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Title : METHOD, SYSTEM AND SOFTWARE PRODUCT FOR COLOR
| MAGE ENCODI NG Field O The Invention [0001] The
w@e@sano3é nvention relates to a nmethod, systenP@mndA2005/000573
sof tware product for col or inmage encodi ng. Background
O The Invention [0002] In recent years, the volune of
col or image data on the Internet has been explosively
increasing. In particular, due to the increasing
popul arity of web sites, d| gital caneras, and online
ganmes, Tidleor MEEHAOD@SXSTM ANBC&@FIMBEH?RQ&HCT
portion of thpORICOLGR IMAGEIENCODING: ot her hand,
access to color images through wireless channels or
Yélg OPYhBINWEEntiGR®! | devices is still time-consum ng
Tconventent, which is mainly due to the
[0001]t at i oﬁstxeo;breseakgnevenm eglates\ioce methed agysters and software
ssi,on. bandwi dt h_has becone a bottl eneck for
pﬁ%fﬁia%r??'%@“%gea BRYIAE i ons - see, for exanple, J.
Barrilleaux, R Hnkle, and S. Wlls, "Effici ent
B@Mﬁd&tlhs&nm col or i mage encodi ng,
[66 tics,y ?E%gtf\feeﬁ‘gdth@ %lﬁﬂnepépécﬁéﬁirﬁﬂge ldeEEon the Internet
nati ona erence on | CASSP ' 87, vol. 12,
h'é%ﬂoeéméxpléswely m@@asmgeirepaaroutqr du%t@tra]@@rqaﬂmg p0pularlty

C. A. Bou C
dhif Sl BT S A 0 o
00 {d@ence’ signifi€at p"&t?c?n of &0 Mhteiet tralfR9 1 tiee etiexfiamd, access

. Ashdown, "Cctree col or
tqucaher lmgasnthrowrouwewr@am@}qqg[ via,lgw pqwer, rﬁgnalgdewces is
ﬁﬂltﬁr’{’% g@ﬁgy%ﬁlgggﬁéc? ﬁ{cﬁhg&ﬁkﬁf gvlﬁgifuwfs:: y [:Iﬁ}s t® fthé<||m‘ﬁﬁtlons of

|ﬁfa§é' H%?la:yf 8eVick E6lordganand drarismigsioRr baradysldtlg hasobecome a
. 321-. 329, 19§ her ei nafft erﬁ%%?
l{atgler)eclq_fov@pw m\g:ltm@;.ﬁ@@pp cREINS vseg oggmlapi rilleaux,

at«
Rgﬁglglkle]_gﬁﬁﬁ gr W ?IléanEgi&léﬁf Qant%\J"t &@aéﬂgfgﬁpﬁ{gggolor image
éﬁiammg,” Atousticde Spiegahj mxdioSagrmll\,Prq_ceN@mo |EELs; International

do J
@gg%éé’%é’ p@?i(glz\algSPs%el vol. P 20373& 74 99,0?pn| 1987 (hereinafter
"reference [1]"), M.T.Orchard and C.A.Bouman, “Color quantization of

images,” Signal Processing, IEEE Transactions on, vol. 39, no. 12, pp. 2677 —
2690, Dec. 1991 (hereinafter "reference [2]"), I. Ashdown, “Octree color
quantization,” C/C++ Users Journal, vol. 13, no. 3, pp. 31-43, 1994
(hereinafter "reference [3]"), X. Wu, “Yiq vector quantization in a new color
palette architecture,” IEEE Trans. on Image Processing, vol. 5, no. 2, pp.
321-329, 1996 (hereinafter "reference [4]"), L. Velho, J. Gomes, and M. V. R.
Sobreiro, “Color image quantization by pairwise clustering,”Proc. Tenth
Brazilian Symp. Comput. Graph. Image Process., L. H. de Figueiredo and M.
L.Netto, Eds. Campos do Jordao, Spain, pp. 203-210, 1997 (hereinafter
"reference [5]") and S.Wan, P. Prusinkiewicz, and S.Wong, “Variance-based
color image quantization for frame buffer display,” Res. Appl., vol. 15, pp. 52—
58, 1990 (hereinafter "reference [6]").
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"reference [5]") and S.Wan, P. Prusinkiew cz, and
S.Wng, "Variance-based col or i nage quantization for

WO easgo4084 f er display,” Res. Appl., vol. 15, pRCT/E22005/000573
58, 1990 (hereinafter "reference [6]").[0003] One way
to alleviate the above limtations is to apply

efficient color image encoding schemes which conpress,
optim ze, or re-encode color images. A typical color
i mage encodi ng schene consists of a color palette,

[@alzg@ rrapmrmzzva@/nw hiedhtesthecabeve limdtationsris ;talaﬂptlya efficient
S as a vector t

ColBpBaR EPAINGSTIRNES WY BTG OBUTAE. (g encprg olor
irﬂéé&‘é . ABOpicap cbia‘?rinfégeserﬁﬁfdh@béﬁémbncdﬁﬁstsrﬁg@ doltr palette,

orresponding to a color in the col or
pp(dl elrlappm‘@heapd x Wisstesppcode.c died cpb)repaleéiie @Cﬁ“araﬁ a vector

q&% 2@‘}&{5‘} gq@e‘é{qgma Iaﬁ gt élfsgélt%?é%@ %ﬁgalggﬁ é} eg‘?lfnalacolor
ﬂwbdeTﬁe%uk@ldm& ?ﬁ@ihéhf miafe @dﬁblxébnﬁtheohnage tifte &RGBdex

or vector in the inmage once the col or lette i s
Ogrwemn@mgatcs of eoldedn 4he reqier Baleligp dingg pig] MOARRIRG pould be

G&%SBB p??a(gfi c%/ gsugrz P@?Yﬁ%gﬁ@%gwdﬂ} #Hét gﬁhtfzfa%ﬁ%tf a RGB color

\)r?gg@f IRW& cch lbe olf :ﬂfﬁ@)@oﬂﬁgﬂﬂaﬁw is éfcerﬂ tandgmi:lependmi of thel pixel
| S | Na

lmait%rbtgfsﬂh@ R 69lopSPG0r 91 e A0S Bve e G T RACR i given.

oty 0 bHV[? Ef 9@5 n Q’B?rvﬂﬁléhya RGE keidteséddr Phay be
or p

e an ppi ng, the coding part is
quemuaed gnl@r diffegant ctdlmzrsmif theatsletpaleteiat diierenypote! deeations.

St S ok BN MM Wl obocea by o

688R5S by . Several tree-structured splitting and
mergi ng col or i mage quantizati on methods are proposed

ﬂo@o%lg]e i tﬁfﬁwﬁxjeco?ﬁﬁ;al&@é dSé@H’Pb&el g\%fpgir@“%ﬁa dotiing were

- to ac e or t hi ective.
ih0esiigat&d separatelyein iz desigheof andafi pajeite acndnnlgehmppmg, the

i bkl o i) 960 T PR el SfRe e
GOARZatiBh HlifortiBASHMPROKE Nigudl Ogaslity Oof eflismtizétéimages, and
decrease computational complexity. Several tree-structured splitting and
merging color image quantization methods are proposed in the literature —
see, for example, references [1] to [6] - to achieve, more or less, this

objective.

[0005] On the other hand, when coding is concerned, the color palette
and pixel mapping are often assumed to be given, and the objective is to
design efficient codes for the index sequence so as to reduce the
compression rate. For instance, an algorithm for lossy compression in the
LUV color space of color-quantized images was given in A.Zaccarin and
B.Liu, “A novel approach for coding color quantized image,” Image
Processing, IEEE Transactions on, vol. 2, no. 4, pp. 442 —453, Oct. 1993
(hereinafter "reference [7]"). Two heuristic solutions were proposed in

N.D.Memon and A.Venkateswaran, “On ordering color maps for lossless
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conpression rate. For instance, an algorithmfor |ossy
conpression in the LUV color space of color-quantized

WO pgastodms gi ven in A Zaccarin and B. u, "A nPWBIA2005/000573
approach for coding col or quantized i mage," | nmage
Processi ng, | EEE Transactions on, vol. 2, no. 4, pp.
442 -453, Oct. 1993 (hereinagter "reference [7]"). Two
heuristic solutions wer e proposed in N. D. Menon and
A. Venkat eswar an, "On ordering color maps for
dred&tlee: Spdlag;”dEEEeTmmLangoﬂs oiEHERage ﬂrremsmg‘;yobrﬁ Ineadd, pp.

1(\{?% 333k To08 Thereliatit “fjfé orfde YR Ol Maps prior to

gd @h@%ﬁgér&/ ‘lé‘s%léé@ﬁféd?&tnﬁeoé&ﬂlﬁ?Ste@hﬁﬁqiuébi Based on a

t echni gues. Based on a binary-free structure
tamiryetm estrudtiarse cansh tqanigxtdmsiedg en‘sromb npePaigi o compression

Fadin YRR IE | Eok, SoRupta, SETY, 1br, 4 rew

dd?‘%ﬁh%%éloﬁ/ S§ENEhE fanGoRtsdemizéarimdgesd Clreaits cdmi) )S.ystems for
EEE Transacti ons on, vol n g 904 08
\adeozmnpmgyeuﬂﬁléﬁtEﬁaﬂsa@imse%evq'g% n$o19)rml%@9 08, Oct
r s O wO g u

R e Rteher PteRiefCe I8 P18 BRI 5e§§sl%§§§,ghlbgg@geafe color-
thﬂsﬁég e’mggegf Indhege afxeithins| ttmt corapressioncefficienby é achieved
Wi st andar eco t he G F/ PNG d

v SARSTSP ! | SOBRSSR] BB0BY SRS A STERBIRIS Wi gandard

éééoﬁeré‘%ﬁ&?%s%e g—ﬂF/FFNG%%E:bdéPVem' on, there is

prow ded a nethod for creating, froma digitized col or

G bFTNeqhé hﬂB colors using a data processing

red partitioning of all pixels
lomosme di gint acetdants withnadiestiaspectvbiithg piesent inventies, there

e S35 ML ol RGN st

"E’,é é'ulslﬁ-.ﬁ Qfd% gbﬁocsé%ﬁﬁ dydténcal fee R RYIRd pmitubﬁmg of all

eac bit e’are ordered from nost
pixglsi ini thandilgttmed ezdor inagsd frite Mtdisjoing clustersd vdwigin Meis less

@\%n[ Lg%/ﬁaj a r ;:o ?g@ Co%dl&? @&g%q%l elg |§ gﬁlywepresented
By l&' blﬂﬂahﬁpéﬁp Hm Wtég ith @ doir palelte, @etEtherPaigiin mhfP bit byte

color In distinct colors is al | ocat.ed by de
dea ardered P rﬁgos;twg@ﬁc@lai \erleaskosnticatt. The mathod comprises

(a) providing a root node comprising all of the N distinct colors; (b) providing a

first level of sibling nodes linked to the root node, wherein each color in the N
distinct colors is allocated by the data processing system to an associated
node in the first level of sibling nodes based on a value of a first bit in each P-
bit byte in the plurality of P-bit bytes; (c) for each node in a kth level of nodes
comprising more than one color, providing a plurality of sibling nodes at a
(k+Nth level, wherein each color in that node is allocated by the data
processing system to an associated sibling node in the plurality of sibling
nodes at the (k+1)th level based on a value of a (k+1)th bit in each P-bit byte
in the plurality of P-bit bytes for that color, such that for each color in the N
distinct colors there is a distinct leaf node comprising that color alone; and (d)

selecting and merging leaf nodes until there are only M leaf nodes left.
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node in the first |evel of sibling nodes based on a
value of a first bit in each Pbit byte in the

w@bkwsab408e/ of P-bit bytes; (c) for each node i PCECKR(05/000573
| evel of nodes conprising nore than one col or,
providing a plurality of sibling nodes at a (k+1)th
l evel , wherein each color ingthat node is allocated by
the data processing systemto an associ ated sibling
node in the plurality of sibling nodes at the (k+1)th
[be?r] bafﬁd mwdarmdwmt?faas;(dondi) adpdut tofi theem@lsent irvention,

e in e rality of P-bit bytes f at ¢

t@%’i,%lstﬂ’fﬁt"dteéra a0rbe8TINg PYEIRn R repng 1% flgtzed color

gbewltan g o?.%‘sﬁb foré eé‘ftre'éoéi?uéiﬁmy bél‘tlﬂGnFn@aéf aPbdels in the

; ect'ing and nmerging nodes unti |
dlgnazed anok)romagel\rhtoeh(lc dnﬂﬂn@@clueiﬁrs [\@Im]n M1I8a|@§§ rtlaam & equal

Pl ey Gaar i s ol Bt COBrE/sCg ARl BEFK Y bl b raity of

If-'b‘it”bﬁeg'lﬂ'é baRA pldifs, Arthase W-bits M diaghimbit leécarre orlered
tree structured {)artltl oning of all_pixels in the

fiirgi mostd sigolfisant riegdeast: SRS, oiThe dAlR( BiOgesSing system

S50 ol RebES TP R T g gt morsn
&l of Hd Nydiefindt- d@ilérsbl/ll) ep:rowdlrfg atﬂrstrlepeil cﬂ’tmbl,lngandde@danked to
P-bits in each P-bit are o

t@egrmot inOslR wf@rel@a%acib p@'.‘?rfm é‘aﬁw%ﬁ@c &ng%r?%t@@%?tﬁd to an
ac'éls%tcﬁgéa ?1'5%'"? ‘fﬁ'e fl&g eve? GPSlBhﬁghbGQ? pBaes oECH valug of a first bit

providrng a e conpri si the N distinct "
ihcaprskP- tﬂi bytepn d)he lurglity dfiR-bit byé@&larmif(umfbr eagh nodesn a k'
i nke the rqQot node, ,wherein ach col. or

1Sk Sheedesn PN bOAnPE: HEEH e S R ey Ay B sibing

n?&?eé' 3 (kevet le%l Srl/mérbngea@w%‘éldraﬁetﬁapnoaewglauec@tfedato an
I rst |n each P- byte in the plurality of P-bit

asscenatedmiblqng npdeadn t@acn urdlie of sibling Rodes &t the (kades level

GRS oy Ayl ot i il Bopn BN @ Bl HLElY b P-bit
sﬁlegrfor thdth@lorngdén trsatafb+ egét edidr tn dre dsdistinett ilors there is a

sl bling node in the plurality of sibli des at
distingt lnaf podg compaaingithat %lp%éloafe and kt?-)lrjqq% me{glng &ans for

REpuig PhY g et Popc: thil bl B ShipM KX KRRec ot

GG . 2okl A M ROy, or
%gggds‘(ﬁd@d '&gcbmﬁﬁtéioﬁi@‘gramtpﬂodwﬁfcﬁ’ ase ofnnéYCdemef system to
create, from a digitized color image with N distinct colors, a free structured
partitioning of all pixels in the digitized color image into M disjoint clusters,
wherein M is less than or equal to N, each color in the N distinct colors is
digitally represented by a plurality of P-bit bytes in a color palette, and the P-
bits in each P-bit byte are ordered from most significant to least significant.
The computer program product comprises a recording medium; means
recorded on the medium for instructing the computer system to perform the
steps of: (a) providing a root node comprising all of the N distinct colors; (b)
providing a first level of sibling nodes linked to the root node, wherein each
color in the N distinct colors is allocated to an associated node in the first level

of sibling nodes based on a value of a first bit in each P-bit byte in the plurality
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[0008] In accordance with a third aspect of the

present invention, there is provided a conputer
w@e@gnedeser oduct for use on a conputer system RPOI/CA2005/000573

create, froma digitized color inmage with N distinct

colors, a tree structured partitioning of all pixels

in the digitized col or imagesi-nto Mdisjoint clusters,

wherein Mis less than or equal to N, each color in

the N distinct colors is digitally represented by a

dfl Rubit! Byite's;0ofc Ffblbeécrbmwes in a k' levkbof patles tempaising: mere than

Pbits in eac ordered fr.om

megﬁplqrcamv'@lag@' ra ?lgk%t“ Odgfe %o%goﬁh Vgl herein
@J&dESFor @”H{dtsﬁédea i %ﬂ@éﬁbagtonﬁﬂ' éi£§od'@c6653|bﬁﬁg>ﬁ%6 in the

umfor instructing the computer systemto .,
nﬂara‘llw of $ibling hedss at the( a+1pY tax/iedjbagech ongovalbed®d a (k+1) bit in

(g'F F Bg :i%ltggfgﬁtjr% yng]’rOI Ibg)t&t:eé]ﬁﬁ ﬁ?( eﬁlai 5o ) l? l?%ﬂaq f88each
?lern ‘éﬂ'éel(l%hﬁwﬁi@%lo?@ kdrel 8 at distinttdeat howd ccmlpnsmgl that color

ocated to an associated node in the first [evel of
alobel agd (o)l sslaniingdarsh merginguleapmoges yrdtl there are ealypM leaf
te in the pluralityof P-bit bytes; (c) for
%%9?19 de in a kth |evel of nodes conprisi ng more than

| , i di i
ﬁ{.@?‘; ? ho:r e %\%V%dérﬂgp nwEllage;] ' rtt%rasfphac# tﬂ%oggéjs%zt dhvéhtion,
géré chﬂn&éd Q%éﬁfb@%ﬁﬂéﬂwﬁg@ he® inger sequémee representlng a

urallty of sibling nodes at the (k+1)th |evel q{ge
pixeh magpirg @hdaa (NeM Yoo Wi wnp?p@a@wepemmg ® elor rpai for a

ﬁl u{ﬁé%ltg oc{olgoF; lﬁtatng%é@?qofn@{) coI jol r@ﬂ{% rdl%lﬁi‘&f‘ cbiAimbgE both
desiedeh ﬁlﬁélsnmréiﬁﬁm bﬁgiﬁ@l tigitizedodador intageeis prodided by N

d I
diskipoheaioes bAACopaRR 1o heaopixPR. due DRI IZgH ey Tmage is

épd{fl&%b g%%‘:&?ﬁﬁ%t ({(}gor%r l?élﬁ talloR4RH P the hNSk8lsi the new index

rovi deriVing a new i ndex sequence
éé@u@mhaam dngexx alemipgrsi fiog rap[esantmgvtbatrpmxa‘lsj o the new

Hgﬁgsfggtﬂlwr}gég Ao rrapmisg o M e riadhstsdd 1 M EBidts. The
Q{% R zeg{k?%' e%"(a?l#a hi@hg-a IHsEheWinder seiguehb@lby partitioning all

[ or ge 1S provided by N distinct caolors
be«eﬂrglratheoowleal digitized ¢olpi ieags intad gisicigt glustsredpased on a

SOl ot A OB B Y oA RS dard o tre
Iocatlon of the pixel in the original digitized color image, wherein M is less
than or equal to N; (b) providing a first new output function for providing a
one-to-one mapping of the M distinct colors onto the pixels in the M disjoint
clusters; (c) applying a soft decision optimization process to the first new
index sequence and the first new output function to provide the new index
sequence and the new output function respectively based on, for each
member of the first new index sequence, how a color value assigned to that
member by the first new output function correlates with the color value
assigned to at least one other member of the first new index sequence by the
first new output function.
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sequence has n index nenbers for representing the n
pi xel s and the new out put function is for mapping the

w2iosdeto3srenbers to the M colors. The nmet hod cPOPCAS®S/000573

(a) providing a first new i ndex sequence by

partitioning all pixels in the original digitized

color inmage into Mdisjoint_-glusters based on a col or

of each pixel in the original digitized color inmage

wi thout regard to the location of the pixel in the

[00r10] nal dingatcarddncmMath a fifih easpwbbofathe pasent snentioanthere

Bt Porbla bidcsRsia, Surtent SoroHETvE e HiPBrindes sgavence
ippéddifting Cé"p‘i%(e‘} nQﬁ';SpﬂnQ hdPa h@l/\ﬁoutput Renddofi eofédiinting a color

clusters; ying a soft decision optimzation
palotte fer ametvhdlgiﬁlzmk colenimagrededefl Fabranmiiging digitized color

e Mt bk bich et Bl LiE oPGe) BTt BHP poe is

ﬁ@l’dé@ﬁ?N digtinétheolbis Eéln% %Mbb&téd&o&ﬁa wepisels, kwwnew digitized
col or value assigned to that nenber by the first new

@leblma@@ I%@FOUNQ&JW ¥ éﬁwtﬁoiﬂsth@@%ﬁil%at%ﬁ%ﬂ"e n pixels, the
8880 b u@ﬁc%ﬂ%? | r%@ﬂbeﬁe?ét?pu PP%sérﬂi‘ﬁ fthfe[ﬁi)B%%# and

n ex sequ nce new ou tnce s
the raewandpmtchmmld)ﬂn ISifdrI rhappiag ke tn index membessetd the M colors.

165 “Chtn, Wosgosndeny e ODatE (&) PeprEbaREry B or O
a etlﬁg %ﬂ%ﬁ‘é@@%&% Q%Uéd‘-"@%* 9ﬁﬁft@i’l‘i®5 Qﬂtpl)@s an §Ré Wriginal

or a new digitized col or imge derived from
digitreidgtatart imagg trite &dl disjviot clu&@g@ besed ofed icalsd aeach pixel in

BiesGricinal e <alfr badt Whath ot 9 i€ a0k e n

mééﬂléinaldigltﬂ@h!/c@l@ |h1azﬁdmm@|rém M im@esltﬁa@baéqdaﬂtom ahd (i)
di stinct col ors being al [ocated to the n pi xel's,

t he
mmdlng@flr§bqawmphfafynﬁt@mmprwdb’@r% opgrto-one mapplng of the

T Ry T
dbeisibnt modufee &SsapIleﬁgSi eoit demlars eptn(mﬁatmnhmmdess to the first
deci si on nodul e for a first n

SBYuBRIE BRAYSAICE; ?T‘@rﬂ‘ﬁg S |new QiR fHnetRn & .pgpwgﬁ the new
t I |
5 R B B R8, UBALRUE Bl e gchr oo
awmber ofithe fiist heut indeyaeduence,Heow @cedlbovabfe assigned to that
exrﬁinerI rt])y the first new output function correlates with the color value
assigned to at least one other member of the first new index sequence by the

first new output function.

[0011] In accordance with a sixth aspect of the present invention, there
is provided a computer program product for use on a computer system to
create a pixel mapping and a new output function representing a color palette
for a new digitized color image derived from an original digitized color image
both defined on n pixels, wherein the original digitized color image is provided
by N distinct colors being allocated to the n pixels, the new digitized color
image is provided by M distinct colors being allocated to the n pixels, the new
index sequence has n index members for representing the n pixels and the

new output function is for mapping the n index members to the M colors. The
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the original digitized color inmge, wherein Mis |ess
than or equal to N, and (ii) providing a first new

w@iopao408ainct i on for providing a one-to-one napEi/ay205/000573

the Mdistinct colors onto the pixels in the M

disjoint clusters; and, (b) a soft decision nodule for
applying a soft decision optiym zation process to the

first new i ndex sequence and the first new out put

function to provide the new i ndex sequence and the new
cormputer f prograron presyet ccomplised s gaconding gnedisen  gpghaneans

Bol G5 hhrise MR T PEE0TRE e POUPRIG S Ria o Bertorm the
§téB§tdf.0{é) qRroviainRg 8Firdd hdéw e séquliencd b pastiticaingd all pixels in
at | east one other nenber of the first new index

theqoriginel digitizrd dalersimagawinde b elisjeinh stusters hageghpn jacolor of

S5 BD e R 585 Il oDt 2501 g5, tocaton o
hieogixelt infthe arkinaldigitizedneoloeimage whvetein i éstesssathan el equal

mappi ng and, a new_out put function Jepresenti. a colo
BaRbt @3 praviding,@wfEstghey,adPLb FURCORR BERYER R rif-to-one

@'{%\ngdgbp e 1 @slih&eshis! MtPit%%@ﬁﬁt@N Ell%?oiﬁﬂclﬂ_sgers; (c)

erein the origina I zed color image i

applyindeal sbit decikien ioptimizaticorrobessitp the tishnew indexrsequence
Bod s gt pltsnls Rl tsoicald (R R indFL $pGshaR ahl the

REW SLPEKUPRAYS RESpdaRely bASERKoNEMP¥Iathf MEmber of the first new
representing the n pixel's and the new out put function

indleixarequeppé nbowee calor vakie assigradta that maemgbeb byrtbe first new

U R, S SR e hofh B BRs/BnRe RG At 184t one other

hiephbeICafithe firdthetpifidlekeqagate by tite fisst henwnontpat ftnefion.
of: (a) providing a first new i ndex sequence by

B@réfiﬂééa?iﬁaaﬁdfmésmmgqst he original digitized
Of 1 nage I nto rsjornt clusters based on a color
B?O’EHch pi Aedztaﬂed rdessription0f prefpried egpeetsoel thegwention is
t t ' f el i .
BrRebnEGRaPEIobEu TrtePS e Bine it g JfFniidd, b Rpict,
I N . i di ir .
Mael on ¥ Biotiseob i ndbiash, AtbcPamo BishaREh AgcBibuics system in

dbebrdanfbe WHNCA PrefBired Hapebl afthe présdrienVdrtiion; oi nt
clusters; (c) applying a soft decision optim zation

BOFASS tOFdife’d, itk Gen! MdsirafR% 8f8e structure in accordance

with a preferred aspect of the invention;

[0015] Figure 3, in a graph, illustrates a Viterbi algorithm in accordance
with a first variant of a soft-decision optimization aspect of the present

invention;

[0016] Figure 4, in a graph, illustrates a Viterbi algorithm in accordance
with a second variant of a soft-decision optimization aspect of the present

invention; and,

[0017] Figure 5, in a block diagram, illustrates a CPU of the computer
system of Figure 1.

Detailed Description Of Preferred Embodiments Of The Invention
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and the first new output function to provide the new

i ndex sequence and the new output function
w0 e®pretdoel y based on, for each menber of thePET/Ca2005/000573

new i ndex sequence, how a col or val ue assigned to that

menber by the first new output function correl ates

with the color value assignegl_-to at |east one other

menber of the first new i ndex sequence by the first

new out put function. Brief Description O The Draw ngs
[0618]12] A drdfeiringdtodEigruiré pit ithereofs illustratedein abibedkt diagram, a

the invention is provided herein bel ow w th refere?ce Th
comRuier sysiesni 1y inasrPriRnCe; Wit h@sqﬁl%f] the jyention. The

. . | ; . 5
cfhufe Sl FRnifscs 2 MACARIEHZ (6O PRIPE ofe Lppuetata
mowitortidofor disiidyihg Eigital eolr imageas,ga &t 161 fousnage processing

octree strycture in accordance Wwt eferre t
D0l ol BTV SAmeTeeen o gor oty A8l ol CrtHEEE! both

Uahts5ticH elidtotioheTid aldpRpicksni WaighorwWhiks emairttaining  low

Irst variant of a soft-decision optimzation aspect
cofmputstipnaseamplexife anf cepmpaidiy witly GIE/ANG decqders, and an
raph. A lustrate tarpi ri ' :
BB, 5,411,581 P VGO o IS SO TR e oo
ideRecdatd prive By asemiansmisgion offomanide ¢difipufer Feypierm 350 via
in-a block di aﬁram illustrates a CPU of the conputer
tegnsinaigsion ganguit@01. Detail ed Description Of Preferred
Enmbodi ments O The | nvention[0018] Referring to Fjgure
[0p19her e i TEhe [oinkoptimizatipn Rioblent lf golayrigiAdIeLREAHNG san be
stem 1Q jn accaordange w an ,aspeqt ,.of 1 h
et po ol Lo BT 7 el PReiThRY B8 therEaR, polps space

or stori col or { e dat j . . :
AU et e | B S CBRE BT brg e Poor image which
ro i f idi i - .
RS fRp Pin ol TSR B> Sl fadsm. we
shtdircanmndscieyuenee ght (iyhi.l2 , by scanningghée @alor image from top
conput ational conplexity and conpatibility with
16 hatRGatddoatedaft tarightawhere i, means that the color vector of the kth

pixel is o, . If we confine ourselves to using a new color palette C with M

colors (M <N) to reproduce the original color image, the joint optimization
encoder is aimed at finding a new color palette C = {€gsCroensCay 1} @ NEW index
sequence U = (uy,u,....4,,), and a lossless codeword length function / to
reproduce the original image and to minimize the cost function:

2zl

n1(U) + )\n'lz d(o,.k,c,,k )

k=0

where A is a Lagrangian multiplier, and d is the square error incurred by

representing o, by c,:

W "

d(o,.c,) =“0i _Ckllz = (ni - "ck)z + (go,- =8 )2 + (bo; -b,, )2 (1.1)

[0020] Since there is a one-to-one mapping between a lossless
codeword length function and a lossless code, selection of a lossless

codeword length function is equivalent to that of a lossless code.
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encod_er 20 such as a G F encoder or PNG encoder for
encodi ng the color imge data prior to its

W@ e@R8”eM03ci on fromthe conputer system 10 vi a PCT/CA2005/000573

transm ssion conduit 20. [0019] The joint optimzation
probl em of col or i mage encodi ng can be defined as
follows: Let W= {(r,q9, )|qg-9-09,& 255} be the RGB
col or space. Assume O={o0,o0v ..,oN 1} is the color
pal ette of an original color imge which has Ndistinct
[pg21]s. |fCldmiyt otal number of pixels in the original
image is n, we obtain an index sequence / = (10

1,..., n y scan t he,color imgge, fromebpp to
bot t om and%d&ptﬁug ﬁgﬂégrgki—gnt)ﬁ @T@ckikF(*baanb,k)tFat t he (1.2)
col or vectar of the A pixel is oik . If we confine
ourselves to using a new color palette Cwith Mcolors

[sMbeNptal sauepe edes €TSR) Whichiinglosell tlatedayih theyisual quality
A dat LS. a oo
GEME OB R R Mot 1 5 R SEer ther
%Iﬁﬁilétr}id!ist?rti?whrrﬂea)suaegirisittﬁuel sold qﬁﬂpoweahrqdlagﬁmﬁdm—oriented
unct i on o reproduce
mqﬁhw%émﬁ@e&gﬁn i %ﬁ‘%ﬁ%?ﬁ%i@@ ?a@\rf]%mfj,'i?%mew color
PAHERE o R, S4B gt S S minmization
6 bitrafed @20 ) Samoagtdiepessilde dossiess cedeworthlenptiyfunctions 1 is

between a | ossl ess codeword | ength function and a | )
thes solesurposie of setlisgtmethods far rolosioueptizedisneges rengjdered in

E%Jégéﬁ%gz @ ?ﬂq 321’ ﬁ';ﬁ‘?t 958?*%%@%? [@ie?h ((J%&lé\?es isosri ntgﬁeforward the
Eoﬂi&éms @f gomt edptinizafEHE) of Wihec haties and odietortior] Thedquantization

he visual quality of the quantized col or i es.. Nof e
dﬁsé@rtlpneISndeqﬁeﬁmmdi by, the cpir paleenera rﬂl%@ﬁ‘gappmg .e., the

i oLt i .0l ; .
SR IBE e Su8 W8 by oty e ol
hidpging [ tHY [Gssieskycodgvwaed Iehgthniiunctioh of. iieregtaf ecclrse, the

and pi xel, mappin hence t he i ndex h

sl ANRING S Do dodspa P ma_bepl%ﬂéﬁ%ufgf]qcrgp%@é%} filie lossless
l.BESWBRS ISHYIR N &idneNng ket BRE @Sstlll joftly optimize both the rate
and distortion by changing both C and U.

[0022] There are many lossless codeword length functions, each
corresponding to a different entropy code, such as Huffman codes
D.A.Huffman, “A method for the construction of minimum-redundancy codes,”
Proc. IRE, vol. 40, no. 9, pp. 1098-1101, 1952 (hereinafter "reference [12]"),
Lempel-ziv codes J. Ziv and A. Lempel, “A universal aigorithm for sequential
data compression,” IEEE Trans. On Information Theory, vol. 23, pp. 337-343,
1977 (hereinafter "reference [111"), J. Ziv and A. Lempel IEEE Trans. Inform.
Theory (hereinafter "reference [10]"), arithmetic codes |. H. Witten, M. Neal,
and J. G. Cleary, “Arithmetic coding for data compression,” Commun. ACM,
vol. 30, pp. 520-540, June 1987 (hereinafter "reference [13]"), grammar-
based codes, E.-H. Yang and J. C. Kieffer, “Efficient universal lossless data
compression algorithms based on a greedy sequential grammar transform—

part one: Without context models,” IEEE Trans. On Information Theory, vol.
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the sol e purpose of coding nmethods for color-quantized
i mges considered in references [7] to [9]. The cost

WO vst1o4086 gi ven above brings forward the problBoT/0A2005/000573

joint optimzation of the rate and distortion. The

quanti zation distortion is determ ned by the color

palette C and pi xel mapping {¢.e., the index sequence

U the conpression rate is determ ned by both the

pi xel mappi ng and the | ossl ess codeword | ength

46.n6d.1 Drpp?. 7594797, Mayc 2006 ¢herehmfter Xedferemepi [ng]"p sJ.&C. Kieffer
sof t_ decj si on, i xel mappi ng. Therefore, e

fiod - 435 Y2RGen ﬁmmah@eﬁe@ FSEPoR POWCIRPS Q4 U%V%S@ARSS'GSS
drbe do‘?i'e@t” %h%eolf%fg ﬁgﬁ%ﬁ FreoRnddli 86 Oﬁb' anﬁ)’ 737-

angi ng bot ere are many | ossl| ess
ZMeMadeO%@tdnerhaﬁet [ rmfereneaﬂﬁ]é)orﬁ dipYang mmdt B.-K. He IEEE

ek:f a[p?qn :{gz;%nlt‘nr ﬁgﬁe?ﬁg@‘yf Jol. @S gggfééﬁga%gg ;003 (hereinafter

efdrEHEa Yosedsias d@f@és Bd. sp&tificaly. forocold
pp. r1098r[q5§]%1 , 10952 ihgcr)el naftglrn rzgerlecr:]cg [12 ]O " mage

),
E@mﬁng zi see trfetenpesAiy tall. Ainceewpavantin mainjainsgamMpatibility

SHB B Mgl SETR G50 it 70 or
ﬁ&r?e?nt(lhﬁthélda@étcﬁrGlFr aé@dscmcaa{o[ af fie' D.Z’771 codivoraitevaxiant in the

Lenpel | EEE Trans. Inform Theory (hereinaft
caxg ef ENG decogen, J. MiPpA G oTEP s 'magﬁqﬁwgms ey, png,

a n " f "
gﬁarr%r esg%grjﬁ A@%gr&?é y%&wﬂHe?gﬁﬁﬁ%P r%F&eHGe [Pﬂ Wrﬁ%hewnl be
d6Rdtethier eactaicase Limgiyeibynée(( 13T herefcgeaiﬂmrcba’sétmdlon to be
codes, E.-H Yang and J. C Kieffer, "Efficient
[mmlth%diln PWseASEsI§ data conpression algorithns based
on a greedy sequenti al grarmar transform part one:
W t hout cont ext rmdel§ E S I nf ormati on
Theory, vol .46, no. ’%w&% 3@’ y 2000
(hereinafter reference [14]" )"°J C. Kieffer and

-H. Yang ased codes: A new_.class af
E?\q r sal IT5‘§SP% %59669'?5% OVE gEEWfp%Smgﬂar to the cost
\‘Jﬁcgbﬁaéle%d-rh‘? %Mroﬁ&oéons‘ﬂr@méép ve@tor REjarﬁ?zﬁtloﬁ 5(£C\P‘@)/ P. A

(hereinafter "reference H. Yang and
Chok, He Leokbaughs and rRorMntGﬁw TﬁEatrppymnstramed vector

ﬁﬁanﬁz A 2’5954&’8558 d(gger o ngfgg eglqﬂaiz{gf@gggmblgee) also IEEE

iT'FBﬁl:ﬁact/ons on Signal Processing], IEEE Transactions on, vol. 37, no. 1, pp.

31 —42, Jan. 1989 (hereinafter "reference [18]"), and in particular to the cost
function defined in variable-rate trellis source encoding (VRTSE), E.-H. Yang
and Z. Zhang, “Variable rate trellis source encoding,” I[EEE Trans. on
Information Theory, vol. 45, no. 2, pp. 586-608, March 1999 (hereinafter
"reference [19]"). VRTSE can be viewed as a generalization of entropy-
constrained scalar quantization and vector quantization [18] in the sense that
it makes use of trellis structure and jointly optimizes the resulting rate,
distortion, and selected encoding path. Its efficient performance, especially in
low rate regions, makes VRTSE particularly applicable to color image
encoding where a high compression ratio is often desired for saving storage

space and transmission time.
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encodi ng - see references [7] to [9]. Since we want to
mai ntain conpatibility with G F/ PNG decoder, we choose

W0 2406/1083¢ he codeword | ength of LZ78 or its vaPCEHAOM2G08000573
the case of G F decoder and of the LZ77 code or its
variant in the case of PNG decoder, J. M ano,
"Conmpressed i mage file formatis. Jpeg, png, gif, xbm
bnp, " ACM Press, 2000 (hereinafter "reference [17]"),
which will be denoted in each case sinply by I {u).

[0b24Ff or e,Baderl cost VRATBE, Gwetba‘h@ develupededtwo mathods in
case is n LLZ (u) +In [ ! bj) %%I |
agsordanaec tWih a6 vasPesiopé th? dFV%m sY#iiqhle-TR s color

GRRlibYa " [VRTEED: Mo PRICEEY2 Q85 i0iAp EpAREOboth the

ddartBizasion " Eistodion- candt rcampFdssient oate)uailez anadaining  low

?&%@%@f’a@a&m@'wﬁn%@h dBatBiBE iR, TAFRAE YetBaer. Both
\{R@thém RITQ s §7softnd’e01§10n F}ﬁ’xel ?m%pplﬂé,, ad@®@re iterative.

herel nafter "reference {1 articul ar
Inoadditionpént accorstance withi adurther aape@tbpfeih%ﬂ@vqnt@m jeftropy-

sour.ce e od| n RISE). E.-H h
oQt riaérﬂﬁ’ &HS% egb@guﬂgghg‘%n%[bg‘ 35&%{1% Hehsisss the
b&ttey hith Oétrdel@ Yor RGB é5lorgiand? logply ABfinfids dvhrertiropy-
1999 (hereinafter "reference [19]"). VRISE can

gonsiained casiyiaidhal quantized eploenAgy o %Y‘?'gpcﬁfégo provide an
ﬁ@l Lol 1 ?hb%ﬂcbﬂﬁ;gﬁ%%e‘fﬁémf Vﬂ*l*@q hZHd YRTICESD. Uh its own,

of trellis structure and
E@IHNIIQypmtdem ae effiidient wayl toi trade affehediate andi distortien of the
sel ect ed encoding path. Its efficient perfornmance,
guprized ¢9Jor IMadsy rate regi ons, makes VRTSE

articularly applicable to color | codi ng where
rief @e\ﬂ@ﬂmféé%lﬂ?ler%ﬂeoﬁeéh%ﬁpé'ﬁc% £!°|°€’E"$ or saving

storage space and transm ssion tine.[0024] Based on
[0O25}, we Navieblgerate dpalls tamuirerians@ding paesatednpel 19 is an

W th of the in bl e |

Elteds i a Breso Phn 0BG Bl Ehed s ZhEhS, ahg T, reroer
kBt ahvefd2® lossy data compression,” IEEE Trans. on Information
Theory, vol. 43, no. 5, pp. 1465 —1476, Sept. 1997 (hereinafter "reference
[20]"), to the case of trellis-structured decoders. For each real-valued source

sequence  x"=(xy,%,..x,,)ER", it ams to find a sequence

" = (ug,upit, ) E ML, M, ={0,,....M -1}, to minimize the cost function

set?.

J(x") = n‘ll(u")+ M'lp(x",/a’(u"))
where A is a given Lagrangian multiplier, ! is a lossless codeword length

function, /J’(u") = (202-2,,) I8 the reproduction sequence corresponding to

4", and p is the square error distortion defined by

| p(x",z")é2p<xi,z,.>_4"02‘(x,.-z,.>

for any x" = (xg, %X, ) AN 2" = (20,Z5--sZ01) -
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quanti zation distortion and conpression rate while
mai nt ai ni ng | ow conput ati onal conplexity and

w@oropaodoké | ity with G F/ PNG decoder. Both VRTQGEZLCand5/000573

VRTCQ 2 use a soft decision pixel mapping, and are
iterative. In addition, in accordance with a further
aspect of the invention, ent{ppyconstrained
hi erarchi cal nergi ng quanti zati on (ECHVQ, which uses
the octree data structure for RGB colors and locally

zes Phe ‘Pé’érb@%ﬁ&ﬂ%ﬁ@éﬁt%dﬁepztis beferiifediftomt i/Z&ftough

coI i mge, is developed to pro e an initial color

é”ﬁf@ﬁ’s%ﬁf&br’@zﬁ gebedsr f L (YRRNICQvhensd tf VISEOR_2— 5 Ofs i 4Sstate
CHMQ provi des an eff|C| ent way to traffe off the

t’B“e rf&t@hofsu Qns Of st NE G aRk bESGtER Md F 8L — R is an

evi ew O Pinbe Rate Trellis Source Encodi ng
a
oIPAR fyniHich? The ARbGors Fiahtily SO 150 Bl SNGRAN Shd the
get dlurepradgction lexhisnimiadtora @ﬂogpalettep m@egtn@jya, leen an
uni versal | ossy data conpressio jE E Trans
n¥iiabetate un theERprgduction SepHer. "B} phie s65) 9 9gmpUted as
Sept 1997 (hereinafter "reference [20] ), to the case
lowisg| | i s- structur ed decoders. For each real -val ued

source sequenc (xo, xI ..., xt 1) R, it ains to
find a sequenrges 5 (UUL ...Un 1) e Met , Mset
={q,l, M-I} mnlmzethe cost function j(x n)
= n- II(u )s,+14=rf(sp{t n,blun)) where | is a given (2.3)
Lagr angi an (51 | pI |]gr is a lossless codeword | ength
functi on, z1, ,zZzn_1) is the reproduction
sequence correspondl ng to M, and p is the square
b ptherawerdsy tupen @seiviRgl by th@rde&ﬁyles( fn outputs the reproduction
=(xQ x1, 1) and
FRAUSRGS oﬁ(ﬂ:;)( @eq&eﬁcé""ﬂﬁ t)'a\qegsqggt é%% ﬁ%‘&il[]?'?%(?f states
t hrough a trellls structured decoder b = {f,g), where
B,oSSeMBet S is a state transition function, Sis a set
of states, and g :Sx Mset R is an output function. The
feoz7]i ons Fpapd Seldet @rtai be thbekthicetier statitr arithometicasatieword
the set of reproduction levels (simlar to a color
Rerigtih tfenctiore P ewtth Veh-prdes vamsition probability function W(u|u ) The

Viterbi algorithm can then be used to find the optimal sequence u":

u' =arg min n[n'lL (VosVipeenrVyy) + AR p( ﬂ( "))] (2.4)

VE=(VgV) sV ) JEM

n

[0028] Fix f The joint optimization of g, ", and L (or equivalently

W(uls*)) can be described

min min [n L, ( )+7Ln’1p(x",[3(u"))] (2.5)

W u"eM”

[0029] An alternating algorithm was proposed in [19] to solve the joint
optimization problem (2.5). The procedure of this alternating algorithm is as
follows:

[0030] Step 1: Set t = 0. Select an output function g(")and a transition
probability function W satisfying
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initial state sio , the reproduction sequence b{u ) =
(z0,z1 ...,Z 1) is conputed as follows: =0,1,..., n ~l

WO p0ostiiM®se wor ds, upon recei ving u", the decodePChCA2005/000573

out puts the reproducti on sequence b un)
(z0,z1,...,zn_1) while traversing the sequence of
states [0027] Fix b . Selectqd-to be the W-order
static arithnetic codeword I ength function wth
/rth-order transition probability function | . The
Viterbi al goer'(:,ILuer Otfglegmp%@g@q drid §f edyt he opti mal
sequence u p(x", b(v n))Te(Z 4) [OO§8] Fix f
The joint o |n1zat|o and i (or. equiyval ent

fAoGrth ) ) Sep Be ﬁjésgpﬁbéd nthmthe MitgKbi( algPrithg- toyfind a

X n, b(u" Z o 5) (%0028 An alternatl ng al gorithm was
saquevwsed(i’ ) =18 esatislyipgiGauation; Ridawitly g replaced by
probl em (2. 5) The procedure of this alternating

af'cnd Whioyi Whs fol | ows: [0030] Step 1: Set t = O.

Sel ect an output function (0) and a transition

m&@b"\ggﬁ gﬁ%@?r;&\ﬁo)&h%aﬁwpggwg‘u % (tU ve>s rléé”to the
Mg%%@%?&ﬂ*ﬁﬁ%ﬁ@??éw BRESST B Byl de g’ﬁ‘%”éf t)(

and Wby Wv . Step 3 F| x (unf The i ndex
sequence (u"f ] 5= Bfe o=u’h@su e of transition
pr obabig 0 {4 o' esMlue M,

t

and

()]
8" (s,u)=1
115,

where uj_‘,{ =U; olt; S, J=05...,n=1, are the states traversed by the trellis
decoder (f,g®) in response to (u")(t), and E&u is taken over all j satisfying
s, = s and u(') u.

[0033] Step 4: Repeat step 2 to 3 for z=01,2,... until

[n'l sz(ﬂ ((un)(f)) N )\n—lp(xn’ ﬂ(t)((un)(t) ))]_[n—l lqch(M) ((un)(fﬂ))_l_ /’\n"lp(x", ﬁ(m)((un)(“l)))]s £
where & is a prescribed small threshold, and LVLV “ is the kth-order static

arithmetic codeword length function associated with kth-order transition

probability function W (ulu") Then output g<r+1),(un)('+l>, and W

[0034] The performance of VRTSE is asymptotically close to the rate-
distortion limited, as shown by Theorems 3 and 4 in reference [19]. The
experimental results over Gaussian, Laplacian, Gauss-Markov sources show
that VRTSE is especially suitable for low-rate coding. To apply VRTSE to
color image encoding the following problems must be addressed:



jr=u,[U-,\) (/) =uk ,n0 i nIMI <)() -1
fi'"'e-eMand(Sl\/leV\,here.:uk .15

W 2605054036 . . | , are the states traversed bwT/b32005/000573
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trellis decoder (f,g {t) ) in response to (u"){ , and
is taken over all y satisfyings . = and = u .
[0033] Step 4: Repeat step 244a 3 for t =0,1,2,...
until [ - (C- C~C) NDI-I["-w (C")" ./ " >(C")
))] x where is a prescribed small threshold, and '
[6038]e At hPoolblem st:aThe hissldssetodewondewengthl &mgtibn used in

VRS Tt Sl o e o v
gyer’ hag W @fese[nq Aél eoﬂogél st"Loﬁrgg Cal O&r{hﬁgggj,é g:sssless

yTipt ot ’cal ose R At Ion

@bdm0@|eﬁgmfmoﬁ isith Bernpekaf eodewerd [E9gth flnetion/,, .
experimental results over (Gaussian, Lapl acian,

m Mar kpfosigHs C2s mhamrtsat (HET %ﬁtlélﬁzaﬁéﬁe@t@é | Step 1, is
urtable for Towrate coding. To apply RTSE to coI or

iumspecified.othatds,t o tokélest the |plt|abfLmnhonmgrf° and W is left open
addr essed: [ 0035] Problem 1: The | ossl ess codeword
i VAR FSEEuRBiSi tsan%lg@@ iith OYRPtoT| iage) epRding settifit into how to

@%ﬁ@fﬁ%lr@hﬁ%ﬁw&g LeRRbA; r{g%&@or - On the ot her

e presen exanp i mage encodi ng,
iyt SPGB o A AR By, e nce
set M, in VRTSE is often chosen to be binary with M_, =2 so that a high
order arithmetic codeword length can be used. On the other hand, in color
image encoding, the cardinality M is usually relatively large, and could be as
large as 256. Therefore, a new way to reduce the computational complexity is

needed.

[0038] To get around Problem 1, we will upper bound the Lempel-ziv
codeword length function 7. If [, is the codeword length function of LZ78,
then it follows from the lossless source coding literature (see, for example,

[14]) that for any sequence u" = (g, 1,,..., %, ,),

1 " " logl
;le(u )srk(u )+qk oi;fn (2.6)

where q( ) is the kth-order empirical entropy of #" in bits per symbol, ¢, is a

constant depending only on k, and log stands for the logarithm relative to
base 2. A similar upper bound is also valid if [, is the codeword length

function of LZ77. Instead of minimiiing lle(u") subject to a distortion
n

constraint, we will minimize ;;c(u”) subject to the same distortion constraint in

VRTCQ 1. A different upper bound will be used in VRTCQ 2. Problems 2 to 3
are addressed below.

Entropy-Constrained Hierarchical Merging Quantization
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[0036] Problem 2: In VRTSELl the initialization step,
Step 1, is unspecified. That is, howto select the

w0 piositedo3d uncti ons g{0) and WO) is |left open PCT/URIBEI00573

This translates, in our color imge encodi ng setting,

into how to design an initial color inmge encodi ng

schenme. [0037] Problem 3: Totiseduce its conputati onal
conplexity, the index set Mset in VRTSE is often

chosen to be binary with Mset = 2 so that a high order
039 net i cAcomrelmgtd) are mgpactoafithbdnvardibn, Erohlém 2ishaddressed

dinality Mi
{Heaen #h SRt RPHaIRgE Mermfihic skl §0khinpdn EEcHma)
¢hfoh gRRARISOAR iniflal @lbﬂ\’ﬁfﬁa%@ eh@@éli‘h? $dHente® FBVRITISEN HCHMQ
conplexity is needed 003 around Problem 1,

servigs(as the diest s@wmostag@ 1Lé¢rrmth TCRutabH Y REGG: 2
function 112 . If 112 is the codeword | ength function
(040178, tREHME fi®l handsdécisiont lgeahtizations swhishr gartitions the

GRS L A5 Svanst Gk, Arfhld iRl goor or
bheh /crlidteOr SRS defiingstthe tepriiuctie woldt i@rté‘a@ebngma! color
nbo gk is a constant depending only on k , and

my%dbsmf the easiigar of the edgiaal gelor i tm%a ~-dimensigngi mgge It

RS ac\Blfas B i B! dun sthkfnsiio] R IPSRACEA the gptp anc

distortibadly loeally eHisibtizihgoan eatrspy-abnétrained wost, whish ris ziefined
rk{u ) subject to the same distortion constraint in
1. Adifferent upper bound will be used in VRTCQ
2. Problens 2 to 3 are addressed bel ow.
Eiﬁ41dpy Cofivemi ABd IHi er RiXehi @alorwmggﬁg with a color palette

| nv ‘%?It ﬁ’gall"og[ ggﬁ%@%ﬁgﬁ%}% %Q{tﬁf@@zﬁe;t OJN 0% use a hard-
ABLSRAY vty %Aghﬁéﬁrtﬁé'Iqaéolé@fiﬁtd‘%qld%@iéréaé' en..c

whi ch s an initial color imge
aderdsatisfp doene j{ and I HF< MECHMQ serves as the first
stage, Stage 1, for both VRTCQ 1 and VRTCQ 2.

CNC; =g (3.7)
C,ucCU..UC, =0
The integer forms of the centroids of clusters constitute the color palette
C= {co,cl,...,cM_l}, and the mapping from an original color to a cluster explicitly

maps each pixel to an index. Let u" =(uyu,...u_,)E M., be the index

sequence obtained from mapping all pixels to indices. Then the entropy-
constrained cost of the quantized image is defined as:

J(q)= R(g)+ AD(q) (3.8)

where A is a lagrangian multiplier. In (3.8), D(g)is the total square error
M-l
Dlq)= E E F(ok)d(ok,cj) (3.9)
j=0 g.€C;

where F(o,), with 0=<i<N, is the number of occurrences of color o, in the

original color image, and d(ok, ) is the square of Euclidean distance between
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[0040] ECHMQ i s hard-decision quantization, which
partitions the original N colors into M non-overl apped

w@bwstietndqs finds a reproductive col or for eachPCl/asLms/000573

and determ nes the reproductive color for each
original color regardless of the position of the
original color in the 2-dimepgional image. |t takes
advant age of the octree data structure [3] and trades
off the rate and distortion by locally mnimzing an

1t £6IBbs FORSB 8paecs] awdefinethircBquatiste{1.nRdrEgliswhe codeword
[0041] Gven an n - pixel color inmage with a col or

lpag it ofethd ihder sequeicand. Sirsiertbd mappingl foom@Eatelor &0 an index

5 ipdenaraiert ok the s BOREHER Tt 6 @E?@giéet&f?ﬁf&f’ffr&% prtropy
lghds‘éﬁ t§%ta'k§flé‘te tﬁ@"coblewbrd ledgéh: 1. <MCQ n G 0 (3.7)

he 1 nteger forrrs of the centroids of

clusters constl the color palette]C = Jc0O CI,
., and the olor to a
cluster expﬁeﬁa i@%ﬁﬁ&'ﬂgﬁﬂﬁ | xglF(bp|an index. Let urg3'1o)
f—{ uo, ul, unI I1) et be’ th& i*ndex s quence obt ai ned
r om mappi a xe ice
m&)pycongg?aﬁxﬁé upg ‘i’n f'Pﬁ Eﬂ“@lﬁ &h@g@ similar to the
?5% %nasfunb fiéﬁﬁ@d” i'nD{é}?trdp% @nsWé‘ﬁ{éH 'véc?ora quantization
glanrrutlpler . D(g)is the tota
ELMQe iar referddag) {c’l&]k)“ﬂ(e)lmaln( issg)e B @ ottesigT § hafdrttemsmn

auaiizend WS esbond btk litotts) sl Sheh BEDRSERS Hofivtexty.
Aheociﬁﬁ@rsﬁ‘uéfurg% |US€§3t6 %éé@ﬂﬁethberh‘éﬁgiﬁg]‘mcﬁﬂi@bésﬂ function

ace, as defined in uat 1 on

d@ﬁmoﬁ ird Equatiom (38) to érad@dgfi the cﬂ%fén%@ d@tortlen rf?,feth? Hwantlzed
nqﬁglng froma color to an index is independent of the

' s p03|t|on in the col or |nage the first order

de4r3?py | SUIIJﬂQ‘Ee the onatlh |y ocC ree %u‘f&ll m;?rcragecljt?rg%ﬁi:ch scans the

color of each pixel and inserts it in the tree [3], we get the histogram of the

original color image and build the initial octree once. Referring to Figure 2,
there is illustrated in a graph, an octree 22, which contains all the distinct
colors and their occurrences in an original color image. Root node 24, i.e.
level 0, includes all the distinct colors in the color image. Since each color in
the RGB color space consists of three 8-bit bytes, each of which represents a
primary component, the most significant bits of the three bytes determine the
position of the color in level 1. As long as more than one color passes a node,
that node is an intermediate node 26 and should be further split according to
the combination of the less significant RGB bits. The color passing a leaf node
28 is called a color in that leaf node 28, and the color itself is actually the
centroid for that leaf node. The distance, in each color component direction,
between the centroids of any two leaf sibling nodes at level k, falls into the

range of (0,29"‘ ) Obviously, the larger k is, the more similar those centroid

colors are. Note that the octree 22 shown in Figure 2 is highly unbalanced and

asymmetrical for two reasons: first, the number of colors that appear in an
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[0042] The cost function defined in Equation (3.8) is
simlar to the Lagrangi an function defined in

weposomp3const rai ned vect or quanti zati on ( ECVQCT/0A2005/000573

reference [18]. The main issue is to design a

har d- deci si on quantizer g with a good rate distortion
trade-of f and | ow encodi ng cppplexity. An octree

structure is used to speed up the nerging and the cost
function defined in Equation (3.8) to trade off the
6rfifargdIoH ifiayd isdBr RissttAgn e idtar eGmbERGFE 2”[0@%4§]avallable in
Unli ke the on-the-fly octree buil ding procedure which
B&ﬁgpacree—@@redefefen@g&mpasmndaﬁqu%sppg splitting if Were is only

{’ﬁﬁgskiké%ﬁsqﬁt thecinttial 321 Cee once. Peferring o

h,. .
B o5, EBRb o ol . Th e RlaPalGRRF amBle HEiffout in 2
IG&EH&{ %%?%dé“ @nllnoigieégb e CBY YepbBRAy nrOQind 88 Igéf sibling

evel 0, idc the dlstlnct colfors in
noties eaohdiene, Svemne@clhce dthe nuimbetr fod ImmﬂﬂsoiromoﬂdeM The

f 8
FapaRrolormeoring: e/ b o arbulig dedbapts fym qqiar i the new
Eblto? Ip% etfeh Ndt rtﬁ‘ﬁt Qﬁl’éﬁ%ﬁ@%&f Meigert 6ﬁe§f—’§ibhh@ hodles! 88ch leaf

col o l eve g as nore than one col or
pads e:srrasponkdas tct hsubsetef dajorarin ithe eeler palette ofdhe oziginal color
and should be further split according to the
Fnation of the |ess significant RGB bits. The
color passi ng a | eaf . node 28,i.s cal

Blnode 26SUBRIRIO0olot-ev1if t1S Lig Cplor g@{(—f}% pbh{er%ltgri]%l color
L
s B 3 e - a1 11052 3 Rt B o e
Sabfod é"@O?ﬁBt P Shﬁﬁé%eﬁﬁ o S tonh Qaﬁuﬁwggr F, of
?g?é@?gﬁ%% s+ a%%r ﬂo\éfé '§239 eflnfedr o tﬁ@esd?h'”gfarth?fnumber of

pear 1n anordl nary col or

lbResrrEhads b eadPEabr MRS 00f 224CO O'S available in
RGB space - see reference [17]; second, a node stops

splitting if there is mly_ppe CQ||_pI‘ passing it.
[ 0044] Each distinct coPer® O i-lﬁ t he™ori gi nal col or

image is now put in a
where F, denotes the number of occurrences of the color o, in the original

image. The number F, of occurrences of the node ©; is calculated in a

similar manner:

FJ._A___FJ.0 + Fjl +ot Fy

where F, denotes the number of occurrences of the color o,, in the original
image. By merging the two nodes ©, and @, to a new node ©,, we move all

colors in 0, and 0, fo the new node 0, i.e.

0,=0,U0,;=10,,0,:-0, ,,0;,,0; } Accordingly, the number of

ma? Jo 1t -0 Ji1

occurrences of the node O is F, =F, + F;. Assume that real-valued colors are
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distinct leaf node Q in the octree. By repeatedly
merging two | eaf sibling nodes each tine, we can

wo eabdaetoshe nunber of | eaf nodes from N XoM TPET/CA2005/000573

integer formof the centroid of each resulting |eaf

node is a color in the new color palette. Note that

after repeated nerger of |eafgsibling nodes, each | eaf
node corresponds to a subset of colors in the col or

pal ette of the original color inmage. [0045] Assune O=
aliowedl The fcﬂl‘dvx}lng Jeinhea gilesr theabrirogy-odbnsthained iaishacrement

col or i mage. g@and be tvvo | eaf sibling nodes
w@mgtfmwa@r@mg @4, &e Q {oio ,0ii ,...,oi
{odJo ,oh ,...,0Jk_1} . and QD Q . Let c be

Pms;entrOLdnm on: fBly @ergirandnades t@g ardt 1@],d thel entropy
or . The nunber F of occurrences of the node Q 1is
cbﬁstmmbdasosthsirmneaséd bje nunmber of occurrences of

each color in node Q. where Fit denotes the nunmber of

T A0 2t co el frht EaloBT TalRga8 e o @1

calculated in a sinilar manner: ”FJA— FJ, 0o +FJ ’+ L+
FL,- i where Fh d es the nupber of occurrences of
whgrq;g,“ﬁth@cqntqﬁpg &R9d8 Rat -Prage. By nerging the
two nodes Q. and Q. to a new node @ , we nove all

colors in Q ant henewnodeQ7 i.e. QJ =Q
Q. = {oi 0% BiF (90 +tF8(i13 i ... ohi } (3.12)
Accordl ngly, tHe nunber of occurrences of the node Q;

qulgfﬂ] |F \c])w;dp"fm}e Tl@)q;Afr(S;\lﬁrlrrﬁgﬁ]h ggl:lé;\ézle%ﬁg is %aneved when we

rb@ids %‘ﬂ %h%d@qn %Séeﬂl' Wﬂﬁ%n&eﬁtﬁﬁwéﬂ Matf e This is the
rgrng 1: By merging
peniesid Coratitibr) S. Phd.leyd, r‘d@ﬁst@qsam gudniszationi i pcm,” IEEE

b’nﬁ%;qi?pziﬂv?%pqt@(n Tl%ec:)L V\/ner2 %p 157—%? I@I%Péhr %92 %erelnafter
"reference [21]"), widely used in quantization methods. In this. paper, we use
the centroid of a leaf node as the quantization level, i.e. reproduction color, for
all colors in that node. By this means, the entropy-constrained cost for each
possible merger can be calculated without calculating the difference between
the total entropy-constrained cost before the merger, and the total entropy-

constrained cost after the merger.
[0048] Since Fc,= EZ:LFipoip and Fg, = E’:OFJ.qo ,,» the centroid of the

new node ® P is

ij = m-1 n —1

F,

p-Op qOJ

EFO +E )—;—I(Fc +Fc))

[0049] Equation (3.11) for the increased entropy-constrained cost AJ
can be proved by calculating the increased square error AD and increased
codeword length AR separately. Let D, denote the total square error caused

m-1
by using ¢, as the quantization level for ®;. Then D, =2P= oF "o,.p —c,“2
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[0047] Proof: The minimumtotal square error is
achi eved when we reproduce all elenents in a cell with

wao basaetnss oi d of that cell. This is the centr oPCI/CA2005/000573

condition, S. P. Lloyd, "Least squares quantization in
pcm" | EEE Trans on Information Theory, no. 28, pp.
127-135, March 1982 (hereinajger "reference [21]"),
wi dely used in quantization nethods. In this paper, we
use the centroid of a |eaf node as the quant| zation

e. [eprodu n col gr 2t hat
éﬁ‘référlyBy th \Kslgrreansﬁé\}eﬁe entlrg%pygohgt“r’al ne %osﬂl for and

each QRossi 1ca be cal cul at ed wi t hout
¢ eupat |Fn gj“éf% }og —mgﬁ weSnbstlgtingcawith the expression
entropy constral ned cost before the nerger, and the

nghal t aht
*0%8] ?HSSEX?)F%hP_ Sﬂﬁg“ﬁ’ﬁ@ tﬁé éﬁmglqﬁrf@?rD l we get

J,_ Jj node Qis ¢ +
+|‘—b“31 f’y’o’ [cy' g’f qEQtéEéEﬁ“g(s 1 1) for tIhJe

|ncreased entropy constrai ned cost D/ can be proved by

cal cul ating tAR= |L%cr-e(a§e@ll3gq)@Fel @rcyj +F jan,p)
i ncreased codeword Iength separ ately. t DQ" denote

ot al r
[l 2 B e gty S Y %gﬁﬂb@% é’fgb@% rea%lﬁdbegrpm,entropv
we have DQ ~ C J andQ> -c 112, Substituyf '
vodiingt &lé pxels esithi colars IEqthe @1 (I31eh2)R9aﬁdv" lsg J ISﬁmllalrgl;y we
the expression for (y ) we get 0 = A=>, i Fl d(c
l,clJ ) + Rid(c J,clJ ) . Trherefore, D:DQ (DQ+ DQ )
have (R, ~d'19 - dad &,ﬁ&il@i)logF—.Thus,

J i

AR= R(©,)- (R(8,)+R(©,)) = F;log— - Flog— - Flog—

ij i i
which, together with AD, implies (3.11). This completes the proof of Lemma 1.

[0051] Lemma 1 provides rules for merging two leaf sibling nodes. Our
purpose at stage 1 is to produce a hard-decision quantizer that will give an
efficient trade-off between the rate and distortion of the quantized image.
Since the original color palette is finite, one could find a globally optimal hard-
decision quantizer by searching through all possible combinations. However,
such a method has high computational complexity and hence is not feasible
for real time compression. Lemma 1 suggests an alternative—a greedy
method to design a tree-structured hard-decision quantizer. Based on the
original octree with N leaf nodes, one can repeatedly merge two leaf sibling
nodes with the minimum increment of the entropy-constrained cost until M
leaf nodes are left. Such a method, dubbed entropy-constrained hierarchical
merging quantization (ECHMQ), is fast and gives a reasonably good trade-off
between the rate and distortion of the quantized image. The detailed steps of
the ECHMQ are as follows:
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[0050] Let R denote the total nunber of bits resulting
fromentropy coding all pixels with colors in node Q.

wab@y/1R@&Si m | arly, we have RQ =FJ and RQ U TheGT/CR2005/000573

whi ch, together with AD, inplies (3.1 1). This

conpl etes the proof of Lenma 1. [0051] Lemma 1

provides rules for nerging 13®-1eaf sibling nodes. Qur

purpose at stage 1 is to produce a hard-decision

quanti zer that will give an efficient trade-off

I]ﬂ@5»2§een t h§temtle Read th\esm-oplkeborlgmat talogimage 26 (x,,x,,..., x,_,)
ge. Since the origi color palette is finite, one

06t thengoler palaiia 0y= 101 ety tianiad dhe suBtbeg RimdcrEENCes f,
ﬁg @rc LPg t.hro N possi bl e conbi nati ons.
pvher ﬁbﬂ has hi gh conput ati onal
compl exity_and _hence is not feasible for real timne
ESI essi ofiten @miwild the peéreesbwinsgrting gaeh welor o, gaigethg tree

55 5 duht MR riede’  RBA 3pF BoR 68 foS il 7Pk cggmpute its
éﬁ?ﬁﬁﬁd OLY, cqH q‘peat(ﬁq%l}fngg,r 8E ochlrrbRéds LI 4 nghddgeword

t hé m'hi num i°hcr ément of the entropy- éorétrai ne
cost until -M lpeaf nodes are left. Such a nethod,
lgngtefo.enfrlopy=-const rai ned hi erarchical nerging
guanti zation (ECHW), is fast and gives a reasonably

ood_trade-of f between the rate and distortion of the
&9 i zed PiRRE: Lebke=d¥tail ed steps of the ECHW are

as foll ows: {OOSZ] Step 1: Read the n- pixel original
09581 | rrag op 4: (G@mwte for eyery|twpo msgdmgtmdeso@@rand 0,

pal ette {w% and the nunber of
dimt@*féés qt#ailone@c@(ﬁﬂcb‘ihemm@ﬁéd@ntropmonstramed cost

53 Build the octree by inserting each
IEY)EGPL ?ﬁﬂﬁ)the tree as a di sti nct | eaf node Q And
f or _each Ieaf node Q,0 <N npute its centr

, TSESt®p o: §h QAFeh AMATY @Hé’tﬁ\"ﬁé?fc'@@f ﬁ'lb“f'gtmde&néhe two

?FQWHHQ Blgﬁggt@ B%}Sﬁ']at%lﬁﬁnéfe ?'inS | %?s&'j ehf?@@?—ka‘nstramed

ut e’ ey every INg no
& c@lculated in the previous step. Merge © , and @, into a new leaf node

® ,, which is equal to the parent node of ® , and @, if ® , and ©, are the only

siblings under their parent node, and to a new combined leaf node under the

parent node of ® , and ®, otherwise. Compute the centroid ¢, of ® ,
F=F,+F,
D@,,q =Dy +Dg + de(cp,cpq) + qu(cq,cpq),

and

[0057] Step 6: Remove leaf nodes © , and ©, from the octree.

[0058] Step 7: Decrease k by 1.
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the centroid cy by Equation (3.12) and the increased
entropy-constrai ned cost by Equation (3.1 1). [0056]

wEe@p/18t03Choose, anong all pairs of |eaf siblipgr/aag®s000573

the two | eaf sibling nodes Q and Q that minimze the

i ncreased entropy-constrained cost calculated in the

previ ous step. Merge @ and.$y-into a new | eaf node

Qg which is equal to the parent node of Q@ and Q if

Q and Q are the only siblings under their parent

[0059] and Stem&ﬂ@epnaﬂﬁtewmma]‘ untibie= s d&hen hassjgar ardistinct

lrr]l(glg)e( A MQR,%Q% Otg W@Sf‘r?qgnm) Sq%éh{]q%e%elﬂbhe)ﬂna?gﬁ&ee The

WSl DL 8 0 S o

ﬁblp&gt and eflsofbrsdn ?nameaflndderdre mapeed tstiegindex corresponding
dltz%l Pct inex Mset to each of the remaining MI eaf
L16aiNOAE- fi nal octree. The integer form of the
centroid of a |leaf node is a distinct color in the new
60 pal ewfeen Hiedesiredyrabar oficalors:is reaghech dlae dpal entropy-
nde orr ng t ha no ‘
F@r@&@ %e éejc de;fo"r:ed ﬁ%ﬁ@?f#{g ttﬁ orsblnéﬁ]reache ge '
t he final entropyconstrai nedXcost for quant| zing th
dri i haWy rdelga i s +AV i 1/ N]+S pYYeregNyi IS they %?E/H‘if the
=JN +2 J , where JNis the é¢dst of the i-N original
bﬂ@i@lﬁl Whade With RtdiSEictTNRES and@AY, i the iherddd@d cost when we
I ncreased cost when we nerge two sel ected | eaf nodes
muﬂgd@wom@ctedldaeafmdﬂas arid deerease des numbereof deafy eagles in the
fromi the .m ni oum i

di
BRER ST 4t 2 ni O e Tiig ShtdheSsd BBRGEy cppstrained
bSﬁf?édlﬂlﬂn%%ﬂéﬁ% hrérg;@@we%éfeﬁb||r%3hw&§wm@@§tr@e ECHMQ

l'oca opti mal way to " mnim ze
pm\ndfpya dacally rapitineal veaysto. m[rmotze]thgaﬂmgpa(rmstramed cost.
m nimze (locally) the entropy-constrai ned cost,
[0061] ECHMQ aims to minimize (locally) the entropy—constrained cost,

.fb

rather than the pure distortion TSE. Therefore, the rate and distortion of the
quantized image are controlled and traded off by the Lagrangian multiplier A.
As A increases, the average distortion decreases, and the corresponding rate
increases. Indeed, —-A can be interpreted as the slope of the resulting rate
distortion curve. Thus, in ECHMQ, we have the flexibility to use A as a trade-
off factor to vary the rate and distortion of the quantized image.

[0062] Another advantage of ECHMQ is its low computational
complexity. To illustrate this, suppose initially we have total 256 leaf nodes
which are all located at level 8, under 32 parent nodes at level 7. To decrease
the number of leaf nodes to 255, we need to calculate the increased entropy-

constrained cost for 32x

!
2'8.6' =896 pairs of leaf sibling nodes. If the octree
X0l

structure is not used, we need to calculate the increased cost for
256!

21x254!

Rewrite Equation (3.11) as

= 32640 pairs, which is basically used by the pairwise clustering in [5].
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rather than the pure distortion TSE. Therefore, the
rate and distortion of the quantized image are

weonsnodobed and traded off by the Lagrangi an neCT/CpRG0&000573

| . As | increases, the average distortion decreases,
and the corresponding rate increases. Indeed, - | can
be interpreted as the slope.gp_the resulting rate
distortion curve. Thus, in ECHMQ) we have the
flexibility to use | as a tradeoff factor to_vary the

e N O NI AR IOL na agnt izt Lo, Y10002]

conplexity. To illustrate thls suppose initially we
have total 256 |paf nodes which\are all ated at
| evel 8, undeﬁfSEcpaFe t tphdesqat ﬁbv@ qyﬂ decr ease
the nunber of |eaf nodes to 255, we need to calcul ate
the increased entropy- 8! gpnstralne cost for 32 x-
-= 896 pairs of |eaf sFpbg dﬁgesR 3f the octree
2\cq. structure is not use i we need to calculate the
i ncreased cost for -= 32640 pairs, which is basically

weesbdthet detcyationvios thecindsdaseidrapst for[édch renof leaf sibling nodes
Equation (3.1 1) _asD

- rc.) +( - 8 (be - 1+
inbobies 8 iiciions. TasRiAGonEAD; e kipidatiphe, ¢ divgion. and 1 log
I t
SRkl CoRlparoh VAlpyROfBR soplidesn Spar sermetyoas, ucn
begthepdSi-based (hmpammcblv\splhtmgmmmgd [ajnwhlcht employs Jocobi

t i th the TS
RIRag R c2es sPTtnn E GRS Sioxe SRIvIoHnRs Bplexiy. o the
gﬁté%téd aﬁartlfi%a%ﬁke?%bbblnpgaré:—@ﬂgmj eébtahh%dVéf YStepW8; this again
onpl exi t Al'so t he ette and the pixel mapping are
eamnayesafa\mrai@u with sti‘am ngethods ¢n h@aamr@c&qm@%those described

PRl Bndes AL P T DR B, Seiricafl S, Rl brfutation is

FV@NEd i Iet@é‘fﬂéﬁ n&indceiRBILthappiag. i s i nvol ved in
pal ette design and pi xel mapping. [0063] If we skip

l@?’ﬁér]u” heis gt ‘skﬂpzﬁ{é ‘Plﬁﬁl‘i’&%b!nﬂ%t@ﬁ'@é&cﬂbﬁa e the new
pal ette and pi xel mapping obtained at the end of

chior Beiple @ad piwel mapping obtained at the end of the ECHMQ can be
encoded directly by GIF/PNG encoder. To be specific, in what follows, we will
use a PNG encoder as the entropy coder. Replacing the PNG encoder with
an available GIF encoder, we easily have our output compatible with a GIF

decoder.
VRTCQ 1

[0064] In this section, we will adopt soft-decision quantization to further
jointly optimize the compression rate and distortion of a quantized color image
while maintaining compatibility with GIF/PNG decoder. Using the hard-
decision quantizer obtained at the end of ECHMQ as an initial color image
encoding scheme, we will extend VRTSE to color image encoding, yielding
VRTCQ 1.

[0065] Let us begin with the VRTSE setting of VRTCQ 1. Since we

want to maintain compatibility with GIF/PNG decoder, the output function g
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encoded directly by G F/ PNG encoder. To be specific,
in what follows, we will use a PNG encoder as the

wepiosomp3coder . Repl aci ng the PNG encoder w t hPEFICA2005/000573

avai |l able G F encoder, we easily have our out put
conpatible with a G F decoder. VRTCQ 1 [0064] In this
section, we will adopt soft-ggcision quantization to
further jointly optimze the conpression rate and
distortion of a quantized color inmage while

aan nodldeperyl onranytstatd. in )otlve‘rt\hoﬁsl:tr%\lﬁaﬂeseti&conﬂstsg)f only
t he har ddeci s on quantl zer aqbt %L ned at th éﬁnd oé
& 8sCa5e. | hestale Fangifion FHRRIUhJoFPRGPE dheRRed. fhe output

e S TSGR, TP IR AR g v

ohdeftd BetWEeRdicdsCartREdibad i the goRir gHlétid, yarw tHe trellis
NG decoder, the output function gcan not de

drrccaiey is degradedio ¢ her Gixgnithe erigingkegler images” S5t 5%,
of only sO. In this case, the stgte transition
Wﬁﬁ’@ﬁm@ﬁo']a%ﬁe%@rﬂﬁoﬁbpﬁ&lm e tou®e function g is
sinply a mapping from Met to the RG space, defining

t he correspondence bet i ngd ces and colors in the

coI or palette, and t éy\’gfbgll)jﬁ“gééoég’eﬂ is degraded to

b g. Gven the original colb?irmge* = (X ,... )

we defl ne for any sequence u = ( O ....M 1)E M et
I066§{ U ) YV will e theyeppgn botns gweeem (26) uand rmnalémﬁﬁerk( ")

upper bound given in (2.6), and mnimze rk(u"
subjgelc to ta distartionoconsiraipbnder bg napecifis, et slpeé+ fHawever, the

bty be%%i@ﬁﬁo oy SRR PERSHEEASER hiPS, Dol ow can

ut function (0) and transitgon probapi

. on v by 'Blaal %tpaéfwé@nfgonam éraeaﬁlep qépaww function

B0 i BBl 2 S e S 5 e B g ot e

end of ECHMQ. The detailed procedure of VRTCQ 1 is described as follows:
[0068] Step 1: Set :=0. Obtain (u")(o),g(") and W from ECHMQ:

(u")(o) (6, ..., %) is the index sequence of the quantized image resulting
from the hard-decision quantizer, g°(j),0 = j< M, is the color, corresponding
to index j, in the new color palette obtained at the end of ECHMQ, and
l{i: W =a, ul® =w,0si< n}|

I{zuff? =w,0=si< n}l

w© (a|w) =

for any a€M, and we&M,_,. Also calculate the initial cost
9=l dn(()7)) 1

[0069] Step 2: Fix g” and W". Use the Viterbi algorithm to find a

(1) _ (r41) (¢41)

sequence (u”)(m) ( U ,.,un_l) satisfying Equation (2.4) with g

replaced by g and W by w®.
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[0068] Step 1: Set t = 0. Qotain (un){0) ,g{0} and
WO0) fromECHMY (M) ..., -1 ) i tne index sequence

w@booshetoguant i zed i mage resulting fromthe PCT/CA2005/000573

har d- deci si on quantizer, g{0) (j),0 j <M, is the
color, corresponding to index j , in the new col or
pal ette obtai ned at the end. o .ECHVMQ and for any a
Mset and w E. Mset . Also calculate the initial cost
7(0)" J. [0069] Step 2(:1hFix g{>) and Wt) . 2L'IEJbse t he

bi al | Kh a§(§* V)7 = ac i
@g?ielfyi ngggcﬁjgf Fg{]@(i 4$T|€me tﬁﬁ& 3 re eg]g'[%é& g?it\'lgasgﬁg to the

s e X " ) i ex

it Nk rap PP sb BB ufitior Hnd ot fydoton,
transition probability fiunctjon and out put [uncti on as
for any a e M angﬂ)x(ﬁ el{;d”zf oF%ﬁ@u‘@é’sﬂ/éé‘t} , Where is
taken over all W't CAr+Ida< U Not(? that ,.
represents the color of tHE Fith et T Lhe ori gi nal
i mage. [0071] Step 4: Conpute the updated cost J +l
{P@AY] o 8t BR, BndRepeRt , Sirkbs 2 to 4 for t =0,1,2,...:
until J(t) - J t+1 x , where x is a prescribed
t hreshol d. [0073] Then out put %‘;i) and (unf +1) .
[0074] Step 6: Enc @@(ﬁ)h_e_cn.LoL_pd.Le.LLe_+l) and the
i ndex sequence (u"? +° Usi ihg uf Ye- DG jengPder descri bed
in[17]. [0075] Steps 2 t'O 6 can be conveniently
referred to as Stage 2 of VRTQQ 1. The Viterhi
B goyl 4 Enduscaiheler S | &5 tekenaved allri for yhigth ushiows. Nete that x,
Figure 3. The increased cost fromstage to stage is
epresenis doe golor-of thpntiupixet i tkie, gjjginaliimage( 4. 13) where
S Ul for any 0 < n . To find the survivor path
[6OYd)i ng sSiep aCan@dge the updetedesastt o conpare the M
accunul ated costs, each of which requires 3 additions,

3 subtractigas_ n&Zﬂ(nﬁﬁﬂiutz )'(tplb )i Cat é{@ S,-g(t:m'(F L[uej<f+é)))e] the

t ot al

[0072] Step 5: Repeat Steps 2 to 4 for ¢=012,...; until J?-J" <E,

where & is a prescribed threshold.
[0073] Then output g“*! and (u")(m).

[0074] Step 6: Encode the color palette g(’“) and the index sequence
(u" )(Hl) using the PNG encoder described in [17].

[0075] Steps 2 to 6 can be conveniently referred to as Stage 2 of
VRTCQ 1. The Viterbi algorithm used here is depicted in a graph shown in
Figure 3. The increased cost from stage to stage is calculated as:

~log W (u;fu,) + d(x,8(w,)) ! (4.13)

where s,=u, for any O=<i<n. To find the survivor path reaching state j at
stage i, we need to compare the M accumulated costs, each of which

requires 3 additions, 3 subtractions, and multiplications. Therefore the total

computational complexity is O(nM*).
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conput ati onal conplexity is q (nM2) .[0076] The
optimality of Stage 2 is denonstrated by Theorem 3 in

W 1®@p/104@eral |, VRTCQ 1 jointly optim zes the PEI/€A208000573

di stortion of the quantized color inmage, to sone
extent, while maintaining conpatibility with G F/ PNG
decoder. Experinents show thaf_the convergence is
reasonably fast; typically, after 2 to 3 iterations,
J{ is very close to its limt. [0077] We conclude this

[86%6] on ccme Sefmmytéf%t@gérzaisl dmmtatbd@yaTheorem 3 in [19].
conp eX| I.n conpar.ison

. th Sta
Srrdanly’ aptienizes, fiS EEnR KUSIORIREOf di Auantized
o t
R AR e
qevddee. Ubgrdrimentstshowithat the camgogenderis liaasoaalelacfast typlcally,
iteration of the V| terbi algorit hm has conput ati onal
aftend i tgrafiopsnd)” is vergclosertaits IB¥kput at i onal
conpl exity of VRTCQ 1 may be inconveniently hi for
[06ar] ti e \Almpmredsd@rthwmtwn ioonpisiegiag tmﬁew\@rel?§pmnutatlonal

ol BN P T BB WSO B hrigyBPEa 1

MRT% EGIACE] hd® nimlu m/drf@rﬁplﬂtaﬂcbmll mble«myrpwaanewe the
of VRTCQ 1 in the case of

main cemputationgl eomelaxity of é&PgTﬁthH% Ffbﬁ'tq'g? ﬁpag?lcularly In the
\gfﬁé ?rgﬁorﬁﬁr‘ﬁm %(t@ %Jﬁtfférsc\tﬁﬁ of "ehd e\t é&g&‘lthm has
B r Zor

on quanti erent omthe /rt
ESMplitivhal ebhpxifyk 0(RM>), ks dVerdle camputdtegril complexity of
strlbctlly Iaess thalykb{Let )b( ) be a mappg ng from I\/B%t y

VRIAQ 1 ma\t bé imstrivelierit I\F{lgﬁ for. red_l/ltlrﬁ‘e cbmpression afhdm M is
we partition Mset into

Mset
lorge.. Thergfore, it fodesiraple o &dzj?:g csémp; taim?nq{ cg%‘nglexlg% |Jn the case

1{ 4%{%:@ Ppébt:f%'l)nl %géﬁﬁ%ssgg:] I%(g%g?belg?r Iqgglnt ity
gﬁg'ﬁoéﬁyorsudglf?lﬁgdbégn) . Qur desired information

[0078] To reduce the computational complexity of VRTCQ 1 in the case
of large M, we now upper bound the Lempel-Ziv codeword length function in
a way different from (2.6). To this end, we define a new information quantity

different from the kth-order empirical entropy rk( ) Let M' be an integer
strictly less than M. Let b() be a mapping from M,,={0,l..,M -1} onto
M ={0L...M'-1}. In terms of b, we partiton M, into M' groups

lieM,,:b(i)=j}ji=0L...M'-1. Forany u" =(u,t,....us, ) € M, let

b(un) = (b(uo)’b(”ﬁ)’---’b(un-l))

Define

r( "|b )AMEIMEII{t 0= t<n,u, =i,b(u ]} |{t'Ost<n blu) - j}

=020 lo gl{t Ost<n,u,=i,b(u ]}
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where rk[b(un) is the /rth-order enpirical entropy of
b{un) . It is not hard to show that [0080] Thus, in
WO e@d/10603¢ 2. 6), the Lenpel -Zi v codeword | engt hP€TIO&2G061000573

12 . can al so be upper bounded by [0081] Instead of

m nim zing rk(un) subject to a distortion constraint,

we now mnimze r*[u") subjeg.to a distortion

constraint in VRTCQ 2. Simlar to the fact that

nrk(un) is the m ni mum codeword | ength afforded by al

[HB 1der St | é]{tlt a?@l('jlbfu ‘)Edlgw%éﬁeél et ednditidnaP "embirical

. nr-jun) is aI eword | ength functions.

Let e a i k
SHoRlhy s%wea%&’ﬂp Cldebriaisbhaith bUATL I oehaR %
function fromMet to Mset . For any ' {u,...)

M n et let (= [lgg |- y(( ﬂt’)l+rgu_l)u"' IogW/ (| ))]
(5.15) [0082] It is ‘easy is a codeword

|l ength function corresponding to a | ossl ess code via
whérsh rklgb(uus)jencmeekthwdﬁr resnpitieaingnteonye of &ildlér Isisanpthard to
arithnmetic code with transition probability W to
shawthatb(un) , and then encoding u conditionally given
b[unl) .(I\/breover it is not hard to show thatnr*(u" )=
mn u(u )+ og n) 09831, Accor(diegrgl y, gi ven the
mappi ng b, the joint Sﬁ#(ﬁ‘aﬁ'g{ groplemin VRTCQ 2
becomes mn nn In- 11Z" (un)+ (5.16) [0084] To be

BB o< b o i B0 N EERmeRi, AR Enfunction

g, \6an algd Be\Wpper bbended by

1 " of n loglogn
;le(u )Srk(u )+0(—1£n—) (5.14)
[0081] Instead of minimizing rk(u") subject to a distortion constraint, we

now minimize rk*(u") subject to a distortion constraint in VRTCQ 2. Similar to
the fact that nrk(u") is the minimum codeword length afforded by all kth-order
static arithmetic codeword length functions Lfc",nr,f (u") is also related to
codeword length functions. Let Ws(sls") be a probability transition function

from M*

set

to M',, and W,(ufs) a probability transition function from M',, to
M. Forany u" =(ug,u,....u,_,) € M, let

set

n=l
Ly (u") = —-2 [logWs (b(ut)lb(u,_l)...b(u,_k )) +logW, (u, |p(z, ))] (5.15)
t=0
[0082] It is easy to see that Ly is a codeword length function

corresponding to a lossless code via which «" is encoded by first using a kth-

order static arithmetic code with transition probability W to encode b(u"), and

then encoding «"conditionally given b(u”). Moreover, it is not hard to show

that
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inner mnimzation in (5.16) can be solved by the

Viterbi algorithmw th conplexity of g (nM 2) instead
wWo@Roog/1¢408&) . To see this is the case, note theCT/CA2005/000573

view of (5.15), the cost increases, each tine as t

i ncreases, by -logWs(b{ut)\b{ - )- gwWi(ut\b{ut )) +

ld(xt,g{ut)) (5.17) [0085] _bir (5.17), only the first

termrelies on the past through b{ut ) . Therefore,

one can build a trellis with state set SDM et and full

connecti on betwee te Wy tive stages,

and then run the @ﬁ&e bl%rf Swt)ﬁcrr(?gg itahe trell |g to
solve the inner mnimzation problem Before running
[0083]\/ iter bAccgrb@ngM pivenvtbe coapping &, ke jaink epiimizatior pseblem

ry,.conbination & ( ) , where se. Mset and G .

'ﬂ'gjg-ﬁéﬁ'%?ﬁ%%ost and t he correspondl ng col or index

u achieving the mmniny bcst i hat pair (s,c)

are kept i mia Irmo nu]bwt(]a'g) ef " & 5over t he (5.16)
transiti on”FYEnm'4d state le Met at Stage t- 1 of the

[tpbgtlﬂl(: S,T 63 Xﬁé %Secﬁﬁlq ietst gg il‘{onethgl%%,r %III ,arguwegts and
tbﬁcé&!\‘ﬁ’egp&%laﬁl eﬂﬂﬁ% ho ttﬁé %}&térélhl? als' \%II ' @tvénh @MWy, H® W, th

( =st} "achi eves
ihher minimizatiowsih cf($6) >ctan) be scﬁ]ved by the Viterbi salgorithm with
opti mal index sgquence achjevjng the |nner
qnmplﬁmxapf 6Hnia? ) (1Bstesy . qfc@@@{ )siter sag thisis\ikegse, note that in
aC){(%Z solves the joint optlmzatlon robl em (5. 16)
\IIQW (5t1ébaﬂwe\p@shm¢rﬁeasesseae@tlm%8 S£Sy Yer m nes
t he mapping b, and prow des the | ni t| al outp

function gf fe var(( Lt)ihimtsll {;ﬂog i\d(xt,tg(u;))l ons W (5.17)

and Wb (0) . Stage then uses an

o8l om T CLECSG 52%3‘&?*@2@?%&%@? PetPlrough blus)

' 'ﬁﬁé’r‘é’fér@? GrdscdP bl trétlis Ut etiteesell sEMrg e ahd full connection

between states of two consecutive stages, and then run the Viterbi algorithm
on the trellis to solve the inner minimization problem. Before running the
Viterbi algorithm, we compute the minimum sub-cost

c(s,x)A  min }[ logWU(u|S)+M(x,g(u))]

uE{t Osi<M b(i)=s

for every combination of(s,x), where s€ M',, and x € 0. The minimum sub-

cost and the corresponding color index u achieving the minimum sub-cost for

that pair (s,x) are kept in a look-up table. The cost over the transition from a
state s, € M',, at Stage ¢-1 of the trellis to a state s, at Stage ¢ of the trellis
is —logWs(sJs.) +c(s.x,). Given the original image x"=(xo%;m%,), if

5" _(SO’SI’ 25, 1)EMW

set

is the optimal path through the frellis, then
W = (g, t,tt_,), Where u, €{i:0=i<M,b(i)=s} achieves the minimum cost
e(s,,x,)t=01,..,n-1, is the optimal index sequence achieving the inner

minimization in (5.16).
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[0087] Step 1: Run ECHMQ on the original inage to get
an octree TMwith Ml eaf nodes, its color palette of

W@ @e/104036 and t he correspondi ng harddeci si on pP&ELA2005/000573

mappi ng. [0088] Step 2: Based on TM, repeat Steps 4
to 7 of the ECHMQ until M |eaf nodes are remnaining.
[0089] Step 3: Determ ne thegmpping b fromthe octree
TMto the octree TM with M | eaf nodes obtained in
Step 2, which is a subtree of TM. In particular, b{i)

[00B6] MsetSiatikr toe VRTGR 1, VRTOW 2ndolved thégoint h)pitmfzatlon
node of TMlies in the subtree of TMrooted at the/t

prelfen dad %fmdfm 't?r@tlvwa@%%rr otage g a@é/RéFQ@o%@'Ft%m@es the
W 20

Papih B ofid pitide uit ottt Slipd Wﬁﬁf éiqeé‘“w“ii@ans'm"

@f?bﬁ ll%)f@ﬁé‘t?&s q°' Qﬂd (V9)(C§ta§ 0 015 IC co otrl”%%) uSes an

SRrhasRY NShioadie ti’Oe sbh/@é‘)thel mlnlntlt@tldieV\pr@blem PRieet detailed

obt ai ned in Ste 1 of Stage d[ 0091] Al so conpute
Wﬁéedqul%flv%sg £ arg deses 3’21‘*@?(@15‘02’3 Fix and W. Build

the | ook-up table. For each pair o ,*), where s M et
AnBrocedureoeipStage he ni ni num sub-cost ">( - , (,JSLn O
D0- 1g " () ">W] and record the color index uE
50087]) i < s;tep:rl &uim ECEIRQ qrsthe) origioabiBlags: tepgst arriogirge 7,

. and h bi al h find
wﬁh |4%2leagmeﬁrﬁglséw?tn\géé§$ @;f |S?%,eg?‘%l tﬁp%fﬂ; colrr(nesr)'bm?m,g hard-

ich, together with b and the | ook-up
qé%?lon pdxc%l "the optimal index sequence (un) '+

foodsfV! N9 éheep 'z%%rsewn P Z3Lh0% 5Rps®4 18)7 ¥f #H2 BcHMQ until

M’ leaf nodes are remaining.

[0089] Step 3: Determine the mapping b from the octree T,, to the
octree T, with M' leaf nodes obtained in Step 2, which is a subtree of 7, . In

particular, b(i) = ji€ M, and jEM'

set 't

if and only if the ith leaf node of T,

lies in the subtree of T,, rooted at the jth leaf node of7,,..

B. Procedure of Stage 2
[0090] Step 1: Setr=0. Obtainb,(u")(o)( )(0) §Ow," and W, from

Stage 1 of the VRTCQ 2, where (u ")() (uf)"),ufo), ,uff’)l) is the index sequence
resulting from the hard .decision pixel mapping,
(s")(o) (sﬁ,o),sl(o), S fﬁ)l) b((u")(o),g(o) (u)) with O=su<M, is the color,

corresponding to the index u, in the new color palette obtained in Step 1 of
Stage 1,

o Hi:u§°)=u,s§°)=s,05i<n}| Mose M
W (k)= fi:s=s0<i<n] HE M8

and



repl aced by andWby s w. [0094] Step 4. Fix (u") >
and (s") "+ . These two sequences give rise to the
wapaatieoad transition probability functions anBCDGARS/000573
function as and MG Mwhere is taken over all / for
which +1) = u .[0095] Step 5: Conpute the the updated
cost r("+l) - +In<,g" {u9ggJJ [0096] Step 6: Repeat
Steps 2 to 5 for t =0,1,2,... until 7W- ('+1) x ,
where x is a prescribed threshold. [0097] Then out put
+1) and ( " )('+1.. L0O98] <#d Encode the col or
pal ette W Ho|whsa e 3 a,S?gp i € M'§,, wiF My, t he
PNG encoder from [i FS-1 o0t  TRE Viterbi al gorithm
used in Step 3 is depicted in the graph of Figure 4.
joe9tihe gr ahisp comgputeitheidtialeypsesents a group, and the
bl ack dots within a circle represent all color indices

u Mset in the gyoup. wP001Q0] Simfar @ 1, the

maj or conput at’ig{)ﬁéll l&ﬁ’x@ gx;fg"oflcx\/ﬁogugﬁ still in

its Stage 2. Although in conparison wth Stage 2 of

1, €02 W has§ ,; | St ;

B2 o SR B et iy HESRERB! Ete, Hiffedth pair
5  b($xFo0Reeat Eaal spant eXidoynpite MéMininvdi Gaibdeee not

depend on the size n of the original imge and hence

is negligible as conpared to the,conpl exjty,of\the

Viterbi al géf(s,txamu%(gmn% el e d £ 60)]

algorithmin Step 3 of ’faige 2 of VRTCQ 2 now has ¢

(nM 2) conput ational copplexity, whigh coppares ;

aa@&%ﬂﬁh%pwrﬂn@mu@{%ses%&&'ﬁgi%ﬁww@p&?ﬁﬁé’ﬁﬁ@)(éfx)-

the Viterbi algorithmused in VRTCQ 1. Thus when M"

?09_%?<_TCQ 2spdp 13: Fgx ngithy ( agh@ rwihanse/H&Nitérbil digorithm to find

ddition, once M1 is fixed, the conputational

I )
HYBbtiRAF Yath! thMTHIe ﬂréllig‘?f"?(m) = (sgm),sl(”l),...,sff_";l)), which, together

10 with b and the look-up table, determines the optimal index sequence

(u")(”l) = (uf™,u™,...,ul") achieving the inner minimization in (5.16) with g

replaced by g, W, by W%, andw, by W,

[0094] Step 4: Fix (u" \)(Hl) and (s" )(M). These two sequences give rise

to the update of transition probability functions and output function as

l{i Y =y, ) =5, 0si < n}l

;
i

15 Wlﬁtﬂ)(uIS): I{i's.(”l) —w 05i<n}| - ueM,,sEM',,
(41) I{i5 S = w, s = a0 =i < n}|
' {
W5 (afw) = [ wo=i<n] @€ M',wE M,
LS ’
and
g(”l)(u) _ E,,xi weM

I{i: ' =u,0s<i <n}|

where Eu is taken over all i for which #**" = u.

1
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or |less independent of M This makes VRTCQ 2 attractive
for color rich imges. The price paid in VRTCQ 2 is

wo b@sabdoght | oss of conpression performnce i NPCECAB0SN00573

the trade-of f between the conpression rate and

di stortion since a | oose bound is used to upper bound
the Lenpel -Ziv codeword | engjd. function.[00101]
Referring to Figure 5, there is illustrated in a bl ock
di agram the CPU 16 of the conputer system 10 of

q?iOBB]e 1. $epbSotomputetfelidelfpdated dsis a
ar

d-deci si on nodul e 40 and a soft-deci si on nodul e 42.

The harddeci giyon nogul e A4@upr qvides, EQhMO,asydescri bed
above. The gofltfﬂeé‘i,ésﬂ(g’ﬁﬁnogthl : pﬂovt@e bgt h VRTCQ

1 and VRTCQ 2 as descri bed above. [00102] As descri bed

ABHF on" ol B St SafP A o BB 22 TPl =2,
finopde weigteBarsbiBghdig, o sel ecting and rer gi ng

odes, and a cost cal cul ati on subrmodul e for
cal cul ating, for pot %ﬂ}i al mepgers of pairs of |eaf
09843, the h@ﬂpbwﬁtgonsﬁﬂdi(he cost increnment for each
such merger. Simlar to the harddeci sion nodul e 40,

[oBReT"..  oSRsT? EskfY s Foiprisatene ﬁ}*@t the index segpience
ati o (B i
LE9t” RPN ocREL BPIERTS, 't he sof - deci si on modul e

42. [00103] O her variations and nodifications of the
[0088%t i on EHhe \fileskii alperithrousest anmSitep 3ais drpictetiadhe graph of

b , b q . W .
GRS ooV oty e=ticriero reugeRii ar b8 potohopgk dots
withiar 4l cligeirspizent AR LolBRiiticss «& MEer mﬁtﬁe\/@*owﬁ. VRTCQ

be used w thout using ECHVQ to provide the initial

may
eci sk xel I N0+ kLN d r :
o1 SR, KE\ERER 19 ok 1R oRaF complenty o
YRTO@r2 istdtllr insité t Stagei 2i ddthopyh ninzedmparisan hwdths Stage 2 of

VETErL SaEe D R ekt e o abepsieta 9 Parryyep s o
émﬁafa%nbwy h@tyn%w. qh8ksy, ASdARSUBAbRAIIESMbISAYT BN O(NM),
distortion and conpression rate I'l'e maintai ning | ow

whuHaks it depurel exi the eizd g wfpthki biiginal imagd and hence is
st andard decoders,

such .
negligible as compared to the complexity of the Viterbi algorithm when n is
large. The Viterbi algorithm in Step 3 of Stage 2 of VRTCQ 2 now has

O(nM'Z) computational complexity, which compares favorably with the

O(an) computational complexity of the Viterbi algorithm used in VRTCQ 1.

Thus when M'<<M, VRTCQ 2 will be much faster than VRTCQ 1. In
addition, once M' is fixed, the computational complexity of VRTCQ 2 is more
or less independent of M. This makes VRTCQ 2 attractive for color rich
images. The price paid in VRTCQ 2 is the slight loss of compression
performance in terms of the trade-off between the compression rate and
distortion since a loose bound is used to upper bound the Lempel-Ziv

codeword length function.
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as, for exanple, the G F/ PNG decoder, it will be

apparent to those of skill in the art that both ECHMQ
W@easNRDB) nay be applied to the conpressi on OPCT/OARN05/000573

i mage data in other contexts as well. Al such

nodi fications or variations are believed to be within

the sphere and scope of thedqvention as defined by

the clains appended hereto.C aitns: 1. A nethod for

creating, froma digitized color image with N distinct

[00101F usiRefewrittptaF yuos &5 share is)iustratediint addock dlagram the
struct ured partitioni

f all I di
CRBYoil6i efathe |Cﬁmumrdﬁﬁqﬁi$ht1%cpﬁ IQ);I$§S1 %ig‘ |g %3% 16
|haﬁae£% Ldéi‘?éi?ﬁ m&ie 4035HY g‘é'oﬁfdé&?.&ﬁ%n&luﬂé %tzl Tk hard-
colorsis digitally represented by a uralit
dedision podislei40 provides EGCHNO!t a5 daa@rlbdobamm t%we gokalegision

epdhert i Y Fﬁﬁ%bcﬁﬁaﬁ‘@%bg?' 5 BB ST

d
rb?ﬁ‘ozﬂ?né &S Berstbed abover ihg Barchdesiviananpriigedd eontatises @
, A aI F@Qat eﬁmﬁ Ué@ 3@’?29@‘?'@% arl otttee NstflickireN & n6@& thérging

essing systemto an
smsnmohllefbrmmm:tmg aritbnfarging leaf/rddes, aidod icogt caldgation sub-
e n a valye of_a first bit in ea P- bi b e i,Nn
PR (el alPop iof PaspRlal meryeteopt daiiy RbdeH fogBs. the
éﬁt?oﬁﬁ&@r‘mstf’imé@@@ﬁ iAEYERhA i B A8 guéﬂﬂﬁférgéﬁ Simhlﬁf to the hard-
providing a plurality of sibling nodes a Nt
d@msﬂon whdulei 40,cthehsafbegision megulendddnelydes |ao§<a$te<aalﬁlyatlon

straictie HoP SEBIAIG 36 dhbrithARaeE AloR i el Mgy each
itéraeibn RRs6H-deristory aptitaization biykthéd)solft-drdision nestitle B2bi t
byte in the plurality of P-bit bytes for that col or,

@M'M j hat eroffatiefs And MotiifRalibisd of tHiCinvenrtiod are possible.
ere"is a distinct |eaf node conprising that col or

Booerxamaled qwqesmibedtab@/eamwl%mﬂy be dsed Ares gMn, (without

URBRERTERE Bn e, SThoPERRM. pEihizagin, ST LS 4 decision

&@Bﬁtawmq St aaiivEy VR TOEX phang bpaugesl withoetafising HCHMQ to
nodes unt there are
provide the initial hard decision pixel mapping. Instead, some other initial hard

decision procedure may be provided. Further, other soft decision optimization
methods may be used in combination with ECHMQ instead of VRTCQ.
Further, while the foregoing description is largely directed to how to jointly
address both quantization distortion and compression rate while maintaining
low computational complexity and compatibility with standard decoders, such
as, for example, the GIF/PNG decoder, it will be apparent to those of skill in
the art that both ECHMQ and VRTCQ may be applied to the compression of
color image data in other contexts as well. 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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only Ml eaf nodes left. 3. The nethod as defined in
claim1l wherein step (d) conprises repeatedly

w@ei0sao4086 and nmerging pairs of |eaf sibling npdBEEA2005/000573
whose nerger has a m ni mum entropy-constrai ned cost
increment until there are only Ml eaf nodes left.4 .
The method as defined in cl.ayn 3 wherein step (d)
conprises cal culating a m nimum entropy-constrai ned
cost increment without calculating a difference

dlaimeen a pre-nerger total entropy-constrai ned cost
and a postnerger total entropy-constrained cost. 5.

The met hod as defined in claim1 wherein the pluralit
bf P-bit Hytesthast Tela SFEato oA ANAIORIZE0s EPIgE Mmagieodth N

. i _hi . i - e
GRIFAF5E7s B ol bRcheing Aty 7oK kel petioing o
alipirélsiimtBe digitizsdcolbrinphage inito 1\ disjoipt closteys,amherein M is less
onprises, re reen and plue. .7. The, net.hod .
(R Grsiian (G oD ot ethe.Bridngt F TR 8 iy rprgsented
5 Spomré PPt ByIBYfh HMcblbr atbited, | et thedb-Bits in waeh R-Bit byte
t‘here is’a one-to-one correspondence between the M
ategurdiarad fomonsstsignifinentilleast sigriieantethe methad comprising:
conpletion of step (d). 8. A data processing system

for creatipng,..tr: [ Qi t] ' iyt .
st et o@y breiaiolh BotbbeRofifita bTRPmNdistiot gpjors:
pixels in the digitized color inmage into M disjoint

clusters, (Wereviding a first sl ohaibling negieallinked Kb tiodot node,

‘?’8’%&‘5& é%PE (r‘]P%!RI}I igité‘ig il'}[ﬁ'\tsﬁ’t(‘:&l t‘?gﬁgrﬁllgﬁ%gé’ttﬁalstg){ thedatg pypcessing
%;%Ité‘ﬁ'lt ® afYsbbRidy Pokie ihnthearst Rvei bf Rigaidied Basetion a

om nost significant to Ieast significant, the data
yalve e sifirgt Isiy it eastc Brhyit byge iy the pipraity of Prizibbytes; means
for (i) providing a root node conprising all of the N

di stinct C&:l)%fc’ sach node in a kth level of nodes comprising more than
one color, providing a plurality of sibling nodes at a (k+1)th level, wherein
each color in that node is allocated by the data processing system to an
associated sibling node in the plurality of sibling nodes at the (k+1)th level
based on a value of a (k+1)th bit in each P-bit byte in the plurality of P-bit
bytes for that color, such that for each color in the N distinct colors there is a

distinct leaf node comprising that color alone; and

(d) selecting and merging leaf nodes until there are only M leaf
nodes left..

2. The method as defined in claim 1 wherein step (d) comprises
repeatedly selecting and merging pairs of leaf sibling modes until there are
only M leaf nodes left.

3. The method as defined in claim 1 wherein step (d) comprises
repeatedly selecting and merging pairs of leaf sibling modes whose merger
has a minimum entropy-constrained cost increment until there are only M leaf
nodes left.
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(ii) providing a first |evel of sibling nodes |inked

to the root node, wherein each color in the N distinct
w@olosnetds al l ocated to an associ ated node i n PEECARIOSN00573

| evel of sibling nodes based on a value of a first bit

in each Pbit byte in the plurality of P-bit bytes;

and(iii) for each node in agkth | evel of nodes

conprising nore than one color, providing a plurality

of sibling nodes at a (k+1)th level, wherein each

Aol or in thet nmedked i3 aéfirezhiredlaim :ﬂmraes'emcsmpew) comprises

S|bI|ngnodelnthepluralltyCLS|bI|n % ﬂvtt PI

O(all@uie)ttng 2 SYBIMyRRHrY-eORIAREH FOSt "(‘?rweﬁje'? qutjcgiculating
fﬁ*éré:ﬁtl@ betRdeh 4 a{ﬁ‘?ﬁr@éf‘&ﬁél‘ éMrcﬂf Eo@tfan*?é’d e8stf Md a post-

at co such each col'or 1n the N distinct
meﬂwisotahemteop;scansfreﬁnémcosﬂ eaf node conpri sing that
col or alone; and (b) node merging neans for selecting

ne el 9L ey Foth a9 G B}egclgsé]gwg 13@9%}%‘}3{\@&"&4@% ty,of P-bit

yles et Sach WORY §h thé rNe dRiket BBloss RONiprises a P-bipdyedfer each
t'o repeatedly sel ect and rrergle pairs of |eaf sibling

privoeey agler in a plaralitpbpomayy §PIPEaf nodes |l eft. 10. The
data processing systemas defined in claim8 further

@O”p“ S| ngl't‘:c?ﬁ qﬂéfhoﬁala%ubéﬁhéﬁ‘ lﬁeﬁlﬁﬁgggr 3}&H| fiel Pllirality of

pot ent | nergers of pairs o
mhhawmolmrwmptiiswiedogteenmdabm for each such
merger, wherein the cost cal cul ation neans is |linked

15 oper abl % BB AR e eUa g b ST g frating o

h&RTigi2d 88ofRHSSe WHRSH dIBHrEe toltRs, whérelh feme is a one-to one
ent ropyconstrai ned cost increnent as determ ned

carsespeadentabebrean e Midistinct erlpes and tha M legf mdﬁs left after
node Iefi t11 The data processing system as defi ned
W\“B 5% Pein the cost calculation means is
operable to cal culate a m ni nrum entropyconstrai ned

gost incr eABd‘éta\/\bitdmeangai;yshémt fangereating f oemeedigitized color

g%ﬁl\é?vglthgm Sﬁgtrrfc{gtgogﬁor%g%r § Hgtﬁl}/%ff ﬁgahlro%lmrbegf ) Sptlxegfg (?n the
digitized color image into M disjoint clusters, wherein M is less than or equal
to N, each color in the N distinct colors is digitally represented by a plurality of
P-bit bytes in a color palette, and the P-bits in each P-bit byte are ordered
from most significant to least significant, the data processing system
comprising:

(a) node-creation means for

(i) providing a root node comprising all of the N distinct

colors;

(ii) providing a first level of sibling nodes linked to the root
node, wherein each color in the N distinct colors is allocated to an associated
node in the first level of sibling nodes based on a value of a first bit in each P-
bit byte in the plurality of P-bit bytes; and
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cost. 12. The data processing systemas defined in
claim8 wherein the plurality of P-bit bytes for each

W@ 006104086 t he N di stinct colors conprises a P-BCT/CA108/000573
for each primary color in a plurality of primary
colors. 13. The data processing systemas defined in
claim 10 wherein the pluraliggy. of primary colors
conprises red, green and blue. 14. The data processing
system as defined in claim8 further conpri sing

cr eat ing a new(ifi) gort éactinodé ar aikfelgeeloftrodésdtarnprising more

thab ABeroldTePRINEHIEY BrLralb, o SOUIINSRES ALALK o e, Wherein
éa%fht 8ot §h t‘égmh'o?b' N aﬁéca%S Ro( gk - askeciafed WMIHE hode in the

program pro use on COﬁ'pUt er syst emto h
plumdityeof SibloTy aodnsganhee(ma)ﬁ lewel haﬁﬁl qmawa{u@pf,a.(htﬂ)‘ bit in

I t
Sl it g 5o RIS SR Bt O B B B Fer oo
d@l‘&* iRl the W Uﬁstlh@ﬁéolbl:@fhéi’é i€ e URStincR ISaf rmi@lcm'ﬁbﬂmng rthat color
the N distinct colors is digitally represented by a

apoma,aandy of P-bit bytes in a color palette, and the
Pbits in each P-bit byte are ordered from nost

significant,t e :
ot oduct  copbriodrRtibdREaE R oltbifng AR infoig 1656 Rbdes
uitil thnesrerard iomiy Mdeafnedesuteﬁ.ng the conputer systemto

performthe ISlteps of: (a) providing a root node

conprisin the N.distinct co

G T rot | oV cafa pretasycStReR o deangd el §iiALh the
1¥eSp [

"*?*f’eeocaé“%@ e e B T e oy

sibling mpdesdudil theseareonly Mdeafenasfesdefti rst bit in each
Pbit byte in the plurality of P-bit bytes; (c) for

Be  coror, Ths ountar RIS DR o Tl n K .9 Hhrther
édmplising 4 ewst calculation means for calculating, for potential mergers of
pairs of leaf nodes, an entropy-constrained cost increment for each such
merger, wherein the cost calculation means is linked to the node merging
means and the node merging means is operable to repeatedly select and
merge pairs of leaf sibling modes whose merger has a minimum entropy-
constrained cost increment as determined by the cost calculation means until

there are only M leaf nodes left.

11. The data processing system as defined in claim 10 wherein the
cost calculaton means is operable to calculate a minimum entropy-
constrained cost increment without calculating a difference between a pre-
merger total entropy-constrained cost and a post-merger total entropy-

constrained cost.

12. The data processing system as defined in claim 8 wherein the
plurality of P-bit bytes for each color in the N distinct colors comprises a P-bit

byte for each primary color in a plurality of primary colors.
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wherein each color in that node is allocated to an

associ ated sibling node in the plurality of sibling
wooaegomse t he (k+1) th | evel based on a val ue BET/@A2005/000573

(k+1) th bit in each P-bit byte in the plurality of

P-bit bytes for that color, such that foreach color in

the N distinct colors thereggs a distinct |eaf node

conprising that color alone; and (d) selecting and

nmergi ng | eaf nodes until there are only M I eaf nodes
18eft. 16. Theedatampotessimy system ps aldfioed ds cthifmi @ avherein the

claim 15 wherein ste d) conprises repeatedly
PGisp R MAATH CAHS ORISR SR OTeRa S Hieng modes

until there are only Ml eaf nodes left. 17. The

1g0nput er  AIHRIIRE RBEEsdingSsyéinned defigédi im tRim 8 further
wherein step (d) conprises repeatedly sel ecting and .
compising preiating af neve gigitaasl colgr mrueswith 04 distiBeheplorm yvherein
m ni.mum ent r opy-consstr e :

308 A i BAY HERSRORAES diilechdt JTRRinU Lo 2 fhe M
|PAFQBHs 185 aftet cospldtioncdfaitep (P. wherein step (d)

conprises cal culating a mnimum entropy-constrained

cost increment w thout calculatigg a difference

et ween a AbICOMpitefePradsRRl PIOUEH I iR PR FRETPHER SYigM to
TRl PS80 BTN EhRECegR, 5 oo Feoured
e e e e e
v]g'pqerﬁmgﬂ i%ﬂqﬁs ﬁhqnaorppgpglr?ot ) &acgrqq%rr gp ﬁ}ﬁ gf: gfstlﬁgtf: Qolors is
dmigar@?ﬂgibﬁgngﬁ ?glrai?FlLlPélﬂ?l&P-Bﬁ byedd mesl color PJatétes, nd the P-

y of "primary colors conprises red,

jtseieneactd Pebitdyte ate oTthereddiipt mosh signifieanp ie deast significant,

efined.in claiml15 further. prising creating a new
the SomBugr B'Eﬂ%‘?miq{ﬁaﬂét/ﬁotrﬁérﬁq'g@gti nct colors, wherein
there is a one-to-one correspondence between the M
di stinct caradsidimgimédiantyl | eaf nodes left after
conpl etion of step (d). 22. A method for deriving a
new i ndex %%%Hgnr%%oheerg %%e{ﬁé rrlrgeqffum for instructing the computer

system to perform the steps of:

(a) providing a root node comprising all of the N distinct

colors;

(b) providing a first level of sibling nodes linked to the root
node, wherein each color in the N distinct colors is allocated to an associated
node in the first level of sibling nodes based on a value of a first bit in each P-
bit byte in the plurality of P-bit bytes;

(c) for each node in a k™" level of nodes comprising more
than one color, providing a plurality of sibling nodes at a (k+1) t level,
wherein each color in that node is allocated to an associated sibling node in
the plurality of sibling nodes at the (k+1) " level based on a value of a (k+1) th
bit in each P-bit byte in the plurality of P-bit bytes for that color, such that for
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pi xel mappi ng and a new out put function representing a
color palette for a new digitized col or i mage derived
wo ewsnet3®ori gi nal digitized col or i nage bot hdebPCTed208000573
n pi xels, wherein the original digitized color image
I's provided by N distinct colors being allocated to
the n pixels, the new digitgged color imge is
provi ded by Mdistinct colors being allocated to the n
pi xel s, the new i ndex sequence has n index nmenbers for

cAGPESREM tE Nt distifctrdoisrsgheredistdn distieet leaf pote foonuirising that
Is for mapping the n index nenbers to the Mcol ors,

Cwlhéaiﬁéﬁhéﬂdcorrprl sing: (a) providing a first new i ndex
sequence by partitioning all pixels in the original

digitized col Og%jcﬁ@la&tmqﬁbﬁd Vh&ighhPIlf riddes!t @itk théeesre only

on a col or of pirxel 1n the original digitized
Miglabnodesmdefiwi t hout regard to the | ocation of the

pi xel in the original digitized color inmge, wherein M

s less than or e r t

b B SR arhdilh S s o H 18 rei
S M Soffdrivet featsdipriciedting themrgmgtpwrs\/lof Ieaf sibling

joint clusters; appl ying a soft decision
nmﬂesmlztlitth@f@ Ep'edmé}égﬂ é@ff‘ﬂ@eﬁf |9?T%t new i ndex sequence

and the first new output function to provide the new

1:7nOIex Seq%{écga@ggtetrﬂﬁog ﬁl&‘ét ef%ﬂ%ﬁhé’cﬁ‘ in clalm 15 wherein

espectively er of the first
SEEpV () doxnErgse repmatddly saeleciingr and| mergingi paissl afolegh Aibling

ﬁd@ﬁe&ﬁpsggrﬁfﬁrééé @gng\ggﬁﬁhgﬁ* teb r§f)§/+cg>§§ﬁ'8[9§§ Q{J%Smcrement
R %frebp 1 1Est NSt leftdex sequence by the first

new ou put nctl on. 23. The nethod as defined in
claim 22 wherein the new i ndex sequence prqv

180ft deci sfhmn cpmmllternm@grm'g pyaguck ﬁ%\tdeflf\ggl lgggq{rrb%éq/herem
new. d | I t
80 18RS LA i TRE R S8R 8t poremen
Wlﬂﬁ)LﬂeWaRiﬂMm\Tg f aingfficpencte postiseenn d hpre-omagénriotd Eméyopy-
pi xel in the color imge. 24. The nethod as defi ped in
aoinstraines ¢eesd aada post-merger total entropy-constrained cos
19. The computer program product as defined in claim 15 wherein
the plurality of P-bit bytes for each color in the N distinct colors comprises a P-

bit byte for each primary color in a plurality of primary colors.

20. The computer program product as defined in claim 15 wherein
the plurality of primary colors comprises red, green and blue.

21. The computer program product as defined in claim 15 further
comprising creating a new digitized color image with M distinct colors, wherein
there is a one-to-one correspondence between the M distinct colors and the M

leaf nodes left after completion of step (d).

22. A method for deriving a new index sequence representing a
pixel mapping and a new output function representing a color palette for a

new digitized color image derived from an original digitized color image both
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step (c) conprises applying an iterative soft decision
optim zation process and determ ning, after each

W0 2@5a040861, an i ncrenental reduction in a cost PCMCARWN000573
representing conpression and distortion of the
original digitized color imge, and step (c)
term nates and the new i ndexg7sequence and the new
col or mappi ng determ ned when the increnental
reduction falls below a selected threshold. 25. The
definbadras pd@}é,ﬁ/ﬂ@brbm tHeadrigial di@iEzed nolist @page )s provided by N
conprises (i) setting.a counter ual to.one;, (/i .
digfinch cRlars i ﬁma@&ﬂ%&%th%et@f%ﬁﬁ%dﬁ% digitzed ﬁCS'Phlmage Is

; tyf t i

AU RY RRICICEIons ol Bcatod B0 e Ty BhEls etiew index
dagehcerhasoneindek Imemberd far iepiesentinguthecBspixglsi and the new

det 1 Ni. k+1)th. t f ti t

Qe RinesRn oR lrsomeppird: s b ok BRMERS (.4 ciors, the
hBERY &RaedIRg: (iv) determining a (k+1)th cost from

the (k+1) th Tndex sequence, the (k+1)th out put

function and the (k+1 )th transition probabil i,toy. .
function; (@ ®royigngeafitalingw ingex seruanee by paytitioning all pixels

S IR R RO obd b W SR OB b cor o

éaiirﬁpikeﬁntthg Qﬁigma(i,diga"&iettcd)mgimd{ge Wwithalit tegairch tize the location of
sequence .and t he +1)th output function,as the new

(PR duxeldB doe Reamial el aieechealop ftipae. WiRtsr 88 i 38 & or equal
agpectively, otherw se, increasing k by 1 and

repeating sub-steps (ii) to (v). 26. The nethod as
defined in claim25 wherein in step (ii), the step of

det er mi ni n@p)tgrevidinglLp first nawwutpehﬁmc@@n Hor epeviding; a gne-to-

SRS e B 1 P Mt

possi bl e i ndex sequences conprises using a Viterbi

al gor i t hm (R Gppirg Eesdtodedisiodadptinsidation pradess26 the first new
wherein step F

\ a) further conprises groyping the M .

idgK Geneopasid e s N cﬁr@?l&@ ﬁlncg%tfgs?f%}mﬁeﬁ?gnew index

%@@fer{cléagnw i hetd SBUthGY RN FESHVEY BasédeorsOtdr each
ecision optimzation

member of the first new index sequence, how a color value assigned to that

member by the first new output function correlates with the color value

assigned to at least one other member of the first new index sequence by the

first new output function.

23. The method as defined in claim 22 wherein the new index
sequence provides a soft decision pixel mapping such that, for each pixel in
the new digitized color image, the color value assigned to the pixel by the new
index sequence and the new output function depends on the location of the

pixel in the color image.
24. The method as defined in claim 22 wherein

step (c) comprises applying an iterative soft decision

optimization process and determining, after each iteration, an incremental
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process relative to the Mldi sjoint groups. 28. The
met hod as defined in claim?27 wherein the cost
w0 evstioee depends on both M and ML. 29. A dat aPCT/CA2005/000573

processing systemfor deriving a new i ndex sequence
representing a pixel mapping and a new output function
representing a color palettggf-or a new digitized col or

i mage derived froman original digitized color inmage

both defined on n pixels, wherein the original

réldl @i tionz id a cadst rfuhotiare réprepentingl ednipyessiain sarichdistaritiboref the
being al.located to the n pixels, the new digitized
OE'SF"@?dF ?‘gob\”ﬂﬁﬂ%@cﬁ‘dby M di stinct col ors being

allocated to the n pixels, the new index sequence has

n index Megels) {RmifdBs ERNH Behindex Wexpiencanshd ke new
new out put function is for mapping the n index menbers
cotort apping|daterminad when theodraremegtalyduetion falls below a

C riysing. (a) a hard decision nodule for (i)
Sﬁ?{%?%ﬁﬂsggdpl rst new i ndex sequence by partitioning
all pixels in the original digitized color imge into

29.di sj oi ntThd metliodad dsfidedin aainoRdrwhdrebrastiepick edmprises
the original digitized color imge wi thout regard to

the locatign of the pixel in e original digitized
col or i rradg,se\(ﬁﬁ'{@@icﬁ’ﬁ qr& ?‘ﬁ?tsl?? RA% or equal to N, and
(ii) providing a first new output function for

provi di ng (@) qBe-4 KONAdERPEEGIEMRE, tdutehidirf isnqk+1) ™ index
colors onto the pixels in the Mdisjopnt clusters; an

Sgaﬁweacedm optimizing thensest Blmpnafgg@ikr'{gmgp%?qnction and a K"
o el ! -
SRR DRRIE A0, S afisshe ek detfuehes, TUSE

the new i ndex sequence and the new out put functio .
respect i ve(iily detsaninig af(es 1) fboutputfinetionfarcha (ki1 Xt transition

new | ndex sequence, how a,color val ue assigned to that
preRBBIitLineten frpnsth%@w@ﬂﬂfﬁﬁx $ECBncorrel ates with

the color value assigned to at |east one other nenber
of the firgl) NABIThREIRK aSRITENESStTorh e f(k+ 51" RIEx sequence,

out put funct’i on. " N B _
the (k+1)th output function and the (k+1)" transition probability function; and,

)" cost

(v) calculating a (k+1)th cost difference between the (k+1
and a k" cost, and, when the (k+1)th cost difference is less than a selected
threshold, selecting the (k+1) " index sequence and the (k+1)" output function
as the new index sequence and the new output function respectively,

otherwise, increasing k by 1 and repeating sub-steps (ji) to (v).

26. The method as defined in claim 25 wherein in step (i), the step
of determining the (k+1) " index sequence by optimizing the cost function, for
the given k™ output function and k™ transition probability function, over all

possible index sequences comprises using a Viterbi algorithm.
27. The method as defined in claim 26 wherein

step (a) further comprises grouping the M disjoint clusters into

M' disjoint groups, M' being less than M; and,
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30. The data processing systemas defined in claim29

wherein the new index sequence provides a soft
waele®sa04086 pi xel mappi ng such that, for each piRer/CAR05/000573

the new digitized color inmge, the color value

assigned to the pixel by the new index sequence and

the new output function depggds on the |ocation of the

pi xel in the color inage. 3 1. The data processing

system as defined in claim29 wherein the soft

de;:i sid on stapul(e) i comprisesbl applyingt theapgsifiy dacisiorr gplimization
soft deci.sion optjnizatjon process, (ii) to determ ne,
PERGESS r@%&'ﬁ_ei?‘?g?‘gM 5]@0'5 rioHE%ment al reduction in a

cost function representing conpression and distortion

o8f the or MhienMetitbdiaki d&fherPlrotldimeRE wisergin( the osb function
termnate the iterative soft decision optimzation
depends sndedh bkead M'ne t he new i ndex sequence and the

new col or mappi ng when the increnmental reduction falls

del ow a se| g%lfaﬁgaéélé;]sgﬂbg:s%tg?@form&i\ﬁﬁé % RERC RRfEiXNSequence

ystem as d 1 whereinthe iterative
r@m{ets_edmg i pinel:mabgingaamclba meve edutdunglions egpresenting a color
S [ a coupter t (i) for.. i
alaiin i & nautdoired £k meos R er iy ACGidnet dgyRe¥ Color
irﬁgﬁérﬂcﬁh ngkfinke ﬁﬁtpiﬁé@,?wr{éﬁeinf’tﬁé &Ldinﬁél digtized color image is

ICt1on anql a h transition probability function, = .
poovided |ty Natistinst eolonslbeingeafinoate to the n pixels,dhainaw gigitized

T R O
Hev Indé8d S8dUehcBthas hKridex Mheraérsffopmepriesefiind the h pixels and

I ndex sequence, the (k+1)th output function and th
th& -Aew ohtaut dwactionds for BRaRIng the RURESX BIeMBET; T]‘o(tb?% colors,

al cul at | (kK h ~fLf ference between the
"5?«‘-’%}1"% :ﬁ%%gﬁgn%'sgérht%&ggé?lﬂb'and, when the (k+1)th
cost difference is |l ess than a sel ect edt hreshol d,

sel ecting (ahe Hard Hecision mbelulestequence and the (k+1)th
out put function as the new i ndex sequence and t he new

out UL At o OREAG Kok pl RO puért 67 BaRling ai
pixels in the original digitized color image into M disjoint clusters based on a
color of each pixel in the original digitized color image without regard to the
location of the pixel in the original digitized color image, wherein M is less
than or equal to N, and

(i) providing a first new output function for providing a
one-to-one mapping of the M distinct colors onto the pixels in the M disjoint

clusters; and

(b) a soft decision module for applying a soft decision
optimization process to the first new index sequence and the first new output
function to provide the new index sequence and the new output function
respectively based on, for each member of the first new index sequence, how

a color value assigned to that member by the first new output function



10

15

20

25

33. The data processing systemas defined in claim32
wherein, in step (ii), the step of determ ning the
W@ kovi)040B6 | ndex sequence by optim zing the cosPCT/CA2005/000573

function, for the given kth output function and kth
transition probability function, over all possible

i ndex sequences conprises ugpng a Viterbi algorithm

34. The data processing systemas defined in claim33
wherein the . hard decision nodule is operable to group

coirelabéglingthathet calbruedlee aissignedMo ali Ispst nhe gtoempsember of the
MLbei ng | ess than

I and, .the hard, dec|.sion nodule is
figgh aenbindex seqppnee E’A)ﬁéh%g'isit nﬁ\é’c‘?@PUTﬁF"@ﬁt'P% zati on
process relative to the Mldi sjoint groups. 35. The

3gata procepg d&a%fé&@@gi? sgstbhiad definetidh Bisirh 2O eviwirein the
the cost function depends on both Mand M. 36. A

nevnindexr seyuRnCcenpiavitasca 3t desisiam pixed dnpeRipg sycky Ehat, for
t o, cr.eat.e i xel .. i n f '

epGh it g e i gEBLREI P Ihele B S arod BESIRED o the

piXERG9 tHE everhdekeaqasnes apdrtaé ndivgotipue duratibardepends on the
bot h"defined on n pixels, wherein the original

lepagioni of dae pibied in theegplon 1398y i ded by N distinct col ors
being allocated to the n pixels, the new digitized

ol or i magg,d g4l RYLESSh Ai $i diineagh @IimiED Waerein
3gl’l ocat edgl‘thhc():'l ?%tg '%3% xelgg;gyét\(he new | ngex sequence has
n i ndex nmenbers for representing the n pixels and the

new out putthé wofttdenision nMaeduleds ppatphie ) to Brabxamipmiive soft
o.the M.colors, the co t u : ;

deSinioh <PRTZ815 rBGRRE Mt PEGHhRRL P4 Shgh teration. an

ihdre B AL Fed @tidnSh T HCELS filifgtiopo Mepiiesenting t eompression and

performthe steps of:(a) providing a first new jndex .
distqtioncef thg qﬂglnahdlgjhzecLCQpr irage | and (it éergplpafq{gp iterative

di.gi,ti.zed .QF__i.moe. i i.si Ol ed
PG, SRS oEES MLl She 1 indst adauence
410l He inEve eoldrt Rpingegden the itzeineatdli reduction Halls below a
pixel in the original digitized color inage, wherein M
selegted ghreshold.

32. The data processing system as defined in claim 31 wherein the

iterative soft decision optimization process comprises
(i) setting a counter k equal to one;

(i) for a k" index sequence, determining a (k+1) " index
sequence by optimizing the cost function, for a k™ output function and a Kt
transition probability function, over all possible index sequences,

(jii) determining a (k+1)" output function and a (k+1)" transition
probability function from the (k+1)th index sequence;

(iv) determining a (k+1)" cost from the (k+1) " index sequence,
the (k+1)™ output function and the (k+“l)th transition probability function; and,

(v) calculating a (k+1)™ cost difference between the (k+1)™" cost

and a ki cost, and, when the (k+1)™ cost difference is less than a selected
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than or equal to N, (b) providing a first new output

function for providing a one-to-one mapping of the M
waele®bsitmose col ors onto the pixels in the M disjPCTCA2005/000573

clusters; and, (c) applying a soft decision

optim zation process to the first new i ndex sequence

and the first new output fumddtion to provide the new

i ndex sequence and the new out put function

respectively based on, for each menber of the first :
theeshioht) @elentiggehe ¢+ Hovindex sequence apd 4ke i(lgnbY ouéputifupction

T the L REW I SaRLEnGR ctihate: BoW: okBilay Bl fipectively
JRERASe GheldRirld K BY L ie]p%anng eubaneps iy toloe). i r st

new out put functi on. e nmethod as defined in
claim 36 wherein the new i ndex sequence provid

3bft deci sThm dpfacerogeapipntysieBras Agtined & cleifar% Wherein, in
LN the i 0d & . i . ...

S5a e E M L S EHHRR) B (P15 inddecsQlaoe's) uptimizing the
ddae fometion)tioutthé wiwar & algpenfimction tare | kE dtainsitionf probability

ixel in the color imge. 38. The nethod as defined iy}, .
ANGION. 36 VRhoRlbi ROSSIRIB MOPXc SAENPRCES RIRRs Mising a ' Viterbi
%éﬁﬁ@ﬁhye soft deci sion optim zation process and

ermning, after each iteration, an increnenta
reduction in a cost function representing conpressi on

ahd di st or Thedatd prasessing giyatem asglefingd dn €lair33 wageein
and step (c) term nates and the new i ndex sequence and

th i ng. ' ' L
roducton ¥4 &R BB RIS &, QPRI REHP IR M disioint
SBbiedirfts Miedisjord groups, M’ by lessitieam M e, ( c)

;:on'priisﬁ (|2]I setting a counter k equal to one; (ii)

or a I ndex se , r m ni i .
sequence b{% B?\'q"rfjgﬁl‘jgig’%? rﬁ@g@t@g{s rgﬂr%ﬁggliegtﬁ( g‘;’%g' ﬂtég I?If)ﬁd&é%'s'on
ShfiMatibHHrbLa @Mivd thithe M' disjoint groups.

35. The data processing system as defined in claim 34 wherein the
cost function depends on both M and M'.

36. A computer program product for use on a computer system to
create a pixel mapping and a new output function representing a color palette
for a new digitized color image derived from an original digitized color image
both defined on n pixels, wherein the original digitized color image is provided
by N distinct colors being allocated to the n pixels, the new digitized color
image is provided by M distinct colors being allocated to the n pixels, the new
index sequence has n index members for representing the n pixels and the
new output function is for mapping the n index members to the M colors, the

computer program product comprising:
a recording medium; and

means recorded on the medium for instructing the computer

system to perform the steps of:
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transition probability function, over all possible
i ndex sequences; (iii) determning a (k+l)th output

w0 eovstioee and a (k+1)th transition probabilityPETiaa2i06m000573
fromthe (k+1) th index sequence; (iv) determning a
(k+1)th cost fromthe (k+1) th index sequence, the
(k+1)th output function and4Rhe (k+1l)th transition
probability function; and, (v) calculating a (k+1)th
cost difference between the (k+1)th cost and a kth
cost, and, wher(a} providirg ptflistnew indeéx sequansei by pardifoning all

SRR 3B AL 5 B e b on o

cORN dfEkeh F%Pﬁﬂﬂfé afginahdigteaedosslpt imbgactitrut regard to the
respectively, otherwise, increasing k by 1 and

locaient dh thes pixed e ke @riginal sligiiyed gplorriaagwgreliy M is less
efin ' Laim 39 wherein in step (ii), the step of

tﬁ%’?@F%ﬁH{aﬂﬁq}l’hg (k+1) th index sequence by optim zing

the cost function, for the given kth output function

and kth transi topprovidingbal firsy nBunotfper  fupetian &irl providing a

possi bl e i ndex sequences .copprjses using a Viterbi I
dnegor o ARG OF S N CRITCLEolREs it the POrels I ¥ M disjoint
ég;%natep (a) further conprises grouping the M
isjor’nt ¢lusters into MLdisjoint groups, Mlbeing |ess

than M and, step (c) conprises applying the soft
deci si on opt i mi(ehtapplying eces degision eptingizatien process to the

RGNS MR ARt L TRt EIOE P %
iflex sequence and the new output function respectively based on, for each
member of the first new index sequence, how a color value assigned to that
member by the first new output function correlates with the color value
assigned to at least one other member of the first new index sequence by the
first new output function.

37. The method as defined in claim 36 wherein the new index
sequence provides a soft decision pixel mapping such that, for each pixel in
the new digitized color image, the color value assigned to the pixel by the new
index sequence and the new output function depends on the location of the

pixel in the color image.
38. The method as defined in claim 36 wherein

step (c) comprises applying an iterative soft decision
optimization process and determining, after each iteration, an incremental
reduction in a cost function representing compression and distortion of the

original digitized color image, and

step (c) terminates and the new index sequence and the new
color mapping determined when the incremental reduction falls below a
selected threshold.
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39, The method as defined in claim 38 wherein step (c) comprises
(i) setting a counter k equal to one;

(i) for a k™ index sequence, determining a (k+1) * index
sequence by optimizing the cost function, for a k' output function and a k'

transition probability function, over all possible index sequences;

(iii) determining a (k+1)" output function and a (k+1)" transition
probability function from the (k+1) ™" index sequence;

(iv) determining a (k+1)" cost from the (k+1) " index sequence,
the (k+1)" output function and the (k+1)" transition probability function; and,

(v) calculating a (k+1)™ cost difference between the (k+1)™" cost
and a k'™ cost, and, when the (k+1)"" cost difference is less than a selected
threshold, selecting the (k+1) ™ index sequence and the (k+1)™ output function
as the new index sequence and the new output function respectively,
otherwise, increasing k by 1 and repeating sub-steps (ii) to (v).

40. The method as defined in claim 39 wherein in step (ii), the step
of determining the (k+1) ! index sequence by optimizing the cost function, for
the given k™ output function and k™ transition probability function, over all
possible index sequences comprises using a Viterbi algorithm.

41, The method as defined in claim 40 wherein

step (a) further comprises grouping the M disjoint clusters into
M' disjoint groups, M' being less than M; and,

step (c) comprises applying the soft decision optimization
process relative to the M’ disjoint groups.

42. The method as defined in claim 41 wherein the cost function
depends on both M and M'.



