determ ni ngraTiakeld4/001559

conpression rate resulting fromusing the tth run-size

di stribution to encode the sequence of (run, size, ID)
triples; and (v) determ ning*'he associ ated cost as a
function of the distortion and the total conpression

BEBiicd (0] 0 '

s?e rﬁﬁ]j by -{Ilf@ S?%éggﬂfa{fﬁ&ragvéﬂth% r gbg@.@lﬁ% éa\?%)?raﬁha from the
iwodticiant Gmdae the coefficient € carevduantizbd ts dpispecialofale; and
coefficients, such that each coefficient G has a
correspondi ith _node [, e rea

caual Lo 0 g eB 4sxas it dhfismerah s5st Tor gaeh Gonnection

RV siz8YP fign ethid [190€),f ﬁbHeV\tcﬁ@hé hg, ﬁeaée%eaomﬁbtmn of the
nodes; (1ii) providing a plurali t¥ql connecti ons
ra

RArQEen Yalistortion cmsaegdttbe ingsewental rateecqost.ural ity of
possi ble (run size, ID) triples; (iv) determning the

soci at ed S [ e I t
2 connedl i mefiod Bs i ﬂﬁ@*‘&?ﬁ?ﬁﬂf&?‘n SR (1) further
compeisisonsing (dynameit eproigramgiag lteafitd s lessst st sequkence of
connecﬁl ons, fromthe plurality of connections, wherein

eRaNsEtioRRda t1e dUHrIll; ohsobbestierss WiareHy ther sequence  of
RBHBetbd @)déﬁ(ﬂ’éjﬁaﬁﬁh%fﬂrgt AGSteh the s{e'&;%gﬁ@é‘ o'Fﬂq‘?odes to the end
and(vi) determning the cost-determ ned sequence 0

(ode, size, ID) triples fromthe |east cost sequence

of connections. 18. The net hod as defined in claim17,

erein th I it ctions.in,ste fY(i,ii)
?ghpri ses: erth% %‘gd@ dy@%e 'rkecgﬁ'e'ﬁcﬁ Ty‘ﬁ}érﬁﬁjetbe (t+1)tn
ld@ehtigation {aBRSin stepay) M@rf\ﬁé@l frorttRe t@f:o@tt@éiéﬁﬂﬁﬁs‘é{ sequence
nodes precedlg% t hat node in the sequence of n nodes,

NN §'ﬁ¢n§3 Ris e dhe sasuense of ncenafligientmby solving a
%lel Fé.‘ﬂfcl gﬁt node to each node in the nmaxi nrum run
er of “nodes preceding that node wherein each
connectl on in the maxi mum si ze nunber of
22, The method as defined in claim 14, wherein the (t+1)y, run-size

distribution in step (g) is selected as the empirical run-size distribution of the
t cost-determined sequence of (run, size, ID).

23. The method as defined in claim 14, wherein

the sequence of n coefficient indices is derived from one of 8x8
block JPEG DCT coefficients, 8x8 block MPEG DCT coefficients, 8x8 block
JPEG hard-decision quantized DCT coefficients, or 8x8 block MPEG hard-
decision quantized DCT coefficients, and

the special value is zero.
24, The method according to claim 17, wherein:

, the method further comprises, for each node in the sequence of
n nodes of the graph, determining an output resulting from using a hard-

decision quantizer defined by the ty, quantization table to quantize the



connections corresponds to a legitimate different size
val ue; for each node in the sequence of n nodes having

woOes®/fian t he maxi mum run nunber of predecesseCcTRIGE/001559
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precedi ng that node in the sequence of n nodes,
connecting that node to all %%des pr ecedi ng that node
by the maxi num si ze nunber 06f°“connecti ons wherein each
connection in the maxi mum si ze nunber of connections

BF@@EBQ&‘HQ a;[o%ﬁ‘?m%r‘?t%tthé@é u&llcferf &f ﬁ% ﬁfcf'e‘?tté’ aértgetheaétge value

or e he se ue ce of °n'nod est shi'n
af henguput;onnection to the end node. 19 'The nethod as
defined in claim17, V\/nerei n step (f)(iv) further

e cost, for

[ f t
conhect : on ¢ GRENISR red bR BIAPR suff el SRcsonrBoti eiding at
?%oo%sreft‘)réé’éﬂtg raerﬁsé%cta‘?ced‘ Sﬁﬁte@lzte‘? p%"tcl%{ﬁréél Ba éééBCIated size

ue and the size value and the correspondi ng | ndex
Nllueswﬁ@mtaweelectedrdnffstememféhe Bizetvalue defterminathfoanode; and
incremental distortion cost, for each connection (run,

size) fromgna(lic ga d&%ﬁﬁ@rﬁ@ﬁ% ot iécédgiﬁpqgﬁh?zgd@ced graph to

di stortion Pncurr e coe
dinanthiezeokt-datarmimedt pathowitinta adhinom tadsht eletérmihbe (81 e cost
grou&;pe0|fie by the size value and all of the r

reAng P¥RY thedaduerd @t i cient Cl-r to

the coefficient C are quantized to the special val ue;

gid defini %@%éﬁ%'a@%@ﬁhlhg‘:foﬂéﬁé} 'tzzﬁoﬁl‘hgréiﬂr tr?eﬁgs*élected

connection (run, size rom ode to t
idifferenoe js age.a function of the increnmental distortion
cost and the increnental rate cost. 20. The nethod as

o ses (KT ot ShBldhshid T Sekiehoktbf A8Gpenges of n
eoefliciafts dyjeindlly deemeifingoas output Rgiaptizatidd tabl®fan output run-
connections, wherein the sequence of cannections

siacdigliaution and, farreachnsmisneeraia seeffisients bt the sraance of
'$RqtBRcENYf ROUSefficients, a final cost-determined sequence of coefficient

indices represented by a final cost-determined sequence of (run, size, ID)
triples, wherein each sequence of (run, size, ID) triples 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, size, ID) triple defines a run value
representing a number of consecutive indices of the special value, an integer
value ID specifying the amplitude of the index following the number of
consecutive indices of the special value, and a size value defining a number
of bits required to store an index within a category specified by the ID 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;
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2 1. The nmethod as defined in claim 14, wherein the
(t+1) t h quantization table in step (g) is derived

wobnrawowhisitt h cost-determ ned sequence of (runPCsiCag2004/001559

ID) triples and the sequence of n coefficients by
sol ving a quadratic equation,,22. The nethod as
defined in claim 14, wherei n5?ﬁe (t+1)th run-size
distribution in step (g) is selected as the enpirical

run-size d bs)(sr I@éﬁw Qapoﬁfrllu%)lg_ﬁetz(gjgtr@ﬁ%ndet erm ned

sequence o di%e met hod as defi ned
in claiml4, mhereln t he sequence of n coefficient
i ndi ces i s(c)seittirgda toonteobequbl ©X8 bl ock JPEG DCT
coefficients, 8x8 bl ock MPEG DCT coefficients, 8x8

bl ock JPE ar d- deC| si on ant eff ents
or 8x8 bl o&ﬂs} %gf"oﬂ &'ugﬂ%@ﬁ he"Sequence of

§@@uéﬁdésqﬂtrﬁco§ngeﬁge speci al value is zero. 24. The
met hod according to claim 17, wherein: the nethod

further conprises, for each node in the sequence o0
nodes of the grabMSIrweaémﬁuﬂngamn é@hlglﬁndmwe@stnbutlon

EJ Zg?rﬁ'ﬁl' ttl’ %@g?@hﬁlm f{w ?ﬁ%clgf?-:fd ggg) d;?’%églylw‘%f Hdisible

ntiza O quanti ze ecorres

ge@uéncysecﬁt(njm siZec IDetriples;e of n coefficients, and the
size value of the output; the graph is a reduced graph

such that any cogpnecti.on end| n an re sents

o ssoai arod ¢ POraRLIBE A0 P Aintiag o PAd6 eSS peauence
t I I i

L8 Al ISP SR BeRRESoPf 028 9 s o

Hateriine appassedated sté reduced graph to find the
cost-determ ned path with a m ni mum cost determn ned by

the cost functi I r e
araph. 25, The 1 RORCEE b BRI P b EHERE spauence
bheupekiget M) ibfdsefenaneizssotiated s, plbraly bpgosdible sequences
conpr essi nl% a sequence of sequences of n
of (run, size, D) trlples based on the associated cost;

(e) after step (d), applying an aggregate cost function to the t
associated cost-determined sequence of (run, size, ID) triples for each
sequence of n coefficients in the sequence of sequences of n coefficients, to

determine a ty, aggregate cost;

(f) if the i aggregate cost meets a selection criterion, selecting
the ty, quantization table and run-size distribution as the output quantization
table and run-size 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, size, ID) triples as the associated tn sequence of (run, size, ID) triples;
otherwise determining a (t+1)y quantization table and run-size distribution
from the selected sequence of the ti cost-determined sequences of (run, size,
ID) triples, increasing t by one, and returning to step (d); and
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coefficients by jointly determ ning an out put
guanti zation table, an output runsize distribution,

wanae/hsisi each sequence of n coefficients in tRET/CA2004/001559

sequence of sequences of n coefficients, a final
cost -det erm ned sequence of _&@qffi cient indices
represented by a final cost-determ ned sequence of
(run, size, ID) triples, wherein each sequence of

Sequence ofIhEDFPHIRY B LeleREandirErLERERA SR denges of (run,
isimge KD) usingdHufmarepdimdi ng sequence of coefficient

indices is a digital nunber, (ii) the correspondi ng
uence of. coefficjent, indices ingludes a plurglit .
Wl os e gt 8° SpiBeh it Sl 2e. itprEistsh dbk fomprises,

forueachi gjudrde bf inPkBefRidMESinathiclBeyabie of sequences of n
representing a nunber of consecutive indices of the

spefficenisal qieantizing nine ge hatdndgeision spesneyithg saquence of n

SRS e oA A S IR seaponce o

wirting dsdquanegsaof(rohesized, D) tteplesq @indethanoséleetifg anrun-size
index wiwthin a category_ specified by the |ID value, and
RIRINREPN, 05 IR BRéeite Rbelefting spguenrascek(rHBgdizAkpairs as the

Wt inaislaidthiddionon table determ nes a sequence of n
sof t-deci sion quantized coefficients, the method

conprising: (a) selecting a Oth quantization table; (b)
28l ecti ng dhet mathod sisz definad rin laino26( syheareirt istep &) further

counter t.equal to O: (d) for _.each sequence of n

EOHREr i St shPhe LA Pesideds B ThES8gnShed of sequences
0P &f EdefigiBhes, drid fordded Fodsitle Berpiehdatdfqrun, au& 1B driples in
run-size distribution to formulate a tth cost function

the asspciateddin Mwalitytof poisaible sequericessif{rus, sizes okiiptes:

of (run, size, ID) triples; (ii) applying the cost

tin pl ural CePOinBEEEdr SRR eludhs it oSG BhEfigjces:
triples to determ ne an associated cost; (iii)

sel ecti ng aetesnibingt ed ddarhespsididgt ereguestes asfuen cguantized
coefficients using the ti 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 1y run-size distribution to encode the sequence of (run, size, ID)
triples; and

determining the associated cost as a function of the distortion

and the total compression rate.

29. The method according to claim 26, wherein step (d) comprises,
for each sequence of n coefficients in the sequence of sequences of n

coefficients:
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of (run, size, ID) triples fromthe associated tth
plurality of possible sequences of (run, size, 1D

wonrbglesisbased on the associ ated cost; (e) aftecTAnem4/001559

(d), applying an aggregate cost function to the tth
associ ated cost - det er m ned sgﬂuence of (run, size, ID)
triples for each sequence of coefficients in the
sequence of sequences of n coefficients, to determ ne

a tth 209" BERiding % heq dncd Bfﬁ'ﬁ% %*?n %%g (B reiAtfon with the

meets a sePectiOn Croter]on
qeqmmcmbf peokivientansuctuthat ieaeh d:oeffrdlénn(l) drasas cbhresponding

uanti zation table and run-size distributio
B Bo0e. afh g 16 SRt B1a5t ORCRuALE? Darhiess fAn Abeadalto n-1;
sequence of sequences of n coefficients, the final

cost - det er gy ﬁ%%ﬁo@é fARWihg HLBqUdHEECEh nodes;
represent ed by the final cost-determ ned sequence of

(run, size, ID) triples as the associated tth sequence
of (run spraviding)a plurglitysof semrections krivweeni paify of nodes to

remeoth MR sl BB D) BFc: et or m ned

sequences of (run, size, ID) triples, increasing t by

one, and r eeterminiggt thesasgocjatpd cms;d(ag)arerasedmamd ireremental
correspondi ng se| ect ed sequences, o n, size, 1D

qoptigr ach SRRNeRHANGUN SZehR h?re{%wy&i CRERPERDNS; n

cl ai m 26, wherei n step (b) conprises, for each

sequence olelerffRfld @l RI2s® doatt u%‘ﬁ%e@F@oﬁﬁections from the
sequences of n coefficients, quantizing in a

piuralityeefi sormrectians,ewhetain dbesequence of copaeetiansaxiends from

5 [t hBSa M helbeldri@idrHneded 6 e 4l F4fL 3ol

triples and then selecting a run-size distribution of

the sequenegetdrmifing thengosegunatsedfseguencesofz@ln, size, ID)
rs as the Oth run-size distribution. 28. The net hod
é@'ﬁ%fﬁoﬁeﬂ‘q lgash %W?GUGW%PEWP@C@B% d) further

conprises, for each sequence of n coefficients in the

gpauence Off3CRIRAS S?é’fderfm%%lefrf 'c@él t259 \ﬂﬁéirefn‘i’rpr%@ﬁ“ng the

possi bl e sequence o run, size, ID) triples in
phyraliyaif ednnettigrisueaihptisesof possi bl e sequences of
(run, size, ID) triples:

for each node in the sequence of n nodes having at least a
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, es‘fablishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

for each node in the sequence of n nodes having less than the
maximurm run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node
by the maximum size number of connections wherein each connection in the
maximum size number of connections corresponds to a legitimate different

size value; and,
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determ ning a correspondi ng sequence of n coefficient
i ndi ces; determ ning a correspondi ng sequence of n

wquesstoozisd coefficients using the tth quanti zaPCO/CA2004/001559

tabl e and the correspondi ng sequence of n coefficient
i ndi ces; determ ning an assogéated di storti on between
t he sequence of n coefficient$S and the corresponding
sequence of n quantized coefficients; determning an

associ at edi¢,0Laly LOTPIPAR] QLLIHcR 6@?ﬂb&%§%§té&@h | B%ingle

the tth run-size 10 enco e sequen
ocbnifection teithe endD)oder. i pI es; and determ ning the
associ ated cost as a functi on of the di storti on and

he tot al npr e th acco
887 i m 28 Neueed 2s: Bfiverf T ol 8B, WhesBedlel (4 further
e6fHprises, for e%cﬁ%%fqﬁéﬁbéﬁfﬁ doffidiénts 9 4e8 68q@énce of sequences
sequences of n coefficients:providing a sequence of n

pbaeocefficiamie- t o-one relation with the sequence of n
coefficients, such that each coefficient g has a

corr eSpond'd%ﬂalnpess?]?Eemé‘ﬁlﬁf Ritd d st ?oﬂé%_?ﬂ &nrt IBplgFua{h size)

equal to O or egua pr oVi

ernchl andnler-ﬂm hode ng ahh@_n@dquﬁﬂamwﬁber asfdmas?eqmradvlb dnogde the
ural it .connecti o et ween palrrs o

wgva@@rﬁn me sirevaluer @Aﬁ@ﬁﬂ%&&@%ﬂ%\d risuwc@wﬂ@ using tfie tn run-

Efz'e&h@l?lbug@ﬁerm ning the associated cost as an
associ ated incremental cost for each connection (run,

size) in the plurality of connections; determning a
| east cost definingrareincterseniabdistaition fcostnfomeadtt contiddtipn (run,

SleeL SR R R BRRE, B d RROERBS & Bifan TR wogn the
b@efftwerﬂné ROglganteed, G eI faahtiaatipstabis! ©f enside group

sequence of (run, size, ID) triples fromthe |east
speeifisd e the size vaHaed ahof the.r ceeifisiento @pgearing from the

A6ttt 'cl, £ MR SticiRECS! AleRyUaHIEE % ifspecial value; and

defining an associated incremental cost, for each connection
(run, size) from the (i-r-1)y, node to the i;n node, as a function of the
incremental distortion cost and the incremental rate cost.

32. 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 first node in the sequence of n nodes to the end
node.

33. The method as defined in claim 26, wherein the (t+1)n
quantization table in step (f) is derived from the selected sequence of the tn
cost-determined sequences of (run, size, ID) triples and the sequence of
sequences of n coefficients by solving a quadratic equation.
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plurality of connections conprises: for each node in
t he sequence of n nodes having at |east a maxi numrun

wauanis@osisi predecessor nodes precedi ng that no#etioa20da®o1559

sequence of n nodes, establishing a nmaximum size
nunber of connections conneckjng that node to each
node in the maxi mum run nunb # “of nodes preceding that
node wherein each connection in the maxi mum si ze

gurrber of e‘rﬂ@r}ﬁ&fdoﬁgés ﬁ%ﬁﬁea@ﬂ ﬁ'géﬂ)‘lﬁml\ b fH@a@ 1 run-size

ifferent sizZze va sequ

distdislgionhiavstep (f)ds sletiked fitdne atieof ithe! iy, bust-mehebamerdf sequences

predecessor nodes precedi ng that node in . the guence
ef (FiMhovige, | 152)3 ﬁ@qwmesneﬁél £ge nq'erﬁadesfch e sequence of

G&%é&%ftm% fﬂggﬁtsby t he maxi mum si ze nunber of

nectl ons erein each connection in the maxi mum
SI ze nunber of connections corresponds to a legitimte
65f f er ent ?hsdnechbasmﬁfmedrlnealahnr&‘ﬁjewhareurméhe sequence of

RETUERCE A nchadtiigne SRleRR b ke diniat AP BRE G DT
aaeﬁwmglsxssnmm Bet WokffRierto B8 IPEG hard- @@@an quantized
qﬁence of n coefficients in the sequence of

spedicients n of §xBr MEEG thardfiecision gateamtlmd rieqdneegfficients,
r@ﬁ@ﬁ&‘%%%gae‘%us%% onnection (run, size) froman

anith node, as a nunber of bits
needed to encode the run value and the size val ue and
BBe corr esbednethodrateordiby b clagmt2®e wheneinunsi ze
di stribution; defining an increnental distortion cost,

f h t th

node 1o an iR RaheR (St ednE ks TaPatLIILID Mrerraupace of
ﬁ0ﬁ6aé§lo¢ﬁhe<arapﬁ defsthiiARg: N'(ﬁltb@ﬁréédﬂtlﬁwm ARiN@PA hard-
table, to the size group specif by the size val ue

d@@lsa@m qiantizer rdefingd ibyi #ra &n a%lp%@tﬂziﬁ@r’f t@let e quantize the -

SEFERASATBL o0 U, SORLIIGH A PR AR o v

iofeHecoBpual cost, for each connection

the graph is a reduced graph such that any connection ending at
any node represents an associated (run, size) pair having an associated size
value within a selected difference of the size value determined for node; and

dynamic programming is further applied to the reduced graph to
find the cost-determined path with a minimum cost determined by the cost
function among all paths over the reduced graph.

37. The method according to claim 36, wherein the selected

difference is one.

38. A method of compressing a sequence of N coefficients by
determining a cost-determined sequence of N indices represented by a
corresponding cost-determined sequence of differences under a given
quantization step size and a given size distribution, wherein each sequence of

differences defines a corresponding sequence of N indices such that each

4
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(run, size) fromthe (i-r-1 )th node to the it h node,
as a function of the increnental distortion cost and

wohaosimsrsenent al rate cost. 32. The net hod as #etiaaca4/001559

in claim?29, wherein step (d) further conprises, for
each sequence of n coefficiegas in the sequence of
sequences of n coefficients, “UGsing dynan c progranm ng
to find the | east cost sequence of connections in the

i n i A i u . .

Bl ehid o e, S0AAGHAY B BITHBREL &y BSGRACHAAGE: Sduaiing an i
welpxeraige aiinos aaded )t nddxevadog, iNosing gidateTieamBt dratlless than
lqlgfitged in claim?26, ﬁ/{;rei n the (t+1 )th quantization

it Bejmethod samprising His $%¢R8 Fr om t he sel ect ed
sequence of the tth cost-determ ned sequences of (run,
size, 1D) | p&i VR §EAMRBNOStep CIHE RS gV ize
coeffici engéé)| E?/Iﬁgo@\}éid%g a %uadr atli g ec_quati on. 34. Tﬁeen sz
distriteutionstodefmulate arcost funefios forwh elusality di pogsiblg sequences of
r,yp-size distribution in step (f) is derived fromall
Q#Petnﬁ'éc?sl’h cost -det erm ned sequences of (run, size,
ID) for all sequences of n coefficients in the

sequence ofb)sasplgingetheatost figmetidn i @mtts possibleTdequence in the

met hod as defined in claim26, wherein the sequence of

phyality ot possible senuances of differaneassta detgapingan assagiated cost;
cks of 8x8 JPEG DCT coefficients, 8x8 MPEG DCT '

coefficients, 8x8 JPEG hard-deci sion quantized DCT

coefficients, or 8x8 MPEG hard-deci sion quanti zed DCT

coef fi ci ents), seledtingdhe periesponaling: cost-detesmided seqeence of

hod dj | ai.m 29, .wh in: th hod
firaaBeSs fapt sl Paly B Ressiigaeiicnees SEqEHEacs based on
AR @ sBLiatd® cBsBPAnd RESMhHY thed ko8t HBIEMTIRSd deglignce of N
fromusing a harddeci sion quantizer defined by the tth

indices fram e coatsispondingurast-gtermired 8eq idigerences.
coefficient in the sequence of n coefficients, and the

?L?ée val ue 1qi, %tho%“%@ Hte'fin%@mgfa;ﬁ@%é WhRrdiR YES b PEMPrises,

h that any connection e
for each possible sequence in the plurality of possible differences:

determining a corresponding sequence of N indices;

determining a corresponding sequence of N quantized
coefficients using the given quantization step size and the corresponding

sequence of N indices;

determining a distortion between the sequence of N coefficients

and the corresponding sequence of N quantized coefficients;

determining a fotal compression rate resulting from using the
given size distribution to encode the sequence of possible differences; and

determining the associated cost as a function of the distortion

and the total compression rate.

40. The method according to claim 38 wherein
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any node represents an associated (run, size) pair
havi ng an associ ated size value within a sel ected

wdizbdfeamwsrsce of the size val ue determ ned for nede/CAad/001559

dynam c programming is further applied to the reduced
graph to find the cost- detergléned path with a m ni num
cost determ ned by the cost nction anong all paths
over the reduced graph. 37. The nethod according to

%béhﬁq@egc .nvmsfmrialéég%%%ie%%&ﬂom 5% st 8%%3} tﬁé‘ﬁwd@’@s

Iessi a sequence |C|en
by detern1n|ng a cost- detern1ned sequence of N indices

istg () eohgutide: a correspondi ng cost - det er m ned
sequence of differences under a given quantization

step size and buti on

h.
sequence off’ ‘aY'a'fngr% ﬁ%%%le@f ? n'iss‘t%g%so'lnrc&ep%‘a?% & Slalion with the

seguenss PN Nokfidicifts, wheksih INtis @acihedddraeats thanti‘ and the
sequence of differences is a digital nunber equaling

saduence aflbkstages @rwprdﬁs"edrfrqm a17eme stage fo @al(hel)yi stage such

?@éﬁ;ﬁ gﬁ&;‘%‘e srtg g (ngstg éqﬁ‘& %Laée (li J”?nér?ﬁhﬁth stage is

usi ng

Gdfatdent &b (NQ)MS@Q@I(K@ eaold ith Btagy, V bReirgj e miege:r bétwedemn1 and
to formulate a_cost function for a plurality of

Db2dnelHeiveclg pdircant & aa.(t—ﬂ)errﬁﬁeeend(qn (&bl §1iasg t he

cost function to each possible sequence in the

plurality °ﬂ8§‘§§g %Iﬁglé?ﬂ‘é@ésg{ ?Qs:lfl fsfé{ eC{ﬁQﬁe%@ﬂuence of N

determ ne an as ost; an in
stagess pdeteingeads nodetie reraiche&iage gepresentsf a qhofssmi@nm in the

G 1y B, B iR 98 “Sictfid (3 F58RiaReq poetivient in the

%@bgéﬁb@bﬂ. doiGORE determ ned sequence of N indices
fromthe correspondi ng cost-determ ned sequence of

di fferences. 39, The nethod as defined in claim38 _
wher ei n st &foYigingcampiitialestage qireeading dbe sAep d1osieq udiegein the

nlﬁtlélh&a é%ﬁldrfs&s%fs SS$idyee differences: determining

corre pon seque €' BF" N i ndi ces:

providing a plurality of connections for connecting each pair of

nodes in adjacent stages;

determining the associated cost as an associated incremental

cost for each connection in the plurality of connections; and
step (c) further comprises

determining the associated cost as a least-cost sequence of
connections in the plurality of connections, wherein the least-cost sequence of
connections extends from the initial stage through each stage in the

sequence of N stages; and

determining the cost-determined sequence of N indices from the
least-cost sequence of connections.
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determi ning a correspondi ng sequence of N quanti zed
coefficients using the given quantization step size

wanaetoagiscor r espondi ng sequence of N indices; PCT/CA2004/001559

determining a distortion between the sequence of N
coefficients and the correspggﬂdi ng sequence of N
guanti zed coefficients; deteFmning a total
conpression rate resulting fromusing the given size

g"ISt ributi g"ﬂ t&g‘f@&c?%% 58S W F 90 Qfﬁeé“ém §epagc)afurther

fference ermning the associ cos
bumprlsee u:a‘lng rub/rmnaqurbgmmamg tthefinidothad |ecamtymoss sequence of
rate. nFt glﬁg ccording to clai m38 wherei neach

Pﬂ'a%%tl%‘st'ﬂéh?\l cpaNeRA|oNSt ed from a set of M

possi bl e indices; step (b) conprises: providing a

gequence OffhY BEMHiRFas Beffed iPcRilf 38 lviéreh Wd Seduthce of N
sequence of N coefficients, wherein Nis an Integer

goeticients BEm one afdC lnoeHisipnin eadojuantized J26 ceefficients derived

AREFaFTnabRI JoFSS SdhIFE 2o acent to a firat st age.
(ii) the (N-1) th stage is adjacent to (N-2)th stage,

@B8i i) eachThelmetiageas idefined dn gtaimn4@ gdterbipt teemethathflirther
N-2 i.ncl u3|ve is adjacent to an {I- gthstage and an
FPmP)"S?ﬁ fer 366 Sfﬁgﬁ/mdhﬁéeﬁuﬁ'ﬂ%ﬁﬁ Nt8jagRs. nodes in each

stage in the sequence of N stages, wherein each node

in each stgafemfiRiky oA IFard-BOS8idH ndiodesihg bhﬁaﬁ?—tdecision

of M possi bl e indices for encoding an assoclate
doentizer edefined t by tlequgwee sfuantizediohi dablet 4o quantize the

B ot RSB AR 2o

providing a plurality of connections for connecting

each pair gklottifgSeath aideC fNtrepiciens a delevtsd rpds@|5|éeindex
associ ated cost as an associated i ncrenental cost for

wilbin 2 sRlested diferencenef thediaididegision tsieetichdhat therrdage is a

reduced stage having fewer than M nodes.

44, The method as defined in claim 43, wherein step (¢) further
comprises using dynamic programming to find the least cost sequence of
connections in the plurality of connections.

45, A method of compressing a sequence of N coefficients by jointly
determining an output quantization step size, an output cost-determined
sequence of N indices represented by a corresponding cost-determined
sequence of differences under the output quantization step size and an output
size distribution, wherein each sequence of differences defines a
corresponding sequence of N indices such that each difference in the
sequence of differences is a digital number equaling an i, index value minus
an (i-1)y, index value, i being greater than 0 and less than N-1, the method
comprising the steps of:

(a) selecting a Oy quantization step size and a 0 4 size

distribution;
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step (c) further conprises determ ning the associ ated
cost as a | east-cost sequence of connections in the

wohoeaostsy of connections, wherein the | east-cB6T/CA2004/001559

sequence of connections extends fromthe initial stage
t hrough each stage in the sgﬁzence of N stages; and
det erm ni ng the cost-determ red sequence of N indices
fromthe | east-cost sequence of connections.4 1. The

nmet hod as g@[é&ﬁﬁg Hodung @q%xal’(@?ér%i;” step (c)

further co I ses” usi ng dynamc programng to find
the | east cost sequence of connections inthe
plurality &) usingecki @uantization Btep sizerartl adn ¢ifd distribiution to

ot Gtz fo g dubifion S QR Plsali o8 pbSHBR Reflp@inoes of
diffdrggeed:r om an i mage in JPEG and MPEG. 43. The net hod

as defined in claim40 wherein the nethod further

conprises, for each stage in the sequence of N stages, )
det er ni ni n§daapBlyidithe & east fyaetiondp mach possible sequence in
B8 SRUBLAY oA S8R sl bess Bt WIRAGLES o gotormine an
asebdiatedesust) n t he sequence of N coefficients; and,

sel ecting each node to represent a sel ected possible

index wthin a eb.ecte di fference of th .
har d. deci {OhoPRGHRY i CONEEPORUNG: GRSt deterning segyence of
ShrRgenE/from tﬁ_@"t{ﬁ%lirbm df peRdpie séduendes drRfifiednass based on

defined in claim erein step (c) further
therpesepiated €108 dynami c progranmming to find the | east
cost sequence of connections in the plurality of

connect i Onmt P the ﬁ;?%egé?rg@ﬁy 88§f—88te§5ﬁ§%{1’e§'§§u&§ce of

N coeffici S byjo nirng an o
giffarenzas i fogetierpwithzthe &pn quimizationsstepesisariamedthe ty size

sequence of N indices represented by a correspondin .
distibytion, MeRb @ %&%@m coReon  SeleiktBy tigidn qask-determined

QebBEhc8UNtdiffdtd it sS LRP thé Z6ufif 885104 Rhined sequence of
differences, the ty, quantization step size as the output quantization step size,
the ty, size distribution as the output quantization step size, and a ty, cost-
determined sequence of N indices as the output cost-determined sequence of
N indices; otherwise determining a (t+1)x quantization step size and a (t+1)y,
size distribution from the ty cost-determined sequence of differences,

increasing t by one and returning to step (c).

46. The method as defined in claim 45 wherein step (a) comprises
quantizing in a hard decision manner the sequence of N coefficients using the
Ow quantization step size to determine a starting sequence of N indices, and
selecting the Oy, size distribution as a size distribution of the starting sequence
of N indices.

47. The method as defined in claim 45 wherein step (b) comprises,
for each possible sequence in the ty, plurality of possible differences:

determining a corresponding sequence of N indices;
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size distribution, wherein each sequence of
di fferences defines a correspondi ng sequence of N

wonadicmesissuch t hat each difference in the sequeaT&A604/001559

differences is a digital nunber equaling an ith index
value mnus an (i-1)th indexgyalue, i being greater
than 0 and less than N-1 , the method conprising the
steps of: (a) selecting a O quantization step size and

a 0 th si 780 fHRhinlREt & ORo ks pRRkind 9s8q GOHEE ©bf t NeHRntized
E ualet S? on %g a

to zero; usi ng i zat ep size an
cosffisiants d‘usmgl thﬂ Ittp)quantfzatlmnl atep aizd ancoshe feorodsponding
for att ality of possible sequences of

oraY ‘{‘%?S’appl ying the tth cost function to

each p033|ble sequence in the tth plurality of

possi bl e sggipRffisg & didtdriérh BBRRSer thel§fidHCREAN coefficients
associ ated cost; (€) selecting a tth corresponding

aod thelcomesnansting seueence of N gupntizedceeffitiepta;t he tt h
plurality of possible sequences of differences based

on the ass 88fe?ttn$rﬂng%stto‘tal(éc%n@fef9%%ﬁ ratd'r %ﬁrﬁcfﬂ%%@iﬁﬁ the tin

cost -det er mhed segyuence 0 erences

tize disthibatigmnto emdodenthetssguehze ofipdssibie dlﬁbraicee and
di stribution neet a selection criterion, selecting t he

tth cost-d term ned ,sequence  of d| ference
bt ot CosAEEMiRY 18 SeeEHed gel gsra BiERioneo! heedistortion
tgh&tﬁ’élﬁﬁéf&ﬁﬁb@gs%h%tél ze as the output quantization

step size, the tth size distribution as the output
guantl zation step size, and a tth costdeterm ned
8quence offhaimeiipd @scardingto elaip 46 woereiniet er mi ned
sequence of N indices; otherw se determning a (t+1)th

PHRIRR b 2 MERIcRHERRRD o A UM Dopple ifies”™

increasing t by one and returning to step (c). 46. The
stph(@)l cemptiigésned in claim 45 wherein step (a)
conpri ses

providing a sequence of N stages in one-to-one relation with the
sequence of N coefficients, wherein N is an integer greater than 2 and the
sequence of N stages are ordered from a zero stage to an (N-1)y, stage such
that (i) the zero stage is adjacent to a first stage, (ii) the (N-1)n stage is
adjacent to (N-2), stage, (iii) each iy stage, i being an integer befween 1 and
N-2 inclusive, is adjacent to an (i-1)y, stage and an (i+1) , stage;

providing a plurality of nodes in each stage in the sequence of N
stages, wherein each node in each stage represents a possible index in the
set of M possible indices for encoding an associated coefficient in the

sequence of N coefficients;

providing an initial stage preceding the zero node, wherein the

initial stage comprises a single node;

providing a plurality of connections for connecting each pair of

nodes in adjacent stages;
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quanti zing in a hard decision manner the sequence of N
coefficients using the Gth quantization step size to

wdebwrosise a starting sequence of N indices, ardT/CA2004/001559

selecting the O h size distribution as a size

di stribution of the starting gequence of N indices.

47. The nethod as defined i n%rai m 45 wherein step (b)
conprises, for each possible sequence in the tth

plurality Wl | ff : t LA :

corres pond?%&qui@hgﬁggd%“{soﬁfaﬁ%%ﬁ%’gg ;gge eg‘rsné'éﬁﬂ%tge%lamcremental

6ostrfos pachlcognsativpnan tiee pfurdlitg wicbnrectionsebhdci ent s

using the t quantization step size and the

correspondi ng sequence of N indi.ces; determ njng a .
ey G tgHeD GoTiRRIfeEn orRanle O B fediiRiice b bits RNty of
@ggﬁi?@é PRds BE gifeMlisze of N quantized

Iclents; determning a total conpression rate
resulting fromusing the tth size distribution to
encode thedeteiminiog ible pesadiaied dosif as enlaast-caati sequence of

det ermi ni ng .t Ssoci.a : '

e arsics 1 41 By o Bbfiadihb, Bhsfoib thE et o8y aekfience of
BBhRSEt G @xdemds tfroral BiemiMibalBeidge nhearth igadaxsiayet hin the
N indices is selected froma set of M possible

paduenas ol stages abdnpri ses: providing a sequence of N
stages in one-to-one relation with the sequence of N

coeffi ci enhéterﬂﬁﬁihgitﬁleg?ic%sﬂae{é? s&g@%ﬁ@é of RaRdRes from

and the sequence o ages are ordere om a zero
tHelgast-oostrsgoehre lof sbamgectmonsh that (i) the zero stage
is adjacent to a first stage, (ii) the (N1) th stage

83 ng an 1 TegEE e aseietihd it 3B NdiSrgin bR (@) further
BghArRBE &Qn@%%ﬁa@b%fo??aﬂﬁﬁﬂr@do&fhd thiel)edsh cols@equence of
provi ding a &Iaurahty of nodes in each stage in the

senouectionsdn the pluigdy of shenestipnsach node in each stage
represents a possible index in the set of M possible

i5gdi ces fomeneatidiPagefSseh Blftl £28lhéRifHe s&qddiee of N

coefficients are one of DC coefficients and quantized DC coefficients derived
from an image in JPEG and MPEG.

51. The method as defined in claim 48 wherein the method further

comprises, for each stage in the sequence of N stages,

determining a hard-decision index using a hard-decision
quantizer defined by the given quantization table to quantize the
corresponding coefficient in the sequence of N coefficients; and,

selecting each node to represent a selected possible index
within a selected difference of the hard-decision index such that the stage is a

reduced stage having fewer than M nodes.

52. The method as defined in claim 51, wherein step (d) further
comprises using dynamic programming to find the least cost sequence of

connections in the plurality of connections.
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sequence of N coefficients; providing an initial stage
precedi ng the zero node, wherein the initial stage

woanrinsikss a singl e node; providing a pluralitpCofCA2004/001559

connections for connecting each pair of nodes in

adj acent st ages; det er mi ni ng ?@e associ ated cost as an
associ ated increnmental cost for each connection in the
plurality of connections; and step (d) further

ggmpri ses, af %t@?{?@cl:egé%zli%%é/@te?ﬁ%f'&%ﬁér@séitﬁgeét%quence of n

plurality of possibl nces o eren
goeHicenis ny tdederpingg &t edst-determined | ssapiencesof n coefficient

R e AR b o laliel st e, 10 s
CAABEE IS Qiapigatibh Gt@ibt@ﬁnhnﬂm-ﬁkescﬁi@gﬁa BhOYeHerein each

each stage in the seggen_ce of N stages; _
getluenesiaigrune sizeh 1BYstriples definaeda cogiespoadify Nequence of

L0 Qe f east of _connections.
sREERD 1iiRs, eh 8, QRN RS e Bor8PaRg Bguence o
cofficierttindicesnisr & THgitalshimgbedy, n@ilrithe RErESSHORINY s@quence of
fi n? the | east cost sequence of connections in the

gPelfiglant inciges tnctictas; 3 Riiraly of valiesenalgingsa serriabyaiug, and
GRS Tl 541 D) P SEREs, Oh MERSEEIGERNS f imber o

denseadiveriodices ofnthgespecidlRERIaNan MtEgGer EélltueTf[ﬁ spetifiidg the

as defined.,in.claima48 wherein the t hod further .

BoidE of the ifed ioliue The' fwabee qlaaneestiive gidiges of the

debEaMA1LI8Y%aRd Badide 48kIcSd&Fhin %%rHﬁ%n”Sf Bits required to store an

har d- deci si on quantizer defin by the given

ineetwithin izocategoryespeciiipdby the |D valuep thee dptanpliocgssing system
fE.' %i ent in the sequence of N coefficients; and,

§§ﬁ‘g '%‘1 ﬁg each node to represent a sel ected possible

index within a selected difference of the

har d- deci s{@ninitislzationc mdamst forhrfudstthg @ 8ost function for a
plurality of possible sequences of (run, size, ID) triples using the given
quantization table and run-size distribution; and

(b) calculation means for applying the cost function to each
possible sequence in the plurality of possible sequences of (run, size, ID)
triples to determine an associated cost, and for selecting the cost-determined
sequence of (run, size, ID) triples from the plurality of possible sequences of
(run, size, ID) triples based on the associated cost function of possible
sequences of (run, size, ID) triples; and encoding the corresponding selected

sequence of (run, size) pairs using Huffman coding.

54. The data processing system according to claim 53, wherein the
calculation means is further operable to perform the steps of, for each
possible sequence of (run, size, ID) triples in the plurality of possible

sequences of (run, size, ID) triples:
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reduced stage having fewer than M nodes. 52. The

nmet hod as defined in claim5 1, wherein step (d)
woéuondshesisconpri ses usi ng dynam ¢ programr ng t ectiaadoo4/001559

the | east cost sequence of connections in the

plurality of connections.53., A data processing system

for conpressing a sequence'am'h coefficients by

deternmining a cost-determ ned sequence of n

ffici i i . - det i .
Sequence o CRIHTRBIAER ERFRISEOANG seiipente Sf B RBefficient
ifdiaes;i zation table and run-size distribution, wherein

each sequence of (run, size, ID) triples defines a .
correspondi ng, sequence of coeffici.ent indices ch .
that (1) clibIqtEBING & neoiterpeiiBisRRUSEtR aich gpantized
dﬁé‘?ﬁéibﬁ't@gjsihé‘dﬂh%egi\)e% Q*L@lﬂi'zbgbnf"té{méfancﬁ ithe tBRresponding
correspondi ng” sequénce of coefficient indices includes
sequiencelof nycoefficienturdicesicl udi ng a speci al val ue, and

(iii) each (run, size, ID) triple defines a run val ue

Spacial velitle eliMilng s ‘PERTHCH PEEEh e Spghbfice of n
csarlidiéntdare thelwricigendingl deguienge ofie quantieed ebefficients;

consecutive indices of the special value, and a size
val ue defining a nunber of bits reg;ir d to.store an.

i ndex wi t hii\A determiBiner g talalkeampisgsiop et rasylting figm ysing the

. . b " it ialigzahi _ .
0473055 BTN BPLRESHE R, Sl er e 2D s
aid possi bl e sequences of (run, size, ID) triples using
the given quantization table and run-size

di stributipn;, and.(.b) ,cal cul atiagn ns [ in :
t he cost f&EQ?E%W'[S'B&&%?%‘S%%@@#G@I Ceoggga@eéfggt'@ﬁet & distortion
St fot Fmpressibhlratesequences of (run, size, 1D)

triples to determ ne an associ ated cost, and for

sel ecting the cost-determ ned sequence of (run, size,

ID) triples fromthe plurality of possible sequences

% (run, s@rﬁg,da#gkrggésangés i da&%r&iPS (té%‘i;é?ﬁi 53,9\9her5§in the

'st functioh Of Possi uences o run, size, |
talcplation nagahsas fudhergppdrabledonesfoomdhestard ettt ed
sequence of (run, size) pairs using Huffman codi ng.

(i) providing a sequence of n nodes in one-to-one relation with
the sequence of n coefficients, such that each coefficient Ci has a
corresponding it hode wherein i is greater than or equal to 0 and less than or

equal to n-1;
(i) providing an end node following the sequence of n nodes;

(iii) providing a plurality of connections betvyeen pairs of nodes

to represent the plurality of possible (run, size, ID) triples;

(iv) determining the associated cost as an associated

incremental cost for each connection (run, size) in the plurality of connections;



54. The data processing system according to cl ai m 53,
wherein the calculation neans is further operable to

woeondomomst he steps of, for each possi bl e sequeRC®aR004/001559
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(run, size, ID) triples in the plurality of possible
sequences of (run, size, 1D iples: (i) determning a
correspondi ng sequence of n céefficient indices; (ii)
deternmining a correspondi ng sequence of n quantized

coefficientg %gatéwmmﬁgenué/ﬂ CBipIbhAgheL BT LBRECRIHS from the

t he corres ce of n co i clent 1 ndices;
(plifalitydef eonmmtrcgmsa mmSemrmeosem@memf tarmestique extensis from

n coefficjents and the c rre ond S nce of n
dhadestandieidheseriuRree of D pPogs i M aic gode: ddy
conpression rate resulting fromusing the given

run-size d'(‘ﬂ)rdéié'%m (#f?m%t%@%téﬂhﬁné@@éqnéﬁc@bf (nunn size, 1D)
size, ID) triples; determ ning the associ at ed

duptesa‘eora the least @nsbseque@ca@tc@nne@iwr@nd t he total
conpreSS| on rate. 55. The data processing system

ordl ng t t; S

8 it ner Qe P Ese g SR € Bfed ih Xaife 38 wherein
%@Vldﬂhgﬂm@pla@w;ebﬁeomfednonsdemplrlsesne to-one relation
with the sequence of n coefficients, such that each

coeffici ent has rre ond| |th node, wher ei
is greater @h mfg&? &)SeH qg-sgf pMe&rh%vdgglat least a

t QaRinum h{ﬁ rﬂjﬂﬂéﬂbzré@eﬁ%dﬁmé@pké&mﬂ tthat node in the

sequence o odes ii1) providing a plurality of
ceaertdeonisn bedese estabilishingf a maasune sizepneaber of gennections

lural it f possiple u
st o RORE L Al B R o of s
ﬁl%rc%m?@ At ABEE WitreipasdthcsuhiretibRin {Heumaximare)sizennumber of
[urality of connections;(v) determning a | east

cocsmnemlqne soErespopdninca legiineate differant seiYaliet y of
connections, wherein the sequence of connections

extends fr om) for each node in the sequence of n nodes having less than
the maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node
by the maximum size number of connections wherein each connection in the
maximum size number of connections corresponds to a legitimate different

size value; and,

(iii) for each node in the sequence of n nodes, establishing a

single connection to the end node.

57. The data processing system as defined in claim 55, wherein the

calculation means is further operable to:

(i) define an incremental rate cost, for each connection (run,
size) from an (i-r-1)x node to an iy node, as a number of bits needed to
encode the run value and the size value and the corresponding index ID using

the given ruh-size distribution;



the first node in the sequence of n nodes to the end
node; and, (vi) determ ning the cost-determ ned

weoeemsmssi of (run, size, ID) triples fromthe PeagiaA2004/001559
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cost sequence of connections. 56. The data processing
system as defined in claim 55? wherein providing the
plurality of connections co {ses: (i) for each node
in the sequence of n nodes haV| ng at | east a maxi num,

run nurber 6§ QUTRACSE 30 IaP ARIGRER S ha 888 ohRection

t he sequenc n-nodes a maXi mum si
n@mb esizof fromnaaqi-r-dis nodentcan g nbUeI as acthsibotlammburred when

8o consiaen Brlrh Bl BORE oce sdSie2pBeRed Boihe 156 vane
3#@ &l Pthe Peasm& eﬂ@afé&éérﬁfgg%ﬁ‘ﬁhb%o%ﬁlcﬁ@httd: T84 $he coefficient

erent size va r each node iIn
s6guanecquanitizad o thes specialngliiessana han t he maxi mum run
nunber of predecessor nodes preceding that node in the

ot ccedr ng i Setiien 8REEked el eenbd SGhief egefl Wihection

Cenne%ﬁzé)nﬁowm{éﬂ(pr-@mmo@@rmﬁs:tth@mhl RotlBe akBAi funetion of the
sl ze nunber of connections corresponds to a | egl timte

dincremental distastion cast anghthe incrementg} radeeastiode in t he
sequence of n nodes, establishing a S|ngle connecti on

38 the end *i* Q%Iat%éroc §|ng;a§rﬁttﬁ@ PYIAiR58Swherein the

|ned|n cu ation nmeans Is
f Ualbblaltlonpﬁeatd B furthel op)embne tmusm dynamemmagaamnamgto find the
cost for each connecti % u Sj zelhyfrom an

- h.
nisgst %s SPOUBFoR OH ESTARCoN | ct SRdGtpnsowherein the
eg& f EHAn, ‘dH% éﬂ‘énHQEfr&hztﬁeVﬁ%Pﬁoééqntthé sequence of n

cor espon I Ng |n using the given run-size
dnedes tm’(hemnc(node defl ne an increnental distortion

cost, for each connection (run, size) froman

(kar-1)th n n ith. no :
ERUr e wndhE e Blhseridaetef BeddtnBhih Hlh 59, ppsrein
size group specified by the size val ue

the sequence of n coefficient indices is derived from one of 8x8

block JPEG DCT coefficients, 8x8 block MPEG DCT coefficients, 8x8 block
JPEG hard-decision quantized DCT coefficients, or 8x8 block MPEG hard-
decision quantized DCT coefficients, and the special value is the zero DCT

coefficient and quantized DCT coefficient.

60. A data processing system for compressing a sequence of n
coefficients under a given quantization table and run-size distribution by using
a graph to represent a plurality of possible sequences of (run, size, ID) triples,
which, together with the corresponding in-category indices ID and the given
quantization table, determine sequences of n quantized coefficients, wherein
each sequence of (run, size, ID) triples 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, size, ID) triple defines a run value representing a number of



and all of the r coefficients appearing fromthe
coefficient G-r to the coefficient CM are quanti zed

woaodshesispeci al val ue; and (iii) define an assecTaiaa4/001559
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i ncrenental cost, for each connection (run, size) from
the (i-Mth node to the ith as a function of the
incremental distortion cost god'the increnental rate
cost. 28 The data processing systemas defined in
claim

&88?389@"% I éfgs g{,h'g%%g%%gg?@eo%n"ﬂ%r' \f‘aéu%rllf)r%‘?iecifying the

Eanplitnaaushte Pidexofnewingiise nunber ¢f cordédufivefindices of the
connections, wherein the sgquence nections

@gegmgaqu;mndh@ sizer\valug dgining nﬁb@%o@gm rggu%eq]gaggore an
dﬁg% X ?rlﬂﬂ ti\%glgateggry Wﬁ%cﬁ’i%tdab "tHECEP 'v%g.lesytfnbeaélﬁsprocessmg

erelrn t e sequence o

%@fém(domnnsimgjl ces is derived fromone of 8x8 bl ock
EG DCT coefficients, 8x8 bl ock MPEG DCT

B B Ao o e Al PR dabe ano

%ﬂr‘élké ecﬂstﬂgr tlﬁﬁ%fﬂo?ﬂnﬁigté a 206t flifctipedrad puabliy o6 possible
zero coefficient and quantized DCT

csmq‘tfanceemf(fuﬁoslzﬁ) gairsi processi ng system for
conpressing a sequence of n coefficients under a given

guanti zat i t d
i o&g daaiétﬁa g p 158 |&) é@ﬁéﬂlﬁfﬁh o P $6 PEpresent

a graph to gen p055| | e sequences
ofhe(pluralitys bf!posélﬂ)e éerquelnees oﬂ@rurh size) gairse (i) wietérmining a path

d
coHeIGTaDN GanANG OTEIE I haoGe gt e Larl WL S oga of the

Cgreayl'f %'aggﬁi on Y 2258 B c?%@%’t@ﬁnﬁfed( byna &t Suntidn; (i)

ines a correspondi ng sequence of
coetehintingtthencbroespondaty shguel(cy Oga(ﬂm isigexID)ntriples from the

FolpEIR Rt @nt (1) 31caring die cobERBoRgSceilbrieB,ft un. size)
eﬁ&?g Hgmgqlluﬁ,ﬂgh@gam gncl udes a plurality of values
speci al value, and (iii) each (run si ze,

ID) triple defines a run value representin
oBtonsecut i Theidada pEscassinheyspataeaording e, C'%!H" gﬁbw[aeFem the

I L.D
{ 7GRy FR S Enb T Rle it RSCBEEE
(i) providing a sequence of n nodes in one-to-one relation with

the sequence of n coefficients;
(if) providing an end node following the sequence of n nodes;

(iii) for each node in the sequence of n nodes having at least.a
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, establishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

(iv) for each node in the sequence of n nodes having less than

the maximum run number of predecessor nodes preceding that node in the



speci al value, and a size value defining a nunber of
bits required to store an index within the category

weoepewiohssd by the 1D val ue, the data processi NBCTAAR@A001559

10

15

20

25

conprising: (a) initialization neans for using the

gi ven quanti zation table and _/rin-si ze distribution to
formulate a cost function for'a plurality of possible
sequences of (run, size) pairs; (b) cal cul ation neans

f i)..C [ t .

S be ST HBIEL) SRt Rod R B kit Mccedng trt node
(by Ihedeitaxirmim sige aupsidr affconhectivrepivherdinredichgcdnnetion in the
the first node of the graph to the end node ?f ,%_he )
grapinyastge shinaberek 6eNNRAIPNE RAITRRRCEIS; 1eed ggitimate different
f#@ toR@: (iii) determining the corresponding sequence

o) %run, "size, ID) triples fromthe selected path; and

(iv) encoding the correspondi ng sequence of (run,

si ze) pairs(Wdongaehfrigdenircthe sgauence Dien dades, establishing a

pr.ocessin st em according tp claim®60, wherein the
C%P@ﬁ%“%ﬁﬁﬁ%i&gﬂq %nc?f]f)fj?]’g‘?ncgper able to performthe
steps of: (i) providing a sequence of n nodes in

one-to-one (§)l Asigiingvahaskbeiatsiinersraental Bost to each connection
coefficients; (ii) providing an end node followi ng the
siadherlerality af eeresctionsiso) thep thestial ersialong apy path extending

- _ , .
~iREGS, nBa 3 3he BT Mo bR 3Hock SRITUAERNS equal to the
smnnioe)‘mhe @orrespording sexjueinice i (nm,asizmﬂD%ﬂr'rplebzwhre]re ID is the
nunber of ., connecti ons conngct,i at. node.to each .

Bdex, Wibive Sheateat b AOAGHBEY DB rthRotzs WISLans fiRg to the
"ORFmIAT HRYGHIBAIE HROBBRESI RN ofiGRalBadiitiBhe  2€

nunber of connections corresponds ' to a legitinmate

different size value; (iv) for each node in the .
séuence of The tlate processing sysdemt acoerding tawlaimu@dr wherein the

nb f d c ' .nqdg. i .
SR, BRI AR VPR BBl B O P vt
NefiSfmuPh eestdéterrhimatl byome dost furetionxi num si ze nunber
of connections wherein each connection in the

63. The data processing system according to claim 60, wherein the

calculation means is further operable to perform the steps of:

(i) for each.node in the sequence of n nodes of the graph,
determining an output resulting from using a hard-decision quantizer defined
by the given quantization table to quantize the corresponding coefficient in the

sequence of n coefficients, and the size value of the output;

(ii) providing a plurality of connections between pairs of nodes to
represent the plurality of possible (run size, 1D) tripless such that the graph is
a reduced graph and any connection ending at any node represents an
associated (run, size) pair having an associated size value within a selected

difference of the size value determined for the node and



mexi mum si ze nunber of connections corresponds to a
legitimate different size value; (v) for each node in

woheosespsence of n nodes, establishing a singl @CT/CA2004/001559
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connection to the end node; and (vi) assigning an
associ ated increnental cost tg, each connection in the
plurality of connections so that the total cost al ong
any path extending fromthe first node of the graph to

the end nodg; ] ; .
corres ponq?(ﬁa%fsogmg%g&ﬁg&'é ?{J@}H@!@éﬁ t{J E;?e t? ?‘?%?éigHb% to find
whergath Rithsa biieinurd @osidétermirtdaebc thicogust Jursgieai dmeng byl paths
the size which gives rise to the mninumdistortion to
tonerdoe redisel9@8hor i gi nal coefficient. 62. The data
processi ng system according to claim®60, wherein the

Cgd.cul ati onrpeans, ﬁ}%@sgmg%t“erﬁra@ﬂdéfm@dﬂﬁ difind 689whBrin the

path with a m ninum cost determned by the cost
fselectednliff@@ncaieson@t a processi ng system according to
cl ai m 60, wherein the calculation neans is further

(B coquencliorof MsigSeRh s sidelingin PR 4F heréin

output resulting fromusing a hard-decision quantizer
defined by theesgquesitequiint casfficient tralides tsoderieed ifroen any 8x8

the correspondi ng coefficient in ence,. af

berK B e T Snbianisi et PlpcioMAEGTICS fasicieps X8 block
pﬂﬁﬁbdp&%-&eaéféhaé@méﬂﬁz‘a‘cll BeANBSfithtd CMBRE bRt MPEG hard-
nodés to represent the plurality of possible (run
stdecsioh@uantized BT soefficients; ande they specialyvalue isoiered

graph and any connection ending at any node represents

ap.associ ated, (run, size al,r i n cl

38§e val ue :‘i’%anp%?c?éﬁgﬁ 5&“&(‘?%’? 8%@@%@%5‘ %Eggence of n
Vab&ificiaits 5y neiatl odetdhmimageannaitput Jquamizatiog table, a cost-
dynam ¢ programming to the reduced graph to find the i
pdetermings sequariosudh eassficiel; léﬁlﬁieﬁéépweﬂ@ by, cost-determined

B
weegebmcs o (run, size, ID) triples 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 inciuding a special value, and
(iii) each (run, size, ID) triple defines a run value representing a number of
consecutive indices of the special value, an integer value ID specifying the
amplitude of the index following the number of consecutive indices of the
special value, and a size value defining a number of bits required to store an
index within a category specified by the ID 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, a 0"

run-size distribution, and for setting a counter t equal to 0;



sel ected difference is one. 65. The data processing
system as defined in claim®60, wherein the sequence of

wa 20@0bfisci ent indices is derived from any 8x8Por@ako04/001559
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JPEG DCT coefficients, 8x8 block MPEG DCT
coefficients, 8x8 bl ock JPEGhard-decision quantized
DCT coefficients, or 8x8 bl ock MPEG har ddeci si on
quanti zed DCT coefficients; and, the speC| al value is

égaﬂence of ﬁ i%lﬁ%ﬁér?il%é}%b @e |§'19 r%%?}liﬁp&n fable and

OinRsize disdibition todformakite a ta cmss futetion rfolna din phqalﬁycné possible
of coefficient indices re

ceRAUSOes O (HB, §8@ué%éﬂ&? fiﬁﬂggelg?z/'@atheofow%ﬁen to each
%s%lé%qﬁfefﬁg?qh $hé 'ttggﬁddgpiy WF&S%'IHIG: %%ﬁﬂeﬁ@é’é‘%ﬂ%noglze ID)

(fun, Size 'nes a correspondi ng
steiplezn te deterotiré fanc assmla’mﬂl cest; Kiiiy Isetemhmg(a Yt castdetermined

 SAencs o Guli g ob HRS Tt HR5 56 el vl eionstisith seauences
?ﬂ PC%Iig IB)etﬁE)!é“é BAbted HH GRS dsBebiaeas cast! glkf)aiflthé tn cost-

ues Including a special val ue, and (||| each
(determshed, s¢qyence mfe (uut,i pige, aDufriplgsuetogether with the ti

;g@éﬁtzfaqt | ng%bﬁe n:?ﬁijggégg O@?ﬁgﬂ{tb pﬂggg ;%ﬁag{eﬁhgﬁ criterion,
aé@bbﬁr\qimeoﬁh ddagdetsifinébéQuéne diﬂ”(mmls‘dﬁirlD))fnples as the cost-

consecutive indices of the special valu and a

vdet@énu"ead sRaupnael rﬁﬂ@r sige, P} Hinlesy @b t dbpBlEAtion table as
S B Ytz R Aable RRENDSE adinhltfind 3 ()G q Ritlization

equence 0 ent Ices'to

Wdblle anduantdizeldistributadn fFrootether iy cost- obtsremnechsequénoe of (run,
sof t - deci si on uanti zed g;)effl cients

pPiBeed) Paps tIBRREASHIS it S @Nes a RN f ?WHT'PQ;H SiePniiknand (v)
g?ﬁ éﬁbgffﬂé‘%oﬁ %bP bt @sdqdtRe 8f Qin, fMEeSIID? using

I on tt| ng a counter t equal
( Bluffesdrcebdibg.on neans for (i) using a tth quanti zat| on
table and run-size distribution to fornmulate a tth

cqst functl t
§2uences of ?r‘fﬂﬁa PLY “2325 R{qﬁf{t%ﬁy?soaemfesosgrpggw 66 \évherem the
t [iftigpstiohumelnss tapetable ogaahlig ae@uamedemstdmemaﬂmer the
plurality of possible sequences,of (run, %
sequence of n coefficients usingthe 0 quantlzatlon table to determlne a
starting sequence of (run, size, ID) triples, and then selecta run-size
distribution of the starting sequence of (run, size) pairs as the o™ run-size

distribution.

68. The data processing system as defined in claim 66, wherein the
calculation means is operable to perform the steps of, for each possible
sequence of (run, size, ID) triples in the plurality of possible sequences of

(run, size, ID) triples:

determining a corresponding sequence of n coefficient indices;
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triples to determ ne an associated cost; (iii)

selecting a tth cost-determ ned sequence of (run,
wei2ams/005®) triples fromthe tth plurality of peesida2e4/001559

sequences of (run, size, ID) triples based on the.

associ ated cost; (iv) if the h costdeterm ned

sequence of (run, size, ID) tr1ples, together with the

tth quantization table and run-size distribution,

neets a sel [ riterj [ n h :

thoost - det et A ffcheltesPBpRtl "dpddéngs, of  n ,Aygntized

agodfiidlenteUsitey theniyhguhriiegtiem tsbletintrtha cosezpondihy sequence of
triples, and the tth quantization table as the output

quseeffisient K1dieesh| e; ot herwi se determining a (t+1)th
quanti zation table and run-size distribution fromthe
tth cost - dej&enfifHg S# HRBRHOM betddn thtZequdice of n original
triples, increasing t by one, and returning to ste

5 (¢oefficiants(and thecamiiespontingssaquenpe miinrgpandized cogfficients;
sequence of (run, size, ID) using Huffrman codi ng. 67.

anor ein-t SRRy ZBHE RobaRE b el Pefitila o using the t

OHmRiEE distributidmatoderitReiethe Regasines of {ran ssigedi) ¢rigies;nand
coefficients using the Ot h quantization table to

determ ne a starting sequence oé %run, S| ze,. Ic%f . .
triples, andeter@iningthe@sgorigied cost as & wunstiengi the distortion
t i n'ﬁ?r% (run, size) pairs as the Oth

r%‘ﬁd ﬁ%@@trl 55%%@;8 The data processing system

as defined in claim®66, wherein the cal culation neans

i 89.0per abl eThe daéa povcassing system arfcordiog teabainpos.swheesin the

f , .Sl ID) tripd in th I it
oralpaaEen fedrisda onebdfis o PRORTM SBR[ pi ce:
determ ning a correspondi ng sequence of n coefficient

i ndi ces; det gfovidihg@ Sedu@nicessfandodgs freguete-onefrefation with the
quanti zed coefficients using the tth _guantjzation

t seAuenoedoftheoeiciasip s at eaefe reeflisiens G Hasa eprgagonding
PGSR wilSERIT B dMleP i P BENATESs h ORI fon-1

n origina clents an correspondi n
sequence of n quantized coefficients;
15 providing an end node following the sequence of n nodes;

providing a plurality of connections between pairs of nodes to

represent the plurality of possible (run size, ID) triples;

determining the associated cost as an associated incremental

cost for each connection (run, size) in the plurality of connections;

20 determining a least cost sequence of connections from the
plurality of connections, wherein the sequence of connections extends from

the first node in the sequence of n nodes to the end node; and

determining the cost-determined sequence of (run, size, ID)

triples from the least cost sequence of connections.



determning a total conpression rate resulting from
using the tth run-size distribution to encode the

weoeemsmassi of (run, size, ID) triples; and det epairtiangy4/001559
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t he associated cost as a function of the distortion
and the total conpression ra? . 69. The data
processi ng system accordi ng” g'cl ai m 66, wherein the
cal c_ulj_ati on neans is operable to performthe steps of:
ovi di ng e ; j a4 @5 f 1D B;
TEh the s QBatE fedssif IS of defifel 1 BRfn'cd) Htictein the
phebfiiycdfehnettidrascampisesspondi ng i th node, wherein i
is greater than or equal to O and |l ess than or equal

Lo 1 L PISLLALAG, S G node Latl o 19,48 RATHECiast

hnf t ' de in th
IR0 ook s gt ettt n e

e
aesoenat el rcoedes,sestablishingiaamaximyey sizeriiinbebef cpgpections

each connectjon, (r.un i i, i

CHRRSERTO 16 BBo i eact Pbe LR hOSBkHAgh b Rlper of nodes
GREEEGhY st dddewhBeei buthlcohpeatforciarthe shaximaim sizermimber of
the sequence of connections extends fr,omtre first

resteeciionsheorsespandsdo s legitirie diferepheize ¥d'Usode; and

determ ning the cost-determ ned sequence of (run,

size, 1D tf%%h@ﬁ_ &Jd%“ihtthé deR@ehcE ¥t h S6aBELASENg less than the

connections ata processing system as defined

i hagin@inm G nuhesezi of phededeassar irtodesf praneding ithak node in the
conprises: for each node in the seguence  of 0
FRRAURICROTITLAS4SS GRIRGRIRY fu TRAFDGT b opre AleBRlRy that node
'@fﬁgﬁ R{aﬁﬁﬁ&h@zé PR donnkBforfke@nenss eahcomp@eton in the
eSt abl 1 shing a nmaxi num si ze nunber of connections .
coarEctmngjz¢ mambberdef conrentionsciresponde trex iedifimats different
nuynber of ngdes precedi ng that node wherein each
c%ﬁ?lé(@l‘ﬁeoﬁnan t he maxi mum si ze nunber of connections
corresponds to a legitimate different size value; for

each node ifartdachyraiecinaheafequence e nheodesy estatdishingra single

t he
connection to the end node.
71. The data processing system as defined in claim 69, wherein the

calculation means is further operable to perform the steps of

defining an incremental rate cost, for each connection (run, size)
from an (i-r-1);, node to an iy, node, as a number of bits needed to encode the
run value and the size value and the corresponding index ID using the tn run-

size distribution;

defining an incremental distortion cost, for each connection (run,
size) from an (i-r-1); node to an in node, as a distortion incurred when the
coefficient C; is quantized, via the tn quantization table, to the size group
specified by the size value and all of the r coefficients appearing from the

coefficient Ci, to the coefficient Ci.1 are quantized to the special value; and



maxi mum run nunber of predecessor nodes precedi ng that
node in the sequence of n nodes, connecting that node

woaowldsisodes precedi ng that node by the maxi nBOTAIA2@4/001559
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nunber of connections wherein each connection in the
maxi mum si ze nunber of connections corresponds to a
legitimate different size val8fe and, for each node in
t he sequence of n nodes, establishing a single

connection to the end node. 71. The ta processin .
Syt om as. CAATINRG AmassoraiedoncHHBRRIAN ORE BL ST appBAection

S8 fitrhNgle AREIRPhBdEC BEIHL M hdde ShEPS fahction of the

b,
efining”an I ncre nt)g'l rate cost, for each connection
(incremenitakdisfortion eest(@nd the)in¢remeantalireteagostt h node, as
a nunber of bits needed to encode the run val ue and

t ' d th i e i _
T T runbls o8 mopBatRos SRR R ity g the
diAEABtOR MR is dperabRCld gendgnaimtn plagramnsingetp findothe least

an (i-r-1)th node to an ith node, as a distortion ,
iQ@ngQmérpﬁ penreionscinethie pjuralily Rlapenneaiions; yheigin the
t ti . < abl e Lt ¢
R bEBUARERS] ighs K ha TR Rl UL el of
f fiodes foethe@eidinadeent Ck to the coefficient C are

guanti zed to the special val ue; anddefining an

associ at ed increpental cost or each. canpect.. 0Rx ( :
sf%e) from hﬂ"e data RyacersiNg Ry Si%nt%e&?hf{neﬁ 'ﬁoci%!n §§ \&ngem the
fﬁﬂﬂﬁh'ng@arﬂfzattieﬁ thPe' i8ERsHvRd Fbmt tett), dbstasterfiided Bequence of
ihcrenmental rate cost. 72. The data processing system )
aunesizad)itriples ainth the seatienes of nivoetigients byisohViRg arguadratic
IS @é}erable to use dynam c progranmng to find the

| § '%bst sequence of connections in the plurality of
connections, wherein the sequence of connections

exsends froWhe atd predessindesyisterntes defineshioeclaifn 66 netiesin the-

A za o InSe BB 3 R b fpguton of
g ﬁ@ £ dosrdeidniited soqndhe &k Qe  dBy.er mi ned sequence

75. The data processing system as defined in claim 66, wherein

the sequence of n coefficient indices is derived from one of 8x8
block JPEG DCT coefficients, 8x8 block MPEG DCT coefficients, 8x8 block
JPEG hard-decision quantized DCT coefficients, or 8x8 block MPEG hard-

decision quantized DCT coefficients, and the special value is zero.
76. The data processing system according to claim 69, wherein:

the calculation means is further operable to, for each node in the
sequence of n nodes of the graph, determining an output resulting from using
a hard-decision quantizer defined by the t quantization table to quantize the
corresponding coefficient in the sequence of n coefficients, and the size value

of the output;



(run, size, ID) triples and the sequence of n
coefficients by solving a quadratic equation. 74. The

wdavw/psistessi ng system as defined in clai m 66PCTMIAR@I4001559
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the (t+1)th run-size distribution is selected as an
observed run-size distributiog of the tth

cost -det erm ned sequence of T ﬂﬁ, size, ID. 75. The
data processing systemas defined in claim66, wherein

t he sequencg .0 coef fi,Ci [ .hd] [ ri om. 4

one of oxs. DEobiEa BrabETbriEe BT et fff epfiedipghging at
Deily eodefrepiesents afxBsbtiatdd (orCeire)y Faidetaivﬁ'igoah associated size
quanti zed DCT coefficients, or 8x8 bl ock MPEG

h¥alye &vthin greelectiad diffrengerotbier size valvedetamaingd dor node; and
special value is zero. 76. The data processing system

according t e%ﬁérﬁk{%@?gar‘ﬁﬁgﬁﬂﬁ%rfﬂﬁg ggﬁiiéﬁ‘ ltﬁ%ﬁé’FédIﬁ:%HSgraph to

is further opera r- eac I'n the sequence
ofind the dest-detarhngd q@ith wdtht arminiinog ansbdefsumined by the cost

resul.ting fromusjng a hard-deci,ssion, quantizer defined
ofiictieh e 4 PRt s 14 iR B Se e
correspondi ng coefficient in the sequence of n

cpef fi ci ent Theaida Phecsdsiyy ¥pitem aécdriiibgetdisiim 7Bewherein the
graph is a reduced graph such that any connection

edelpatpddiffar@ncade@neepr esent s an associ ated (run,
size) pair having an associated size value within a

sehect ed di faf ; ' v 1.ne
nZ e; and d&ngrén?%%gg)g%?%ﬁ‘ﬁ‘i %}gﬁlérg %ﬁ?ﬁgﬁ}rgéﬁpeg %cgcﬁuence of
t bequeatheseasf rgcagflicientsf bynjdirtlyedetestinihet an outped gpantization table,
Wi th m ni mum cpst determ ned by, the cost function .
A iR isyah e atq e &bl FHens of frisitiignts in the
p§?§@e§r§i§‘8{ R O CHSHCiERLsC h3inA é8st-dBFRInddifRuence of
selected difference is one. 78. A data processing
sgetfficienb indicapreprssagtes by aufital cost-detaroined segfience of (run,

coeffigients by joi.ntly determnin . .
o 19hElRs Whele grcsl SiidNan 08 (0. S by frplgs, defines a
apdire§PEndng RefaaHEs of cobffidictRidicss entis that ())&ach index in the
sequence of sequences of n coefficients, a final

c 68tregporRding nerpuanpecat eoefficient 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, size, ID) triple defines a run value
representing a number of consecutive indices of the special value, an integer
value ID specifying the amplitude of the index following the number of
consecutive indices of the special value, and a size value defining a number
of bits required to store an index within a category specified by the ID value,
and wherein a sequence of coefficient indices together with a quantization
table determines a sequence of n sofi-decision quantized coefficients, the

data processing system comprising:

(a) initialization means for selecting a 0" quantization table;
selecting a 0" run-size distribution, and setting a counter t equal to 0;

(b) calculation means for, for each sequence of n coefficients in

the sequence of sequences of n coefficients,



coefficient indices represented by a final
cost-determ ned sequence of (run, size, ID) triples,

woheresmosiseach sequence of (run, size, |1D) tri pPeF/CA2004/001559
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defines a correspondi ng sequence of coefficient

i ndi ces such that (i) each index in the correspondi ng
sequence of coefficient indi"®%"is a di gital nunber,
(ii) the correspondi ng sequence of coefficient indices

i ncludes a plurality of_val dnel udi n Cl; PR
value, and (iii)etdinga \éhPﬂgﬁ%ﬁr‘]"qrb%bt"%?gpgﬁﬁé%'?énéj?t%b“t'°“
reNforalulste’ BPLEE08L flttctiomEshan afsoviutedcly piealitpdot pessible
of the special value, an integer value |ID specifying
tSRauemeRs Ofi fenosizentD)itHBIeS: f ol | owi ng t he number of
consecutive indices of the special value, and a size

val ue defining a; d ' i

dox wi thin a (0 Saeoing tne bpst SRR 5 ehBh HifRgbiegequence
whetheiassaciatsgl én plurafitycafefdssibile nequientiesesf (fwyestizesrD) triples to
W th a quantization table determ nes a sequence of n
s‘i{ﬁt?["ﬂ@giaﬁ BFSQUUAREICOSE coefficients, the data

processi ng system conprising: (a) initialization neans

for selecting a {m)_f‘sé]él@n{g A 8bcihiel 1) costiReérniifed sequence
Oth run-size distribution, and setting a counter t

eqfu@un,t size); D) Hiplealfun dbe epseriaied thdruralibt ofpessible sequences

ST CTSPT Gk brfef Bhind BepOfeREERTT

quanti zation table and run-size distribution to

fornulate a tth @(osaftéustepi(diy, duplyiag aasaggiegabal costfunction to
plurality of possjhle sequences of un, Siz D
thepheassogiatsd &sﬁt-gﬂemfﬁ?&e Seriiertig o (W S Ryribles for each

pgé@;‘gic% éﬁ%SQﬁﬁié'r@? ﬁrt"ﬁwdé;’]"§éc§ifézr§’ee§f [%éC{he%éé Jfint dodHficients, to

pos € Sequences riples to
ddétermineca dnaggepatatest; cost; (iii) selecting an
associated tth cost-determ ned sequence of (run, size,

ID) triples from.the,associ at t lurality. . I
possi bl e §equengtev§ 'gftﬁ‘fﬁi‘]rﬁgagg%g%tfe F‘fﬁ 'ﬁ? ?L% éssegé%t.'eocp 8Hte”°n’
t BelcaaR§ahatgdqaaatizatidn tabbtand stegidd distribatign wisnige output
an aggregate cost function to the tth associ ated
cauanizationmiatle andjiursizedigtibytion; ard, fqneasgh segyence of n
f%eﬁ%%?ﬂs 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, size, ID) friples as the associated ty, sequence
of (run, size, ID) triples; otherwise determining a (t+1): quantization table and
run-size distribution from the selected sequence of the ty, cost-determined
sequences of (run, size, ID) triples, increasing t by one, and returning to step

(i); and
(vi) encoding the corresponding selected sequences of

(run, size, ID) using Huffman coding.

79. The data processing system as defined in claim 78, wherein the
initialization means is operable to, for each sequence of n coefficients in the

sequence of sequences of n coefficients, quantize in a hard-decision manner



sequence of n coefficients in the sequence of
sequences of n coefficients, to determne a tth

waguedgsitse cost; (v) if the tth aggregate cost POBENA0E/001559
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selection criterion, selecting the tth quantization
tabl e and run-size distributign as the out put

guanti zation table and run-§ﬂ¥§'distribution, and, for
each sequence of n coefficients in the sequence of

38 e Suprrtrents Prapdhs O cprauEAnah B Emine o
f dtflene@BrARA NG StRMeness OR GrRIN0kize! UD) tripless andBhen selecting a
triples as the associated tth sequence of (run, size,

Iop-size gistEbutinref thesseauenee off staifna seguenees of (run, size) pairs
tization. ad run-size distribution fromthe

S %&@d?%rgaﬁéﬁ(ﬁgﬁgﬁ{@he tth cost-determ ned sequences

of (run, size, ID) triples, increasing t by one, and

rgd.ur ni ng tdhedefa pigcessind sysiomascdefineg inrodaim 78, wherein the

correspondi ng sel ected sequences, of (run ize, 1D .

Laaleigatian e %@d?a%ra%@?oyﬁﬁé?a&has . eeésqsfﬁb%?@dsws in the

@ecﬂ@dc@e& ééba neb&of % cdTREhY, M foRlebR!JosaMbI@Bequence of

meahs I's operable to, for each sequence of 'n

c@ahf sizeetDptriples e thee gasodciatest tisplyuality e pessible sequences of

c&effi.ci elﬁ)?r‘ Iguanti ze in a hard-decision nannerthe

s P

HlcTiER Bef ficients using the Oth quantization
table to determ ne a sequence of starting sequences of

(run, size, dékmind #comesporntingesqeenacdi mgoefficient fridices;
di stribution of the sequence of starting sequences of
(run, size) pairs as the Oth run-size distri

but.i on. ..
80. The dat deleFBHNEs3CAFCSPIRARI SSIHERFHE ni%a@ﬁ'é?%wsfﬂc'ents
I e ' i f
08586 0 ERUIAAP PR ORI Rridho Sbaiih of n
seogfloieatindices; coefficients, and for each possible
sequence of (run, size, ID) triples in the associated

tth plurality, of .possible s ey; . Oof 1.z

i plos: - delRIAAE BT RoEh g el e fHerfealetee of
ceséffibiehfand il E8FespiridiigiiEfuehceMfireguattitedoefficients;
sequence of n quantized coefficients

determine an associated total compression rate resulting from
using the t run-size distribution to encode the sequence of (run, size, ID)

triples; and

determine the associated cost as a function of the distortion and

the total compression rate.

81. The data processing system according to claim 78, wherein the
calculation means is operable to, for each sequence of n coefficients in the

sequence of sequences of n coefficients:

provide a sequence of n nodes in one-to-one relation with the
sequence of n coefficients, such that each coefficient C; has a corresponding
i, node, wherein i is greater than or equal to 0 and less than or equal to n-1;

provide an end node following the sequence of n nodes;



using the tth quantization table and the correspondi ng
sequence of n coefficient indices; determ ne an

wazswoosised di stortion between the sequence of PAT/CA2004/001559
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coefficients and the correspondi ng sequence of n
quanti zed coefficients; deterg]ne an associ ated total
conpression rate resulting fromusing the t run-size
di stribution to encode the sequence of (run, size, 1D

i pl es; ' : .
functon of IV bR oRaGfediops, Efledtt plirs of podes to
I edpeesdhit-thd pturdity of poesibis(rog sies IBtriptepr ding to

claim 78, wherein the cal culation neans is operable
to, for eac nce of n cqefficients in the

sequence of Q%ﬁﬁ? i dae @ssqoiaded st & &n ﬁmlq;gdaincremental
SEEMTBE Eadt cOnARLER. (Hih, 302 iR tRNBIUFAIF0F Ebnitedinshe

sequence n coe clents,” su that” each coeffici ent
G has a corresponding ith node, wherein i is greater
than or equédetarmineandepet soshaeaensguaf ganneciions from the

PPEVREE R PORLRERS wfeieBhHEe shiie EERE G ndedhs Biiefas from
ngéetirst Aode M BrResEqUnee Rf wiridddsytodhe pPETiddes ahdun

size, ID) triples; determ ne the associated cost as an
associ ated increnental cost for, each connec

tN’ﬂ(‘)n (.rur] .

si ze) in t heejraming fheycost-detprreed sRguenRs et (imesize, ID) triples
I SES b fromthe plurality
oﬁaﬁﬁwﬁgé‘%?ons?gaﬁg?@enwggggﬁce of connections
extends fromthe first node in the sequence of n nodes _
t 82t he end Mbdedatanprotessingi systemeas aisfingdt ior elairaB1, wherein

sequence  of (ru ize, 1D triples fromthe | east
CB&V@@%G@%B&"@ﬂyé’iﬁﬂ@@??t _cog%qnsgﬁe data processing
systemas defined in claim8 1, wherein providing the
plurality oforceastedodens tBehs&sce bfm Aadbs neding ait least a

t he sequence of n nodes having at |east a )
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, establishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

for each node in the sequence of n nodes having less than the
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node
by the maximum size number of connections wherein each connection in the
maximum size number of connections corresponds to a legitimate different

size value; and,

for each node in the sequence of n nodes, establishing a single

connection to the end node.



maxi mum run nunber of predecessor nodes precedi ng that

node in the sequence of n nodes, establishing a
waoanieroomssi ze nunber of connections connecti ngPCMATIA2004/001559

node to each node in the maxi mumrun nunber of nodes

precedi ng that node wherein Sqaﬁch connection in the

maxi mum si ze nunber of connectdons corresponds to a

legitimate different size value; for each node in the

seguence of_n node I ; t : i r :
Tifloer of | preudaEeogeBeld s vSkin b ER TERIELE)  Whprein the
SEHG@RREN Phedhs RIGSeradE i for each riqueade df m abéffioiets in the
precedi ng that node by the paxi num size nunber of

cenfusnce &f seqneneasoldheneifisientst i on in the nmaxi num

si ze nunber of connections corresponds to a legitimte

different sjzg v li‘ﬁéreﬁ{éﬁg?lfr%'}'t]e g8sh f&f’ggﬁzﬂ BohRéction (run, size)

sequence of n nodes, establishing a single connection
5 tfporhen @adl)podeleSR. am hendde,saspa ocadsr of bity sieeded 4o encode the

defined in aim8 wherein the cal.cul.ati S

o Vave g the si2ecvalhe S88 Bk e GerRRuBE et IR T ew run-
t §ie SRAHSIRfSH: of sequences of n coefficients, define an
increnental rate cost, for each connection (run, size)
froman (i-r-1)th node to an ith node, as a nunber of

bi ts neededdefineeapdaerementaldisiertior cagb foneagh senpgetien (run,

and cQ n 'QH [ %{(-I [ t ﬁje%l

d§|§?i Frgm i%m—srg@?‘icﬂne ar;tgi nc'r”bﬁ%n ’a&gidgggmﬂkho[ﬁé@ost ’ewhen the
10 f ebeftiaiRint COrigegiantined ) via, thel &e)qlartization (table, 1ptthersize group
to an ith node, asadistorﬁ i ncurr

' d t he.
S alied dut e $ize el st ofthe rbaHeRie APPSaIing fom the

t ot ' 0eck i gt 26 .
FRPAPHPR PRl Gt bt Lhposiiepsiie: and
coefficient Ck to the coefficient CMare quantized to

t he speci al defineian assdcidtdd imcremeniad oestafarach connection (run,

I ny t gl . f h c ti A
F BEAS TRe1 e Bt owiie (8 PO RS e UBor offEhypromental
15 OHistdHfioh ResEARN R incremental rate cost.

84. The data processing system as defined in claim 81, wherein the
calculation means is operable to, 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
20 the sequence of connections extends from the first node in the sequence of n

nodes to the end node.

85. The data processing system as defined in claim 78, wherein the
(t+1), quantization table is derived from the selected sequence of the tin cost-
determined sequences of (run, size, ID) triples and the sequence of

25 sequences of n coefficients by solving a quadratic equation.

86. The data processing system as defined in claim 78, wherein the

(t+1)n run-size distribution is derived from all of the ty cost-determined



distortion cost and the incremental rate cost. 84. The
data processing systemas defined in claim8 1,

wohere@mosist he cal cul ati on neans i s operabl e to, PEDICAREIIN01559
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sequence of n coefficients in the sequence of
sequences of n coefficients, using dynam c progranmm ng
to find the | east cost sequeﬁ%%'of connections in the
plurality of connections, wherein the sequence of
connecti ons.ext ends frepwghe @irst node

Ph A

SO PT AP rosee: JBTHETcall SeduneT g8 birn. Cfgffigients in the
%&ﬁﬁﬁb%s&ﬁﬁbﬁ&é@éfﬁ@ééﬂiefénw claim 78, wherein the
(t+1)th quantization table is derived fromthe

sel ect ed seguence of the tth costdeterm ned sequences
o87.(run, sizbe dpty pracessieg systenas delfiashipelaim 78, wherein the
S S filCl : s VA i

SORTER oGhedleBy o i ol REficSs R derieaicih ook of &8
CIREG D8T ouetiiciemts| &e8 MPEGIDTCT eoefficiantsli 848 JRGi hardidecision

derived |1 of t tt - det i hed
oruaied HEE Caesfcipnts. 4 Bx RERE S dpaan s tived DT
'Tﬁ%éfﬂéeﬁ%g‘éﬁa%e% eSiSANS S z&o. n coefficients. 87.

ata processi hg systemas defined in claim 78,
wherei n the sequence of sequences of n coefficient
i 88l ces i s TbeidatalpfacessipgsyrteroacessingpelanT 81, wherein:
coefficients, 8x8 MPEG DCT coefficients, 8x8 JPEG

har d- deci si j : I, 3 -
har d- deci si ﬁﬂe @%%ﬂé"?éggs'%yg%ﬁ ?‘f'@'?%:#@?p@%e ;f %eé@&pmde In
Sﬂ@é?ué’r&{eu@f 1131_06%§<1bf t&ﬁ.grﬁph, datﬁarmmngmbm@usysstldﬁmg from
ySienPY BRIhEpCisiTbasEb et GetBanbHale h LREtzalon table to
S A . I 1 1 .
SRR B RS cLOmcRre g S0 Rl o Btctnt, and
ditfa sied vajuet dfthetdutppiant i zati on table to quantize the
correspondi ng coefficient in the sequence of n

o T e e S e S PSR v
eBHy, ModatreprasehtslanRBbERRY GuANsiaey pairdaeihyg anidssociated size

si ze) pair having an associ ated size .
value within a selected difference of the size value determined for node; and

dynamic programming is further applied to the reduced graph to

find the cost-determined path with a minimum cost determined by the cost

function among all paths over the reduced graph.

89. The data processing system according to claim 88, wherein the

selected difference is one.

90. A data processing system for compressing a sequence of N
coefficients by determining a cost-determined sequence of N indices
represented by a corresponding cost-determined sequence of differences
under a given quantization step size and a given size distribution, wherein
each sequence of differences defines a corresponding sequence of N indices
such that each difference in the sequence of differences is a digital number



value within a selected difference of the size val ue

determ ned for node; and dynam c programming is
woéuodshesisappl i ed to the reduced graph to find PO®CA2004/001559

cost-determ ned path with a m ni mum cost determn ned by

the cost function anong all paths over the reduced

graph. 89. The data processing System according to

claim 88, wherein the selected difference is one. 90.

PR BP0 LR 8 PGB B ran

saRd fRReahah N1 thedl ¢#ta preds $psteycampisingspondi ng
cost -det erm ned sequence of differences under a given
quanti zation step. size and a_given size distrihbutjon .
wher ei n eactp)Jagaliatorgneans iy usie dheigepiiagtization Step size
Cahd O Y r{‘Qiﬁ‘ee&i'éﬁmioﬂfto'\fomglﬁsa eU&ineAbn¥8F A plurality of
difference 1 n the sequence o Ifferences is a digital

5 npossiblepegjuengesof differenmisxand) ue minus an (i-1)th
i ndex value, i being greater than O and |l ess than N-1

, the data processi syste [1Si NG ,

initializat P@ncﬂ%gl?g%f]o e@?lg]n%?{%ed Ig‘bgewqué?ﬁ fuzngftlpgnto each
ShB8sibieZ SeGiichddth dhey pluraiiBeotipsssibutequences of diffextaces to
a cost function for a plurality of possible sequences
ofletfirnfiae cAg egssegigted wostarpadi seleshinge i’ ¢yresponding cost-

a e ! =
BBl e 5, P LS Y B § PR Bauences
t of diffeiemcae lbases DPC ks edsoosted awdt,sahdcdétegmirtieg the cost-
correspondi ng costdeterm.ned_sequyence of difference .
{ ABIATTIRESEAPNES RN FEISPDITAT Hif CAEESPRRIING costdetermined
di : n the associ ated cost, and

dg%é%n'%r%?ﬁgd'ﬁﬁﬁgggtdeterm ned sequence of N indices
fromthe correspondi ng cost-determ ned sequence of .
doflf er ences Theldatahprodessing sysiens as gledined dnmclaimdd whegein the

[ | ai.m 90 wh ' | at i [ | .

B BB BT e BB R vty o
15 PpossiBlecdiffefdegnces: deternmine a correspondi ng

sequence of N indices;

10

determine a corresponding sequence of N indices;

determine a corresponding sequence of N quantized coefficients
using the given quantization step size and the corresponding sequence of N

indices;

20 determine a distortion between the sequence of N coefficients

and the corresponding sequence of N quantized coefficients;

determine a total compression rate resulting from using the

given size distribution to encode the sequence of possible differences; and

determine the associated cost as a function of the distortion and

25 the total compression rate.

92. The data processing system according to claim 90 wherein



determ ne a correspondi ng sequence of N quanti zed
coefficients using the given quantization step size

wanaetoagiscor r espondi ng sequence of N indices; HETEARIW@®O1559
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a distortion between the sequence of N coefficients

and the correspondi ng sequencg of N quanti zed

coefficients; determne a tot ?'corrpressi on rate

resulting fromusing the given size distribution to

encode the Of ' i GFsin :
det erm ne t%ggiﬁ{sbo%gﬁ 'gttggqiiétﬁbg%%aéélgﬁgp i on oefé‘?th%f M possible
dirgfiegst i on and the total conpression rate. 92. The

data processing systemaccording to claim90

wher ei neach inde]x iﬂ the N i.ndice i? sel ected froma

set of M pof§ gAlevip ﬂri‘éré%a,nst'ﬁé)p@ﬁswﬁl%ti on means is
operable to provide a sequence of N stages in one-t

-one relation w be\iiJj@ S 8aye8cE of NNsERR!d irf bABLtS-one relation
wherein Nis an integer greater than 2 and the

s iifhetheesasfuencet eighl scagfficienise véereinoth ia areindegerngeeater than 2

an 1 th stage C t (i 0 e.l

S APHaDR SR RhRE TN BabE ot ioroitR B a0 Stade to an (N-1hw
adiafyéef,lﬁcﬁ that i) 2het Ferotstgge id ianéceﬁ@@dﬂ a ﬁl’_fst Staﬁ,(ii) the (N-1)wn
bei ng an integer between 1 and N2 inclusive, IS, .
agfagecint adipoght (tp-(N-2hn ftage, Hil eagh(iin+3hagen isheige; an integer
p i e i . 2 i h .
CBRHE 1 B EP B SRS RSN, Sk o (4
refagesents a possible index in the set of M possible

i ndi ces for encodi ng an associ ated coefficient in the

o1 doedi ng 1 he zePEYiinB PIiiRURLeHdRs T cethisidus BB seavence

COFN &18§8s AwAbrtih @abR MR dePh@4estag® répriskehis &fpossible index in
connections for connecting each palr of nodes in =
athesehof M agssible indices for encoding an associated coefficient in the

sequence of N coefficients;

provide an initial stage preceding the zero node, wherein

the initial stage comprises a single node;

provide a plurality of connections for connecting each pair

of nodes in adjacent stages;

determine the associated cost as an associated

incremental cost for each connection in the plurality of connections;

determine the associated cost as a least-cost sequence
of connections in the plurality of connections, wherein the least-cost sequence
of connections extends from the initial stage through each stage in the

sequence of N stages; and

determine the cost-determined sequence of N indices

from the least-cost sequence of connections.



deternm ne the associated cost as an associ ated
i ncremental cost for each connection in the plurality

woRomonsiset i ons; determ ne the associ at ed cost PaAE/CA2004/001559
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| east - cost sequence of connections in the plurality of
connections, wherein the | east-cost sequence of
connections extends from the 3% ti al st age t hrough
each stage in the sequence of N stages; and determ ne

t he cost-deternined se of N_ingi f .

g o, AR oS8T B g2 Sunerin e
RIAG A FO N ehetinat i8 BpRpalsieftonase idynahic m%?amﬁg&bﬁime least
cal culation neans is operable tg, use dynam c

mosy sequees elcarinestionsin eRlurdst oleRERENHf
connections in the plurality of connections. 94. The

a processi - i . _—
" Bauenct oPaR! BsER Sl STplohE 3s i fighim 90SURL i the
csfufenciecot Bl eoeffigiemts iare orieCof @E féasifficiestsdandquintized DC

froman image in JPEG and NP 5. /[ Th at a
M@%ﬁ‘ﬁﬁgjﬂ%Q@@éFﬁ"&@nd@@gﬁéﬂEﬁnz-cglaﬁfjhlggg\mher ein the
cal cul ation neans is further operable to, for each

sg;ge in thens aaUeprRe8tinY $yistdifisas defirRidiinndlaim 92 wherein the
har d- deci si on i ndex using a hard-decision quanti zer

dedlculatiobynedns igifudheiyopenableta, Jor eagh stags igdhnasesyence of N
t%e correspondi ng coefficient in the sequence of N

cP8¥FPci ents; and, select each node to represent a

sel ected possible index within a selected difference

of the har ddsteaniiecn hardidscisionhintéausingea bambdedtisioa quantizer
reduced stage having fewer. than Mnodes. 96. The data

pdeiteed iy tag saiuAn .uarlization Rblel ip AURNtZG HiSiGerigRPonding
c ; W e 0 mmng to find the
BB SRRt BT R e o Tl Ul 1y of
connections. 97. A data processing system of

conpr essi ngseleseeprmoedato represéiit a selectedupgogsihiladngex within a

ggélgé .dnéiﬂgre%rc]:e%%l?éj Bar%fggct:ig%)%tihgenx gﬁcﬁpthsait fife st%ﬁe is a reduced

stage having fewer than M nodes.

96. The data processing system as defined in claim 95, wherein the
calculation means uses dynamic programming to find the least cost sequence

of connections in the plurality of connections.

97. A data processing system of compressing a sequence of N
coefficients by jointly determining an output quantization step size, an output
cost-determined sequence of N indices represented by a corresponding cost-
determined sequence of differences under the output quantization step size
and an output size distribution, wherein each sequence of differences defines
a corresponding sequence of N indices such that each difference in the
sequence of differences is a digital number equaling an iy index value minus
an (i-1)n index value, i being greater than 0 and less than N-1, the data

processing system comprising:



cost-determ ned sequence of N indices represented by a

correspondi ng costdeterm ned sequence of differences
waQnasroosise out put quanti zation step size and aRCODAMIAROL/001559

size distribution, wherein each sequence of

di fferences defines a corresg&gding sequence of N

i ndi ces such that each difference in the sequence of

differences is a digital nunber equaling an , index

val ue m nus,an (i 1 ' I g hehn .
than 0 and @s‘g&'@!{%\%ﬁ% }f'%%%? ﬁéﬁag@“ﬁg %ng%u%éﬁ%ts ne%t]ep size
cand ai G, aze(ditribatibh 2And eétting anmamtef tquetteeeiong a
Oth quanti zation step size and a O h size
di stribution, and setting a_counter t equal to zero;
(b) cal cul a&?)cﬁ?kﬁﬂﬂéﬁ'@" 'f“@%”?i‘?rusi ng a tth quantization
step size and a tth size distribution to fornulate a
tth cost functiopg agtt.h gl ' osiskb size
sequences of difpzeLrlégﬁgeg; k idi?u%é@tgépe}twhngt?iﬁeﬁ?téhé@gs? fn _
5 f distriibhution do facmupaiesa Hihecssiq ioni fort metut phurality of possible
pluralit f..possi bl e sequences of differences to
d%?%‘l'e?ﬂcf% Qgrﬁj' &'€BEP %t ed cost: (iii) selecting a tth
correspondi ng cost-determ ned sequence of differences
fromthe tth plu(igl iapphahgptissithl eostedurciies twf each possible
di fferences based on the associ ated cost; _&i v) if the )
t sequeNGeiFhAdiniRiUlYt ofRassiie sedUSReRReAcdTgFences to determine
dif f ether with the tth quantization step
s%‘ég%%ﬁ%%ﬁjeé@h size distribution neet a selection
criterion, selecting the tth cost-determ ned sequence
of differences a§iii)heetaatng aodt -cerespomdidgseqsizdetermined

of differenc the tth quantization, step sizg as_th

o UENER it ABerPRReS (ol o b A, S ndediBie Sebu8nces of
digfHarbmetd 98sePonh fife asdduibdted\¢aBE i zati on step size, and
a tth costdeterm ned sequence of N indices as the

out put cost-determ ned sequence of N indices; |

ot her wi se det er ni(iN) ifgthg thtcoriaspopding cosirdelarmingg saquence of

a +1) i.ze. gi.shrd butj t t ;

cStiétabbérnbhetidoyinnls B diRiizeBBh ep Slke and the t, size
distribution meet a selection criterion, selecting the ty cost-determined

10

15
sequence of differences as the output cost-determined sequence of
differences, the ty, quantization step size as the output quantization step size,
the ty size distribution as the output quantization step size, and a iy cost-
determined sequence of N indices as the output cost-determined sequence of
20 N indices; otherwise determining a (t+1)y quantization step size and a (t+1)m
size distribution from the ty cost-determined sequence of differences,

increasing t by one and returning to step (i).

98. The data processing system as defined in claim 97 wherein the

initialization means is operable to

25 quantize in a hard decision manner the sequence of N
coefficients using the Oy quantization step size to determine a starting

sequence of N indices, and



increasing t by one and returning to step (i). 98. The
data processing systemas defined in claim97 wherein

woOheosionsisi al | zati on nmeans i s operabl e to quant PE&/CAR0E/001559
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hard deci si on manner the sequence of N coefficients
using the O h quantization stgq size to determ ne a
starting sequence of N indicé§, "andto select the Oth
size distribution as a size distribution of the

starting segyengetaheNy) @i&%?strigﬁtioﬂ_ Q\?é{fe distribption of the
processi ng system as detined 1n claim97 erern e
catartihgsequemmaosNiisdioper abl e to, for each possible

sequence in the tth plurality of possible differences:
determ ne a.correspondi ng sequence of N i,ndi ces; .
4EBer m ne & 106 JEB RGP HING SYSERT & et A, Aau47 wherein the
C Qaidul4tioRth8ans is'8hérasld fol fétedith! Fodsinhe ség@@hcﬁ Fthand plurality
t he correspondi ng sequence of N indices; determne a

diof possiblerdifferansen: t he sequence of N coefficients and
t he correspondi ng sequence of N quanti zed

acul ting 1 oG iectebRbde SROES A ERLE;

encode the sequence of possible differences; and

det er m ne t kieterasine aad@respostingsseyuence taf dhqoantizee coefficients
distortion and the total cqnpressjon rate. 100. The
dé@ﬂ‘%?%@sﬁ@t@?%@rﬁ%ﬁe&? ahg eoipsiadinn adignoe of N
eatdicéddex in the Nindices is selected froma set of
Mpossi'bl e indices; step (ii) conprises: providing a
sequence of N stages in one-to-one relation with the
sequence of deterseineia distedionibriween tRei sequencet @igrcoefficients

0138155 chHERpangB s=4Be B N ety By ARt
determine a total compression rate resulting from using the ti

size distribution to encode the sequence of possible differences; and

determine the associated cost as a function of the distortion and
the total compression rate.

100. The data processing system according to claim 97 wherein

each index in the N indices is selected from a set of M possible

indices;
step (ii) comprises:

providing a sequence of N stages in one-to-one relation
with the sequence of N coefficients, wherein N is an integer greater than 2
and the sequence of N stages are ordered from a zero stage to an (N-1)
stage such that (i) the zero stage is adjacent to a first stage, (ii) the (N-1)w
stage is adjacent to (N-2)i, stage, (iii) each iy stage, i being an integer
between 1 and N-2 inclusive, is adjacent to an (i-1)n stage and an (i+1)m

stage;



stage such that (i) the zero stage is adjacent to a
first stage, (ii) the (NN1)th stage is adjacent to

wORe@)joosis1st age, (iii) each ith stage, i bei ngPamCA2004/001559
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i nteger between 1 and N-2 inclusive, is adjacent to an
(i-1)th stage and an (i+1) th_ stage;providing a
plurality of nodes in each stége in the sequence of N
stages, wherein each node in each stage represents a

possi bl e i ndex i - e DOSsi i ndi f .
encodi ng an asso@ﬁoyi?cgagc%eghr%n&nﬁi'ﬁd Se“ge%%%ncsgég? in the
M@@@éﬁdéiwm%t\iﬁégywewirﬁ@abhi hode inteach ptagedepgesents a
t he zero node, erein the initial, st afge conprises a
spegsiblenipdex iprtbeisata) M pRssikieiingices Tob ensetingnan agsociated

gcg@ée?‘ﬁ&bh{‘ﬁh tﬁ?‘;]s'eéqﬂé‘hée ot {\lggﬁﬁggcsi%ﬁ‘tsadj acent stages;

m ni ng assocCl a as an associ at ed
increnental cost for each connection in the plurality
of connections; pevidimgnianginitial astageipreeddingsthaszero node,

| east -cost. sequence of connections in the plurality of
c\‘_‘fﬁﬁéed'f' ﬁb%g‘,‘“ﬁiﬁ%% %OWRBS?Seﬁﬁngg%QPdg’equence of
connections extends fromthe initial stage through

each stage in th?rcﬁ&ﬂh@@@lmélitv oft @gemsctiond for connecting each
determning the t"i cost-determ ned sequence of N

i pair oépotiesin adjacenimxidgesist sequence of connecti ons.
101 . The data processing systemas defined in claim

100, wherein st eﬂe@rﬁéhﬁdﬁﬁﬁ?ﬁés%&’&@%&et,soé{sbggan ass?ciated

dynam c progranm ng east cost sequence o
cimenanthiahsostrfot backpconaddtion infthe phurality iob esnnactibnsThe
data processing systemas defined in claim97, wherein
t he sequence of glf?oef.f.i cients are

§

’
coefficients and éﬁ’ﬂ'?'?%&h%esﬁ%%?tﬁggq%ég?g Qadq(g?ﬁ;%%st sequence
f 6PERHECHBRE h tHe PIRESH d)gﬁﬁc&ﬁ%étioﬂ@?whé]@w il Rast-cost sequence

t
processing system as fined in claim 100 wherein the
caf cohaecionsrextends frope thg|ivitiab stage thrapghseagf stage in the

t 08 ELEHAS sRlgdy; Bhaves:

determining the ty, cost-determined sequence of N indices

from the least-cost sequence of connections.

101. The data processing system as defined in claim 100, wherein
step (iii) further comprises using dynamic programming to find the least cost

sequence of connections in the plurality of connections.

102. The data processing system as defined in claim 97, wherein the
sequence of N coefficients are one of DC coefficients and quantized DC

coefficients derived from an image in JPEG and MPEG.

103. The data processing system as defined in claim 100 wherein the

calculation means if operable to, for each stage in the sequence of N stages,

determine a hard-decision index using a hard-decision quantizer
defined by the given quantization table to quantize the corresponding

coefficient in the sequence of N coefficients; and,



determ ne a hard-deci sion index using a hard-decision
guanti zer defined by the given quantization table to

wquerstoozisit he correspondi ng coefficient in thePeequemMma®1559
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of N coefficients; and, sel ect each node to represent a

sel ect ed possible index wthi g a selected difference

of the hard-decision i ndex sUucR that the st age is a
reduced stage having fewer than M nodes. 104. The data
processing %)éﬁetcﬁ@h@ﬁ S8k 18 5dpiedehi Qé@\e]c%’d pYB&HR! iRdex within a
step (iii) further conmprises using dynan c' progranm ng

t selectat] tlifferdresef the dtard-eeguivreindex sash ¢icdtithastage ishereduced
plurality of conpnections. 105. A conputer program

plsg?ﬁ?ctﬂa ing fewer AN M OQABSt er systemto conpress a
sequence of n coefficients by determning a

cqay: det er MRAy5RAMVESsiAY $ytanl &4 ClefiRbd iIREIARE 103, wherein
represented by a cost-determ’ned sequence of (run,

sistap (ili)Durther siosprisesdising dynamicnengravaing fotfinsl edeest cost

< 323 Bt foriezbbeh ey PREREMHE cquence of
coefficient indices such that (i) each index in the

cqoeespondi wycerputarasrogfarnqabtiuct fontugendin @esomputer system to
digital nunber, (ii) the cgrrespondi hg sequence of .
c6eMmnrese spAdebe’ af it cogtisients ki defenniging,a) ¢rsd-determined

| BEUHENED ofn SRRt VdiHES reHtEsehtchiloy At itiBrmietisequence

nes a run val'ue representing a nu
ofof cousesine, viD) tblessundert lae giymeciquiantizbtien table and run-size

¢ SHSTERHHER HEDSTEI Baohr SRR O VEUR 16 Iyt S Gefines
S e%%gbowéshggseq@%cé oficeeficiditandigbs BuUBH tRat@B8¢h fdex in the

bits required to store an index Wthin a category .
speuiespedding seéguermey of goeffidientcipdjngseis ardigitalnnumber, (i) the

product conprising a cordi.n ' .

P GBS b OTE: ol heB, AP HEER Ry Inelhfes Mty of values

CoHBNdiAg asssdcrNvialud) eindqlilnebBR (RireRReQ1D) friple defirks 4 Ren value

gi ven quanti zation table and run-size distribution to .

f 6epigsaning acygnbevekeonsecuive indiees af theyspeciglogdiey|an integer

SGAURNGBS s P cifyilG the! AfplitUde bF AkCfidex following the number of
consecutive indices of the special value, and a size value defining a number
of bits required to store an index within a category specified by the ID value,
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) using the given quantization table and run-size distribution to
formulate a cost function for a plurality of possible sequences of (run, size, ID)

triples;

(b) applying the cost function to each possible sequence in the
plurality of possible sequences of (run, size, ID) triples to determine an

associated cost;



(b) applying the cost function to each possible
sequence in the plurality of possible sequences of

wOnrws/00sisze, ID) triples to determ ne an assocPar®A2004/001559
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cost; (c) selecting the cost-determ' ned sequence of
(run, size, ID) triples fromjghe plurality of possible
sequences of (run, size, ID)”~ tr pl es based on the
associ ated cost function of possible sequences of

(run, size, |\D

correspondi ‘1‘% %el[eéfétégﬁg %@Z@E&ﬁﬂhgﬁ engg)of rIuPS size, D)
ugripigs fighf thnpleality of b@ésubl@weeqwme&rf (mmgsﬁaemlbb mbies based
according to claim_105, wherein step fgg)rl se

f e thearseRiatedast durpiion P@ISS'PFQJﬁeqlﬁFE@S qfhyun, ﬁiza ) triples;

I ?&%%CBPH{?aﬂh% %/orﬁiter ﬁiﬁ%ﬁeé@?(ﬂ%@@e@on f((FlH'ges(lq 2 ﬁ%lrs using

oHuffmoeéddingent indices; (ii) determning a
correspondi ng sequence of n quanti zed coefficients

th ant t {a dt
ujb{égspoﬁd THE LettiRAeE PRidrAMLR AR AlthrtiGuto.glaim 195, yherein
le?‘ %bﬁﬁpr%e@' ﬁ:ir%etdh%bd%ﬂilé@@ﬂuéﬁée aﬁquﬁngeeofD)rtnmes in the

ficients and the correspondi ng sequence of n
qpumalityea peseibla sequanses Of (ungsizer IR)ATREsa t ot al
conpression rate resulting fromusing the given

run-size di ?i? {:lgfétrhﬁﬂl nba e@ggggpéﬁﬁnﬁegégﬂéﬁc@fof(F\u befficient

size, ID t and(v) er m ni e assocl at ed
coslicess a functlon of the distortion and t he total
conpression rate. 107. The conputer program product

according to.claim 105 wherein step ris

(i) provi di z'{;? JetiniaHi %fCOﬁr%%&a’é‘Q'”é %ﬁ‘?é‘et ofL N quantized
I ebaficihty th ehé @Véﬂcﬁuﬁﬁtlilatf&?ftéb@ %\'Pkfs’théu&ﬂrespondmg
t hat each coeffi cien has a corresponding ith node
wisegeence of i coeligient lrtdms or equal to O and | ess than

or

(iii) 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-size distribution to encode the sequence of (run, size, ID) triples;

and

(v) determining, the associated cost as a function of the

distortion and the total compression rate.

107. The computer program product according to claim 105, wherein

step (c) comprises:

(i) providing a sequence of n nodes in one-to-one relation with
the sequence of n coefficients, such that each coefficient C; has a
corresponding i, node wherein i is greater than or equal to 0 and less than or

equal fo n-1;

(ii) providing an end node following the sequence of n nodes;



equal to n-1; (ii) providing an end node follow ng the
sequence of n nodes; (iii) providing a plurality of

woams@osisons bet ween pairs of nodes to represeRrCTIA004/001559
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plurality of possible (run, size, ID) triples; (iv)
determ ning the associ ated cost as an associ at ed

i ncrenental cost for each con®ction (run, size) in
the plurality of connections; (v) determ ning a | east

28?%5??SﬁQ?I%V@F@wﬁ%%ﬁ@hﬁagéue&een%?ggﬁwzg%wégﬁspaws of nodes
?ésér{ %8 giﬂ@amx éﬁb?aﬁ% (riin [dife 3BYURNES Of n nodes

t een determnlngthe
cost determ ned sequence of (run, size, ID) triples
fromthe | efiv} determivingeribe @ﬁse@nﬂt@@t cef aqo@n ageociated

eﬁ%ﬁﬁtgﬁ’ %Jphagélﬁggﬁé%cﬁgﬁni J ,%?&8 (l)ﬂ Hgéc ?!Iug%rxllﬁgéf connections;

conprlses (i) for each node in the sequence of n

nodes havi ng)adetbgasinganeasiuostrasyuensbeast afnnections from the
predecessor nodes precedi n%h%hat node tn t he sequence

oplulﬁalmrsd>é§on@§9%m$,s\ﬁhw&lra SEAUPRCS P Chlegionss extends from
Cﬂi@ﬁ%{ O irfFHRNGSI efx%etotFﬂtndH%‘%ecottﬁe %ﬁemda%danun the

maxi mum r un nunber nodes preceding that node
wherei n each connection in the maxi um size nunber of
connect i ons(pdetesminiog the cast-deferminedeseuensecft(rgn, Aze, ID)

value: _(ii) for each node ce of n nodes
hﬁVﬁﬁ%ﬁéggbeﬂﬂéﬁfQ9§ ﬁg§9Qﬂﬁﬁg9ﬁ$nﬁgﬁ®§$ of predecessor
nodes preceding that node in the sequence of n nodes,

cqpgect i ng TRatcongsiget programnmddaciasdefitieddin tiaim Hedewherein
by the maxi num si ze nunber of connections wherein each

c braviding dhe pivralify ofeRNRSGHAISAOMRIASS: of connecti ons
corresponds to a legitimate different size val ue; and,

(iii) for g?q’orné?g&? hBdENA tAE ¥eGRERcOF ™ ﬁ‘é’&’@ss havmi; at least a

establishing”a single connection to the end node

Theaxdowpuirean murohearof ppredecesser mdemﬂecedmgathﬂtlmde in the

\M;eauence of n nodes, establishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

(i) for each node in the sequence of n nodes having less than
the maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node
by the maximum size number of connections wherein each connection in the
maximum size number of connections corresponds to a legitimate different

size value; and,

(iii) for each node in the sequence of n nodes, establishing a

single connection to the end node.

109. The computer program product as defined in claim 107, wherein

step (c)(iv) further comprises:



step (c)(iv) further conprises: (i) defining an

incremental rate cost, for each connection (run, size)
wobnrawansf{i -Mth node to an ith node, as a nunBer/caR004/001559

bits needed to encode the run value and the size val ue

and the corresponding index |IDQ using the given

run-size distribution; (ii) defdTing an increnental

di stortion cost, for each connection (run, size) from

an (i-Mth i a_di,startion .
Mncur et wnal e 3 hdefitita) Mottt s N qonnestion un
sisize)grfrorm spéiaifliedoby tohen i zeoderlascaanmbét opbits feeded to
r coefficients appengl ng .fromthe coefficient G-r t

0
t RACegerthe Ky Malugjand HeSizr ¥alue A the qanesppeeingindex ID using
VQhé’%iveﬁ‘f\‘ﬂln(éi%éHis%dtmnng an associ ated increnent al
Cco

st, for each connection (run, size) fromthe (i-r-1)
th node to the it h node, as a function of the
5increnmental (i) defimningan nesemental iistoiticer evstnfarl eactt eonnection

. 11Q.. Th TP t .defined in
Al R e SRR Dhciof BAT M i s-5 st dies lefgd when
dytn@NceeficRaTt NS @iahfzéd 16 thd 8idecglupCasdcifafiB9NRE e value
connections in the plurality of connections, whéerein

t adsalhplined eseflicianie anpaasing fram die coefficiemt Gii tosthe coefficient
nﬁe?&%ﬁhgﬁﬁfﬁﬁ%g%&giﬂ Vg@%généo the end node. 111.

The! pr ogr am™produc efined in claim 105,
wherein the sequence of n coefficient indices is
10 deri ved f r oriip definihg SrBasdonidted RickeMEhtal @obf, ifor €ads connection

8x8 bl ock EG .coefficients, 8x8 bl ock JPEG .
thlH‘-,d%E%%méﬁg@ﬂ-z t BRge cderthecitediade. ias g fumgtipnk of the

VRRGGourslQfiBiRh BRBHEARY iRl Tt ks, and the

special value I1s the zero clent and
quantized DCT coefficient. 112. A conputer program
prid@uct for Theecamputet pnparasy pesict as definedn eimal 07, wherein

: SEHE SR NSRBI bR B BT B o BTG R T e Tt cost
15 r apyaertd oficphngotibhs ¥n tHe plasditp bEcoRtetibAS SWRéreld tHe sequence
size, ID) . triples, which, together with the

C&fp@gpgﬁmnﬁgeﬁﬁe% ér@m ;he first node in the sequence of n nodes to the
end node.

111. The computer program product as defined in claim 105, wherein

the sequence of n coefficient indices is derived from one of 8x8

20 block JPEG DCT coefficients, 8x8 block MPEG DCT coefficients, 8x8 block

JPEG hard-decision quantized DCT coefficients, or 8x8 block MPEG hard-

decision quantized DCT coefficients, and the special value is the zero DCT
coefficient and quantized DCT coefficient.

112. A computer program product for use on a computer system to
25 compress a sequence of n coefficients under a given quantization table and
run-size distribution by using a graph to represent a plurality of possible
sequences of (run, size, ID) triples, which, together with the corresponding in-

category indices |ID and the given quantization table, determine sequences of



indices I D and the given quantization table, determ ne
sequences of n quanti zed coefficients, wherein each

weoeemsmsksi of (run, size, ID) triples defines aPCT/CA2004/001559
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correspondi ng sequence of coefficient indices such
that (i) each index in the COQZespondlng sequence of
coefficient indices is a digt nunmber, (ii) the
corresponding sequence of coefficient indices includes

[t I |.udi i al , .
oSl RS SRR Soqlehelor (A ) s
I gefigsE Al b@@e@d\ﬂh@%e@ﬁeﬁ@@&ﬁ%ﬁem@ehﬂmm Qilch ieat (i) each
speci al value, an integer value |ID speci

atiglexn de @prrfzﬁeonqha@ﬁeﬂ@emwhgoefﬁﬁleﬁb'tmy@es(ds a digital number,
vgﬁ itgg gfc*r}’eesdo'ﬁﬁ'iﬁiﬁ §ﬁ§ueﬁ5§e og IB?fo@en‘f Ei‘lluéi'ige§ %lé‘eé 'azﬁlurallty of

Ining a s require
| palenss\vintlodimgt ehlspeaiadagaluxe apdqui)lead:hk(yum heizé DD)athple defines a

o ﬁ%ﬂéﬁéﬁ?@%@%gg Hg)@uc cpﬁg %@E}eﬂl a reCfo’che sp%mal value,
' Bﬁtlﬁt%! H)Qlubhﬁ m| rthé%nﬂﬁﬁ%@é Bﬂﬂéelnﬁbﬁl@élldﬁ\?mg 98 number

u3|ng eglven tiron tabl e and run-size
dobtconbecutive tndites mfl teespeciabvaiumandm sine walue defining a

| it f f. i 1.5
iibstol bl rBRGTET 1 sfiie 2 PRk Siel ty c3tsbEh Bitdifieq by the
pﬂ§$/'ame.e tﬁ@@:@ﬁﬂﬁﬁér Qﬁog@émrbroauaeaorﬁpnélﬁg d fécordlnﬁ medium and
determining a path o extending fromt

f meansniegerdsgd Dﬁethgrfaﬁﬁl%?(?ﬂw@sﬁﬁéﬂmﬂ)@@ epmrdeigtaparform the
b%ﬁ%@ 3n an associ ated cost determ ned by a cost
[ (d) determining the correspondi ng sequence
of (run, size, ID) triples fromthe selected path; and
( e) encodi nga)iming the givearyliangzatoutabte antl ronsize disiréjution to
irs using Huffman codin 3. The nputer pro
b D Festitatens CoPUUEOR 181 o AIuEBY qirassitle Seaerbys of (i, size)
Eéﬁger conprises the steps of: (|) provi ding a
guence of n nodes in one-to-one relation with

(b) constructing a graph to represent the plurality of possible

sequences of (run, size) pairs;

(c) determining a path of the graph extending from the first node
of the graph to the end node of the graph based on an associated cost

determined by a cost function;

(d) determining the corresponding sequence of (run, size, ID)

triples from the selected path; and

(e) encoding the corresponding sequence of (run, size) pairs

using Huffman coding.

113. The computer program product according to claim 112, wherein

step (b) further comprises the steps of:

(i) providing a sequence of n nodes in one-to-one relation with

the sequence of n coefficients;



t he sequence of n coefficients;(ii) providing an end
node foll ow ng the sequence of n nodes; (iii) for each

waaas/00fist he sequence of n nodes havi ng at | eaBCTALA2004/001559
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maxi mum run nunber of predecessor nodes precedi ng that
node in the sequence of n nodes, establishing a
maxi mum si ze nunber of connec¥y ons connecti ng that
node to each node in the maxi mumrun nunber of nodes

di t nat wh [ ' '
o mum 1 200 RUASRO A 5 el Tl eM it il dibel f ynodes:
legitimate different size value; (iv) for each node in

t he sequencgijdbr @athdrrichiavtheGda@ence im hddesrhxvingrat least a
run nunber of predecessor nodes precedi ng that node

t M@x¥Bule ok refmben gh dsedeeassortnodes REecefting that anqofenin the
n e i h . t . L ' .
PSS Rl B2 AR BYR Rl UTeoctons
s¢aenautimgethad fnodentre eatlo modeoinr Heporedsmum aunh egintberaoknodes
di fferent size value;. (v) for each nogde in the .

seepsertng et Rodewkerelpsagh sanes O%'rgﬁwgmexmwe%ﬁ pHmber of
t QofitiBRg cBﬂgg?oﬁcﬂEjtdH'légiﬁﬁét&diﬁ@&rﬁ%iz%ﬁ?&&é;at ed

incremental cost to each connection in the plurality
of connections so that the total cost along any path
ext endi ng f (ionfor leachi nede inoihe sgquensepiapRodes er@q@ss than

node of .the graph i ;
B b CBlbRc 47500 B8 6888 o difig thet node in the
wheggerlde bfn hbdek neeanadtingi that heds & afl arodeserecédiad thut node
the size which gives rise to the mninmumdistortion to

t he the MaxipeRtskg MIMehel cavectipRs yhereinieachrgennection in the

\iﬁ@(ﬁrﬁﬁh ?i%ggriﬂ‘lﬂbgf 8f WEhnBERHILMWed doridsttdh idGitimate different
ei'n'stép (C) conprises using dyrfamc progranmm ng

t gizbivadlug;he path with a m ni nrum cost determ ned by the

cost function. 115. The conputer program product

according t i 12, whergin: (i) th _
recor dledgon?‘f)ﬁé?%& uRPde 'fgﬁﬁ"? %&q&'ebgeiﬁsqnepﬁggst gatablishing a
?%@ﬁ%@(’iﬂﬁé@ﬁbﬁ%tﬂﬁe %ﬁafn%@, bhg steps of, for each node

sequence o

(vi) assigning an associated incremental cost to each connection
in the plurality of connections so that the total cost along any path extending
from the first node of the graph to the end node of the graph is equal to the
cost of the corresponding sequence of (run, size, ID) triples, where ID is the
index within the category specified by the size which gives rise to the

minimum distortion to the corresponding original coefficient.

114. The computer program product according to claim 112, wherein
step (c) comprises using dynamic programming to find the path with a

minimum cost determined by the cost function.
115. The computer program product according to claim 112, wherein:

(i) the means recorded on the medium is operable to instruct the
computer system to perform the steps of, for each node in the sequence of n

nodes of the graph, determinihg an output resulting from using a hard-



nodes of the graph, determ ning an output resulting

fromusing a harddeci si on quanti zer defined by the
wqiemsosisant i zati on table to quanti ze the correspaadom@o1ss9

coefficient in the sequence of n coefficients, and the

size value of the output; (ii). step (b) further

conprises providing a plural Ity "of connecti ons between

pairs of nodes to represent the plurality of possible

(ré’%l:si‘%ﬁ %&bﬁ%‘a} Qbﬂhééiocyﬁﬂﬁe?gf‘% t‘éﬁ%‘%.i%%r@ htg{ﬁe 9o quantize the

I eprrespohdingtoafRmsritan et tegilencs éfn c@@ﬂflbleh{?é“d?@ the size value
assoc:| ated size value within a selected difference of

thg 9utpWhl ue determined for node and (iii) step (c)
further conpri ses applying dynam c programm ng to the

reduced grago étﬁpf(bm ?cBﬁfp‘Fls% 'ﬂo\ﬂdlﬁp%{ E’MP%IE)‘?ﬁ connections

det er m ned cost functron a s’ ove
5 t ibetween pairsgofapbded 16 rep’ﬂeseobﬂm:phrrabﬁyoqfr aosspbbd(mn size, ID)
efined

d ) )
a RrfIEss Rich 1Bt Ghe ITadn s 218Gl atalh 476 Sk Pppgatinn ending at

a%m ehoded werpréééhtmahlassdmsre@l uhh8izEF BHATKA/IRG ah associated
coefficient indices is derived fromany 8x8 bl ock JPEG

Dezecvalfieiwithintasselesi@dudifferenverds tbe’rslzmealumd@ntmme@x@r node
bl ?@k JPEG har d-deci si on quanti zed DCT coefficients,

0 x8 bl ock MPEG har ddeci si on quanti zed DCT

coefficients; and, the special value is zero. 118. A

10 comout er prqgy émw«c@mmerfwmmsoappﬂymgmbﬁﬂc @y@gremmmg to

npress a sequence of n coefficients by J[ tly
dé‘i‘%ﬂﬁ?“#ﬁ% geaphoin fod theLath mith gminimuen cgs determined by the

CQakt %Eﬁé@‘aﬁr}?ﬁgs%ggﬁﬂg%v@ tlfé’FJg’dggg fg'ﬁé y.ndi ces

represen etermne ce of (run,
size, ID) triples, and a run-size distribution,
wHdBei n eac i heecprepuater pfogrammprasiuztas defined ﬁrpblaim 115, wherein

fine respondi ng sequence of coefficient
|E’3ﬁ 88%‘3%?&%%? e('?)ongach i ndex in the corresponding
sequence of coefficient indices is a digital nunber,
15 (1MM).the  The computer program product as defined in claim 112, wherein

the sequence of n coefficient indices is derived from any 8x8
block JPEG DCT coefficients, 8x8 block MPEG DCT coefficients, 8x8 block
JPEG hard-decision quantized DCT coefficients, or 8x8 block MPEG hard-
decision quantized DCT coefficients; and,

20 the special value is zero.

118. A computer program product for use on a computer system to
compress a sequence of n coefficients by jointly determining an output
quantization table, a cost-determined sequence of coefficient indices
represented by a cost-determined sequence of (run, size, ID) triples, and a
25 run-size distribution, wherein each sequence of (run, size, ID) triples 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



correspondi ng sequence of coefficient indices includes

a plurality of val uesincluding a special value, and
woOi2bdejoogiach (run, size, ID) triple defines a rraTAAROE/001559

representing a nunber of consecutive indices of the

speci al val ue, an integer val I D specifying the

anplitude of the index foll o "t he nunber of

consecutive indices of the special value, and a size

I defini ! . .
! Mt ot Salle 3R ()8t Fula” B! D GBS Hip vatue
Whspresenting aciieniser off coneethiivd mlicdsneli thesspeeiftvakle, an integer
with a quantization table determ nes a sec‘uence of n
syatuey ¥ shesniivinaihe Z2mplieer Pt itaarigdexrollewina,tae number of
DEGRLAAOELSSHTRE LB 9oL 2L G BEAORMing o number

5 cofrpiis eequiregtr Storenanhiadex epthimf: categoryedpaifietyby tite 1D value,
quanti zati.on tabl e; (b} se&.ecti na a 0th rg}n-si.ﬁg tizati
dPBEWBESIR R Seayerics pf ARetfickstiidicep taggtierytha qugntization
Ugdilg detbihidesuaidgtntceroft /R¥ok-de¢sionnqSamtted coefficients, the

t
di strldgeutlon to fornulate a tth cost function for a
t compulenlprograrh presikichlaomseiigingca geebrdingnimesiive, ang) means

LB o e ARV KIS B RORe8 pEefg p scps of

sequences of (run, size, ID) triples to determ ne an

10 associ at ed gQpésleting gef“emaintiga’@oﬁ tdbleost - det er m ned
sequence of (run, size, ID) triples fromthe tth

plurality of possible sequences of (run, size, |D)
triples D asde) salesting ads Hp'agt'@jd@&bc&‘,t'o("g) if the tth

cost-determ ned sequence of (run, size, ID) triples,

t oget her w xg) éé’cﬁn%b'bo%?é}ttie%ﬁ‘ltai ot abl e and run-size
: l'ecti

distributio neets a selection criterion, selecting
the tth cost-determ ned sequence of (run, size, 1D =
triples as t(#p usiig adés euantisatioedakiecandfruprsize distyipution to

I r,i.pl es, 1t Nt 0 .
ol s L b for B MY p G e Sechiefioes of run,
15 (sizb) 1) ttiphed;i zation table and run-size distribution
fromthe tth cost-determ nedsequence of (run, size,
ID) triples, i [ t b : d ret ' ,
st )ep ripres (ei 285@%’ tri]1ge cost%un?gt?on %neaér? p%rsgllbnagsctaé)uence in the
ty, plurality of possible sequences of (run, size, ID) triples to determine an

associated cost;

(f) selecting a ty, cost-determined sequence of (run, size, ID)
20 triples from the ty, plurality of possible sequences of (run, size, ID) triples

based on the associated cost;

(9) if the ty cost-determined sequence of (run, size, ID) triples,

together with the t quantization table and run-size distribution, meets a
selection criterion, selecting the ty, cost-determined sequence of (run, size, ID)

25 ftriples as the cost-determined sequence of (run, size, ID) triples, and the tn
quantization table as the output quantization table; otherwise determining a
(t+1)w quantization table and run-size distribution from the t, cost-determined



(d); and (h) encoding the correspondi ng sel ect ed

sequence of (run, size, ID) using Huffman coding. 119.
woheosmomsut er program product as defined in cl aCMCA2@)4/001559

wherein step (b) conprises quantizing in a

har d- deci si on manner the sequgﬁ e of n coefficients

using the Oth quantization ta "to determne a

starting sequence of (run, size, ID) triples, and then

SSLSGRhS g (TS0 B8yl B0 prd, it Pl o s

di(d};rankdut i on. 120. The conputer program product as
defined in claim118, V\/nerei n step (e) conprises, for
triples ip

each possi bl e seq i ze,
the plurali t(s) Sf‘cﬁb‘g & BS sg{ec(tgqjﬁquepqc@ of (myn, size,
”IDﬂﬁﬁ Nuf}mg tc%(ﬂﬁgﬁ' ng a correspondl ng sequence of n

coefficient | n ices;” (ii) determ ning a correspondi ng
guence of quanti zed coefficients using the tth
S qu1 Qtizati oﬁl' heatorapei®d prograno praskiish adidefined diu etaim 08, nvherein

oot ) EholiBts ERRDEorh oF Rt Ebaha fretngh e sBfuence of n

t hpeffivierts pRi the 6@ mﬁﬁ,@aﬁ&n tabl! 86\ dettthine a starting sequence
coefficients; SI v) determ ning a total conpressiaon

r & rYRsSiZe; ,ﬁ@ firiplesu Andy thate selesting @ sun-size distribution of the
d d | D
¢ sRfih@ $EbBBnt 0P (EATSLI BaiRE BIE Y Nln-SlisHbffion. D)

erm’ni ng e asSsoci ated cos
function of the distortion and the total conpression

10 ra2e. 121 'IThaecampptareprognangpmmpt ad defined ¢ cléimgl 18) wherein

O 0 S5 P B TBeP e A b ol i e

Swweof‘i‘fos@lb@é’gé&uém%@&‘(rﬁﬂ%ﬁé ) tr%?éé‘ coeffici ent

G has’a corresponding iIth node, V\herel n is greater

than or equal to O and | ess t han or equal to n-1 ;
(i) determining a corresponding sequence of n coefficient

indices;

15 (i) determining a corresponding sequence of n quantized
coefficients using the ty, quantization table and the corresponding sequence of

n coefficient indices;

(iif) determining a distortion between the sequence of n original

coefficients and the corresponding sequence of n quantized coefficients;

20 (iv) determining a total compression rate resulting from using the

t run-size distribution to encode the sequence of (run, size, ID) triples; and

(v) determining the associated cost as a function of the distortion

and the total compression rate.

121. The computer program product according to claim 118, wherein

25 step (f) comprises:



(ii) providing an end node follow ng the sequence of n
nodes; (iii) providing a plurality of connections

woebosmesispai rs of nodes to represent the pl uraPCrA604/001559
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possi ble (run size, ID) triples; (iv) determning the
associ ated cost as an aSSOCIaisg i ncrenental cost for
each connection (run, size) Re plurality of

connections; (V) deternining a | east cost sequence of

connecti ons f erain ,
connect! one (5B Bl 4l i1, FBIBE R HABSpraHEEFbiion i
ndhe sequérce eofuanaedficientndeachotidieeaod vodfficiarntd C, has a

(vi determ ni t he cost-determ ned sequence of (ru
sicoesppy me.lw%gef VRIS 3 greaterdhan %%@u@hw@nd les than or

C(&F gj ns. 122. The conputer program product as
de in‘claim121 , wherein the plurality of

connections in step (f)(iii) conprises: for each node
i n the sequdiicproyiding andes s fefjowingd thasequeneasiofitmodes;
run nunber of predecessor nodes preceding that node in

humber Jof " cainecPyBRE"E puTRlETo CLRpS BB BefS of nodes
nadeepresthethegplurality mpbsumb@mrmz@qmmméscedl ng that
node wherein each connection in the maxi num si ze

nunber of connectl ons, corr&ﬁponds to a Iegltl mat e
different si(de Hgterminipg rasrRfdated (eps s@éuéﬁb@%ﬁoc'ated

prlgkggﬁw%rﬁé"ddég fdr&sehidbimebibn RN nogjefn%eﬁ!ﬂf%ﬁf & connections:

ecessor es precedi ng that In quenc
of n nodes, connecting that node to all nodes
precedi ng t Hu} datmtmimigﬁgta]teammshaeqlueﬂmemfrbennmtions from the
nection in.themaxj

e A SafretBng, S el P BB carndge b B LHER eXtérs from

dithé fiftHod@l iA ¢hey 8bg@encNék n hedes arthengtiienbde;tdif]
sequence of n nodes, establishing a single connection

to the end node. 123. The conputer ram product as
defined in dviidetermininghercos d@t@éﬁ"w? seayenes phern, size, ID)

CQAREL $fom the least cost sequence of connections.

122. The computer program product as defined in claim 121, wherein

the plurality of connections in step (f)(iii) comprises:

for each node in the sequence of n nodes having at least a
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, establishing a maximum size number of connections
connecting that node to each node in the maximum run number of nodes
preceding that node wherein each connection in the maximum size number of

connections corresponds to a legitimate different size value;

for each node in the sequence of n nodes having less than the
maximum run number of predecessor nodes preceding that node in the
sequence of n nodes, connecting that node to all nodes preceding that node

by the maximum size number of connections wherein each connection in the



defining an increnmental rate cost, for each connection

(run, size) froman (i-r-1)th node to an ithnode, as a
wouodsasisi bits needed to encode the run val ueramaARNE/001559

size value and the correspondi ng i ndex ID using the

tth runsize distribution; defjning an increnental

di stortion cost, for each connetction (run, size) from

an (i-r-1)th node to an ith node, as a distortion

RS M BB Eoh el B 8ot eren
t Bigesialee:\etigue and all of the r coefficients appearing

fromthe coefficient C-r to the coefficient CMare
quantized tgo the s ecg al value; and defining a

associ ated ffc® incthersequgnce LM B%‘i’%&ﬁt%?{ism%? single
Sﬁéﬁﬁeétfoﬂqpttﬁﬁeﬁh'rfdd%.)th node to the ith node, as a
0

function e Increnmental distortion cost and the
incremental rate cost. 124. The conputer program _
pA23uct as déeicosuputer pragirami@reductwsdefimeds ineglaint Y124) wherein

fust her. ri ses using dynamc programmng to find
tﬁ%pl @5@??% Cg&ﬂf@ﬁ%e of connections in the
plurality of connections, wherein the sequence of

connect i ons defhiagdm intrméntal fdte sbshdsteeach ¢drmection (run, size)
sequence of n nodes tqo the end node. 125. The conputer

pHegY a(iph bitukededo aBrin Aede; A 8nuImbany bitgmassded tprncode the
et QRS okt ing R0 g U0, o

10 t sizpldistribotiom:he sequence of n coefficients by solving
a gquadratic equation.126. The conputer program product

as defined in_.claimal118 er ei he (t+1)th run-siz

i stri but ofeningapmermeael Sithdig chse Kcadt faigfion cun
I 4Pey fidfn déﬁ?gitﬂ-‘%qt h&de Ofo &M &, hbBeCAasta distartion Ndired when the
sequence of (run, size, ID). 127. The conputer program
prodfficientsCdisf quandized, viaathe k1 sguaniszation sledliengige group

oppBeiefiy K&z Pl e 81 G b4 sedfieRls befiffiy from the
15 CepéfiicRing U, 5 to theBcduffisisntICEGreajudmtesd o the speuidlivahse; and
DCT coefficients, or 8x8 bl ock MPEG har ddeci si on

defining an associated incremental cost, for each connection
(run, size) from the (i-r-1)w node to the itn node, as a function of the

incremental distortion cost and the incremental rate cost.

124, The computer program product as defined in claim 121, wherein
20 step (f)(v) further comprises using dynamic programming to find the least cost
sequence of connections in the plurality of connections, wherein the sequence
of connections extends from the first node in the sequence of n nodes to the

end node.

125. The computer program product as defined in claim 118, wherein
25 the (t+1)m quantization table in step (g) is derived from the i, cost-determined
sequence of (run, size, ID) triples and the sequence of n coefficients by

solving a quadratic equation.



quanti zed DCT coefficients, and the special value is
zero. 128. The conputer program product according to

wolaicrmd21L , wherein the neans recorded on t hePCT/CA2004/001559
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recording mediumare further operable to instruct the
conmputer systemto, for each pode in the sequence of n
nodes of the graph, deterniﬁe(%h'output resulting from
usi ng a harddeci sion quanti zer defined by the tth

S4B 250 oy L, U i, B RAF b 115, e
Stree(t¥ URIrRSIzE RstABLBH in $tBP (8 RPselbsted dsethecatipBicablun-size

such that any connection ending at any node represents
adistidudionaefdbe tn cast-deteaninedi seavenra §f AvnasE8e ik ed

size value within a selected difference of the size

% e deterr r . Ella%? g ' i
fﬁ‘lrz?lher appmhg?btrﬁo&tﬁgsfbgéﬂ@ggogyap g%m?%@t le ¥18 Swherein

cost-determ ned path with a minimum cost determ ned by
the cost f utite sequemeengf mlcoefiiwiant indioes ishderieetliroth one of 8x3

h. . dj
Obiek 436 RAdr eSBRbE XaRER e BE Dot SREHEIRls. Ske block
13PECG\hapiRickRioP (Rahare P DT CoctiiieMs € 0P Bx8 ISIBBRWMIPEG hard-
systemto conpress a sequence of sequences of n

cdetisian quantizeg DG moefficirnteranchi ng an out put
qguanti zation table, an output run-size distribution,

and, for eaqﬁégﬁgagp@aﬁ% i§z§r8?ffi cients in the

sequence of "séquénces of n coefficients, a final

cost -det erm ned sequence of coefficient indices

r g@sesent ed Tine corhpuiar pooganmdaoduni aemrdiegue taimot21, wherein
(run, size, ID) triples, wherein each sequence of

Sequence. of ReUmERBRCRCaITa (B8 CecTeuaiany Modup are further

| RERYaBI8 16 st RA HRS BOMPLIRY sYSRIAE IS, FoPEasP AbHE Gh 818 sequence of
indices is a digital nunber,; (ii) the correspondi ng

seqoedes off theogfapiui determing easolipstuesyltingitemusing a hard-
?Td@‘é:?s!iéjﬁi%@grftg%@t &%%lﬁ‘%os E)S/fcihﬂéstt\rfghﬂgnti?é’t d lthbile B*Ylantize the

run-val ue
I @pFespohding coafitidetin the sogeemd oMe coefficierts,adnd the size value

of the output;

the graph is a reduced graph such that any connection ending at
any node represents an associated (run, size) pair having an associated size
value within a selected difference of the size value determined for node; and

dynamic programming is further applied to the reduced graph to
find the cost-determined path with a minimum cost determined by the cost

function among all paths over the reduced graph.

129. The computer program product according to claim 128, wherein

the selected difference is one.

130. A computer program product for use on a computer system to
compress a sequence of sequences of n coefficients by jointly determining-an

output quantization table, an output run-size distribution, and, for each



t he special value, an integer value ID specifying the
anplitude of the index follow ng the nunber of

woans@osisi ve i ndi ces of the special val ue, andrargiAze4/001559
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val ue defining a nunber of bits required to store an
index wwthin a category speC|fQ§d by the I D val ue, and
wherei n a sequence of coef fi ti®Af indices t oget her
with a quantization table determ nes a sequence of n

S%f gpgﬁngé ﬁg@n c?éfﬁ&%hfse% t%%egéetu%'n‘ag ’seo@@gﬁgg%‘ﬂwe efficients, a

rrsin ECOT rum an

nrﬁmas costcdeidathinsu sh@uembﬂbogﬁlm imalices lrépﬁsrsented be¢ a final
conputer systemto performthe jb E of conpri sing
( SPSLEPEErIngY BeBiencgulirin 3% ND) Hiles, V("b‘?regbﬁé%h saguence of

eéfparﬁ SE%@AB f@l%?re%g%tﬁl é’ée}aeégn@gdﬁ‘gign coe f| cie é?[lcﬁant indices
t Iseich digatg(ijosmabf index irethecsoredspondmgf $eqriepcesof o@e)‘fmentmgdlces is
ot SRR B bR 1hSuech T BhLR s
p'lh’éladiééﬁ raﬁ@&ﬁ"@l@eﬁﬁ@lﬂﬂﬂf‘g@és éméf\%]ueséﬁ&(ud &lch (run, size,
tri gl es; i) applying the cost function to each

pdB3 trinle @qae@cremu value eepresenting aunberpdfigausecytive indices of

G088 shefie? A St ireacy Wue bl Fos e abahie of the index

agelsiiay etetriumbesof eehLIouting dndieas o tite 8petialivaludl zAd a size
ID) triples fromthe associated tth plurality of

po/@é,uq)deﬂ@aq@ﬁéé'sb%fof(m@nreqsm@é tousbyret an gndex Matking aocnategory
t
oAb 073hjud S el Psdllon Pl KoBRc e

cdtegettiet it aepiastigatoe ¢aldé c(etenmnlnes zesedi¥nde op hesoft-decision
n coefficients in the sequence of

for eﬂ%%@@@“ﬁ%%%?&w@er PrPgiamepiaoyst aom%nsmg a recording
ttrhég%?géﬁ& eahs i(ef&ord&? tdie thé Weeeedlﬁg%%dﬁ%t tdRdtRuct the

ection criterion ecting the tth quantization
t wbhmmerdsyaheméomrﬁdzrmﬂwelahepamf emptigingut put
quantlzatlon

(a) selecting a ot quantization table;
(b) selecting a 0" run-size distribution;
(c) setting a counter t equal to O;

(d) for each sequence of n coefficients in the sequence of

sequences of n coefficients,

(i) using a ty quantization table and run-size distribution
to formulate a ty cost function for an associated ty, plurality of possible

sequences of (run, size, ID) triples;

(ii) applying the cost function to each possible sequence
in the associated ty, plurality of possible sequences of (run, size, ID) triples to

determine an associated cost;



tabl e and run-size distribution, and, for each
sequence of n coefficients in the sequence of

woeemsmsss of n coefficients, the final cost-deCexoma®01559
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sequence of coefficient indices represented by the

final cost-determ ned sequence @f (run, size, |ID)

triples as the associated tth Q, quence of (run, size,

ID) triples; otherwi se determning a (t+1)th

guanti zati on tabl - S [ [ We]

sel ect ed sequencé@a? e%ﬁgHgteﬁll %sgsg?: 'iagé{i étF%Bﬁf;getfgé@mgﬁgg%quence
ofof (irum) siz=i, 18) tripl®s fronpthesassiocated & pralitpyof possiblndequences

returning to step (d); and (g) encqding the
cé’& k@pé%@i ﬂ@%‘@%&%ﬁ?ds%mcﬁe? Faﬁt,’ size, 1D
usi ng Huf fman codi ng. 131 . The conputer program

product as dgf bﬂél‘jﬁie@ (d),aéﬁpl%g{gp aRRoredats it fiction to the ty,

conpri ses, for each sequence n coefficients in the

s @ggenigtedfcostipdenaincdr sequersd iofi (v s sizgudh)i iriphes ifar each

0 SERLEREE S T R PRE n h AHEECE B Seole BRI oBBitRients, to
s eigteemntige ef ty, Hgrédate cdeyuences of (run, size, 1D
triples, and then selecting a run-size distribution of

e, 20D Bk b S i Sl i hin, sl
C » ) S - f | . i » i . .
CURE 4 PSR AIB a0y bl guanizato

oftablecaref funesizadistiibutidre ael) femeachoseqEneenafas coéffinients in the
coefficie

Raueios of Seqfigioqs 0t R 203 tRR . g TR CrCRaierTiieg: seauence
PR doffeiSROinaReasrepredditBd 1Y &R fihdd cddtiditémmined sequence of
determ ni ngﬂa correspondi ng sequence of n coefficien

i {elrs ssize, dBY) dripleniasging associsied idisegusaer of (dinosize, ID) triples;

q | 7 ici t i i i TRY
CABREMERG GBI, Bt SRabl Rl B et i Reptrbution
| riinG @i%e seletRidadyjuaicarnf dss Qf tadtatbtainihet tsequeheésel(run, size,
the sequence of n coefficients and the correspondi ng
sé@bj@’tpg%&dﬂcrﬁaé@ﬂﬁthk@%ﬁ,c@'é‘# feturming & stgpt@)And ng an

associ ated total conpression rate resulting from

(9) encoding the corresponding selected sequences of (run,

size, ID) using Huffman coding.

131. The computer program product as defined in claim 130, wherein
step (b) comprises, for each sequence of n coefficients in the sequence of
sequences of n coefficients, quantizing in a hard-decision manner the
sequence of n coefficients usingthe ot quantizétion table to determine a
sequence of starting sequences of (run, size, ID) triples, and then selecting a
run-size distribution of the sequence of starting sequences of (run, size) pairs

as the 0" run-size distribution.

132. The computer program product as defined in claim 130, wherein
step (d) further comprises, for each sequence of n coefficients in the

sequence of sequences of n coefficients, and for each possible sequence of



using the tth run-size distribution to encode the

sequence of (run, size, ID) triples; and determ ning
woOhercawsisei at ed cost as a function of the di stecrican004/001559

and the total conpression rate. 133. The conputer

program product according to1@?qin1130, wherein step

(d) conprises, for each sequenice of n coefficients in

the sequence of sequences of n coefficients providing

q c 0
o(rBiosRe" B innleg B SedOBELYP PR FSHI elilnoes of

Cmuhﬁsze i)ririplepondi ng i th node, wherein | |s greater

than or equal to 0 and |l ess than or equal to n-1

provi ding an_gend.node fol | ow t he sequence of

hodes; pr ovABIHEITNG P liGSPANRa SHINEBEE GhE Getiient indices:

pairs of nodes to represent the plurality of possible

(run size, {Bleriihnlgsa dehRIsPoNdIggt Beqasneei @ifed quantized
cost as an associ ated i ncrenental cost for each

coveffeientnusingihe & gegntizationdallpang theycagresponding sequence of

can rmning a | east cost sequence of
Cgﬁﬁ%ﬁf{megrﬁin&?% the plurality of connections, wherein
t he sequence of connections extends fromthe fi rst
node in thedstymining aof associzded distortive hetweandre segdence of n
dete mnin e cost-determ ned se e ce
SPosTicen)s and fiSoreaandig peERn §iattizatieticients;
connections. 134. The conputer program product as
defined in gbfirMidiAg.aniioRidied ol ﬁbﬁ@réﬁiﬁorprate&bsb[tfng from
of connections conprises: for each node in the
sagingnthe tf runreizke distalution ta eneede the sauraDee ofitrun, size, ID)
nﬁﬁﬁer of , predecessor nodes preceding that node in the
f n nodes, establishing a maxi num si ze
nunber of connections connecting that node to each
node in the degeriiibimgrthe assucttedfcosbdesa pumatio ofthendistortion
node wherein each connection in the maxi num si ze
n@ﬁﬁéhe&@tabwmefﬁﬁs@&r%rresponds to a legitimte
different size val ue;

133. The computer program product according to claim 130, wherein

10

15 step (d) comprises, for each sequence of n coefficients in the sequence of

sequences of n coefficients:

providing a sequence of n nodes in one-to-one relation with the
sequence of n coefficients, such that each coefficient C; has a corresponding

i, node, wherein i is greater than or equal to 0 and less than or equal to n-1;
20 providing an end node following the sequence of n nodes;

providing a plurality of connections between pairs of nodes to

represent the plurality of possible (run size, ID) triples;

determining the associated cost as an associated incremental

cost for each connection (run, size) in the plurality of connections;



for each node in the sequence of n nodes having | ess

than the maxi mum run nunber of predecessor nodes
wonre@dsisg t hat node in the sequence of n nodeBCT/CA2004/001559

connecting that node to all nodes precedi ng that node

by the maxi num si ze nunber of %pnnectlons wher ei n each

connection in the ﬁHXIﬁUﬁ]SIZQ nunmber of connections

corresponds to a legitimte dlfferent si ze val ue; and,

for each nodedrhihidg §98HEN685PselUBREE Sor ESHALIGHA RO the

a single connec 8 end e conput er
ppmyalam af rcmmmet:uans dﬂhéneml then seq aema BB pomheq:tin'ns axtepds from

urth nprlses r each s uen
(ot nasie 1t N8 Sarbiedion A heBtas S BRIy Bad
coeff|C|ents deflnlng an |ncrenental rate cost, for

each connecab@}n{,ﬁmg the 883t-détemmated 'se(quéh&efbfn@dﬁ ke, ID)
an ithnode, as a nuitber of bits needed to encode the

5 r triplemfrom thedeastecast sequenageofaannestiossr r espondi ng
index ID using the tth runsize di stribution; defining

a ncrenen j :
kS 7o) T shr et bR rodUBla€ B6lho RGEHh 333, wherein
dpﬁd\mﬂlthlﬁle phaeslityed cohrectidns comerisesi ent G s

quantized, via the tth quantization table, to the size

fied by th | d the
oot Ti of ent ©15EReAING i B8 SRAVERH PF ] apios Mg at least a

ﬂﬁﬁhﬁ'rﬁ%n%%ﬁeﬂ%ﬁ?ﬂe@%@eé%ﬁ RBdEPqSieabd g tlfét @k in the

ning an associ ated increnental cost, for “each
10 ceaq&emmemf r mdeslﬁablfsfmg tahmaé(imlumlsl;e muﬁrm efocemections
node

5o HER Radefean fdae WEshed SRR ruH lfbot 8P nodes
pb?@c!él‘m%ﬂ{éilﬂ%e%hé@fd 8&sh tonisdction id 3ke nvé)@marms@é eyumber of

(d) further conprises, for each sequence of n
c@eﬂne@ﬂm@rreﬁsp@nds deglevitmate diffeiertfies veluen
coefficients, using dynamc programming to find the

| east cost 5!8%5&??308% it BSEL LN Pf‘ntrﬂﬁle%' ARhg i86sOthan the
connecti ons eéreli n the sequence of connections

15 extigigunh rrom hbmbler roft prretdéeessmt hedssqurecedingf that node in the

sequence of n nodes, connecting that node to all nodes preceding that node

by the maximum size number of connections wherein each connection in the

maximum size number of connections corresponds to a legitimate different

size value; and,

20 for each node in the sequence of n nodes, establishing a single

connection to the end node.

135. The computer program product as defined in claim 133, wherein
step (d) further comprises, for each sequence of n coefficients in the

sequence of sequences of n coefficients,

25 defining an incremental rate cost, for each connection (run, size)
from an (i-r—’\l)th node to an iy node, as a number of bits needed to encode the
run value and the size value and the corresponding index ID using the t run-

size distribution;



nodes to the end node. 137. The conputer program
product as defined in claim 130, wherein the (t+1)th

wquerstooziai i on table in step (f) is derived froRCT/RA2004/001559
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sel ect ed sequence of the tth cost-determ ned sequences
of (run, size, ID) triples and_the sequence of

sequences of n coefficient s'Ey@gs’ol ving a quadratic
equation. 138. The conputer program product as defined

in claim113Q,. rei: . : = S :

di stributio efi"ﬁﬂgta@dﬂ(g ?@Bf&%‘ﬁ%‘%*??%‘m?ﬁl?“&C%W?SC“"“ (run,
t §izey frobrdedre(im Ngchode uerare s, nbd¢ rasa distoetion Dcufred when the

SCRRRIAS (oris SUABBRPAGMENINS. b S9aNER8eD 1B 1D O PE R iZearoup
g%ﬁg&ﬁéd ¥ fiRf iQ@O\/élﬂ? %r@j: g b3he wh@d&ﬁaeh&ea@gmw%m the

sequences of n coe ent indices Is derived from
btoeffisienf CBx® thEEGeifTientddf: fare iqeantizeBistherspecixtvalue; and
coefficients, 8x8 JPEG harddeci sion quantized DCT

coefficientsy,.or 8x8 MPEG hard- | Si.QN ant | .

oo {1 ci ont BefiSng Fhaespeeia) MABtienaogst5 iy, 8tk Hhnection

\‘;ﬁﬁh&l_tsﬁfie)pfr@ﬁf aie [QI-edy; tnatie okslithg it noldai rasla3function of the
fierei n the conputer pro%: am product further

cingpemeatal distertien ceshaned therincrrmerigleate €0t n nodes of

the graph, determ ning an output resulting from using

31§§r d- deci %hgg;&?@ﬁ{l%i éﬁfgg?ﬁ%@tﬁﬂd@s §86ndd fh claim 133, wherein

uanti zation e correspondi ng
cefif i(d) dotthen ddmeprisep)eforeeath rsexpeifcec pént soeliicientsein the
si ze val ue, of the out put;%ﬁh.e rg[‘)sh 5 a reduced ral?ht find
S BEAUEIER SLSRANEIIGRE QD RORTIARAL AN, VR pograiid to fin
a%@%%%fb@ét%%qﬁb%e of Cafnedi®ng iWdYe PRIrdifty % e8Ah&8tRIs, wherein
size value wthin a selected difference of the size .
v theiseqiereendimnniestions extends draty thaerfitst rodgriathe sgauence of n

furthe lied to the reduced graph to find the
c&ij-eﬁliq @%ﬁ?'ﬁ‘gaoggt h with a nmininum cost deternined by
the cost function anong all paths over the reduced
grnaph. 141. Theecompaiet programopraaupt asldefined amcldimd 30pwherein
cl aim 140, wherein the selected difference is one,
the (t+1)i quantization table in step (f) is derived from the selected sequence
of the ty cost-determined sequences of (run, size, ID) triples and the

sequence of sequences of n coefficients by solving a quadratic equation.

138. The computer program product as defined in claim 130, wherein
the (t+1)w run-size distribution in step (f) is derived from all of the ty cost-
determined sequences of (run, size, ID) for all sequences of n coefficients in

the sequence of sequences of n coefficients.

139. The computer program product as defined in claim 130, wherein
the sequence of sequences of n coefficient indices is derived from blocks of
8x8 JPEG DCT coefficients, 8x8 MPEG DCT coefficients, 8x8 JPEG hard-
decision quantized DCT coefficients, or 8x8 MPEG hard-decision quantized

DCT coefficients, and the special value is zero.



142. A conputer program product for use on a conputer
systemto conpress a sequence of N coefficients by

wdebwros1si ng a cost-deternm ned sequence of N i RATARA004/001559
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represented by a correspondi ng cost-determ ned
sequence of differences under gi ven quanti zation
step size and a given size dlgﬁrlbution, wherei n each
sequence of differences defines a correspondi ng

S ence of N indi C I -
SBlhence of 1o PPOPLRTATUEEn Wby FACRRIBEIS T fad Winerein
an ith index value mnus an (i-1)th index value, i

bei ng greater than 0 and Iess than N-1, the corrputer

t
s T ccor e YR PrRRARLPIRGRh B o MR Ees T §agh node
GRS uériéé SFhify e drth8\gr&sh, Sdé%@ﬁnlﬂfng ARbutsut testitfig from

gl ven quan I zatl on st ep size an lven Sl ze
diisingi aumandndecmsmr quaatleeradeﬁﬁedfluwdgeoﬁm fagiengzation table to

pl ur l|t ossi bl e se ence n

oAz thereortpondine: S ER0t Iufle SeulsisEascl shBticients. and
| he dige QlaM(eagflﬂtlé(ogf Jeossi bl e sequences of differences

to determ ne an assom ated cost; and (c) selecting the

correspondi ng cost-determ ned sequence of differepce
fromthe plihegraph ivp rpgycedhppieelfdhibat agy connectlon endmg at

glg%)féflg]gﬁcrgé et%%ﬁf:sdar‘? réségﬁg?e@fﬁﬁgaéﬁg) gQI?'hav?@dan associated size

cost sequence of "N i ndi ces
f ygloetWithis arsetsgied diffegences bf thet sizervalee dedeueined fof node; and
di fferences. 143. The conputer program product as

cach possi bIUTRBRRRGETIG bihes APPJSTRS [EERcsicgt araph to

dhg& TheR £ dcHShHARGH N9 VAt armATPendcost asruenssl oY the cost
I ces; eterm ning a correspondi ng sequence of N

q&&rutloleadnmgaalﬂ pat@m\@rmbe reduded @rAPBN quanti zati on
step size and the correspondi ng sequence of N indices;

Sgtgﬁ ; im'C_ni ngﬁedcgo?rtlﬁ’lftg B REMERAUEN ScSS MY ©cI8im Y40, wherein

i ent
the selected difference is one.

142. A computer program product for use on a computer system to
compress a sequence of N coefficients by determining a cost-determined
sequence of N indices represented by a corresponding cost-determined
sequence of differences under a given quantization step size and a given size
distribution, wherein each sequence of differences defines a corresponding
sequence of N indices such that each difference in the sequence of
differences is a digital number equaling an i index value minus an (i-1)wm
index value, i being greater than 0 and less than N-1, 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) using the given quantization step size and the given size
distribution to formulate a cost function for a plurality of possible sequences of

differences;



and the correspondi ng sequence of N quanti zed
coefficients; determning a total conpression rate

woesuslonsisg from usi ng the given size distri but POWCAQ004/001559
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encode the sequence of possible differences; and
determ ning the associ ated cqgst, as a function of the
distortion and the total coﬁﬂﬂé§3ion rate. 144. The
comput er program product according to claim 142

wher ei n each..i ] Wyle [,.S.1.S > .

set of M pogbgi %?pj%phgp%ggs{\ﬁr{e}:gloﬁgcfﬁ eddh 8&&%[8%&%%%8 in the
cpnpdlitg ©f ppssibleicticdcas af differerifesNosdet@@sine ran associated cost;
one-to-one relation with the sequence of N

c@Bdficients, wherein Nis an integer greater than 2
and the sequence of N stages are ordered froma zero

stage to an(cg’\ééiécttir'ib %ﬁ?%r%@%nﬂh@ cié%%d%%gm?%dl))steﬂuence of

stage is adjacent to a first stage,” (
stifigeencesaftpacthet plucaligiop pohsibleagequeéndeas) okediffarendes based on

sfage, i .bei an in r between 1 and N-2.inclusive

b2 asseated Bodh art SRmUTRECHE, GodRieRrtia silgEee of N
Plrfided fiemahe |c6frébpbﬂdia% cosdastermiciedilenge df diffidtences.
sequence of N stages, erein each node in each stage
represents a possible index in the set of M possible _
i AMdBces for TBRCGMpIenRragsavcpredaat asaefined dnelaim tddewherein

s enGe i.Ci " [ : :
SRR osthplis 68 Tol cBleh b sil et ) PPl o fossivle

cdifferesess: a si ngl e node; providing a plurality of

connections for connecting each pair of nodes in

adj acent st a%%sr .det er m ni n%f]t he associ akz&cgst as an

associ at ed BYRIRY &) CYBRSPONYINISRINEEGH iNGHESSn t he

plurality of connections; and step (c) further

conpri ses dgkesimininy hheoassponling eegledBeaof N quantized

| east - cost sequence ]
coefficients using the given quantization step size and the corresponding

sequence of N indices;

determining a distortion between the sequence of N coefficients

and the corresponding sequence of N quantized coefficients;

determining a total compression rate resulting from using the
given size distribution to encode the sequence of possible differences; and

determining the associated cost as a function of the distortion

and the total compression rate.
144, The computer program product according to claim 142 wherein

each index in the N indices is selected from a set of M possible

indices;

step (b) comprises:



of connections in the plurality of connections,
wherein the | east-cost sequence of connections extends

wobnrawofisii niti al stage through each stage in PO®/CA2004/001559
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sequence of N stages; and determning the
cost-determ ned sequence of N indices fromthe

| east - cost sequence of connedflPons. 145. The conput er
program product as defined in claim 144, wherein step

ram p s defined in cla ! |
Hnd the I east coav g SReuleRERONNAIE RTbRG hbne relation

Plvigh ahé t9eqRBNEe BTaS tdoefitidrts, whieein dpisier infegegrgranter than 2
product as defined in claim 142, wherein the sequence

oAnd\the 6EAHENERCS Mistagsseatst OMISTeddTamc? &61Q skagp o an (N-1n
SUBE 5, BV S B 0 A8, ) e -0

dﬁbg@ei@ hajackat to (M2whetage) (illecachyiytstagpr ddreiny an integer
product further conpr]ses, for e %h st?gﬁ Ie‘% t he d i1
Seeuare | ANANs2 dGENSVae s PHIARERG @ AnfdDHcERIP g an (+1)
i&ggé. usi ng a hard-deci sion quantizer defined by the

gl vEn’ quanti zation table to quantize the corresponding
coefficient in the sequence of N coefficients; and, .

sel ecting each nptvidingr appbyslity @f seodes da eaefsisiage in the

index within a selected differen f. t

v deria Ao 5ages. it sECAnises jg IFen stoas feptpsents 2
ShassibRAides ihawer séthemMviMp asiiisie. indiibds fbhencoding an associated
program gr oduct as defined in claim147, wherein step

( eyeffigienhisr thesaavieses ofi M ¢refiSIARE ¢ programing to
find the | east cost sequence of connections in the

plurality of congﬁg\gh anlﬁ%tiaﬁs‘fé’ﬁ?%r“‘erceemﬁgrtﬁ@ zero node,

product for use conput er systemto conpress a
saheesineheinifihlctadd comerisss bysingle modg; det er mi ni ng an
out put quanti zation step size, an output

cost-determ ned sequence of N.indices repr t .

cor r espondi ng coQfaﬂg‘(‘gr?ﬁp:”‘gal@e‘afu‘é%'éecgﬁngﬁﬁp gﬁgﬂgé@% each
uPQﬁ”oanB@eQ‘iH BYfacBHEstahé&t i on step size and an output

size distribution,

determining the associated cost as an associated

incremental cost for each connection in the plurality of connections; and
step (c) further comprises

determining the associated cost as a least-cost sequence
of connections in the plurality of connections, wherein the least-cost sequence
of connections extends from the initial stage through each stage in the

sequence of N stages; and

determining the cost-determined sequence of N indices

from the least-cost sequence of connections.

145. The computer program product as defined in claim 144, wherein
step (c) further comprises using dynamic programming to find the least cost

sequence of connections in the plurality of connections.



wherei n each sequence of differences defines a
correspondi ng sequence of N indices such that each

wdizbdemogisce i n the sequence of differences is aCUiCR20@001559
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nunber equaling an ith index value mnus an (i-1)th

i ndex value, i being greater than O and | ess than N-1
the conputer program product!®onprising a recording

medi um and nmeans recorded on the recording nediumto

nstruct the conputer systemto performthe. steps : .
(_Aj*ése! ect | ﬁee_&%wtaua r_argtpraﬂﬁgtt%dgﬁu}eeoe it 48RS 4db; wherein
S{I"?eesé’r% AdePot NbdrRie Rt dreShe of DO ESETfibicpis!ahdiuantized DC
Zer o, C using a tt quantl zat1 on st €p Sl ze and a tth

scaeffidiests deninadfiomoan tnage i P BGrang ME&G unction for
atth plurality of possible sequences of differences;

( appl yin he t nct | i Ol ;
sgga'ence inqphecﬁéw%(r‘ﬁf%ﬂrﬁﬁbﬁ@fﬁ gtoé% ﬂ@gg@gﬁgﬁ'@e?d'owherem
difd eoafmasr tprogdeimr pictictfuthep coaimisesosfor dach stage in the
selecting a tth correspondi ng cost-determ ned sequence
ofediencs @i Stag9%m the tth plurality of possible

sequences of differences based on the associ ated cost;

(f) it the Webe/moit @W%r@gdf slorfgh@EX G gS aIUARGRIecision

of differences together wt e tth quantization ste
siqpentizar t tefined. byi tlee dgisen muandizationt tablkeltectquantize the

criterion, selegting.the tth cost-deternined sequence
oCOHESRAUAIRG é?Qeﬁ@'qrﬂ n Blﬁ ?ﬁﬂue@&?tqf%?%‘?ﬁﬁggs' ggau ence
of differences, the tth quantization step size as the

out put quanisifaitingNest®ddez € repreddnt Hisetected possible index
di stribution as the outgut guant | zati on step size

and
a within 8 selented difiarence etiierasdyiedsion fdexsuch thakthe stage is a

ot iacCa3be MV IRNET FFPUENER o 2at i on step si ze

and a (t+1)th size distribution fromthe tth _
cdgs: det er niTheccampuien peogrbntpidderctas eefinedin elagnrig 7t wherein
b)éte?pn?c)afrclgth[a?tchanrg%stu%iﬁgt ggnér%zc programming to find the least cost

sequence of connections in the plurality of connections.

149. A computer program product for use on a computer system to
compress a sequence of N coefficients by jointly determining an output
quantization step size, an output cost-determined sequence of N indices
represented by a corresponding cost-determined sequence of differences
under the output quantization step size and an output size distribution,
wherein each sequence of differences defines a corresponding sequence of N
indices such that each difference in the sequence of differences is a digital
number equaling an iy, index value minus an (i-1)x index value, i being greater
than 0 and less than N-1, 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 Oy quantization step size and a On size

distribution;



150. The conputer program product as defined in claim
149 wherein step (a) conprises quantizing in a hard

wdeacicgiodisli manner the sequence of N coeffici ent BCUAIARE4/001559
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the Oth quanti zation step size to determne a starting
sequence of N indices, and sell acti ng the & h size
distribution as a size di str'ik} tion of the starting
sequence of N indices. 151. The conputer program

product as. 8l 4 Bothidh Fdds wharsi n step (b)

conpri ses, rea ossi bl e’sequence in the tth
plurality of possible differences:determninga =
cor r espondi (o) ustarig @uahtizbliorstepssizel @ndrarfunbizg distribution to

RIS B cRREYERS R P B, SR H R Bauonces o

c@iffeRsi@adi ng sequence of N indices; determning a

di stortion between the sequence of N coefficients and

t he correspondi ng sequence of N quantized , .
coef fi ci ent &) apAngithedy erstbartiabimeaskirgssibie sequence in

r ul,ti " i . e ; i Siedi . t )
(R BRI HARYBe Ll A, o SEBNS To! detormine an
dessoomtedropst;he associ ated cost as a function of the

di stortion and the total conpression rate. 152. The
conputer progra ~oduct according to claim 149

wher ei n eac?fgi ﬁ%]@&_r"?gw_at cwrgmq@ggicgsg-ap@{frg@eq SERpgnee of
S gifrePdnddsPPSnithe &, gﬂﬁél'ﬁ?%?f poL&iBlel $BqUERIFBE iof Blffferences based on
provi ding a sequence of "N stages in one-to-one

r tHesassmeiated lcoshe sequence of N coefficients, wherein
Nis an integer greater than 2 and the sequence of N

2205 5 PN i R I guerce o

stage such zef adj acent
f UifidreAt@geogéitier Wik thi- f) duantizationi stepdpiecandt the ty size

Niiobton mteh & Selists briors, dectibo g ibet getpmined
(bedubhcet 8PS0 fRs( aE1ihd Noutput cost-determined sequence of
differences, the ty, quantization step size as the output quantization step size,
the ty, size distribution as the output quantization step size, and a ty cost-
determined sequence of N indices as the output cost-determined sequence of
N indices: otherwise determining a (t+1)¢, quantization step size and a (t+1)m
size distribution from the ty, cost-determined sequence of differences,

increasing t by one and returning to step (c)

150. The computer program product as defined in claim 149 wherein
step (a) comprises quantizing in a hard decision manner the sequence of N
coefficients using the Oy quantization step size to determine a starting
sequence of N indices, and selecting the Oy size distribution as a size

distribution of the starting sequence of N indices.

151. The computer program product as defined in claim 149 wherein
step (b) comprises, for each possible sequence in the tn plurality of possible

differences:



stage; providing a plurality of nodes in each stage in
t he sequence of N stages, wherein each node in each

wenem®osspr esent s a possi ble index in the set 8CTAA2004/001559
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possi bl e indices for encodi ng an associ at ed
coefficient in the sequence £ coefficients;
providing an initial stage pr di ng the zero node,
wherein the initial stage conprises a single node;

Caoh pai ¢ ofSiiiundh Gy RRREN glehth AR .

associ ated cost as an associ ated i ncrenental cost for
each COnneCUiet)&érnhmmgleaplckmlrrcdsi;iqncblﬁgCeeqaehbensaf Ahdyuantized

step further conprises, for each possib uence
|ﬁ0f3fflé>' ts peingathe ;ithoquai&@ttﬂw?%ﬁ%ﬁ: OLﬁhe corresponding

dggégé quﬁgjlgéé'n ning the associ ated cost as a
| ea cos sequence of connections in the plurality of

connections, wherein the |east-cost sequence of
connect i ons desaraninisgfa distartien ibetwean tha ageuanneoigN coefficients

R g R - g LU

indices fromthe | east-cost sequence of connections.

153. The corfetdrati mngcwtcam cornpressicsrate resudting froa asm\g the ti
152, wherein step (d) further conprises using dynam

piFg distiibHEOR & enerere e seauancedy Posshirdifieresces; and”

connections in the plurality of connections. 154. The

comput er pr %Eé\%;ﬂfngdég\%t ﬁﬁ%b%t'a@ é'f@héﬂd‘f‘gf the. distortion

wher ei n t he sequenc Icients are one of
c @ebiftheitetat sormpresgicmtateed DC coeffi ci ents deri ved
froman inmage in JPEG and MPEG 155. The conput er

pr. rampro ct as defined_ in clai 52 . (ot :
Lot er pr dieseaR R bR A G Bebhdsaraltl 36 Bl Dy wherein
stage in the sequence of N stages,

each index in the N indices is selected from a set of M possible

indices;
step (d) comprises:

providing a sequence of N stages in one-to-one relation
with the sequence of N coefficients, wherein N is an integer greater than 2
and the sequence of N stages are ordered from a zero stage to an (N-1)u
stage such that (i) the zero stage is adjacent to a first stage, (ii) the (N-1)w
stage is adjacent to (N-2)x stage, (iii) each in stage, i being an integer
between 1 and N‘-2 inclusive, is adjacent to an (i-1)n stage and an (i+1)

stage;

providing a plurality of nodes in each stage in the
sequence of N stages, wherein each node in each stage represents a
possible index in the set of M possible indices for encoding an associated

coefficient in the sequence of N coefficients;



determ ning a hard-decision index using a
har d- deci si on quanti zer defined by the given

wquerstooziai i on table to quantize the correspondPam/CA2004/001559
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coefficient in the sequence of N coefficients;

and, sel ecting each node to r esent a sel ected
possi bl e index within a sel ejﬁéd di fference of the
har d- deci si on i ndex such that the stage is a reduced

stage having fewer than M nodes. . The. & r

program product FH_QV i n% 'inﬂF%l 3@%1@?8%@52%&3%%8 node,

(viherbtH HeERitRPSRGESRMprideRt SngRITEddr ogr anmi ng to

find the least cost sequence of connections in the

plurality of connecti ons. i . .
providing @ plurality of connections for connecting each

pair of nodes in adjacent stages;

determining the associated cost as an associated

incremental cost for each connection in the plurality of connections; and

step (d) further comprises, for each possible sequence in the t

plurality of possible sequences of differences

determining the associated cost as a least-cost sequence
of connections in the plurality of connections, wherein the least-cost sequence
of connections extends from the initial stage through each stage in the

sequence of N stages; and

determining the ty, cost-determined sequence of N indices

from the least-cost sequence of connections.

153. The computer program product as defined in claim 152, wherein
step (d) further comprises using dynamic programming to find the least cost

sequence of connections in the plurality of connections.

154. The computer program product as defined in claim 149, wherein
the sequence of N coefficients are one of DC coefficients and quantized DC

coefficients derived from an image in JPEG and MPEG.

1565. The computer program product as defined in claim 152 wherein
the computer program product further comprises, for each stage in the

sequence of N stages,

determining a hard-decision index using a hard-decision
quantizer defined by the given quantization table to quantize the

corresponding coefficient in the sequence of N coefficients; and,
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selecting each node to represent a selected possible index
within a selected difference of the hard-decision index such that the stage is a
reduced stage having fewer than M nodes.

156. The computer program product as defined in claim 155,
5 wherein step (d) further comprises using dynamic programming to find the
least cost sequence of connections in the plurality of connections.



