10

15

20

25

30

MULTI - MODE | MAGE PROCESSI NG TECHNI CAL FI ELD The
present invention generally relates to inmge

w@r@ems®ihg schenmes, and in particular to net hpdESEA5/001070
systens for providing additional auxiliary block

conpr essi ng [ Q ities. for such
i mage pr ocesmﬂiimﬁém&é@&MQn and
renderi ng of imges and graphics on data processing

systens and user termnals, such as conputers, and in

particul ar on nobil e TEOHNIGANAWEE][ITOr eased

tremendously the |ast years. For exanple,
Thd}ﬁbmﬁn’t?myienmaﬂn_ géhﬁl)rajllyaxﬂiitapes tmdrrﬂalg&gﬁ@tcbéymgﬂlschemes, and in
n r appealin ppl i cati pns on, suc ermnals,
PatHERTRE g 1BEHeds FBdrapsteina iRbRuTidE sdfienahabmitiary block
%81 LS. d [ e .
o Be Tl A MABICRER opp uRARS 1 G0 Bl processing
schefriasst stage, the application stage, creates several

triangles. The corners of these triangles are
transfornmed, projected and lit in a second stage, the

geonetry stage. In a “BA@%@QUNB rasterization
ext ur es,

stage, imges, often denote can be "gl ued”

Presdritative tandnefforind CéRL AT A1t Re1d eakl for i
rendered i mage. The t%i rd stda%g typi %P%%fs%ﬁ Bata processing
syplenrdemsl Yser teigninalagsuch-astomputeosyeard inrgadinilag on mobile

] and textures, and in particular 3D Lmages
telglfh” 9[91? g% % élf?cwesasgacﬁfm@ﬁwaﬁxl ﬁ}ﬁ lasieHertR Fom xpmmple, three-
difengoref] MerapRevd dhhdanthPRCessidg qu@ﬁj i
requi.red fr(gllrmt )hgg gr aphi c syst eér.}rgs. le:%r @ex%rrp e, ber of appealing
applicatipes o sudsteyminals, inclusling gfmaen8Dy mape and messaging,

hed in f - chi
el R i Rt RC B SR Binaw cin, & texture.

can be accessed several times to draw a single pixel.
In order to reduce the bandwi dth and processing power
A Huerapiiess readeringgerocess uicall ocomgriseshdlires sub-stages.

BrfBha vt R (s ERRAE R g e 0, e o Ffangles. The
contershbp these triangles are transformed, projected and lit in a second
stage, the geometry stage. In a third stage, the rasterization stage, images,
often denoted textures, can be “glued” onto the triangles, increasing the
realism of the rendered image. The third stage typically also performs sorting

using a z-bulffer.

However, rendering of images and textures, and in particular 3D images and
graphics, is a computationally expensive task in terms of memory bandwidth
and processing power required for the graphic systems. For example,
textures are costly both in terms of memory, the textures must be placed on
or cached in fast on-chip memory, and in terms of memory bandwidth, a

texture can be accessed several times to draw a single pixel.

In order to reduce the bandwidth and processing power requirements, an

image (texture) encoding method or system is typically employed. Such an
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menory and | ower nmenory bandwi dth during rendering
and, thus, in |ower power consunption and/ or faster

w0 2vdeodonyy). DESCRI PTI ON OF RELATED ART Del p aneiCT/SE2005/001070
Mtchell [1] devel oped a si?ple schene, called bl ock

' ol ' (BT r r 0 n
enERRE 205 YR B SR FRGGERIR" 53100y RYRBeiye omchip
mgraory end Besanahotndoidwidthcheritg dasldrihedrid) tHUsS in lower

section are based on the| r ideas. Their schene

PowsHsrEsYEaPtpayard A0 fasiggEenderivgnsi deri ng a bl ock of
4x4 pixels at a tinme. For such a block, two 8-bit gray
scal e values were stored, and each pixel in the bl ock
then used a siD@SCRIPTION'GR REINERED AREe gray
scales. This resulted in 2 bits per pixel (bpp). A
Dedp rpphé Mittctedli pH, dentlopddcal simplel kclheme;, esaiaah HGEC) truncation
resented by Ca Il et al. [2]. Instead
cofing G Ton oot cgrugrestianh g, Blovie thety aphpeons were not
te)&'iﬁ% %ﬂg?es?sﬁﬁ bhadex. 's@tlé’rs& SO oRRLLSBenddd ﬁgseribed in this
| ows for conpression of colored textures at pp.
semﬂewﬁ bassenlemn rthefroleas. Theithsclpahetdenpsessegugragdscale images
and t. alette |s strict din Jze The S3TC .
by aieriBg Sekon ARHHpeR ot guteRe: EPTaich £ black, two 8-bit
graﬁD‘f 9BAR Valh'%@ VV&% sRARH| 3nSEAE Rixdllin ﬁhé%%’ck Bhen used a single
rect X | and there are extensions for n QpenCG
bitatosingsix tO G’he iof thes& gray sbeh%é‘ﬂnmseauﬁadhh& bits per pixel (bpp).
extension of CCC. The block size for S3TC is 4><4
pi xel s that are conpressed into 64 bits. Two base
A Gahijle ef(frbﬁsgl@ﬁedcamb&aé&uo% c@ut %onﬂﬂ‘és@f&ﬁi‘ {w@b, of BTC was
stores a two-bit index into a | ocal color se that
prc:mcdtby é}amp@eﬂmt bhsl@] chidesd afdusimg addBthivrgrhy scale value,
- bet wee base col ors., Thi s neans that, all
thEHBiCvallis B, SEHlpHET 8 Rl s ito o R EF flgstee T, allows for
coﬁﬂi@sm@rﬂobemoraaetesttﬁa@svaﬂQagﬁ oHowherl & Altdhof |1chkup in the
four colors can be used per bl ock Akeni ne- M | er “and
pakitioin pratised, anddhiegpaleticos neserigztiGrssivene t hat
conpresses a 3 x 2 block into 32 bits [5]. This
schene, called POOVA, is targeted for nobile phones as

TheesTC ThatiiB¢ @ontipfdsticneRetifod bt Iokaechabaseal cgs‘]qrs probably the
uses fewer bits, and that only one in-between color is

masieeppuies sicheanet Kas usasl i1 BikeakXoidh and thersaramkismsions for it
in 'ép&*%rﬂ'aééj eqi. ’Pﬁeg\"@ ¥k can be seen as a further extension of CCC.

The block size for S3TC is 4x4 pixels that are compressed into 64 bits. Two

base colors are stored in each 16 bits, and each pixel stores a two-bit index
into a local color set that consists of the two base colors and two additional
colors in-between the base colors. This means that all colors lie on a line in
RGB space. S3TC’s compression rate is 4 bpp. One disadvantage of S3TC is

that only four colors can be used per block.

Akenine-Moéller and Stréom present a variation of the S3TC scheme that
compresses a 3 x 2 block into 32 bits [5]. This scheme, called POOMA, is
targeted for mobile phones as well. The major difference is that each base

color uses fewer bits, and that only one in-between color is used. Also, note
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i npl enentations . Aradically different approach is

taken by Fenney [6]. Two | owresolution i nages derived
WO c@ai00dyes ori gi nal texture are stored, and durPCQSE2005/001070

deconpression, a (local) bisinear magnification of

0 te es._J. reate and to. create the final

th‘f’:‘g Sheor Bl tX&%éFl? 3 iﬂ%rgF’ bI"BRIEH s 1810 AW P RGR e rfor hehardware
imiplemenvotiongdes are described that give 4 bpp and 2

bpp, respectively. In the 4 bpp version, tw base

colors are stored per 4x4 bl ock, together wth

[ . il inear ni fjication,. the .
A TRARY, AAELS PRt S RESHER BRBEGYHIe e jow-resolution
imegest eddriver] cdedia, tescompiginal Oreghigd dabe TRsted ! "and during
the prior art texture processing (conpression and
deqragiss 8, ¢hylosallchidiearnaiagmihention ofcteomss textures is created,

- ' | .desij . | Oi
el BPE086, BR0Np Rl Pt RS S ERL 1A S Rhgh between he

twel Ewentodeasansedlés@sbshhbbire TN S0P HiSP, Itéa;g,%c'ﬁ%dy. In the
bhat hi gher |rmg[§}quallty can be the result "of better
4 BPRGECHTOR, W RAIRIGONES SrAcetoaryl pext4ix4 bludestigegher with

e gt ty)as | 0SSV .c-if,.0 S : :
mtter m)stQj #ﬁngjr‘(?a(?fggg o%Pg\%lglael%ééé%%%h%alﬁ']teyna?éghbormg 2x2
blquiss bbbt eneHIMARNIN ehpse Ofirellih PROCRSELRY SHIMITEde@Ompression
nDo Exgl ojt the bits used for the conpressed
S ?‘é{ﬁjr €dAthti on of inmmge bl ocks and i mages fully. As a
consequence, there are often certain bit conbinations
that does not represent any neani ngful image bl ocks.
In Fthe hprivor ert t bexteirenyproeessingc {66 cE SN 02AEY defompression)
the co rlﬁased gag bl ock representations, inplying

SCRHRFS oHe YIS memgeseribed ahavepdheepivadwaps a desire to
ex;%)bit”%ﬂé 'bﬁ’dsegdl‘eﬁf ﬁf %Eﬁcoﬁ@@rb?(?&? %\g gﬁgéﬁsgpfi/@atggﬁg%]ednts) as well

it conbinations € presen 'on o
as peesiblanthetrhesodfanthikis tHatt higheriiatagy guality can be the result

rrangenents.lt i.s.a general_ object of the present
of BRUERETRL S BrovhEEmintiohouneh Gl s Hge qemsnesiu elgermes (in
thid eshiRblyl ar8BRsP! GEG8SbP UtTRR 8N InorkSRSE Q7 $rovide as good

auxi | iary
quality as possible.

SUMMARY

The prior art processing schemes do not exploit the bits used for the
compressed representation of image blocks and images fully. As a
consequence, there are often certain bit combinations that does not
represent any meaningful image blocks. Furthermore, there may be
unnecessary redundancy in the compressed image block representations,
implying that one and the same image block can be represented by multiple

different compressed representations and bit combinations.

The present invention overcomes these and other drawbacks of the prior art

arrangements.
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I mage processing node. It is another object of the
invention to provide an inproved exploitation of inmage
w@e@eoe®ifng schenes by introducing auxiliary pPODESERDFE1070
nodes that enploy non-utili#2ed bit conbinations of the

1 mage processi henes. Yet another obj e of .t he .
It {57 SRR §515Ch o S8 BhraRET S SRR TR A jThage processing
sclidreessving H0GEWMlt Infdideappddessing niGde aHDRSIBRBE one auxiliary
~ node adapted for image blocks that the default
impge prectIfgngodedhandl es poorly. These and ot her

objects are net by the invention as defined by the

acconmpanyi ng patent clains. Briefly, the present
It is"¥8Bthen obfedt ¥EEhe dRREATBAL i gravidrf aul ImP[*@ﬁédS eixPlbitation of
. node of an 1 mage processing schene with at [east one
imagelinriosaasing sahgmasaby wisedueinggangdiaryTpyecessiag modes that

e S WBHERY BR s P blaltcrd, PRI e Bl e SBRR AR 4Hipes.

enpl oyed according to the default processing node or
are neani ngl ess for that default processing node. . |
Yetripnnthen epbiert cof bhe wyeptien: ivie spmplparsag B¥isting default

. t auxiliary..pr s A
imyF 2ip EREs o R Vs B BB RE et IR cB O i adapted for
imégé albdkPtioaesst defamderotdssingtmbdadarndiesgoordy.ary
processi ng node, thus, conplenents the default
processi ng node by managi ng those inmage bl ocks that
Th'égg gﬁ&a%lthepr ﬁéﬁ%ﬁé e s hB9d¥[ﬁ§ RAAUAdon A5 defined by the
cohsequence,” t image quality’o he | mage processi ng
acechgamyihE lpabent aktimeed wi t hout increasing the bit
rate by using all bit conbinations. According to the
i nvention, an inmage to be encoded is typically

< . ' her. . . .
B s B et BT pRblre Sl AR ARIR, UEKAt processing
mddixel ah, intage p2orsysing s2hefrex @it ahdenstl aneatiditiohel er auxiliary
m n, p independently |S zero or a posj.tive jinteger. . .
PTQWS&Hl%nﬁBHdﬁ“eniI‘%"‘tshe tlnﬁag@srseeks Inventine, idRAGHKS certain Dbit
: c s
coRfARFG 7, SoABiaLbac RS IS0, TRAS AR sy, are ot

engiloyed sdccondigg rtpr dhses eefadp rEreenssingonmdd orharednoedningless for

are generated, gne accordjng to.the. . s
that de%ault process?ng mode. d1Lhegse Qdentified bit combinations are then

~used by at least one auxiliary processing mode that provides a different

image (block) processing compared to the default processing mode. This at
least one auxiliary processing mode, thus, complements the default
processing mode by managing those image blocks that the default
processing mode handles poorly. As a consequence, the image quality of the
image processing scheme will be improved without increasing the bit rate by

using all bit combinations.

According to the invention, an image to be encoded is typically decomposed
into a number of image blocks comprising multiple image elements (pixels or
texture elements, texels), e.g. 2mx2n or 2mx2nx2P image elements, where m,

n, p independently is zero or a positive integer. In an embodiment, the image
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defaul t node and one according to the auxiliary node.
A respective error netric is estimated for the two
walrdobmeens conpressed bl ock representati ons, WhET/BEX0DF001070
error metric is indicative ®f an image quality
[ C S
blqbc?;@(:%se: gigg}rl d(%ﬁ%c?t? F&)?& gﬁ{' O;a'ég%lgﬁl é&ﬁy‘i‘ggmh@aﬂ'ﬁ)de and an

augiinryeesinifroseties meiec oﬁ‘hmssﬁﬁ ootk iheagendblobk at least two
smal | est associated error netric i s selected and used
comPpresrect seprassstatipap bt hlacknars generatsegons aggording to the

deifarqfléggng{ié e @téﬂf agc?&?aig'@%l tH gu&'il‘i)&%{ téftlgée.ok t8&pective error

enents o

motriceist egadreded nfoorider two dhéﬁeeem eenhresked bloekdedmekentations,
or auxiliary conpressing,.node is_nost, suitable to use
whese thie @UPF eMCthICodR. U1HCRAVS efiriyi waage %Hﬁytya representation

r et
asEIIBNER SR OBt HRE TR AT, Mook ety 187 (hE default or
auﬁflmryl oompressird rmmelbr i Else hemapresskmel dﬂbckaheﬁmgl' hihe smallest
default conpressing rat es a conpressed Rhl ock
aS%QFé@te@o‘?ﬁ?PF JRstric b%ﬁ%i‘éﬁw% dhr® ¢hg soppatessedigeresentation
e@jog e conpressed bI ock sequence that is
y enpl'oyed for encoding and representing the
bI ock I n nost appl i cations, the default payl oad
portion is, equal the ole co Iess d, bl o

In gy AlkEeativs: elahﬂ mante thgt PrIPSItss 9 &bs m&@gﬁ eflements of an
1m5g§ ﬁ?@ék ak® Pt AF N Qecﬁ he Habawd ldetPd8ind BBhether the default or

iary conpressing node generates a conpressed
aukilizak ddmpressipg irnededn most Isbdtayplp dy | wsad fpothe emraent block. In

a se fion porti on a conseqyence, the payl pad
hi3 PG T RPTARESSE SREhRT g oL ob ag plock has to
I d ‘
s A I e, 1 ot i
haﬁre\terbebss:tﬂrnab&d be enpl oyed for actual bl ock coding

purposes in the auxiliary node, this auxiliary node
W Il conpress certain image bl ock types better (from

Th@rliéfgﬁﬁeco(iﬂﬁféés\lng Phdde SEn¥FAE of SRR PrESsHEDRIHK tHEi:d&)mpnses a

, thoug a majority of the’imge bl ocks of
defauli paybad Iportigpi haltl ip the poxtiate of Bhetdmmpresagar block sequence
def aul

en R RS, KOG BASa RS NIRRT lockc. 1 most
apﬁggééi.ﬂné‘,‘ﬁ' khe REefBAROPRGIREE Podtifl 1s0eéhi8l ayXiHd &FYole compressed
block sequence, but could alternatively be a sub-sequence thereof. In contrary
to the default mode, the auxiliary compressing mode generates a compressed
block that comprises an auxiliary payload portion and a selection portion. As a
consequence, the payload portion used for encoding and representing the
block in the auxiliary mode will be smaller than the default payload portion of
the default mode. However, even if fewer bits can be employed for actual block
coding purposes in the auxiliary mode, this auxiliary mode will compress
certain image block types better (from an image quality point of view) than the
default mode. Note, though, that a majority of the image blocks of an image

will typically be encoded by the standard default mode of the image processing
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The sel ection portion is the portion of the conpressed

bl ock that is enployed for discrimnating between the
wo dvoedes. | n the default node, the entire sSePEDSEWNS/001070

portion can be used for act@ally encoding the bl ock

[ t oL .

o e Tl TsE o TlobRE 1AL s ARC BB hbb AT poorly wil
be telicedsd|aexbirdingiar theoaukdmra medé.cat ed di scrim nating

pur pose and cannot be used for bl ock encoding. This

means that in sone applications the selection portion

. >Y] i i L :
TSI PSR O BRSPS ARARfy emploea
forc dmprassedtilg dektweepr dseritvat inoodes. nirotther default mode, the entire
applications, a sub-parfion of _the se|.ection portio .
sclBBROR GO BB B Baotes A eNy oG SEn bk a8d, thus, is a
. i Y] y od ; $
pal 6 BOLLGEGIAT B800. A REoth P LABRHARP mdt, at st
postidrecyfi tiws peledtom poltiohdsaslias dedivaned idigeffinrinttiog. plinpose and

ei t her cas ub-set af the.bit combjnations of this, .
oo BEi AN DBtk arrioe: S theE SRR HASOBRE APPIcations the
sel6OHBA 85SR bR TR thljg dierifthAixs lfALYoRCHRACER! Bexiliary payload

mode, ‘whereas the mal ni ng bit~ conbi nations then
postigmas$ lirhded ttheatbhurit thasrast mfribesesinacessedi bipdkordresentation.

In fh&h sl atinse & shbr BTt g SEPEGER, BTt an actually be
el OFRE 80 RESANRY Mrpdiekh E cdBheHd hoad ﬁiscﬁiﬁﬂ%ﬂﬂin@ 'éﬁiléﬁencoding

second codeword, ‘or "a (sub-)sequence of the first~an
furggondline stehoadcasthdbe todemingssulemortiont of hke ssi@ction portion
e.elements in the bl ock. For

Onﬁ’iﬁﬁgﬁté,cr%rﬁl@%%ﬁﬂégﬁgﬁﬁpds coul d be two col or

codewords or two col or conponent codewords. In the
former case, the selection portion signals the
In aithidri gage,madeubkest phdhewbitc odmkindtionseofdhid selection portion

. ot herw se {he, default de is employed. In the cas o

sieef, R B o PSR e AR PERS ot e BB diE odbe aviliary

coﬂr@r@é@ihglﬁ@@)d‘é@ SFhdrefs St RimhHEnE VWit CORRBRRAMons then signal that
codewords is within an all owed property, otherw se

thq blidkgwe s tosingerassed raceerdiog tegthehdelpudiperade. i nt er val )
the auxiliary node is enpl oyed. When processing or
deconpressing a conpressed i mage bl ock, the selection

In Par tpreferdéd t heitomenesses f 0¢ke Caivditidmyegid Jsd1estibA portion
order to determ ne
represents, when processed according to the default mode, a first and a
second codeword, or a (sub-)sequence of the first and second codeword. These
codewords represent the same property of the image elements in the block.
For example, the two codewords could be two color codewords or two color
component codewords. In the former case, the selection portion signals the
auxiliary mode when the two codewords are equal otherwise the default mode
is employed. In the case with two color component codewords, the default
mode is employed when the sum of the two component codewords is within an
allowed property, otherwise (being outside of or exceeding the property

interval) the auxiliary mode is employed.
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whet her the default or auxiliary processing node

shoul d be enpl oyed. The conpressed block is then
waelewonpoessed according to the sel ected node. PCT/SE2005/001070

Al ternatively, the conpressed block is first

wWHiSE %E@ﬁﬁgltﬁl‘; ?135 e5Qn %h& éij)gﬁeﬁfé#ﬁear?ﬁigg«? HAGeIFPHR: selection

and 't he aux processi ion
poptoon |anthes domeprdssedsbloght ealnl be dneestigatedeireroridee to determine

P L 80 ] v
coﬁr??éécprblbékb%s%ﬁeﬁn éi%Eotngﬁﬁésx{)e Jeddos ﬁ{.g)t) Bomgngélgaéted mode.

ple auxiliary nodes rexa
Alﬁefnalﬂn*eelyo theessepresprddoclatisofirst deemmpatessdr ddeerding to the

Aol R e R aS B o5t R AP insaati Whodk. The selection
pofiigh OMedhderandt 8 Rrdhat Redet NS %;\%F%gﬂé‘ew}ﬁm Bf these two

three col or conmponéents (red, green are outsi
degimphesgedopresen tatemsads thﬁuen@geebkmk thatewtll ba Lmnl. be

i npl emented with different inmage processing schenes,

e.g. BTC[1], CCC [2], S3TC [3] and POOVA [5], which
In Qh%e ddde! tHE rh¥vQe Qie?é’ctﬁﬁﬁlﬁ Hlse80bR ratc%%%‘ﬁ% rg Ja&ﬂ'nponents

for each image bl ock, and the inmage el ene
multipld|aackliare moslesi aoelil e hisedl oFor reliagepld, ntfothe compressed

rerGEPRIRIT B FIRELEc, o Lo st ARANE SHETRGReRItwo Ted, Breen, biue
(RGBP BRI dWir Y, diffeldRISuIRI @ﬁ; rﬁ@é@@l c2h Be 'H%ﬁ?ﬁg;l%at depending

Eresent ation, in which be i1 dent
onaw @thﬁremgun@mf exmnttad on thrq:e ﬂmorrmc{mmnxnamﬂr@ﬁl,lgreen, blue)
nt to the oI or codeword CO. Thus, storing

arg ﬂ%tsé(g%r@?gf&?é’rmpgﬁ ion in both color CO and

color O does not provi de any col ors that cannot be
encoded in other ways. Then it does not really natter
Thehprgisenb|ivventigex cahabe i isnplsaerited witdh differpmtelmagntprocessing

sl RUSE £ L ES0E, AR Bl byt 9] i e oo

gréyOscl8 o0 lchtdr ealiewotdanCOOandnd 1) eforeaséh CidhQse 'HIQSK and the
point to CO The so-obtained conpressed i mage bl ock

image cleragpés mfd&v@s béark ase mo@@éed)wah poloraindices into either of
théde | {v{zg '0%901I S, rdﬁlt%uéémgré)t% %Sclorl]grsnaenved from these two colors. A

decompressed representation of an image block based on compressed
representation, in which CO0=C1=X, will be identical to a compressed
representation, in which Cl12C0=X and all indices point to the color
codeword CO.

Thus, storing the same color representation in both color CO and color C1
does not provide any colors that cannot be encoded in other ways. Then it
does not really matter which color index that is used for each image element,
because each image element can only be of color CO (which is the same as
C1). Then you can instead set C1 to some other color than CO, and let each

color index point to CO. The so-obtained compressed image block can then
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This means that bit conbinati ons where CO=Cl are

usel ess, since every such i mage bl ock can instead be
wepmotedipy the "default™ way. This opens u p BECI/SE2005/001070

opportunity to utilize the &onpressed i mage bl ock

e BKESRA 0b000SEcol 6 REREL 190 BERARLTUAS AT proceosin

maithenes, the respective normal default processing node
will be enployed if the two col or codewords are
di fferent, whereas a conpressed inage bl ock having

Thh@%ﬂ%éﬁ@' a6a Rt %%siﬁw Pl WHOSETRE PCLY Ydise 2 §lice every
t|on céu

auxi | irary processing e. The sel ection por
suthcinaige theck wan( m)d;teadobe md:edaby)thfeo‘diaa&auw wahe This opens
present inventjon ed to the image

ol S35 S0 B0 P 2R P 50 28eentations for
IBEH00L01 0F KON FAGHIANCSCHE s (PN s, o e
procrienog dichithees, rmh;ﬁarbskp&ﬁtm&ndrmaiieiiafaulioprmssmg mode will be
er R O i 1 Sl P PSR! S5 25 B35 0 Ohmpresed
1m§gé Floek ﬁﬂﬁ@eﬁﬁ}fhé&ﬂbc&b?%de%vd&%h fsaF)??er ent%.dgﬁgordmg to an

e sum of the color codeword an

auxdt%\}mbmceblsm/qud Hehe salestionhportémpeotild én¢RER) the two (color

col or cpnponents .may only be within the interval [T 1,
Or‘gﬁ‘Ty”Sgage ge“@ﬁls Thus, for those bit combinations,

in which the sumfor at |east one col or conponent

exceeds that interval (smaller than Ti or larger than
Thg2presehe iauﬁhtiioar yanoalsoche dpplmthtoytbd, image pricsessimg scheme

ion_offers th

Aeng b ARl SPerBsiukiG Fhg Phgiggian scheme [8-10],

PR LS ShilizES REB1AY cBHEWOEH 8@ QRFRFd AL Yol codeword. The
conpl enent the processing schene with additional inage

lm@g@ d&iocﬂg iardivitkash i oy two dasb-thetks; owpeesrghe fitsd sub-block has a

oo M PR, R0 POl I LRSSt o the

SeqUrRY isSHBLARRK Féﬁ&rd@é%aéé@bn”ﬁi@@ﬁ%n'dﬁ%% QJ)B?kéodeword and
that the defaul U nodes handl e poorly; Provides a

th@tdlffﬁmﬁl&ln CQdeWhEdeHOWIQVﬂIL ridaei onm elfptl’u.‘ye‘dspmtlve (RGB) color
colnponent Qtrlnre]l orrnyg%e 1n thaengnterval [T1, T2], e.g. [0, 31]. Thus, for
those bit combinations, in which the sum for at least one color component
exceeds that interval (smaller than T; or larger than Ts), the auxiliary mode

can be employed, otherwise the default mode will be used.

The invention offers the following advantages:

- Improves existing image processing scheme by providing an
opportunity to complement the processing scheme with additional image
encoding and decoding modes that complement the default encoding and
decoding modes of the processing scheme;

- Increases the quality of a processed image by providing auxiliary

modes that manages image blocks that the default modes handle poorly;
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Only utilizes bit conbinations that are not used by

the default nodes, which allows an inproved i nmge
wee@ese®ihg W t hout sacrificing the operation PET/SER805/001070

default nodes. O her advantéges offered by the present
- inv 5 N a Lated cu ead] of .-

ol o Hoor PP e o o Pl Ra b of Han BT CFORiBAbAS, egpploved for
resiaSRmtiDESGRAET bld¢ 1 aildE DRAW NGS The i nventi on

t oget er_%ﬁgh urther .objects, and advant ages t hereof,
" may VBR% (UhEGsH B argoinayonakhal arematahsed iy thre default modes,
ol Lowd g i o .
T P o b B gL A Db bE Seiffcig the operation
of theadetanlt hodes.at i ng an enbodi ment of processing a

conpressed representation of an inmage bl ock accordi ng

to the present invention; Fig. 2 is a flow diagram

r ] a .

otht] UsteRtaa, SRRLLE o PO BEBR: By BMOEE ST Be Spmorated upon
reddinghd thedsedotw desartiption;offihg. erdbsdheents e@khy invention.

illustrates different imge bl ock enbodi nents

appl i cabl e according to the present invention; Figs.

4A to 4C [ ' aal
repr esentgaﬂtggf 9%1@%6%]33@3’ g 1511 g%%&’a‘&%ﬁdl ng
Th AnbEtiOh 8DEBEh MY AH itheFb8jetl '
il ?ust rlat [ ng an enbodi men{3 O?J t ﬁgsdsrg:} élg?l&ir}gé%t@egﬁlrﬁoﬂ may best
be Fugdetstoedmdre oetdng; réfegenée i ® alfd dolldivaggadescription taken
ilJustrati,ng an enbodi.nent of, the, sel.eciing step in
toggi’da(_er ?Iﬁhh?ﬁg AECHRRATY BB rapIngsSqlty WWFEF agr am
illustrating an enbodi nent of the step of generating a
_default deconpressed block in Figs. 1 and 3 in nore
Figetlaiis; aFiffpw g diagrar| elustiraingmain | ebodimentanf processing a

enbodi nent _of the step of generati n_auxil.iary
o B e d SR BB ek o 68 ety HOPR AGFerdibgalp; the present
invehéionYA is a schematic illustration of an enbodi nent
of a systemfor processing a conpressed i mage bl ock
representation,;

Fig. 2 is a flow diagram illustrating another embodiment of processing a
compressed representation of an image block according to the present

invention;

Fig. 3 schematically illustrates different image block embodiments applicable

according to the present invention;

Figs. 4A to 4C schematically illustrate compressed representations of an image

block applicable according to thevpresent invention,;

Fig 5 is a flow diagram illustrating an embodiment of the selecting step in Fig.

1 in more detail,;

Fig. 6 is a flow diagram illustrating an embodiment of the selecting step in Fig.

3 in more detalil;
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Fig. 9B is a schematic illustration of another
enbodi nent of a system for processing a conpressed
WO pgeoddidck representation; Fig. 9C is a schepelt/5E2005/001070
illustration of a further efbodi nent of a systemfor
processing a conpressed i mage bl ock representation;
Figs. 10A and 10B are bl ock di agrans over possible
Fignplisrefibat diepsanf ilhharanes brovn gk Fligs. i
to 9C Figs. TrAto 1 E LI%&LSI% RIERP D the 8D ofenerating a
dedaplé dlerermpressed Mook it Fign bengl dirdére detail essed
i mge bl ock representation in the different operation
nodes according to the present invention; Fig. 12 is a
Figl 8vista dlgivadtiagafi tillakstRaiN a AR BOIRAENe fofAYBPERTS b Generating
an image bl ock according to _the present invention;
anspixilipRy decammpreasent &é@aﬁm Figss tI anidrid) immeresdekiaiie nt
of the step of generating a default conpressed
representation in Fig. 12 in nore detail; Fig. 14 is a
Fig.| Yvislnagtmatit it sahtios e eREdIBMENtAr 4 Qfst%frﬁ ?mof)rocessing
generating an auxiliary conpressed representation in
a gargpressedimageblpokarapresentations chemat i cal |y
illustrates an exanple of a user termnal with an
I mage encoder and decoder according to the present
Fig.n9Bnis anschegatib illasaabibacks dinahaM thBARhEARIJYa system for
illustrating an enbodi ment of an i mage encoder
Proeassiig AFaBpreRseriaazgs blogkaiepresentatign; 17 is a bl ock
di agram schematically illustrating an enbodi nent of
the default conpressor of Fig. 16 in nore detail; Fig.
Fig 89Csisaabéatsdmadtiagilamt ftheiaf i #ht ther| ébloddiedd Na system for
enbodi nent of the guxiliary conpressor of Fig. 16 in
ProgfSsng e fompresyed 1ngge hlogkgepresengptions chenat i cal |y
illustrating an enbodi nent of an image decoder
~according to the present invention; Fig. 20 is a bl ock
Figsi. alf¥/amrst HOBtire dbloyki diagsdmat ovig posSIBRO Ghin eftations of the
t%& dgfault dqﬁﬁggr%ssor of Fig. 19 in nore detail;
OveHligW geteciars;o k 98 tgPaim schematical Iy illustrating
an enmbodi nent of the auxiliary deconpressor of Fig. 19
_in nore detail
Figs. 11A to 11E illustrate different embodiments of how bits can be placed in

compressed image block representation in the different operation modes

according to the present invention;

Fig. 12 is a flow diagram illustrating an embodiment of compressing an image

block according to the present invention;

Fig. 13 is a flow diagram illustrating an embodiment of the step of generating

a default compressed representation in Fig. 12 in more detail;

Fig. 14 is a flow diagram illustrating an embodiment of the step of generating

an auxiliary compressed representation in Fig. 12 in more detail;
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Fig. 22 is a hardware bl ock di agram schematically
illustrating an enbodi nent of a default deconpressor

w@ewoenaiony to the present invention; and Fig. PGI/8E2085/001070
har dwar e bl ock di agram scheratically illustrating an

. e dient  of .an.auxiliar eco 0 i i
Fige 1o pracent PN HEe Bt SRR ER BB e PR R st an fmage
enddterdiraldeasdet hecsdiRg teftaegpreseshanacitens wil | be
used for corresponding or simlar elenments. The
present invention relates to i mage and graphic
. process . and. r d 0 iment of an
Fig o P rbeer My fn el fFhEk e, MASEuERs tn embodime
imgpe efeddécaopseiingdd thoggeseanthveartidis regarded as a
conpl enment to existing inmage and texture processing
schenes. Cenerally, according to an aspect of the
4 n ' r ' N8 i ' 11§ embodiment of the
Fig. P70 RIIgER AR AP SEnERERTLTS: IS RAL A% embodime
debhuit kenfiiessaf ofiRig: H oiremareiddtadt rated in Fig. 3.
Each such i mage bl ock 800 then conprises nmultiple
i mage el enents 810 havi ng i mage el enent associ at ed
Fi%.r PREJ! aeﬁl-ocﬁhaiddgfﬁﬂ? Lhealaidiy anestrhangeas asabotitment of the
enerate an encoded representation of the inmage.
auRilidrgrenhpressge gifitigedoiingnerthdataslare adapted for
di fferent image bl ock sizes, sone utilizes quadratic
bl ocks 800 havi ng 2nc2n or 2nc2nc2n i mage el ements
Fi%.lQ?_ wher e1dtid Hlidelesi $dheenhntaNerillushenias aet katbodiment of an
tilize other block sizes, e.%z havi ng 2nmx2n or
im2ige 2tec2Bei magerdingrterths pieseBt IMVENUYL| ndependently is
zero or a positive integer. Even though nost
processi ng schenes enpl oy bl ock hei ghts and wi dths
Fi%h ab & & bRfkOHsagrhnh Wehedhtecalbo illtisteasingxaat estodisent of the
OOVA [5]. Wien an_encoded i mage or, graphic primtive
desaibls stpcompnesper pbFie 12 HuSEE, d€ad; di spl ayed on a
screen, the relevant image el enents of the encoded
i mge bl ocks are identified and decoded. These decoded
Fibgeie e RIS dadgratrh esthiesraltitallyéifastating deceddpdiment of the
reFresentation of the original igggg_or gr aphi cs
ayilianyt doeompressas ¢riEge AP 1PrpeRe Lhe expr essi on
"image elenent” refers to an el enent

Fig. 22 is a hardware block diagram schematically illustrating an embodiment

of a default decompressor according to the present invention; and

Fig. 23 is a hardware block diagram schematically illustrating an embodiment

of an auxiliary decompressor according to the present invention.

DETAILED DESCRIPTION

Throughout the drawings, the same reference characters will be used for

corresponding or similar elements.

The present invention relates to image and graphic processing, and in

particular to encoding or compressing images and decoding or
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in an imge bl ock or encoded representation of an

i mge bl ock. This imge block, in turn, corresponds to
w@2oenedooh of an inage or texture. Thus, accorBPCTgE2005/001070

the invention, an inage el e?ent could be a texe

el EF g EPAL Rt Rl g AT 40 B frarac as o

coBpiérmBht ks e%'ibftiﬁ‘g ﬁ&hgé%d’l@ie}@lﬁr%q:bﬂcbceﬁﬁg@- ﬂlﬁfﬁek
properties, such as a color value, transparence or
al pha value, a nornmal, etc. Furthernore, in the

foll th rm."i " e .
cebBraiatfhandife o T PR, of, in 3%hoflefling lindgd encoding,
andeseets bypmaﬂysdétforhbes@d esedivided énto annuimnbd:mdf mgage blocks

but not limted to photos, gane ﬁ)etext res,

t,
800y eivgish 6pe IErIrHEde ih T i ndeiActh SUcHelraags AeF OO then
| .
copfflit, bpPiRacTahag (ASRSRE 10 Ravihe MRS Sldfibar gssociated
pPré{eseil qisd _frg)agprbioektsr&O@raral them ehoodedttat gendérata an encoded
reé)rgetg%%tlggé oA eggrgéﬁg@{%gnggr%g%éeﬁr%gg% ?Cleemgg-?ée adapted
for[ alffelp %Jl%]r b16LE - S1I@é’ssofrfée%ﬁll%ga@héd{@g@golé&ﬁstgﬁo having

rior t techniques enployabl e for conpressing
2n>a®n bﬁmggzwzq immgge lelamiensas & 10 conprees 46 ragpasﬁwpmstgg@d whereas

o8 e oc i o AETRULL e b T tments
WHeq@%égfég:g @%&?&&Hﬂg iRt AYJsiiave PhtddeirS Even though most

conpr then conprises the useful (bit)

prserqisemg echbateseclmﬂby plock heightisoand epidéberthiatqnefactors of two,
] ock y d ressi ng nodes, this
Otla"etf g‘leh 1 ‘F’Sﬁg SH&&%%%&@% E@gpof thegvvhol e

corrpressed i mge bl ock representation. However, in
sonme default nodes, a portion of the corrpressed bl oc
Whemlah b:eceahpﬂl @y@@ef@r grapkic purpbye sukseguentht & t(h&e rendered,

k size (in S t.h
c & TBSPISRE 3 SRl AL PP eppoced imase
blbatvaes iakntigiedt ahwodeeidud. tThesgdessdad inmaies kleratnts are then
Even, though, this portion of the conﬁr essed bl.ock is
used| v gemerhiei a glechdedaemrprentation of thgqrigng) igeae or graphics

not. . represent any useful information for decoding the
PTIRLYE el ement s of the bl ock.

In the present invention the expression “image element” refers to an element
in an image block or encoded representation of an image block. This image
block, in turn, corresponds to a portion of an image or texture. Thus,
according to the invention, an image element could be a texel (texture
element) of a (1D, 2D or 3D) texture or a pixel of a (1D, 2D or 3D) image.
Generally, an image element is characterized by certain image-element
properties, such as a color value, transparence or alpha value, a normal, etc.
Furthermore, in the following, the term “image” is used to denote any 1D, 2D
or 3D image or texture that can be encoded and decoded by means of the
present invention, including but not limited to photos, game type textures,

text, drawings, etc.
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For each such inage processing schene, the present
i nvention presents and utilizes at |east one
WO 20%i00698F y processi ng (conpressi ng or deconpr BGESEZYP5/001070
node", in addition to the défault processing
(conpressing or deconpressing) node. This auxiliary
processi ng can then be used to manage those i nage
In Hleoplederranvehaion, ihecexprespivid i defatdt pubteswidg (compressing or
handl es poorly. For exanple, assune that the default .
decopmpieasinglgmedrl GeREFNES thp naIerl FEAEHRYIRE (HmpFessing or
[ K. repr I OR; ol,or. ;
decpiEsgRn protfdnte  8F; SRERAR OB Rdd ChF OO patflciar image
propessingulcaih preafsineg torvdecdmipessingpschans stich hes iBEQGd1], CCC

elenents in the b K i I th but th .
121, 5856 el raAMAH Rckic: fTPatorthert el aBodRE Agedbnonn prior
i . : . Ei L .
er UEEhA, ISt oAbl BoCBEE s dnimaniock and
decoseprdssindi & awmhpressgdbliotdggroressage, biwet.edbhuse a default

i ni ng_bl ock tapi d L1,
COmBBEEURAGTOH% RENAETES) . [eaLs AP RBERScs foBraup pgon of an
imérgzepﬁiﬁc%. 10 Jdehart p&ﬁ%léa ﬁ@(gidﬂ: of ahidPLoflpressed image block then

resentations, ‘aselection portion of the conpressed |
corhprisks thpruesdnl fritbeeqiienchthatadtually i veedfonaepresenting the

. between the defaul t, and, auxiliary. nodes. The, auxild

g daSe nd BB a Ho R SRR TR FErge prayP b oY’ payioad

poRif | Bhbtd N6f a@RPeESRA depledser earHat bloRkl aepresentation.
generating a deconpressed representation of the |

. ; nmage
Hotvewvelk . inNenraefdafandt maskas, ehpertian of itheycogapressed block could be

rtiop is.smaller than the. [ es | faul t _
eraB B SR B R BERFE P00 PCERRA fin cascs with o
vari®sie, bldeR dige) iadiddie dyTailtemddeqin agas iwighpo chiofte between at
sequence cannot be enpl oyed for bl ock encodi ng

leaputwostefal comprensngmodastecto-diarerthaighy tHauprtion of the
coFe A BB A DL B e ST 38 ocs mot

I'Ag ressed
reprBSe@i byl &IsefDdefdratatien nioredetddinigethe aimdagenedeatemts of the
hi gher inmage quality for certain inmage blocks. In an
bloskbodi ment, the sel ection portion only has
di scrimnating function and cannot be used for
encodi ng the block in the auxiliary node. In an
Foakheh natdhy inagbqsionessingssithqme} thom poésdrteirseingion gresents and

utiﬁgést, iaqcnleva\{sltl onee “guxiliary processing (compressing or decompressing)
mode”, in addition to the default processing (compressing or decompressing)
mode. This auxiliary processing can then be used to manage those image
block types that the corresponding default mode handles poorly. For
example, assume that the default compressing mode generates two color
codewords for the image block. Such a representation of the color values for
the image elements in the block is not particularly effective if the
chrominance of the image elements in the block is more or less the same but

the image elements have different luminances.
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enpl oyed both for discrimnating function and encodi ng
function, whereas the remaining sub-portion of the

W@ 2006004905 portion only has discrimnating funeCT/eE2003/601070
this enbodi ment, a part of the auxiliary conpressed -

bl ock_will actuall el on .ot S I .
The) RESSHE e ey JephBieg fortdfh SRARRERY image block
repb@idhtaieraniisidi glhbiatidies)athdt! tan Yopaydedaih pbig isnrxiliary block
smal | er than the correspondi ng_ default payl oad
Progessingn. WReTgas Hit lPMAINIAL %é@(é@ot%?ﬂ%%%‘@%g%re processed
| f 3 j h
north 87 S BRI ITTT Belit dqsSIER Thodt By PTG SRIER able o
deteonstbgsenparti€arara bjvole nrdprasen fatines s angekchiene, portion of the

there may, bit conbi nations .qr., sequences,.(camr essed
COmRERFEEH) BIE EFTESRIBHTDNG)] b S CagoR SHEFRR Befveen the
Lagf ul .4 k d : :
oD ] B e T PRy BBl mods e process an

audilinsy r diyietat c portivhe offedhe ngbespsresised c dibckatrepresegdation  for

then be utilized for, usage with th uxi.liary e,
EeneRRR 2 P TORE ey T S NAN ol e, Bt dote further

N thagctﬁ‘?éé %&ggnépy gaﬁkgﬁ ?Hﬂioﬁqg%mgﬂep 'B]Héﬁstﬁeg?bﬁlegpoﬁdir% default

agra rating an enbodi nent )
payload gxwitivg otilided ammoedigitp tde cledanl) madeodipreets tapt the entire

. representation of an image bl ock conprisin [t .
ispeyEAg g Do RbrGANETED LBy SOt h P oG gncoding
purPS R4S te¢ beidiRast Bodd. HuRever, tdenctiaigs she ddfack: mode can

I's investigated to determ ne whether the block shoul d

utibize doosepbyss for OBAPHHISINE oAl himage nblockefiid tdeasgepressing a

or_an Eli.ary, node,...i..e. t Cleel
COIBBE?)‘?S@?%?C%r gt&%sasWEaQZc ?’@.gngg{‘ OEQﬁEBgé;fé;ngfén&r and generate .
highle¥iihlsaeyqiBHE; fokhdertaliel Bhabodlocls.or sel ection of

step Sl isS based on a selection portion of the

conpressed bl ock. Thus, a sub-sequence of the total

hit , f | i i-n -t hi.: .
i SRS ol IR iy s o
and®et@not hes tseleddr encpding ahechlvckwinenther eacedkang rhbde. In an

bl ock according to the_ default de, be one,or nore .
altertiey demRasieaHs i §PrRegior| ggeﬁbeas?@ tignuq portion will be

em%%cgyge\eﬁ@oﬁﬂggﬁ’ fo? AR cPRhidAh P FuhBSnCARdCEnEMifhg function, whereas
the remaining sub-portion of the selection portion only has discriminating
function. In this embodiment, a part of the auxiliary compressed block will
actually belong to both the selection portion and the auxiliary payload
portion. However, in both the embodiments, the auxiliary payload portion is

smaller than the corresponding default payload portion.

As was noted in the foregoing, most image processing schemes do not fully
exploit the compressed representations of the image blocks and images. As a
consequence, for a given image processing scheme, there may bit
combinations or sequences (compressed image block representations) that
do not represent any meaningful image block and/or there may be

unnecessarily redundancy in the compression procedure. This redundancy
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If the default processing node is selected in step S,
the nmethod continues to step S2, where the conpressed

w0 pageoddick is processed according to the defBti/sE2005/001070
processi ng node in order tdSgenerate a deconpressed

N N N ——
aw8ligfenifodd, Gheertheckhe afélhéirﬂﬁgom asgabinadpesdang processed

on which portion of the inmage that should be decoded
accandingtniéhe default meflgul t processi ng node can

potentially utilize a default payload portion of the
conpressed block in the generation of the deconpressed

Deéova@eeddionk. The default payl oad portion can be equal
“to_the whole bit sequence of, the co rescaed bl ocik or a .
Figsnl [era pHew &iagﬁ%%dilwtr.a&né’ex%mugﬁrgo ment, i processing or

decso?lqﬁféé%?ﬁg e@élé:{‘})ﬁg?gf gr cgﬁllf)%s%‘%&f g%??égeﬂtfati'cﬂ? tgagdh tBage block

auxtliary“proces g node"is cted in step Sl based’
corprisheg salibipieoimpge tel@nents tlkeondimg &5 tleel theseht invantion. The
nmet hod continues to stzg3 S3,, where the

moFhegSIBFBEKN S SUbs YIFSoi dORPTHS AR iy nvestigated to

de@?ﬁﬁﬁésmtﬂgge% alt%lgg shBulEBE 3 EcAMPRET as&Rilding to the

representation o east a portion of "t he ima\gt;1 )
nofthat Kefailik moxlel oraay anxitiesy imodepiie. whethor sheikipel is adapted

only utjilize an_. auxiliar ayl oad rtion o o) o
forg@pggggda%¢g&ngﬁot%. ‘é%fﬁé%aﬂr 3?1&811151%5106%% gllk‘l:&s Setermination
or s idi kstep“sq A ddedr YnPARYSQaEtiPRT hbeibh Soff thié Rempressed

smal T er than the default payload portion since a part
bloak. tHeuspmpsedsseqbtmek of Hdte ¢avalbbituseguence f the compressed

def aul t ocessi n d ow has,to S f o . .
bl%ﬁ‘g Ha4sg tRat L?h’&“’%xﬁfepefﬂprbrég e\é’??nﬁlge rmggpls cSuity pgre detail
beRFP! @Y 8 deldetith bBPHBA ddit whte Proesssihgdigiceblddigast@pling to the

SI 'has been illustrated as a separate process, step

defandtetianty, t e duvonpt sworagcedewosds afepresentifg image element
l.ect | f [ . t]
eoenF B S B i SR PR TR P b T AR ol

exanpl e, the processing according to the default and
auxi liary node could start with the same_or siml

! . r .
If treodefanilstpneespsingnarasesis Relegied ér sitER Dbt e mmefhod continues
t es, CO fir ' ' SSording to th
to s/ (& FpERLTG Sr ISR bl GBI BieRP A ording to the
defAulk brocessing mode in order to generate a decompressed representation
of at least a portion of the image block. Thus, in this step S2 one, some of or
all image elements of the block can be decompressed, depending on which

portion of the image that should be decoded and rendered.

The default processing mode can potentially utilize a default payload portion
of the compressed block in the generation of the decompressed image block.
The default payload portion can be equal to the whole bit sequence of the
compressed block or a smaller portion thereof (i.e. excluding bit sub-

sequences employed for other purposes).
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first be processed according to the common or simlar
process step(s) and then the sel ection of processing

woreae/0061npl oy for the remaining process stepfGl/SEX05/001070
performed based on the seldstion portion. As

a
conse nce t this selectjon.ste [Pl [
1f R B Ssliank b PSS Wl e Pieb A SEERESSE fased on the
sekhﬁoﬁgg%frtibﬂ R thleosdmpressesisbrek, theheiethed frtetues to step S3,
according to the auxiliary node or the default node

whespeihti rprapresrechdmage HodetiBoRroqeRsedmasserding threauxiliary
i oCcess| e qf .
or§f% ShoBEEEPHAR (o881 ok B oY S5 sentation of at
leager Aoporidonr o€ et rgnddee blocipr G3se duntiliaky opretigssivgs mode can
the bl ock processing. Steps Sl to S3 are then
popsrdiaiapryy ripiz an aexiliary pavdeed Rodesn phihe qompressed block

i RSB LSRG SRR R PR ey st
postiends SurtherSineatist dhba ther defankdpaykadoportims tsinéd enpart of the

several _tinmes for different encoded i npge bl ocks and/
copprestd Aloek faat e Resired 1 ihe rissaul PIREFSSHI$ ERode now has

to No& euddle fo\faéigréa’ﬁﬁhﬁmﬂa}f %et{*ﬁxilﬁggﬁb@%&% 8f midife should be

i mage or text typically ocesse

engdopedli ng to the default node in step S2 and the
auxiliary node in step S3 will only be used for the
remai nder (few) image blocks. In the optional step $4,

Evendaraded (RPSeRMA iRNdefectin® Std@iSRIhAdMARN Mudtrated as a
portion thereof, is generated based on the decoded

sepamgje preresst stemdriecoding thotdecdmapressisgnetep S2 and S3, this
| i cations, several .image .el enent ave to .
sofiEBaacar (oGP aPR SuPhdarig. e RERA R Yepeopetijgmed during the
acHeSI0BRIEK BREBREGN IO FEPexBXaNB! @hedbfddt®sinig |ddteading to the
I nterpol ation, "eight imge el enents are decoded and
defaailt and resaxiliany erpsieacotitd t $tare oviths fom diarge nomisémilay process

stegleh RS HE GRICTERHE ToarFeR (PR LACS cOf RIS the next
follBWigigl PAstcRestRiid) Tarsudh @Cm,rt@le”@&ﬁf?ﬁﬁéédibﬂnget bleck could

~selecting step 1 preferably selects the default node
firsty bgnprasfessadsacearding dpythe emmpasear gimilar process step(s) and

e 0 ' 1Fi o
oF AR RIEDE0 %y GHF5RTPE 3300 ATPRGILOBK 1 feBjoing process
stdg8) epéddrked based on the selection portion. As a consequence, at this
selection step, the compressed block representation is already partly
processed but the continuing block processing is then performed according

to the auxiliary mode or the default mode, depending on the actual selection.

This means that the choice of processing mode to use for a compressed block
can, according to this embodiment, can be performed processing the

compressed block or during the block processing.

Steps S1 to S3 are then preferably repeated for all image blocks that
comprise image elements that should be decoded (schematically illustrated

by line L1). This means that the loop of steps S1 to S3 could be performed
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processi ng a conpressed representation of an inmage
bl ock conprising nmultiple i mage el ements according to

W0 b@opos@sEnt i nvention. The nmethod starts in sPEpSE003/001070
where a default deconpressdd representation of at

td C r Yoo e blpck.is
RO MU N L ———
sevieeal timpeedscd Sheskicaatsydid tmbge thiscReNytktthe (vast) majority of
racessi de. Thus, this step SI O basjcally
tk%orlpé%&%gggﬁ ef gH'_‘QSZlmﬁng:i of tExXture,a vsillegyBidally ,ba processed
a(%‘cﬁfrﬁﬁ*?@% q:h'égdé‘ﬂéﬁlé 2o de ?ﬁfsﬁgf? Lﬁ %El%} gﬁg Lqi%g %tg% Inggdg fin step S3

e at least a portion o
will onbsbe nperhforaivel tdranindear (févopimdhgd eosledpr essed
bl ock according to the auxiliary processing node. This
step S 11 is simlar to step S3in Fig. 1 and a s in
Fi 1 idA I L On.: | |l er. £han
T SBHCRE U L3R BB A BT oF e Fgipid maee, or
partigan thereef; fisr gedeswtmde izisatll pnothé nd@add ehnadd) edements and

next 2, a deconpressed representation to use
bIBEES, Kot iPrkrin Bolitk AP lRtiGnse| SreetbunABBrlements have to be
detolied in Be4oRS eenddr b Sfte1aNslxEhEr gl'f'fé('Sciéé%ﬁiéjc_lzr?%resentation. For

deconpressed bl ock. This selection

cxpaaple, churing trlimeseliattimmiationt iedghbfintdpe etarneAssede decoded
0 .the selectiopn of step S1 in Fi.g. 1. Thus, in )

al{%L eﬁ%r %@&%‘rn g‘%‘?ﬁ%’d?ﬁ@ﬂt tg@sgﬂrﬁéb’i’opﬁu&% nABERben i dpur image
eléingntd, whach i Onwll 8658 en | 1PES PlePSn iskifid

i nvestigated and forwarded eit%&r to algéé(?zbl ‘%hebﬁg%k’l‘he method
thé@@d’#ﬁﬁ-essor or an auxiliary block deconpressor. In

the processing enbodi nent of Fig. 2, each conpressed

i mage block is forwarded both to the default bl ock

If deeans esser tiend dre aetklidhapyoddsaeks 486QEPIRIEMIe 20 selecting
the selection is then perfornmed after the generation

step S1hore a@ryf pelestt thedafprlissmtlenppeine of these auxiliary modes
b S re PPk R B i e Pl mge

repeated fTor mage ‘mage
el enents that should be decoded (schematically

o éug{rat ed by Line L2). This neans that the |oop of
Fig epdlugitentes g19owodiagsem i pupthar emhodimantoétthe method of

P g “Hov e T ads Bt ocrEath, " BN dmlly Mg Smprising
mltigk . inTage aiemendab aterdMg worthespr@ntoirsteric¥ The method
staFritg 'inlstgg%i(f, xrn]r?lteré l?lclr (tigf%rult decompressed representation of at least a
portion of the compressed image block is generated by processing the default
payload portion of the compressed block according to the default processing
mode. Thus, this étep S10 basically corresponds to step S2 in Fig. 1. In a
step S11, a corresponding auxiliary decompressed representation of the at
least a portion of the block is generated by processing the auxiliary portion
of the compressed block according to the auxiliary processing mode. This
step S11 is similar to step S3 in Fig. 1 and as in Fig. 1, the auxiliary payload
portion is smaller than the default payload portion. The two steps S10 ahd
S11 can be performed sequentially or in parallel. In a next step S12, a

decompressed representation to use for the current block is then selected
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descri bed herein. If there is nore than one auxiliary
node avail able, an auxiliary deconpressed bl ock

WO e@oee@ns ati on i s then generated for each sucPCT/SE2005/001070
auxiliary node and the sele8tion is then perforned,

sed S t d i I
0 A, AR g M it morsecs
blodf alit sideonph asSekphBackis Basedant ithel samaeselettion portion of

processi ng node to enplQy in step S2 of Fig.,1 and
theseempsessest biegk as the Sﬁ?%‘%téqré&’} ﬁgeﬁ’ S peFigaht mage

processi ng schene enpl oyed. Al so the particul ar

auxi liary processing node(s) to enploy in step S3 of
Thikginltlenpretepsiflenfbddimeri? des¢m@bed itegendentioanwith Fig. 1,

ea&%p%feé%géémwr 4 eﬁoi rr?g Eggg E}%\?«%’%L&gr%gtﬁagg e&pﬁy@%r&?d either to a
dei&ruggeé]]%bﬁg d%ﬁaﬁﬁ?reséér has eenpoled blbdheldBpaidier. In the
and wi I'l" bedescrib

ed further herein, the present )
processinig embadintnt ofFig 2t each pampressed inmmaggeblock is forwarded

' . th ljmted .
boffi fPeotti Gieraurt - Bioekay SrpoRRrete. SR L ABF pEpdliely  block
de?dg?lﬁgé%ﬂéné%h%%éle@ﬁé’n agrthkhaperfonaed aftét tihe gghepdtion of the

few processing schenmes in order to illustrate

two ldéfferdntodgias podssedeblioskarepresentatians detail . Fig.
4A is a schenmatic representation of a conpressed

representation 900 of an inmage bl ock according to an

St @l et SAP e B1as gitefdralinticpratdd efogoapreaagel blocks that
bl ock 900 i ncl udes the%fsi{gl ec;biwon e%grti on 980 that are

comguise imagel demarngsbidiatesholsh bsr deeadsdh dsehrmatigally sillustrated

r.emal Al dat a_seqguyenc [ f
by JE Lk P et € oRoot SESe 70 8 kL SEFAAL performed
on880b GO eesstusREH | sehbtall tifrsnilidiffetdiat ensoded imyed bibeks and/or
generat i n(}] the default deconpressed bl ock. Thus, in
sevdriad tipae foha specifieguepded 99a2eRIPEKr epresent e. g.
one or nore codewords or a part of one or nore
codewords. Thus, in this default node, the entire
Theebpabhah speptS 08 @idespondotohsths @4 ihnBid.n amd is not further
encodi ng function. However, an auxiliary processing
depgrdbe@ dieT6HLy maxinmal |y utilize a sub-sequence 990 of
this conpressed bl ock 900 since the renaining
sel ection portion or sub-sequence 980 t hereof
If there is more than one auxiliary mode available, an auxiliary

decompressed block representation is then generated for each such auxiliary
mode and the selection is then performed, based on a sub-sequence of the
compressed image block, among all these auxiliary decompressed blocks and

the default decompressed block.

The particular default processing mode to employ in step S2 of Fig. 1 and
step S10 of Fig. 2 is dictated by the relevant image processing scheme
employed. Also the particular auxiliary processing mode(s) to employ in step
S3 of Fig. 1 and step S11 of Fig. 2 is (are) dependent on the relevant current
image processing scheme and in particular dependent on the shortcomings

of this processing scheme. As has been noted in the foregoing and will be
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has to be enployed for discrimnating between the
different available processing nodes and is, thus,
weepboyeds as node sel ection sequence in this nPCESENGY/@1070
that the particular positiof of the selection sequence
SRPikyd q [ f Lom IS .
di T ustr glth;tgle?ﬁﬁetq‘r?z&f ?ﬂg@u ?)zeg%gtr{ ﬁer‘n %%(%{e% {1 écolélgll\l\%?t fop particular
imagr@roeesHOgoscheantes ahh]erﬂnis,CﬁO‘a Hémiitetle Edin ASSd Moft Q?particular
sequence 990. te further that a sub-sequence o .
d‘?qﬁéﬁs%?‘g&‘r‘%‘ﬁag&fae ee%@gél%robﬁl@“h svampRien of def_alu_lt and auxiliary
didesriil pat sREna negdi NG | : |1 ar
rl’lm)de. In su%lh 12;11 ggsg, %EP‘gﬁé#Flﬁ%r%Tlﬁgg?%gﬁ ‘g%éf |ii9n11¥u8trate the
Prépfiples ef the énventiosdguence deediland this sub- sequence
of the selection sequence 980. The present invention
can advantageously be applied to processing schemnes,
Fign4nhisch sohene@tierepsestiiheiek 6ﬁ8r&ﬁﬁg}%sf‘§ei%f‘n£%@%|sgﬂ?§tion 900 of

two codewords representing a sanme typ
arpiEagst blpskoereerdingr tpent ymiodinmres obfthacpresent invention. The

e L T RN T
sedhmiﬁgﬁeﬂa@émﬁhe?‘acbgéing\éﬁgﬁiésadﬂd ﬁ%lﬁ&ﬁliﬂge%?to%g%(ﬁlence 990.
s ,

or c¢ol or codewor CO and ) for each 1 mag
A(‘&Hagltr}ge tondhe éﬁmgtﬁrmssm bnodk, e agkols apedpressed block

| L Rdi [ L] .0of these two.colprs, or )

sefiablog U chgh BTl bR BBk B lh T I b pdies Benerating

the defaniipdessatbriespedsisiotit ML irdAhiyagedd! @ekbRaseduence 980
on, conpressed representation, in which CO=C=X W lI

COb‘gdi €PeRl §-8- LRYNYF €59 fadavEREsit A @n panh (A?cg:‘rg or more

T & I 1.1 B3] i 0 e | or._codewor )

oS Py o 25 a0, Blode ot SRR pPRion 980 has

botbldisciidiantingohnd edicodiing foattipho Helewsty 60h0k8idiabrocessing
cannot be .encoded if‘ ot her ways. Then it does not

mde | 9an AlY eazimallyc sitdize; adenbrsestuanse, 999 Dértlhe&ct,)qompressed
i i G E I a n

et 05 i e h SRR A I e Bpfi"SH, b e fiploe™580 thereos

hag. go be-Enpysy, fanddidvaimiveativagt batwedratice elfft@mehs available
in the block to have that color. Then you can instead _

PTESSEr8 f0SoME 6t Her smplRxRd @S pelectigansepiasce in this

madylex point to CO The so-obtai ned conpressed

Note that the particular position of the selection sequence 980 and the data
sequence 990 can differ from what is illustrated in the figure. Furthermore,
the selection sequence 980 or parts thereof can be intermixed in the data
sequence 990. Note further that a sub-sequence of the selection sequence
980 could have both discriminating and encoding function in the auxiliary
mode. In such a case, the auxiliary payload portion comprises the data

sequence 990 and this sub-sequence of the selection sequence 980.

The present invention can advantageously be applied to processing schemes,
in which the compressed block representation includes two codewords

representing a same type of image element associated property. Examples of
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i mage bl ock can then be processed (deconpressed) as

normal, i.e. utilizing the default processing node.
wahios/om®ans that bit conbinati on where CO=C 1 PGI/SE2005/001070

usel ess, since we can code 2very such i mge bl ock the

"def i [ S n f '
s SR p L ol Brenshep a0 SOAROTALBANYIA (5] and
thd OC®ihele @Fhe forbcpesingr stigmehderroted Patkman-CCC [7], which
processi ng node. Thus, for these processing _schengs,
alltype twe REEYTSF&lR O nealonsrdsmorgs d gnﬁgcﬁgé%r fREh lage block,
anar@{eoyrﬁggéfeléﬁfeﬁt\éo%f:ﬂllg 160K CWRT %ésc?criﬁtéa i &%8lor indices into
Wheéreas conpressed I nmage ock having 1dentica
eithet of thedevwmradsol®spoociass ebrae athdi mplers darizadi froar yhese two

rocessi node. sune that i mge black is coded
colPhto B4 dPTIRESed. SEPEcTaipiom ot nah CB Blodedoased on
coén?;r%%:eg ePé\}%eﬁgﬁﬁat@&’l,m' of wRkh | aperti=-00 iwilt s, iddiical to a

ave actually detected a node which does
compiregetd wepreddrtatione int whach K21x00ed andoaldndiggs point to the
as shown agboye). In our exanple here, thatneans that
colpg R @’%aﬁé'— 16=32 bits left to encode the colors of
the i mage bl ock in another nore efficient way not
previously possible with the standard or default
Thpisp steshggthro demencolon eépresantation Fhgbottn coler §itlangl color C1

case, the.two col or codewords | d_constit.ute.the .
dogg Tt POTSB AT GO Bt FetpBhresSeaiddicSiidopays. Then it
do@9Rot Fahily mused WwiRichsebeetih@sx Phapioersd fog dHteimage element,

the remaining 32 bits would then be the data sequence

bee@@se kathciamage elemant srany ephedened aglorheOi (lgishbisothe same as

cgordin o, t he X, | 4 .
c1fy ARRERRS the <, SBT DALY, BRE bR E A W BifeE ¥ements in
thé biscliexamphe)thdt &olod. FEian yowaysh Wistead &t 1 tbhiane other color

nmeans that we can get an additional 16 bits extra for

thandEgandeleblassh coiagsindex pamd tox&fp1e RRepPiadred compressed
lm\ége Eﬁ? gktcgarg#gggeeﬂlpe | grra&?;;ée(P z%haémsnk5 gé% edéﬁ:gs gx[%g(r:x%ﬁ ,if%. utilizing

thd diefaule procedingwaodel | have two nodes, the defaul t

processi ng node where COCl (264 - 248 bit
conbi nations) and the auxiliary processi ng node where

Th%orrfe%?hé glf}%t Bl L 28bhAPALre U@%‘j‘b?s ‘Lleel’éésr, &ih¥€ we can code
exanpl e, e selection portion wll be the

every such image block the “default” way instead. This opens up an
opportunity to utilize the compressed image block representations for which
CO=C1 for performing the auxiliary processing mode. Thus, for these
processing schemes, the respective normal default processing mode will be
employed if the two color codewords are different, whereas a compressed

image block having identical color codewords is processed according to an

auxiliary processing mode.

Assume that an image block is encoded into 64 bits (e.g., S3TC [3]), and that
CO and C1 use 16 bits each. The point of our invention is thus, that if
C0=C1, we have actually detected a mode which does not get used (because

it can be coded in other ways, as shown above). In our example here, that
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two (16-bit) color codewords and the auxiliary payload
portion may contain the remaining 32 bits and one of

wao b@epodewor ds. This neans that one of the code@DSER0ZH01070
the selection portion can ? used for encoding

| . : . _

meBS98 e T B By, O s CDLORESRY the image

bloERMTAr BSIHRE Abe %h‘i?c@ht w3 abe @tremslsw pbbsibi¢ heith the standard
codeword CO (or d) is then set to be equal to O

or g?raulﬁl prtqchesmﬁag@@# .oBlEh trefarence tosHis-i Ay éﬂa-‘;‘-/u‘%le a case, the
ex re
Rt RS B SRt Lo Era R, 000 of e

corﬁﬁ@ééwd Waxgel blockt 969 tauteis’ ﬁsedffoe&ﬁele@dsoa of processmg mode
consequence, two coders_can be devi sed, one defa

ang|thekresoaisrng i béWP@é@ thﬁ@ l?enﬁla% dat B&Wd&r’ﬁé that can be
us%%gmd%: é§enrm cEBico r at & Pf(ﬁggn'p QHE ﬁfé mode (the

aux |ar ress

defohdtindde eamttypidaylydlhéé aﬂeﬁsﬂbntw (accordi ng to an
auxi |l iary conpressing node), and pack the 48 bits in
the 64 bit word so that CO=Cl. The encodi ng process

HoGR¥el ﬁ@e%l a g%g{rg atﬁtfgv\ggagﬁzlfgﬁ p1aldiflek %e@fsr w@ﬁfré ud=C1. This

= ttyENnco err_auxi |
mdanysHieadve gamxgét am;&ﬂk}atlpblabdb) bits feféra fc fctreqi the block. Thus,

in Shisecremal, et EIEETLAR Fr oS iR e flacKtually can
usétug{ 0 oglgl% Q6 Kl fRRAB OBk Age %[&neﬂf@oﬂﬁ@@@l&ﬁk PrRkesfeans that

s like this: for all bl ocks codedBl ock
weagil BasedBlooniagesCthegtafaoly pravsssiing serde sl GoxE (264 — 248

bit combinations) and the auxiliary processing mode where CO =C1 (28 bit

combinations). In this illustrative example, the selection portion will be the
two (16-bit) color codewords and the auxiliary payload portion may contain
the remaining 32 bits and one of the codewords. This means that one of the
codewords of the selection portion can be used for encoding purposes. In
such a case, the actual bit combination to use for C1 (or CO) is determined
by the auxiliary compression and the bit combinations of the other codeword
CO (or C1) is then set to be equal to C1 (or CO).

All the image blocks that are used in today’s S3TC textures can be coded in
the default mode. This means that the 248 bit combinations can be employed
in another way, i.e. they come “for free”. As a consequence, two coders can
be devised, one default block coder that compress the image block according
to the default mode, making sure that CO is not C1 and one auxiliary block
coder that will compress the image block in a totally different way (according
to an auxiliary compressing mode), and pack the 48 bits in the 64 bit word
so that CO=Cl1.

The encoding process can then be represented by:
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G = getd fronmCodedBl ock(codedBl ock); iflCO == )

decodedBl ock =decode AuxiliaryWay (codedBl ock); el se
walewededB ock = decodeDef aul t WAy (codedBl ock) ; PETSE2005/001070

st or eDecodedBl ock(decodedBl2ck); end; Note that we

Wi al ways gain fromenploying an auxiliary node. The
forﬁ;}aélBﬁk?s that we are using bit conbinations that

PP el RetryEsR OB g IS ualaW ey @docijnot her way of

| ooking at it is that the original S3TC codec was

ermenpilbimyre tiyEneegingfusitioyy blogkga - 248) of the

Lot al, possi bl .pj.t, conmbi nati ons. Thus our

ﬂ%‘é@%ﬂ’?gfieﬁ-ﬁég%@ efficient to (264 - 248)/2 64 =

9% Rk By ertal elyé fom.liWay (hledent i nvention to S3TC,

the efficiency increases to 100 % As a proof of
ebshcept, a very sinple auxiliary processing node was

i e d b L Oy gfpul t node of S3TC
T%‘géeﬁ%hﬁs %QEQ%%gme%e }\’/ivere used to encode
el 24 bit color, one 8 bit |um nance nodifier and 16
i ndex bits to cho fromeither the original 24 bit
Sé%eé?odﬁdﬁlﬁ@kﬁceg?%m);mdi fied val ue. The inmage
endbal ity increased by 0.17 dB when using this sinple
auxiliary nmode to enhance S3TC. A nore refined
auxi | iary node woul d boost the imge quality nore than
the 0.17 dB, but t dyant.ages. of the invention can
Thedecpdiee Qé%ﬁest%%?‘gﬁr%ﬁ\r{(%g s al so an addi ti onal
fora Ypiderdse the bits even better, and this technique is

so part of our invention. Wen all imge el enents of
dotledBtagje =lgatClodedBlvek(have t he sane col or, then we

oul d od d i rently, and each pi xel
é&ﬁe&et 188’9%3@%}5‘@@%@%2&@' e). However, at
(Ff‘@tgél‘@j qmtla@ze@Bzyat(a@dé@Bmtc{;used, except for the
act"that it should not be equal to CO Thus, this

ifeé==Gpl)t he possibility for u s to use 216-1=65 535

et LS Bl R RBUORLL A0S i BSADE IR Ove the

else
decodedBlock = decodeDefdultWay(codedBlock);
end;
storeDecodedBlock(decodedBlock);
end;

Note that we will always gain from employing an auxiliary mode. The reason
is that we are using bit combinations that would otherwise not be employed.
Another way of looking at it is that the original S3TC codec was inefficient in
that it only used (264 — 248) of the total possible 264 bit combinations. Thus
our representation is only efficient to (264 — 248)/264 = 99.9985%. By

employing the present invention to S3TC, the efficiency increases to 100 %.

As a proof of concept, a very simple auxiliary processing mode was

implemented for improving the default mode of S3TC. The 48 bits in the
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means that we have 15 free bits for encoding the col or

information better (in fact, it is alnobst 16 bits), in
wo@oecss@npl e. Anot her situation in which an aurCT/8ER095/001070

node can be applied to S3TQ@3[ 3] (or i kewi se BTC [1],

' e I ..ndi £Es in . .
el Phaoh b Sl ool R HPRGE 4l HSit ruminance
modifisscdatd THhiiaderdsiss tbathodsk ﬂrﬁﬁgeuﬁe@f@f& rigthd1h®4 bit color or
conpressed block will have the same col or when being

thgdespimesicsemoditien valye od ke dpags avalitn mmgdtbyr@db’/ dB when
g B8 SRERRE L Y Ry % S Rl SR K phebe it ausciary

maﬂeswohmdsboesbatﬁhecatﬂa/geommﬁityenmret hBagi 2eSH. 07 dB, but the
sel ectign sequence will then be the index

bove.
Cg’é‘é’t’jé&%%o flac dpyenienigad skl by seaytaerefrom. auxiliary
node is sel ected otherw se the default node shoul d be
used. In the auxiliary node, the auxiliary payl oad
Thpoet iomaled| bni radditienbhewé?xi@*ﬁﬁé thd sbivd éven tbetter, and this
col or codewor ds addi ti on, [ s) of one of the
tef Rl RSO PO et ) s pB S Bsse P Bagaco! the image
but)as SESBIAd MHeC8EnR o6t é&i" we0 shidiid! eﬂs&de €O and C1
This means that a sub-porti oﬁ the selection port
diffetdnthgvand cftatchol psxali imdext slmrguhh godric o iGy ibmrm{ampla) n However,

at Bk Bl P Sl 5 pRP R, bl SRR ETR0 A hovid ot
beeaghal €6!©0) Thm&e&rﬁ@rtﬁpeﬂssug t1ed ﬂc%@%ﬂf‘ty"‘%”op'ﬁé ’toause 216-1=65

somewhat different selection can arise. In suc
SIanew difsrank coirdhipations wolirdhoe ingreve éhelefu}allary mode, which

ol or, I C r ssoci ated wit hetvvoc or .
e iBrhY e Ay RS BT RS EE shbedi e frE calftain Ofmaton better (in
faammsemmaéﬂ 1615its)N6hh GRE- @fAnpRsoci ated with one of

the two base colors that are generated a s |inear

. conbi nati ons of these two codewords, the default npde

AGPULE BTSRRI RSP bALESH s 1) (o

11kteh\a§e tBECt [, dem]dsteuisdwhepr aslettie aidi6F ihBRGR in the index
el enment associ ated properties than col ors, including

segUgnce RMBp AP eh Spmahsss salpnes caler sarsward: dids trpeans that all
1m%#é| eld e?ﬂg Hﬁet'}ﬁe%@ﬁgkg?%etdqﬁlooﬁ:g el 'h%'?rggc e %a(.)rﬂe C{lf%glld when being
decompressed. Bletka b]mcldwwul@;anmﬂ@e c&@ﬂiﬁltolfndd&? BY kepresented by

having CO=C1 and make sure that not all color indices point to the same

a

r'f

color/codeword. Thus, this is basically opposite to the discussion above.

The selection sequence will then be the index sequence. If all the indices are
equal, the auxiliary mode is selected otherwise the default mode should be
used. In the auxiliary mode, the auxiliary payload portion will include the
(2x16=32) bits of the two color codewords. In addition, the bit(s) of one of the
indices can be used for encoding purposes as long as the remaining indices
are set equal to this index. This means that a sub-portion of the selection
portion will have both discriminating and encoding function in the auxiliary

mode. When applying this implementation to a multi-bit index solution (such
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conmbi nations of the 8-bit word signal auxiliary node,

e.g. 0000 OOOwin (0) and 1112 | I | Ibin (255),
wob@sea®13 he remai ni ng bit conbi nati ons i ndi caP@&I/SE2005/001070
default node, 0000 OOQ bin24 1111 | | |1 Cbin (1-254).

T fault e I iqall | et [ :
as{ BRI oal GPIRHT sERM,loBREE R Yol3feed br [4€ 18460 o bits, a
sohfewhdi Heferent 6sb18ct36n hidrs drive. Hinoskichna agdisey.the auxiliary mode
wever, one of the bits of the 8-bit selecti

l_b .
coplt beoselealedatitalhcpiomindiags aye caasepwépécw%hggaiquthentwo color
th i) , . choi
cofigP i b, ERhEpre Y DEANBERERAGTOIE P HO SR, all the
infiegkcaed peyddimedotvitly ohiet of the tWwosbadd uslorattheg are generated as

lingay cLe B biRAGRS catAPeRs  HP sUORHR, o | ARG TBaRE could be
se%%té&f%@&q etﬂoﬁgg %?@ht Q1601 R4iREE a3€lBpta ON portion
an 0

conpress ck) sizes and other pre-defined bit
combi nations that signal default/ auxiliary node.

Anot her, progessi schene, to which ih eachi ngs .of
It (RCABPEHIEd] RVCHTS diFoeRt HEVEHBePednPL tindpey codewords could
re PRALETR L IHRA inh Sod k1 SHERR %Q&cﬁteﬂhgrdﬁéﬁwset}%@ @i8t+d)%including
chene described in the docunents [8-10]. The basic
e.g.deansparauiyaiphs viadues.enoemngls, ipkereHyy, es<4 i nage
el enents 800 i nstead of 4x2 820 or 2x4 830 for
Packman, see Fig. 3 . In areas where the lum nance is

In 'H'de%h@f ek@BSple0hsé dBloctiyi pohEsR dotdd GAERIA8RE B bits of the total

shifts slow’y over the blocks, chrom nance bandi ng can )
e.pebdi dits off the tonmpresansh Heslemdn Hhisc examplggl gome of the bit

chr.om hance r ock | sed, t . [ e S y
oo Rl P BBt b ety P IR nlRudey RhBser B 29900 0000 (0
andonge.1 filagkpemss)ierwheRsad the pmblbnpbyiteophtihagons indicate
di fferent default processin In the fij

t wo nodes. irst
defsals, moge, SG0S6RO 1ainat Aid I fridBobl GcREhr Bhgdisfpuly mode could

o r 0 >< oh or . .qe
ol SR g3 08, 4558 bE8 S0P Hp R BBRECAE ot s swsieny
modéiiy ilguakd rové4-18+56 its fdrobkekhentdding. iHewever, one of the bits

resulting in tw color codewords,  pref eiabl t Wo ..
of KBt bit Op S tieBABAGH o CaPnarRAIDE hereaplorad feppRlockyencoding in

th s o B R e B B S g 0 O O Luin,
re§BBng Tite dr ratixibiasy c pagload isortiven afbS&i etk finorbhideillustrative
exég{t]gli%nﬁ‘%%fr%@diq%gg% };g:{tgf oi5 t?'f:eoge eggggrpgr%{joenv\gggeitg be set equal to
this bit. This principle can be extended and applied to other selection portion
(and compressed block) sizes and other pre-defined bit combinations that

signal default/auxiliary mode.

Another processing scheme, to which the teachings of the present invention
can be applied is denoted iPackman that is an extension of the texture
processing scheme described in the documents [8-10]. The basic idea of
{Packman is to use larger blocks, 4x4 image elements 800 instead of 4x2 820
or 2x4 830 for Packman, see Fig. 3. In areas where the luminance is more or

less constant, but where the chrominance shifts slowly over the blocks,
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the codewords C+DC. The reason for this is that tests

have proven that the difference in average col or for
wa@eajoaoets pai rs of 2x4/4x2 i mage bl ocks is in PEESE2005/001070

interval [-4, 3] for 88 %»f the blocks. Thus, an

Ch%ylflﬁ er e n %?ﬂdmgdq{e;’]r} I%ﬁ g{‘:lgiggg qu a? II{%IS?%E%%% are (??,[? C?ﬂ‘ﬁ% a Slngle

chﬁdfﬁﬁﬁaﬂﬁ Qjﬂrt blmliels gsgcli ﬁtEe $eheiingi edddsyfolldw dloek ésoundaries,
a possi bl e conpresse ock representati on 900 for
whogle Kakas thie REachs WoRRE-ddraciipag fovsreriesl thisygroblem by

n@%@&%ﬁ@l Elg %lnegag% OF Iéz}o%lr(r%gner% Ii]ﬁo r edogric%éemgg mode two

adfrlcehtalrd ,b4>t® 1ﬁﬂa€g& blockkear@bgnovgasech tmg:thes entaXmdyblock and the

five bits. jfferential color cod
bast K SIS, | ATPIRALY ( AYSBEE orRSIREN Jor 992%0@?%@1‘6 encoded

1nc?1%fd°u£§g vdfih&' (Iirlgtgéééiwt&) E&fzﬁ rABkY Fécfbi e ‘hgsﬁRf‘GEB\%g e&ﬁ?r godewords,

thre at other colors t , e.g
prefetaiblyi rtmdwd?@B\%@pamﬂonrcoc@v@hrC@ahe tloe @hherotih:&tult mode, a

e BT sP U S B BN P A REFRRR Pl codeword (C) and a

dlﬁé}feﬁeéldoyoﬁ ede¥Rbes (28PATh4R4: baBR: ESloredeheRrXdthidded from the

sub- bl ock. These intensity codewords 930A, 940A are
co}oemoabemralt Coattsd dhemgndf cator cogewardtiemhiteined from the sum of

th B ey Rs o PhGans Frerehdot Ml B6R0 R sisehnys qaoven that the
d1f¥é1%9i%€t1§1 avelta{g% toRGEfOR| DGk celh §aiify 8RSty 46adawapesblocks is in
A, 940A are preferably intenSity pointers allow ng

th¢ d:etﬂrval Eatsi 3)]nf0d5f8& fre of theidpeks.mbanpi an ewsrshetndng majority of

th$ g%{%%glﬁloggg Lc%@to :g%?n 1ftf% lgéaQ? 1Itht191c:§*g§ses’cfe eqcflah@y %ompared

to@hé&ﬁh@ﬁﬁhﬂﬁgm&hbaenndlf|er sets. A sequence 950A of
intensity indices, preferably one intensity index per

i mage elenent in the block, is also included in the

Fiég Lﬁ%i}s ?‘lgagcgfﬁ iR0QtFa¢ ?‘I éb’gﬁglep Egﬂﬁ#&%sé@ 468 clk Yepresentation

I'ntens

gooNtoAS iPaclomainf iier t3rf Scaden oft e vdefdsilt tdihéfelreh’aaSI tmode. The
i ndex allows identification of which intensit

commyessed bleekndHeindudes ghgolep POQGW,@@@.SHQ lm%ﬂgiéng three color
ol 0SS, R B TLOX oty cac
rephrés%ﬁlt@dlt bgl Yiveoiéis. afitlea différemitial 960k rd eidesordh &k likewise
inélg%ets t rgleJ %_o?rllggrligni?sf, rteg éﬂggrebelno854?\321;13%1%)((34926& preferably
each represented by three bits. Note that other colors than a RGB, e.g. a
color in the YiIV space or YCrCb space, or any other proprietary color space
could alternatively be used. The compressed block 900 further includes two
intensity codewords 930A, 940A, one for each 2x4/4x2 sub-block. These
intensity codewords 930A, 940A are representations of sets of multiple
intensity modifiers that are used (during decoding) for modifying or
modulating the intensity of the image elements in the image block. The
intensity codewords 930A, 940A are preferably intensity pointers allowing
identification of the intensity modifier sets. These pointers could then identify

or point to the sets in a table or codebook comprising several different
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bl ock or two 4x2 bl ocks, i.e. placed vertically
flipbit=Cbin or horizontally flipbit=lbin. Note that

wao b@ooudul order of the codewords 910A, 920A, POBSER005/001070
940A, index sequence 950A, 2| ipbit 960A and diffbit

de I 9 i f.
in A ot SBERN SR JIRRRCY] 950 BOTBK el Lokl Wbserably one
intearitye ssdek rear Qﬁﬁ{geatellélﬁeﬁonnt hheoblt&:fk dﬁ aulkb Imﬂﬁded in the
of i Packman s identical to Fig. 4B except that the

copresseshdelpekd 99V AEash auﬁherr&@pﬁmf sydeoisd agsomatgd with an

ds, |
in@EHSLO" TRy WOrr HBE FRERARY oo Bl SEAN, Y1eP) 0P words, the
intendétwoindleX18lows iRERGHBatibhi of whitls 1t1tfa181’qaa:ﬂnod:1<ﬁleo from the sets

to glg‘,gpgg %gt?@gq]jééd@g#%%]ﬁgq?ﬁ:t@s enlg]g)%gi A d1 fl:|>1¥%7%|j{ ?s grr}l%loyed for

oo kTR 10y O STONE LS8 b Gt s and

ﬂi}dﬁdam}ﬁddeﬁﬁés oanether| theetwd sab-hliocks dof. the me@g@bkmk & two 2x4

bladh q;a'arﬂ]fe RS i piacrd’ Fraiedlih diRbug ok of Rorizontally

ﬂlﬁ!ﬁ@@I ﬁ@oEeOthé@@h@ QRBEASNbr&dr SPtFe RodeQRFISOUPORE @QOA 930A,
| ue conponent of CO = B red conponent of

946AR inder gequmo@rﬁﬁﬁz’énﬂl}dmt &6%®Hdmfﬂ11t|e9m@srp@ﬁ1éhc encoded

g e DO R B RAR) 5 PGS S8 e TR 1 o

assune the val ues fromO (=0.0, no intensity) to 3 1
(=1.0, full intensity). This nmeans that the bit
Theoatrirasponding tontnresatdrepseraniation 1 thel other default mode of

P dcg%{l%lg%glc%qpﬁgey\o rF?gg gé%ﬁ%h%gt t%%yg:bgrg?%?aéodeword 910A: and
difdseRtiak @odewded, 9E®A|a1@9¥}§1hd@1§edsbﬁ tho tbRressidesrds (preferably
|

operating in the default encodi ng node. This means

of el s¥aeke is an opportunity to enploy one or nore
auxiliary processing nodes for the bit conbinations in
which the sumR + DR, G + DG

In the differential default mode, if the color codeword 910A is RGBS555, this
means that each color component 912A, 914A, 926A is -encoded by five bits
and can be any value in the interval 0-31 (00000bin-11111pin).
Correspondingly, each color component 922A, 924A, 926A of the differential
color codeword 920A can include three bits, i.e. represent a value in the
interval -4 to 3 [000bin to 111pin]. The two basic colors CO and C1 are then
generated according to:

red component of CO = R

green component of CO = G

blue component of CO =B

red component of C1 = R + AR
green component of C1 = G + AG

blue component of C1 =B + AB



10

15

20

25

30

and/ or B + DB overflows, i.e. is outside of or
exceeds the allowed interval of 0-31. As is

waehvenetdital |y illustrated in Fig. 4B, the defRti/$E2005/001070
processi ng node can use the7default payl oad portion

' 910A, - 920A
SR S ool ee 1 BRSSO BB, they e
altmm@é:enabmgnmh themgdubk ?ﬁ:Fn_( tqtﬁ%diot‘,_fﬁbtinsﬁéﬁéitﬁ\)ﬁ gaaéi Y=1.0, full
. does,, no rovi ae an usert.u Intormati on or encodi n
1r:19%§1§93ef1‘é«ﬁ§ Tocags dopkiBe Pit sisenbinadjonsThé thelesder sadeword 910A
arxfqHe rtﬁ?feﬁ%l@@aé]f gﬁﬁ@%xro?@%dﬁ' eflad gésrrlgl Sfﬁrﬂhgt? %i(#jcr%ns R+ AR, G +

bet ween t and “auxi ' ar e ca

AGrehddsd onaBooverdioev,cakoheingpaneat s30f Wik e@e8rbe used by the
e.differential codeword 920A,

co%e?vvord 910A .anq}ﬁtgg

CHCOLVT PR HEgH i et sesadimenysisa, 9908, 990C
that can be used for inmage bl ock encoding in the
auxiliary node. In the follow ng the present invention

Thip| mepasf thath¢heresds ratherppppiingy te enipldyPeekndA more auxiliary
hi.s.,shoul d nere pe seen as

h . Ho
DR PR R PR OE AR b ABP e R REAURTEHEH B GAHDEHIER t AR, G + AG
ari{jor W%@W@%@Qi.é?@?ﬁééi@l oY %XH?%(‘;Q Eﬁ% gailfovved interval of

bl ock representations or redundancy in

O-Bdpresentations . Fig. 5 is a flow diagram
illustrating an enbodi nent of the selecting step Sl in
Fig. 1 in nore detail for an Packman-adapted

Ad iplsenefialdaR: ilistrBRdd9d Bialds, the %fe?&uﬁzﬁr%c‘r/&tgarzg #node can

sumof a (red, green or blue) col’or conponen
useoflr dedaaliopayload pretidnf (080t PADA}dhat inelietes dhe codewords

InSCO ed a (fum T2 and nini nu val ug. _These
Wb e SRS Y \/92131%&_63% 'd B ?Xbﬁ?qﬁ?léc?l%?é%‘ﬁj _ tfipbit 1960A" for
repf&te@l.tiﬂgeaﬁeﬁﬁa%@blocﬁ htise dif%it@@ﬂrﬁétﬁa\ﬂ% gé‘?tsrﬂﬁ provide any

interval [Tl, T2], the default processing
ussBple gfogmation dpr Srwaslingt imeage tdlomend mssnniaterh psoperties). The

o EL&: : ds .the .
sefétioh Spéutioe SAOAPHROH 0808, BB THE SEFRG MiGating between the
defallecirell auxikagpniiide 204 e iREER 688drMHRTel &I8F ¥¥mponents

S3 in Fig. 1. The step S20 can _be enpl oyed for nore
of ttg‘ﬁnc%lﬁé pdewrrq t%r(fbﬁg)argibnbp ddtepential codewandcR28A, leaving a

ref338m e Wts e dliSitdd It £ 088808 tEF S be wused for image

block encoding in the auxiliary mode.

In the following the present invention will be further described applied to the
iPPackman scheme. However, this should mere be seen as an illustrative
example and the invention can applied to any image processing scheme that
have meaningless block representations or redundancy in the block

representations.

Fig. 5 is a flow diagram illustrating an embodiment of the selecting step S1
in Fig. 1 in more detail for an Packman-adapted implementation. The
method starts in step S20, where a sum of a (red, green or blue) color

component of the color codeword and the differential color codeword is
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auxi | iary processi ng nodes dependi ng on which col or

conponent (s) that overflow(s) and/ or on how many
w@edoenoesrponent s that overflow. Fig. 6 is a PCI/SE2005/001070

correspondi ng fl ow di agram28f the sel ecting step S12

ol L8 o AR 5 0045 ETUAET R g s

codPbe bt M@f nat (#rhied ol ahdbOpegspattivelpobursenf the sum is
of the color codeword and the differential color

withidether thtesvabphr B8]t Greadataulmprorossing madaifmstiected in step

alue. . If the sumis. w thi hit [TI e
52 e‘?ﬂal Eh%&%ﬁchgscggglr\éﬂl%% L&gr%gﬁe%gn aﬁ%’n 1i' sI f’sggl&etv Eg’ the sum
extdbd! e 330 MV, SE2T, htheauuixilisaty poecassing ssedebisosklected in
representation i s selected. The nethod then conti nues
stepoS20andiheimethad continues tortePses dethiBy st ep S30
can utilize nore than one col or conponent as the step
S20 of Fig. 5. Fig. 7 is a flowdiagramillustrating
ThenseP @R Oessnobet kenpibgpd SHrom@teO thingener atfi tige a(three) color

default deconpressed representation,in Figs. .1 or 2 for ..
compeEieih. heSYERp BSMAS 00PFe SN @W&%ﬂ}%}en&ﬁww different

au%ﬁiarx-r?)irécggéqzh%ﬁ{docﬁ% deDePlips Aol Ra3ed &MopPhgoRipddedit(s) that
intensitty codefords 1 n the encoded representation.
oviilesi(s) ahelisirton hosemeEny tolar dospeeen teeaideverilomhi ch
i mge el enent(s) that should be decoded, i.e. depends
on whi ch sub-block the imge el ement(s) belong(s).
Fig.hbsis_s tc&freggéhem F19% efissARhYoPeht osd1BEtiRY step S12 in Fig. 2
dentifying, by neans of the intensity codeword, an
adaptedh ot \pmuRhdkmans snplementatiem| Theomsithedgpntinues from step

mul.tiple difier sets. wever, in pl | '
STV Bl TEb o 058 ST T BTRAEEL KR! 9 biue) coto
co}ﬁoécg{éntc AIPEHS SSolbPecamArdrice rarfbtthendliffésintivl caldre codeword is

ok-up is required. In a next ste a_col or

S41, o
congparesleint atrheximying &k aataninisaunt El)‘lle\é%lileo Methg sppeis within the

. 1 m engnt s of, the,.i e i ' .

ol SSE L0 0 R GEGaBhRr i Sppé PRk selected

in gﬁﬂéﬁf aBoptherwhe eherdrigasd duronresskdr birdewopresemtation is -
the encoded bl ock representation or _based_on the sum

seteictedeTholmethadsheor somithudfetystorePértinalig - or

codeword. The actual choice is once agai n dependent on
to which sub-bl ock the image el enent(s) belong(s). In
AlSb 8hiis selecting step S30 can utilize more than one color component as

the step S20 of Fig. 5.

Fig. 7 is a flow diagram illustrating an embodiment of the step S2 or S10 of
generating a default decompressed representation in Figs 1 or 2 for
Packman. The step S40 provides an intensity modifier set. This modifier set
is provided based on one of the intensity codewords in the encoded
representation. Which intensity codeword that is used depends on which
image element(s) that should be decoded, i.e. depends on which sub-block
the image element(s) belong(s). This set provision is preferably performed by
identifying, by means of the intensity codeword, an intensity modifier set

from a table comprising multiple modifier sets. However, in some
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S42, the intensity nodifier to use for the inmge

el enent that should be decoded is selected. The
woreab0i@1s val ue is selected fromthe nodifier BEL/SE2005/001070

provi ded in step S40 based 8n the intensity index

t. d £ d t .
exﬁc?é% Steﬁ%gﬂt ;bte 6@%26 @é%tnﬁ}n repgbtgf:g%#(‘\gﬂcg ptself comprises
tHowwdifier ser aadtthantansable 16BRLEDH 8§ réghitedi S sel ect ed

in step S42, the intensity of the imge element is
nodi fied or nodulated with this value in step $43.

I1r1I Qtr?éiﬁi :%t)ép%%i; 5(:(:631610 ?eélce%%glgéﬂgn i8 ge érmee{;agecg - 819 é?q.st one of the

mma)gea elememmeﬁthe Ofnetgaaebmﬁko (i.¢. &bt Eth%m“&ﬂé%@ Téléh{lehlﬂ(% that should
intensity nodifier value an

bl d
by poééﬁ’%ﬁ@hy ﬁ%ﬁﬁ?ﬁgﬁgewm 1§ perirmed Paised, or t@e @lor codeword
Qﬂe 03r§ n%%n})wq'eg nt&%’i@n %ItreBﬁs 0p50 tﬁéssﬁﬁyl(ﬂ“ the color

e per or Sév erments rn t mage
cdnie@m«d( sntdinet dlcffalrelytlal bubtrc&id&dvd@‘xd Mhieeadt)al dHoits is once again

aiideel; pBnto “WhiGh SR ithe gimaRe reRmant(debeirng(s). In step
84%0%8 ﬁR@ﬁbftndidlﬁﬂgr bloOGlse fBéJeﬁzhgl %%‘geﬁeﬁl H%%t should be

a specific”imge block are code | or a
ddaodgd & @@éémtsdofT}ae srpedlﬁerc vhlue kis aseied’mcbdﬁﬂn ’the modifier set

t hod. tep. S4 . 1 of Fj
PV if 370 SO 1oBSRR if Bk Rl ifiert adrointed: wihi the image
eléfeiite $@p fS8ner S11 tBE ORVeRkat sg@@xﬁb@w&f' I8lY encoded block

deconpressed representation in Fi
reppeggttationTHengethiei eenyrede dothinsgtynouslifier ezaﬂnetls gdlected in step
ock rep esent ati on .900. accor dj

SR oG IRRBRHS R oS ST GRER, o PO b SR ted with this

vallﬁe Snned $4.3 eInx&itydhitdlifiB£tisR | RKLorQh S 86 4RR Clﬁv%ﬁgi)on refers to
i ncl udestfour col or codewords 910B, 920B, 930B,

meétfwnﬁavﬁfgg pdrg (ereanulipelying2p]l ooks, C@M}Epngm@emf the color

<ShS e, 50 AR, A ey e v an

oyﬁﬂﬁ&llﬁfﬂ&n}:ﬁﬂg Bbetwiéch ea dmiREnanRERIA3, & gR@B443d a maximum
dependi ng _on the nunber of avail abl e bits. The
vadidem®- 833%@ bl ock 900 further includes a sequence 950B

of color indices. The color index is then associ ated

with and indicates one of the two possible colors or

Stepd 40 ds SADcoekhbp I purf@rnsed Gor sewta%] dhagei dlefiifltd in the image
block (schematically illustrated by line L3). It is anticipated by the invention
that in some applications, only a single image element is decoded from a
specific image block, multiple image elements of a specific image block are
decoded and/or all the image elements of a specific block are decoded. The

method then continues to step S4 or S11 of Figs. 1 or 2.

Fig. 8 is a flow diagram illustrating an embodiment of the step S3 or S11 of
generating an auxiliary decompressed representation in Figs 1 or 2 for
iPackman. The auxiliary decoding mode interprets the compressed image
block representation 900 according to Fig. 4C. The auxiliary payload portion

990 used in this mode (i.e. excluding the selection sequence 980), includes
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represent the first codeword 910B for an inmage el enent
positioned in the first sub-block and the third

w@e owenods 930B for an i nmage el ement in the secP@mSE2005/001070
sub- bl ock. Correspondi ngl y,30an i ndex of |bin

408, cpl
ETE TR0 B0 Ua08, BB SRR B lne e (rea 9128,
oRrE)eOBP B2 BEked@s O 14B 290D toBABO G tan a8l 916B, 926B,
i mage elenent in the block is associated with a

9865 6Bk colocomnmmnentsiofady a ¢colog gudsveonde@10B, 920B, 930B,

[ t.aqf [ i hNa a smal | er tgatal
I N I IR N
asailslele bitst Thel cogeresssdblscit R0 fuheekntRides a sequence 950B

ssociated wi,fh a pre-defined col or codeword sel ected
of PalertREiges¢ h@f@&f e ip YruBassariaged Joithand indicates one of

C . n n_o ion '
RO SISO o oy OO KRNSO P L Lt O cona
reprieseft hbsejirstregdewoeden B) forFan #nagpldenidi® posisioned in the

ftyayb- B R aBel TRechird roRREorRy 250618 e 'Sesnelement in th
s&ZAR) eAl-Blocedenwprds ih%@f, fdk ‘Qihd@:gao:‘i]i )lbi'nrﬁ%g)?esents the second
I al ways be

el enment in the second sub-blFock coul
929Boer doudthhid4OB lelothicode®8dd daperfdingt bn 90Bhichl sub-block the

odeword. The index sequence does then not need to
re@%?ﬁ%‘ H“%g&‘??%’iﬂef’%’&io%% these first (last) inmage
el enents. As a consequence, the sequence will only
contain 14 color indices in the case of an inmage bl ock
Inpat firstoemiboginentregeh dneagan clemeént is thetblockaiseassociated with a
se Loyentj.on that. nore than _.one.i e el ement, i
s B Be LEE: OB i uerered pen A tentgn the invention,
resedEngr 4l snhall€MBo il ngzé lof PRkt cABPRe s B8 8dptdientation
indi?gte whet her the sub-bl ocks ghogld be arrgggegn'auon'goo’a
sylseti ehthg igxase elementoin diiey bBsk i essdrisged owlthga pre-defined
S0, eper at jrst _co .
olon RS echot o ety MESE oo, Steskif 0B, third 930B and

fosetion@0Br cedpandinR el ebnkequiefes! ad @BIdcHELNAY 8k8@nment of
second col or codeword, a third correspondi ng

sing fhe . .
cler olrnﬂfeéprfe%%nﬁ%tbeorpqriorg@%r&redhw(ﬁlgeseﬁelmaigcd element(s). For
d . u rLespordi [
6RO B R R ERIORIL IR EEAG coutd lways e
assodéeridwithnthd dirse el 08B (r S&&cond BB @bt ebdedortinend the first
[ 9e el eqents I, then perfornmed anong the first,
(lasr{? mage element in the second sub-block could always be associated with
the third 930B (or fourth 940B) color codeword. The index sequence does
then not need to contain a color index for these first (last) image elements.
As a consequence, the sequence will only contain 14 color indices in the case
of an image block with totally 16 image elements. It is anticipated by the
present invention that more than one image element per sub-block could be
pre-associated with a color codeword. A remaining flipbit 960B can be used
to indicate whether the sub-blocks should be arranged vertically 820 or

horizontally 830 according to Fig. 3.
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second, third and fourth color representati on using
the color index, or one of the first, second, third or

WO st D!| or representati ons i s pre-associ at eBCTEEI05/001070
one or sone of the image eldnments in the bl ock. Steps

far ral .i mage. .

T SR P5% ML e el B Stk rePRE o oM BSinau gy firt color
cdsiewande d4econklt eonaispoelding tdidos ekpetdditatih B8 generated using
per f or med anon he four col or codewords instead of _ .
thE SRR eC(ggﬁe'?oéieéﬂo | 8r thigdr eqegsRENdinRg aas representation is

i gsal h [ econd .
ScHRHalr CRAENe e 8178 LB AT e & g ifaponding color

repsestitation s géneteded alsingrthei foegeh ebtoressdererd Ol ehe next step
i f the rel evant inmage

T RN T
sedofd, feirdnave felres %Qﬁﬁe‘iﬁegﬁﬁtﬁiﬁdr{‘gﬁl&% rYlge 'c{ﬂ)ﬁéﬁe ﬂgdex, or one of

has a pre-defined associ ated color c

thgrfarsjeseennd cisd anftawthddler irderdsehitetionFhermai-tesociated with
elenment _is

r esentatign for the.i e
orft G bBins LT PR EmsBita db Gtier Pt S and 551 could be
petfudenat dor| Sevdiel hehapossleRleén U | i1y Mnﬁg&c $18ERY(schematically
...hode for {Packman, the conpressed inmage ock
lllﬂ%ﬁé”?é%ilﬁ’yalm%#"’ﬂ-our col or codewords CO d, C, G3,
preferably four RG color codewords. In this auxiliary
enbodi ment, no color indices are required since the

Alterngeivelye thit selec oA 3@C ba RefoMn e Bhesse B qgukic%?‘&f godewords
._conbinati ons of these four colors according to Table
1n:§,t,eg;%ak9 e amgagotkheogemgrains o5olny sopresenftetions. Thus, a color

} i ' i OB Ld-n.th tabl e .
cogﬁﬁyggﬁgnr%ggb%gﬁ%gﬁéﬁ{%eo ?Arr%i!,réﬁ:cto%@ tg)ﬁgd rog)e fq%.;r hcéol%r codeéword

using ercalodéndex asaoeidted whhethe fdlevaneanagrtklbhfe A%d found in
onents are interpolated in the same way. Table 1

the F5HER Sacciiceal HePRUETvE fhenselevenhiimeags elersentitiedongs to the
suB&&F %Ptiﬁfiaggnel&*?é&éth%{ggg_s f ﬁé&%}agf %'ggééig?gd Slor index but

C2 are used per | nagé ree
ingjeadriaed, poeeldforeccasbociated cotorpesdeivordN¥Bat drelddtthed color

' [ .the .r. een and bl ue) col or conponént of
CO‘III‘%@I’%I” @La’lg?g lé?éﬂéﬁﬁs(%emm o%k‘?Ol)Sir né@oresenrggtion for the image

clement is generated using the selected or pre-defined color codeword.

In another possible auxiliary processing mode for Packman, the compressed
image block representation four color codewords CO, C1, C2, C3, preferably
four RGB color codewords. In this auxiliary embodiment, no color indices are
required since the image elements are associated with pre-defined linear
combinations of these four colors according to Table 1 or Table 2 below, or
by employing some other pre-defined interpolation structure. In these tables
only the red components (r0, rl, r2 and r3) of the color codewords are
indicated. The green and the blue components are interpolated in the same

way.
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three points are enough to represent a plane in 3D,

ro r |

and r2 in Table 3 are exanples of sufficient

w0 eoee@n ati ons for such a plane. Tabl e 3 shoRdTSE2005/001070

nerely be seen as an illustXative exanple of this
are wi thin the scope of

principle and
the i nventi on.

ot her sol uti o.&ng

Table 3 rg, O

rq+l /3 (rl-r q),

1,0

ror2/® (rl-rOf, 240 v%8 O|rqgHd D ELF10), 1/4Ir0+3/4r1
JLﬂ:H/?erl-r # rOr2/ 3 (rl-rﬂ)\+ tl+1/3 Lr? r l

YrQ i, 1 % %wﬁmu) "% (ATO O+ BLY +1- r%a)(%co+%rl)
2 rg+l /3 (rl-

2 2/3 (r2-r0Q,

| B9y .

r@;v”ﬁé’%’%{,é) )

1 (22 + % 19

(% r@ -+, AL,
The nunber of

avail abl e for

3 20 G
ug/g;t%{ blg-t{s/ iéma

e’r%éd%l’ﬂ ﬁ% R Hesré3

B.(YBrOZ+H ) qH
| oad portion) t

oll/alfgz 82 r"pﬁzl Ed)es

34.(YP1r0 + % rl)
at are
t¥e(Ye r2 + %4 r3)

rgs 3 Tu
d?’fﬁg?eﬁt‘ac

the there is
conponents ar

T % dferae la

nevglvsagat hakip

pre er.ahl y_enc

R

bidss(ye &42| + LRGP

ded With the sa

LA YD) +
CeLqVs 2 + ¥% r3)
nunber

of bits, i.e.

RGBXXX Hovvever

if this is not

possi bl e, preferably an encggg%@gaccordi ng to RABXXY
or REGBYXZ is enpl oyed, wher e.g. REB554 for CO

to G0 or RGBISS fiorg GO k@10 |and/FeBs 3err : rl
Anot her possi ble auxiliary nbde is to use a bllack and

B e+ g adi NG Y02/3rethers dn)-ay 9@@/?1‘(93943 c{@ﬂg} The3rl + 1/3r3
conpressed i mage bl ock could then include two|gray-

| evel codewor ds¥H0(B t0v I/Br2nsi i 2(3dewor/sis3) 4
sequence of intensity indices,| where eac su;:IJ

7

iLf3tréns2/9 r2ndex( 143 B3 so2/3ated | Metl3 ah + pber®yity 1/3rl + 2/3r3
t

nodi fier fromja set represented by one of the
intensity codﬁ&v\kﬁ(a@ﬂ s 14B53) i nt(l/ded +12/3 h3)

-Conpre essed blaock - This mde should agive hetter uali ty

3

f or gl‘rQay levell | PAyES + YRGS, {hedB12s+a/Badge |choi ce T3

L'F QLIVJ |4 at\—f dac to- cnrnL o\ and t hi S f‘hf'\l ce

A=AV Awxe] U ’J y, ATTO

typically depends on what type of inage bl ocks that

IO ARLShtive Giddrs BofBhatoCaOIMdr) bReddifteBM it} IPAI¥ 3, three
e and how many useful bits ere ar

different colors CO, C1, C2 are used per image block. Three plains are
generated, one for each color component. Thus, a plane is fit to the red
(green and blue) color component of the image elements in the block. Since
three points are enough to represent a plane in 3D, r0, rl and r2 in Table 3
are examples of sufficient representations for such a plane. Table 3 should
merely be seen as an illustrative example of this principle and other

solutions are within the scope of the invention.
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20

25

avail able to use in this auxiliary node. In the
followi ng, the invention is discussed further with

WO edoeneryce to Packman and with the goal of tryPCySEI05/001070
i ncrease the nunber of usefddl bits to enploy in the
auxiliary node. Wth refer eﬁ%% ég Fig. 4B, assune that
col or conponents 912A, 914A é A of the col or

codewnra 910A eagh ﬁff_r(gpqued ok 013 F1-¥@), bi §s| and tdies, 0
col or conponents 922A, 924A, 926A of the differenti al

rosti3er-rydevor d 920A/2achopr e encaded3 wido)+ hr perBilf3r2-r0), 3, 1
In addition, fthe two intensitly codeword 930A, | 940A
contai n three| bi /3 avh, Brid the 1/Ad@xr@eyuenck 950A

ococuni s 2 te  Einall g i nhi + QaOQA A
T T A4

D

S ATACE &

2 b L LUy R~ s 3 tJICHe—'IEﬁl It JOUY uld
rOHP A EA-FO000A | s e/ Bird-rlich. | THO*24 &-m8ze pirirR ¢2-r0), 3,2
conpressed bl pck,900 i en 64 bj,t er} since
the diffbit 970A2/€%§r?55®u;1ﬁy notﬁ)/la?(lgzcﬁdég%‘\fle?\e/d ‘usef ul

bit5 @s3 def i ned WY Tl /T3l 3 D] OCkaSHZR, 3, 3
i's rt hen 63 bi tsr.qu)ién?’[v\(/eplsé?): Y’ﬁ aqgfﬁgflekg’ %3

interpretation this diffbit 970A could be included in

the selection portion 980A or the a%/ll oad portion. .
Thgynuwmidersoff nisafwldbits dpeilaasl ppgtlogg,t ahsre available for encoding

schematically illustrat .bl Q 0 ..Qr
en G EBR Slghtd U85 byl DB oA YR b 9 %mplovea
forage®diffegei 0 calbregbadivaeas aid tditor veenpoasntdhifsit the there is
bl ock decoder 130 includes a default deconpressor 20

0
enewgl avallable bis, dlf diiree RlPb£PPEPREBES (¥3 Brelprably encoded
Wi%lgﬁ'lé: l%gpﬁdﬁe sRffpel %‘fﬁ)i?&o Q.é.rR@rEBg?EX.t ﬁ&?%raﬁptlﬁs ais not possible,

au econpressed reépresentation of at [eas
préferdblormenichdingageoidiagko RGBXXY ardRGBYXZds employed, where
auxi | | ar% deconpressor 300 utilizes an auxilia

X>¥ag) 6: BORTh 1006 0fo (G FoRbTEs38doBICRkOgas a RGBS54 for

C3order to generate an auxiliary deconpressed bl ock
fepresentation. In this enbodi nent, the selection
sequence consists of the red conmponents 912A, 922A of

the col or _.codeword and the. differential .codewrd. This ..
Angghets possible h%%ﬂ%volrnqc{}el%as& i 1SRy 5@%@}? &aﬁv&sﬁ{tﬁ orfcoding (or

Ll . ) ’ . ) ) - .
rafc gyl £ PSR OB MR Blpc R o inchude
twa 3@rajt-ldvet esotlbwobbds saduemme inégusitencedewyprdhiese seglience of

. conponents 912A 922A jn order to detect a .possibl.e .

IntsRSHY| mélgpﬁuézf- T RO BRC Bﬂtsrls%ynrﬁ?ésg% aSqptedy with an

intRBSAY hedFidrNerRasS ek overdskAted! byabhensit BRé W6 intensity
etector 400

codewords, is also included in the compressed block. This mode should give

better quality for gray-level images.

Thus, there is a large choice of auxiliary modes to employ, and this choice
typically depends on what type of image blocks that one would like to
specially deal with in the auxiliary mode and how many useful bits there are
available to use in this auxiliary mode. In the following, the invention is
discussed further with reference to PPackman and with the goal of trying to

increase the number of useful bits to employ in the auxiliary mode.



10

15

20

25

30

responds to. Table 4 Nunber RDR Sum1l1 2 -4 -2 2 2 -3 -
131-4-341-3-251-2-160-4-470-3-338

w@200800219 0 -1 -1 10 31 3 341131 2 33 12PGI/SED03R1070
13 30 3 33 14 30 2 32 15 2%43 32 Thus there are 16

: j réd 0usn t d
WiRSSSLAER: YR 0 | S AROGE cTOBRA s 5120 o, o100
of tkaldolopastieblord A0Aokathi sre encyded withb fiseeblitsesiné othe color

represent_ col or _conponent nd_the renmining 16 are
COMEBATES Al DRAS, AR 103 P eAiGeEeR R CRgiNcodngOrd 920A each

ar SERAUDN WSO ONR! 1hOBUGROIELII B enly bdoword o20n,
9494t RintamCaHeeBbiick¢add edisl tok jndedRsequence 950A occupies 32 bits.
F1rg§%?%g@§§g§ggb%cgﬁaocﬁ?f%ﬁ 8&6.)A. islg eRJBB:Re;gh.q%hgﬁéisal size of the
cormRESERT Bibk A 0dDLetn SN KBS SPokRAkE C QdedBlipekdifibit 970A is
actually not a so-called “useful bit” as defined- by the invention, the total

block size is then 63 bits. However, in a different interpretation this diffbit

970A could be included in the selection portion 980A or the payload portion.

With this in mind, refer to Fig. 9A, that schematically illustrate a block
decoder or system 130 for processing a compressed representation 900
according to an embodiment of the invention. This block decoder 130
includes a default decompressor 200 that utilize the default payload portion
(63 bits) of the compressed block 900 in order to generate a default
decompressed representation of at least a portion of the image block.
Correspondingly, an auxiliary decompressor 300 wutilizes an auxiliary
payload portion 990 of the compressed block 900 in order to generate an
auxiliary decompressed block representation. In this embodiment, the
selection sequence consists of the red components 912A, 922A of the color
codeword and the differential codeword. This means that the size of the
auxiliary payload portion will, in this embodiment, be maximally 63 - 5 - 3 =
55 bits. An overflow detector 400 of the block decoder 130 utilizes the bit
sequence represented by these red components 912A, 922A in order to
detect a possible overflow situation (R + AR < O or R + AR >31).

Table 4 below lists the possible overflow situations that the detector 400

responds to.
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15

15 el se decodedBl ock = decodeDef aul t Modef codedBl ock) ;
end; storeDecodedBl ock(decodedBl ock); end; Thus, if

W bwodedest or 400 detects an overfl ow situati oPCT/BE2005/001070

commands the selector or m#stiplexor 140 to sel ected

t he decoded bl ock represent§5't)gen4generat ed by the
auxiliary decompressor 300, "otherwi se the default

Nulededed bl ock fRom the default geconpressor 2005ghoul d

be-selected.  However we can do_nmuch better than that.

o oo oot U 1o

0 by using the fatt that overfl owdcan happen in 18

1 different ways,, and get four bths back fron1tha?. A
bl ock decoder f%o t hat operates 'according to thi“s

2principle is ildustrated in Fig3 9B. This decodgr 130

3 i ncl udes a node detector 150 that was not present in
t he preceding dnbodi ment of Fi g% 9B. This node-3

4 detector 150, thus, identifies_ghe particular owerflow
i nstance. The operation of this detector 150, wAen

S inplenented inlsoftware, can be2according to the

6 foll ow ng pseudo code: int get4BackBits(R, AR i f(R
= 3 AND AR == *4) return O; eIS@if(R == 2 AND AR ==

7 -4) return 1; g seif(R =2 AND_4R == -3) returr]32;
elseif(R==1 AND AR == -4) return 3; elsei R="1 AND

8 AR == -3) retuPn 4; elseif(R ==21 AND AR == -2)2

9 0 -1 -1

10 31 3 34

11 31 2 33

12 31 1 32

13 30 3 33

14 30 2 32

15 29 3 32

Thus there are 16 possible overflows that can happen. Together, R and AR
represent 8 bits of data. Thus 28 bit combinations are really possible. Out of
this, only 28 — 16 are used to represent color components and the remaining

16 are used to signal the auxiliary processing mode. The decoding process

could look something like:

for all blocks

codedBlock = getCodedBlock();
R = getRfromCodedBlock(codedBlock);
AR = getARfromCodedBlock(codedBlock);
iffR+4R < 0 OR R+4R > 31)
decodedBlock = decodeAuxiliaryMode(remaining55bitsof{codedBlock));
else
decodedBlock = decodeDefaultMode(codedBlock);
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return 5; elsei R=0 AND AR == -4) return 6;elseif(RO
== 0 AND ARl == -3) return 7; elseif(R == 0 AND DR =

wo 2jshetous n 8; el sei f (R == OAND AR == -1) r et UPCI/SE2005/001070
elseif(R == 3 AND AR == retdérn 10; elseif(R ==3 1 AND
ABhg= 2) return 11; elseif(R==3 1 AND AR == 1)
return 12; el sei f(R == 30 AND AR == 3) return 13;
eStoeePecvded BlochideodedBlayk)y et urn 14; el seif(R = 29
AND AR == 3) return 15; } Thus our decodi ng pseudo
€8de can then be changed to: for all blocks codedBl ock
=get CodedBl ock@Q R =get Rf r onCodedBl ock( codedBl ock); AR
= get Rf ronCodedBl ock(codedBl ock); if(R+AR <0 OR R+AR
Thap) idehoddeBiatok 40@cdeectanxdd ioveyfldhdeftiamon, NitN8Smmands the

sgfet(:%glf o) Clgrtlj&l%%lg)%g} '140 to selected the decoded block representation
generated by the auxiliary decompressor 300, otherwise the default decoded

block from the default decompressor 200 should be selected.

However, we can do much better than that, by using the fact that overflow
can happen in 16 different ways, and get four bits back from that. A block
decoder 130 that operates according to this principle is illustrated in Fig. 9B.
This decoder 130 includes a mode detector 150 that was not present in the
preceding embodiment of Fig. 9B. This mode detector 150, thus, identifies
the particular overflow instance. The operation of this detector 150, when

implemented in software, can be according to the following pseudo code:

int get4BackBits(R, AR)
{
ifIR == 3 AND AR == -4)
return O;
elseif(R == 2 AND AR == -4)
return 1;
elseif(R == 2 AND AR == -3)
return 2;
elseif(R == 1 AND AR == -4)
return 3;
elseif(R == 1 AND AR == -3)
return 4;
elseif(R == 1 AND AR == -2)
return 5;
elseif[R == 0 AND 4R == -4)

return 6;
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get 4Bi tsBack(R, AR)); el se decodedBl ock
=decodeDef aul t Modef codedBl ock) ; end;

wGat@selimeodedBl ock(decodedBl ock) ; end; Thus, foPCT/BEX05/001070

enbodi nent we have in total3759 bits to use for the -
B b opared 40 the 55 bits of Fig. 9B. This
slcﬁgg*{i on)éﬂgg@g%eﬂg?av\bggk if the function

geetirt 8Back() should be inplenented in hardware. In
such g hardware inplenentation, the function should be
?#Sﬁffﬁlgl“," WV RARERNsE/ that it shoul d have as | ow
CopRiSXBty as possible. Having 16 if-statenments in
harqlvvare’ can be far too big for sone applications.
glseiféR s=eO WaVRidAR =Fodik i nto how this can be nade nore
eff'i ci eg.tly. To do this, we take another | ook at Table
37€ ‘emake it sone to get the Table 5 bel ow. Table

5k%yg@&&;ﬁzgﬁw849tg=lyﬁ 54 3 and DR bit 2 1 0 bits 4
3°1°0 New nurmber 0 3 -4 00011 100 1100 12 1 2 -4 00010

100twe0d08 2 2 -3 00010 101 1001 9 3 1 -4 00001 100
0100.4 4 1.-3 Q0001 101 0101 5 5 1 -2 00001 110 0110 6
%éﬁUﬂi‘ d%béﬁwgéﬁgoo"b 7 0 -3 00000 101 0001 1 8 0 -2
009887148 0010 2 9 0 -1 00000 111 0011 3 10 3 1 3

11111 017 1111 15 11 3 1 2 11111 010 1110 14
elseif(R == 31 AND AR == 1)

return 12;

elseif(R == 30 AND AR == 3)
return 13;

elseif(R == 30 AND AR == 2)
return 14;

elseif(R == 29 AND AR == 3)
return 15;

Thus our decoding pseudo code can then be changed to:

for all blocks

codedBlock = getCodedBlock();
R = getRfromCodedBlock(codedBlock);
AR = getRfromCodedBlock(codedBlock);
iffR+4AR < 0 OR R+4R > 31)
decodedBlock = decodeAuxiliaryMode(remaining55bitsoffcodedBlock),
get4BitsBack(R, AR));
else
decodedBlock = decodeDefaultMode(codedBlock);
end;
storeDecodedBlock(decodedBlock);



10

15

12 3 1 1 11111 001 1101 13 13 30 3 11110011 1011 11 14

30 2 11110010 1010 10 15 29 3 11101 011 0111 7 What
whameloaeons done here is that the 5-bit col or coP@EDBE2D5/0R1070

and the 3-bit color conponedt DR are treated as a

gpnbl ned 8-bit word. If bit O, 1, 3 and 4are

extracted, a 4-bit word (next last colum) is

obt ai ned. When converting this 4-bit word into

TH e 07 s CnfitiTuenl bie 9da ths toiatng BHg Emarssolor the auiliary
mbh&?él%‘éi fomRe IS s &f Fl%%ﬁe%?éj S'oﬂﬁt‘?{ﬂ % %ne drawback if

obtainthe four bits. Inste It can |00
the dinwéion geHM@eB@ck(%ngmﬂ)dtbeam;ﬂbntehteﬁlmbhabdﬁ&re In such a

bi.t 4 blt bi t,2,. bit it bi t 4, bt3
haflware i elbn}eé}t&?;’f?nb.tlﬂ& f%}nq%%aﬁ Wit B il e sense that
it @hoﬂﬂld{ eﬁawe8 M &% 86m eﬁ@f &5 %s‘%iﬁle Ifadi%) Ii% 1f—statements in
i mpl est possible kin (no transi stor
haﬁdWarémayl ke dangyo bimifer senmpgbcmtbmms Bﬁhk(e)fowmedwhié look into
e ard [ & il u t.rat es
ho'}ﬂg% {TIB%% 12? ffi %glgcoclr ddl‘?g 15, g gafge another look at
Tabl‘éJGsllaﬁdnﬁemihéiit sbﬂ% wa%@c 8 BabR 5Welbwg. 9B has
sinply been replaced with four connections but still
we get to use 59 bits for the auxiliary node. Fig. 10A
illustrates a possible i rrpl oaﬂﬁgt tion of the overflow
det ector 400 for the bl ock decoders of Figs. 9A to 9C

Nuthdedet &t oARIOORIBiE U@ es4 B andder 410 1Toat b@&dfﬁ 3O New
red conponent of the color codewrd to the red

conmponent of the differential codeword. The sumis number

Onpat ator rfivesti gat 65 VRBelPhe sum s smal 1D 12
than a @ ni mdm al | oned poopat yoohreshol d Ti, epgo O, 8
wher eas t he second conparator investigate whet her t he
sém excéeds & naxi num al PeRd® 101 1001 9
3 1 -4 00001 100 0100 4
4 1 -3 00001 101 0101 S
S 1 -2 00001 110 0110 6
6 0O -4 00000 100 0000 0
7 o -3 00000 101 0001 1
8 0o -2 00000 110 0010 2
9 o -1 00000 111 0011 3
10 31 3 11111011 1111, 15
11 31 2 11111 010 1110 14
12 31 1 11111 001 1101 13
13 30 3 11110011 1011 11
14 30 2 11110010 1010 10
15 290 3 11101 011 0111 7

What has been done here is that the 5-bit color component R and the 3-bit

color component AR are treated as a combined 8-bit word. If bit 0, 1, 3 and 4
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property threshold T2, e.g. 31. If sunxTi or sunpT2,
the respective conparator 450 outputs an overfl ow
WGEe@nabestd the OR-gate 470. This overfl ow si gnedT/862005/001070
then forwarded to the nulti3l exor of the block
ar%%&ﬁ%tc?{,(%lt Rak_15ieheets (AO& ‘é’é'ddlﬁfﬁi:.)dﬁceﬁ’@iﬁ%aedf\/hen converting
no over 0W3|gn is provided to the ORgate
thid79-bit hwerd eiprtesdatimalsatit tdwenlsafadh numbevsfress&dto 15 exactly

ongh Bhg ahit GabnBS AR AS CHTANTINE R4 BOLqHbHgRted fanction at
allqggﬁéédetf e Jakl G8Sohiadh th'éefo‘%ﬁrl Sﬁ&' pisteavBerh it bt l1ike this in

auxli I iary conpressing node actually does not have
softwalbe: based on all the bits of the red conponents of
the col or codeword and the differential codeword. In

the eight first entries in this colum the bits no. 7,

bitl%eicﬁyrai Cgeﬁm?syﬁa@@@ﬁvn b bidse Pt bikB, B, hidd VIys)

rrespondi ngly, for the eight last entries of
{ the colum the bits no. 7 6 5 are always 11l bin and

R FPU B Mol bo det octed only by o

jmiAshitgating these four bits and we do not have to
conpar e any sumwith the two thresholds. Fig. 10B
}illustrates a possible inplenentation of the overflow
detector of Figs. 9A to 9C that is based on this
principle. Afirst negated exclusive OR (XOR) gate 420

In'BsRIWES thes hsts Bux of wids Sfwitde gooitdi aved 4 egb out. It is the
conponent word, If these bits are equal _the negat (; ..
sinnpiesgapassiblepkind philegicdnpdransisters at all, oalywgring). This is how

SRR T SRR ERPRr G phasmRanss 0 Mitrtcs o

restiitthd blédleyeaveee 0 ,acobi‘din\gl &e tids emb@dmgaﬂtarThus, the mode

XOR-gate 460 is usedf r. conpar he bit no.
de@@r@togfo fihig. BB hawp simply @eerrlrgrepll%(gqc{ wath gopy qo[pélectmns but still

f t A g&gent, the XOR-gate
SutssSj pgtlsnfm]'ltﬁe ineggtrggéé XOR- gat e outputs are

forvvar ded to an AND-gate 480 that outputs an overfl ow

detection signal if a i.npyts are, .l bin t her
Figud Gk slhasfa@?%pt PhrobIe (B RSRISTERLPT the TieHTIB Hotector 400

o2Ph GEPLEL L IEMERE0h Symer ey etof e ks an adder
4 1®ntHdtnigddyy, thexargl esoropopessi bf etheptaloentadewnsdoto the red
cotmhﬂgqlggg 3 folf o’t}ﬁed%g glt'ecl)rlrtmlBgogevcs:zquxati1 g‘l"ﬂ% ts&?nq ﬁlenarlloq*owded to two
comparators 430, 450. The first comparator investigates whether the sum is
smaller than a minimum allowed property threshold Ti, e.g. O, whereas the
second comparator investigate whether the sum exceeds a maximum allowed
property threshold T2, e.g. 31. If sum<Ti or sum>Ty, the respective
comparator 450 outputs an overflow signal to the OR-gate 470. This overflow
signal is then forwarded to the multiplexor of the block detector that selects
the auxiliary decompressed block. If no overflow signal is provided to the OR-
gate 470, this represents that the default decompressed block should be

selected by the multiplexor.
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of the illustrated overflow detectors to ot her

standard gates, further possible inplenentations can
wheooebo@ihed. Furthernore, for a conputer PCT/SE2005/001070

i mpl ementati on of the overf40ow detector, the second
BY abe Qb dtikE thk foabth EBRULACSTERICDS | pLgd with

jt’he sﬁ%g of The cgl or conpoﬁglrﬁlf’rgﬁlgmt}hé Tg???grcg%ﬁ,i e notices that
theosdectonposterderaddfauile atid bexéliiyatogressigpratitthetually does

can be used for detecting an .overflow Fig. HA
o tcﬁéWﬁt I%jcbg?q 3’%59 uSty éhegh%qﬁléﬁ' f oo regheommgneaniseal the color
dHeRededr apicE SRRt gif 1t I iLiary. . .
(AT mode, PSR SRR Iy PGSk fitties in this
calnemubithe hits e 766,05 aaadivwiags 0hid ahdab@ebirto cans Réways 1pin.

CHIEER RN tor Y8RP TerRe BN BF Tometgaotanbrtosno. 7 6 5
arexdleptys! DI 1 1L UL dAHS RS0 0 it Bewhd (RRIMORADIP nflad Blection and

codewords that are the mniml p
ovegilawt deiection: tan vsalatpetedcanlybby isedstigating these four bits and

[ i, ' { t he. two. . v th
D P RS S b TGS v SR
col or conponents (red in the exanpl es above, but the

,gri nci ples can i kew se be applied to green or bl ue)
Figy i dilkistraies @ rpeesible implemensstiendefl the overflow detector of

Laveat 4 i of t ol or. conponents, e.dq. .
PS8 P9 0 L (8 b B S ORI Sl xctusive O
(XEdjtgatat4 20 seteives thb bits ot and 6 prtthe dathbdédded @omponent

col onpaonent that is overflowed is nmarked by a
w l‘flal()lirf Eehits gurg equak the NegRtpdnEAR-gAte aWPHES lbin, otherwise

i i i g, R ,
OB SRS el AOR A Bt e Bl ity the bits no
6 amndl b f(oer elteinhtivelyeworadsd tHaancaouiputsed,, off €REy Ndre equal,

urposes in the default node and in the four different
ot BEioE o - IS ‘f% Reeptgnd0@ isHased Her wasnparisg the bit no. 2

b t onRen e c r bi t.s .
ik b, STOONET, i LS ST o bits ar
diff¢rent othe X6 atg 40 outpubpdpenTheVaethmtl XORUgatd dutputs are

e N P S SUIPSTE e L et if
gt e i Y b2l ORI SYAD 1 0]

=bit5 or bit5 bit6 . This nmeans that for the auxiliary
It is anticipated by the present invention that Figs. 10A and 10B should
merely be seen as illustrative, but non-limiting, examples of possible
implementations of the overflow detector. By exchanging the gates and units
of the illustrated overflow detectors to other standard gates, further possible
implementations can be obtained. Furthermore, for a computer
implementation of the overflow detector, the second last carrier bit and the
two sign bits associated with the sum of the color component and the
differential color component and the differential color component can be

used for detecting an overflow.
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nodes (TT-rG and TT-Rg), in which only one of the

col or conponents should overflow, we can only use
waewenodsti s of the 8-bit conbined col or conponkCit/SEX®NE001070

For these two auxiliary nodds, the auxi |l i ary payl oad

rtyiggn ty AR Y, have t he
Fiaggmll i ari);/éhn%glghcgﬂly\/\djwluuﬁ ?%1 coI or corrp%fne compressed block

representaiion rint the defaelt aﬂn@ theraﬁﬁﬂ@mﬁg(ﬂg‘ ?Uﬁ}ddeta{]ﬁéspectlvely In
| t 63 - 4 - Its.In
SR ane I onarmn tJéﬁEl?fg%\tmotrlile GRlok Ard ditfeeeniial cpdeyord can be
t
usediésr U%eﬂﬂldedc%ncéﬁin'ghﬁuijﬁéé’ég In [@%edgﬁiﬁﬂr oug{%g\/\%gc%ow can use

articular auxiliary mode is |den
]Eomﬁ @ﬁp@ﬁe’fﬂﬂe( st)’VOt leadewroads| exéept fon fohirs bits 981 of the red

CdrﬁlBrgl na{E TL' (;%E t?’leh%c% V%%‘ifﬁst ﬁ?%thWJr’él&Z?S(%{;HZS%n%@ 981 of the selection
phiaigy 980 HHdtcear?Hd dse?eﬁﬁ)r"'dl%%ﬁrmr%éﬁqr%ggggﬁ%ﬁ gﬁgeﬂv&osn?odes.

choi ce between one 59-bit auxiliary Rl
55-bit auxiliary node or two 58- bit auxiliary nodes

C.il t.rat
HERE VA 2 Ry | TGRGEC E TRE: G et St heh, oo i the color
cdrhabnehs® (el Ynhde EXOMRNES idoReathit! 1 g,r{mﬁ&h BYE Tikewise be

with nore useful (auxiliary payl oad) bit
agplied tepgEeerToF oly ue| heverég@vwsonpbiremronedure oamr bé osxtended to

1n§9§t1§éﬁ8ﬂ§_cmg e tl’?@%oﬁr’s %8%%@({%[31 Wh %uémggcﬁﬁég green. Let’s go

, We basica

thfdugh alidpé'é'mb@ fd'OQﬂh)lE’lﬁlOﬂ'EBfofr RivehmeagsIdtist. eReH following, a
he bits (e.g. bit no. 7) of the green conponent IS no

thl%lh 5@@&%‘3%%%@ overdlovsed ismarn by\ﬁasmlbﬂets@nee g. r, and a

t t _can
o PhRBhR bl SRLALL 2\ RRGRY b 8RR EE G . i
1 ]c&nllpetr&a’me i thiel avanﬂmblﬁf:’brts bftHe9chlor sah @ rdifBEQGHi A0 codewords that
uxiliary nmde (TT- Rg) remai ns, in which

Sjrssgzlnfofoquﬁﬁgrﬂuqﬂﬂseﬁdﬂ theedefailtBisiment in the four different

B BWdeslhi s node can be detected by investigating
aL?ﬁeé%/\}}hol e egsr een color word 982, but preferably the
m ni mal portion 984 (4 bits) thereof is enployed as

t bit 983 of
W' . usna ed Iﬁbﬁﬁ %G\Brtél"q é‘lrﬁgt dll’éﬁlleﬂofr%tb&ggf cﬁlommnﬁgt of the color
coﬁ@ﬁv@?&eﬁn{whd S7 diifd "l")t ed 11%15: aUXI fle&h@oﬂﬁ hele l%h%lr%‘yl n(F]qual if the

the red conponent word rary pa | oad
correspomdihg codonx Cbnmqnemictwerﬂaws Thus} if weBatd t6 be sure that the

green component will not overflow we have to force bit no. 7 to differ from bit
no. 6, i.e. bit7 = bit6 , alternatively bit no. 7, 6 or 5 could bé forced to be equal

to bit no. 2 or bit7=>bit5 or bit5=5bit6. This means that for the auxiliary
modes (TT-rG and TT-Rg), in which only one of the color components should
overflow, we can only use seven bits of the 8-bit combined color component
word. For these two auxiliary modes, the auxiliary payload portion is 63 — 4 —
1 = 58 bits. Finally, we have the auxiliary mode, in which both color
components overflow. In this mode, the corresponding auxiliary payload
portion will be 63 — 4 — 4 = 55 bits.
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Fig. HD illustrates the situation where all color

conponents can overflow, which will result in seven
walpdobeoens auxiliary nodes, dependi ng on whi chPCDEER005/001070

conmponent (s) overflow(s). ™ree of these auxiliary

S IAREYY o) . Qne_co C qnent ... .
s V8PN byt SRSy modes in
adutitibhoto afheb defatils, nideles cati@deBefd hBeopastiblathbtRiliary mode is
. ,preci Csiel ¥l two_ col %t conmponents overflow, TT-rgB, .
ldqﬂitFlés, Threysh cwhicksecslorpiqosnpeaent(s) r ral noverflesde). In this
s 1 ' al | r o) k OweE k. TT- a .
AR, SRLERROIRORoRt YR Uy UBnElatils N gpeut i an
autiBatthmeed e.oHpovrertr, sinaalbon, 2FWs+i 2551 + [259tF Dsedttidre is a choice

Fig. 11E. 1n this gituatiqon, there are only three
betygen el S R B AR JBRdE R S8 DP hibAuKilinRy phede or two 58-

bif UK ARIRIAES 41T onC5 Wit BesdigdComRpnent is

I nvesti gated and this conmponent s to overflow Four

bits are required for singling out this node,

.resulti in a payload rtion of. 63 - 4 = 59 bits. |n i
Fign 1 el 5By FROiS) sBRifed ot ine dinshempanent Saplementation
thay ealsbOWniit hhBetw 8 dpe BRI HixilBYy "Rlod\4er bliPWrith ndre useful

= 5 bits are required for identifying this node and

(aﬁﬁﬂi%ﬁypf@d@adbhltﬁbr{mvthd: firat Inpoide §BT-r75, th&@edicanpbnent has to

ovkBlobndle $E MUBSTEET Sty 115wV eaamh PhESieFsoRot heve to. Thus,
we ShSHIBORORIbMY €hd8o aneddy TG ShdlTE 1 B9 Fig. 11B. This
conponent word 982 and four bits 987 of the blue

meyad dhahengmidigsbitare.gubitnpoir) ofiéhe igrgen gomhpenemtiis no longer

h oY, yl,0ad rfi copsists of 63, - - -
e RS BAVAREGRIEL ALE RIS St Di e comirry,
alédehés ibit @anopponsedifby UsefseedindOThiPiYeAWXithh@rthis auxiliary
npdes to enpl oy and how nmany bits to use for block

medeli Ry PeRtisasEEli tisenése ides St Yopyereddiog pirposes. One
5 pidc SFPOLIRORSIAL SERHLAGRCBRNE Lhinpqpentybut not the

red| campoakces ovdriilossy) Thid hastolcaen®eddst:ctsdi PRU@vestigating the
according to the Present invention. In a first

WRIEIFRER <tlep et IBRe hHageclrrlly hiepayadmal RATViomeds4 (4 bits)
thbRid? 38 &H?ﬁgieegoés i TRGG R PGl FigFRG 0. SHCHALTRAE BLEOTS: 083 of the

en conpf i
red component word is not available for coding purposes but is dictated by

one of the other bits in the red component word. The auxiliary payload

portion is, in this auxiliary mode, 63 — 1 — 4 = 58 bits.

Fig. 11D illustrates the situation where all color components can overflow,
which will result in seven different auxiliary modes, depending on which
color component(s) overflow(s). Three of these auxiliary modes (the ones in
which only one color component overflows, TT-rGB, TT-RgB, TT-RGb) can
use a payload portion of 57 bits, three modes (the ones in which precisely
two color components overflow, TT-rgB, TTrGb, TT-Rgb) can use 54 bits and
the remaining mode, in which all color component overflows (TT-rgb) can use
51 hits.
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mul tiple image el enents. The actual inmage bl ock size

to use is typically dictated by the particul ar default
woe@ces®ing net hod enpl oyed. As a consequence, PCTBE2005/001070

present invention is not |i4dited to any particul ar

i mage bl ock sizes and can e.g. be applied to an i nmage

bl ock having 2m x 2n imge elenents, or 2mx 2n x 2P

Théﬂéﬂﬂe tBbagRNbsothee poseibility far thui&pme:dedsmdgormm gienation, as is
positive integer. The whol e inag

111u|@it@rtéﬂanl Kigd elc]@m]é’s Ehilsi witeaaBn tlacksr %epen}%@lfhf%a@mhary modes

by 8558 GipeLBR S BIESh, 1D BATE ABaL)BELLPPE oply the ra

corhPbBen® ﬁé evedtigatedoand this bﬁﬁrpdnmgehabd; to kBrel‘ﬂow Raxtr bits are
step S61, an inmage block js conioressed or encoded

recaees &prngmtgémg efet shis H&ﬂ?prré tHE HbdePfHogAgRpTtign of 63 — 4 =
59 q)q&erl E@%ﬁ_ﬁl%ar Pt uggs éﬁ'p ﬁ%%%l%hé’ﬁt ®last ffoverflow but

In th
thec Qﬂfﬂr eampstgqc&iiepnsgilnm dm:élnom néd +by1 t=heb pbrtsl ew¢ arequired for

icoryaye Hoaet TaSHoRB el Hy PAORECUBOEAEL! EhelHil G — o = 58 bits.
In ‘fl‘?? vl qerﬁeﬁgl r@édg (TTaREBy, Ghi BRI cobdjfori i is allowed to

ensi t the |ntenS| y I ndex sequence and
ovériilevf.| Omm bit 886r ef pzhnohradglcympanesmor]i 980¢C qrpy bit 985 of the

gre?%l ga%};gqﬁr%%{é 5%%{2\ eqn%rfa ﬁr joclgse ‘:%3&2 82 ch% bﬁgs %\é@{aﬁsjgnent word

98@r afO! Q5ed NdrC ?éentﬂ‘ﬁng ot1oiat abdtesl deleautbinaa Mg ep&jél@ad portion

conprises a défault payload portion, which
comhets{ bf 68 sdquéncé TS&diter encodi ng and represent| ng
the i mage associ ated properties of the imge block. In
nost typical applications, this default payl oad

AsfS retvid’éhtcﬁah@'tﬁé Fﬁ%@ oAl ® bil, sesrecincen epydreunity to select how
conpressed bl ock ut could alternatively include a

mamalaumhapgr mastest tre eauploy saed ﬂqogv mgy (e &0 Uwe for block coding
diffbit 970 d t f.
puﬁ]é??t?%ﬁng seggt%c}c? os' S gnﬁié/p ?57 ggg ggéa(gi}r trtlél? ¥h®dtiments in

de5GRHES ANt iANcdtn &t siu vitie Bigsl h1 FA ¢orarE,
representation is a nmeasure indicative of an inmage

qual ity representation associated with conpressing the

C [ rmaesb(l) ock according to the default conpressing node.
rror cal culating step, a deconpressed or

Figle¢odBistrates a (lossy) method of encoding an image according to the
present invention. In a first optional step S60, the image is decomposed or
divided into a number of image blocks. Each such image block then comprises
multiple image elements. The actual image block size to use is typically
dictated by the particular default processing method employed. As a
consequence, the present invention is not limited to any particular image
block— sizes and can e.g. be applied to an image block having 2™ x 22 image
elements, or 2m x 2» x 2P image elements, where m, n, p independently are
zero or a positive integer. The whole image block is preferably decomposed into
(non-overlapping) image blocks in step S60. However, in some applications,
only a portion of an image is encoded and, thus, only this portion is

decomposed into image blocks.
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representation of the inmage block is typically
generated using the image bl ock representation
weovpre®sed according to the default conpressipOI/sEaMes5/001070
in step S61. This neans tha#4 the conpressed bl ock w |
be deconpressed or decoded by enploying the default
deconpressi on or processing node of the particular
In prioedssiepgS6dheneimAge dslock iy aoneprosdedadr ¥arceded according to a
fresenting,the origi pal imge block with thjs

defgy T FAMPELHPE e SRRLF bITdcRTAFpr 05 FRIMTAEN Rs dahanlt compressed
rep?@é&&’ﬂa@fogf Q%g_efc:}}ﬁ?oq}lﬁa%é %ioc‘iﬁe.noltflfel tng?o e 9b tél‘lﬁﬁfoe}ﬂ in this

green, conmponent o ge elenent i
corhpeesmingi stdp (Ymbrisc eksedhinadadsy bihec lpaatiduRd: 'irdgt processing

scligrie) UREHor Qo RBBRIE: b IHRGENePentH JefHll kBmibréssing mode

detdBirdtd ﬁ?&oéﬂlbﬁséﬂk%xﬁﬁktﬁ@pé&%ﬁnﬂﬁi‘éx‘éﬂtia]_ E&éctigggfa, the two

_ val_ue can then be cal cu atepl as:where Nis the
intemsiber asfdewnads, eltbeenirgenaity heindeack se@penamaland the . flipbit.

CofiRSBR e Ty G Tt b el PPy Calik FOPYA af réEay-scate or

col6F c8AEREEds hep desamhidledomdgethd@ithReeqlkABK of $ray-scale or color
deternmined in step S63, by conpressing 'the inmage %I ock

indieasor dheg sooobimingsti degault peogwyshsryl nbldek Temprises a default

vaf3Ed, trlans, ke Haga s, (BuloPienfi ntiSpaTeY cepooding and
reppedéntimOMe MRLiEBAssEHdt] FROPErIAS dfashdEeiage block. In most
described in the foregoing, it can be possible to

typigall pppligationp) ethis f defeeit palpadapprilodesontaing gheewhole bit
Sedadl}%%?i Of P&E Sc?j)'gglgre%%gg nf?lbcwh it &ﬁﬁeaﬂg}ﬁz%tg\éegy bilrltc%uc}eo A smaller

ary no pPOSSIi bl'e "Can "‘useé 1or € or

poreltgo dhegeof Heed Mige 4B, apkerd thé Wiffblt 9A6edoes hesHeei yart of the
conpressed bl ock re8resent ation is preferably

defgulicpaynlpad Btiosa230s92H)-auxi | i ary conpressing node in
step S63. Exanples of suitable auxiliary nodes for the
Packman schene have been given above in the

In desaexpt siep SHS?, auatxi ety repm:sl“ema‘g'd?bli@ckahléﬁ@ted. This error
conpri ses a payload portion enplqyed for encoding or .

represrsdion Ay 3 HacpPYRe rindicative Q.? | BRagR UMY Feleesentation

assoCchIEA! Syi b?:ggrkﬁjgﬁgﬁrg 'ﬁ%eﬁﬁ{asgesiﬂ‘é?kt BRI 3bY the default

conpresse S0 conprises  a selection sefuence
comprexsing enodeplotied drivgr anldutataghdtepk adéeadapyedsed or decoded

repg‘gégr?tteitlno% tot}aghé r}%'la%eoqbliogl? Sisb%?}%cgﬁgp zcr;eer?gr%%eg Clc,:lglrl’ijgl r’]cge image
block representation compressed according to the default compression mode
in step S61. This means that the compressed block will be decompressed or
decoded by employing the default decompression or processing mode of the
particular processing scheme. An error value indicative of representing the

original image block with this default decompressed block representation is

then calculated. Let R, (G;,B;) denote the value of the red (green, blue) color

component of image element i in the original (unprocessed) image block and
R, (G,,B)) denote the corresponding resulting red (green, blue) color

component of image element i in the default decompressed block

representation. This error value can then be calculated as:
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an auxiliary conpressed node and not the default

conpressed node, the payl oad portion of the conpressed
whb@wekodoss smal | er than the default payl oad porP¢DBEH5/001070

the default conpressed bl ockk. Note though that sone of

the bits in the auxiliary conpressed bl ock may bel ong

to both the auxiliary payload portion and the

sel ection portion. %:ERnext tep Sﬁ% @9 one
error representat¥§ o fcaIR GedG ht dETB s (1)
representation is a fréasure |nd| cative of an inmage

whita! }'\rt%é KRB’ ERENt ALV rASH Qﬁia%&:e@ HhEALS AAPLRS ShIRBK! MBptionally

I mage bl ock according to the |ary conpr essi ng

compdacnitrspduific sraights alrg watimgouidpe asatk ooepuesoed(1).
or decoded representation of the image block is
typically generated using the inmagebl ock

A ESHVe% %ﬁﬁ%ﬁgOﬁuﬁﬂiﬁ}'ye%%%?p&%@&dbf‘geﬁ@od&f AiprektAfation of the

_ ssion node in“step S63. An error val ue
lmagfdlbiackves ofetempirednini ﬁ@p MSdr byi nampreagisgltbekimage block
Wi th t eaule deco rressed .bl ek re ntati
acqtrcing 15 4k syiflaly PRAFESIRRIROMS) dheapRehicdRe Aaghiarg mode to
em@ﬂ%‘ & abbicaIsr Hetdresliniedr byaehe @Méigé |p'%b?ée§él r &Ssdie (BTC, CCC,
and each auxiliary conpressed bl ock, it several.

S3EECepPEEIM, héBa ,s ol othersk hdsddrasl beeanglesssibgd in the

ol B0 PSS SO SRR B8 G538 Bhodes for o

gwEhl STRQEP eedsitleo deheeh Cwitdrd sheeef entiRibleasetkiRary modes

the error representations calculated in steps S62 and
possghle TapsUSe PR SrsiepsRitvios eapods thadmaspbiededln such a

caée'mag ?e%éf&?zet Bgfné S %%81& ?g]gi%ste%taﬁgg %¥§§}aﬁl§r &&termined

repres cted as resse
forr@m}ﬁsanhaetmmﬂuarsr hjmnpmhrﬁg maodé Imatstétl SEDNExeasslds of suitable

bl ock (out of the different conpressed b| ocks , .
avgitigey mﬁiea ek sﬂpﬁfzﬁéﬁ%eﬁ?]&emﬁe%@?gkﬁﬁﬂ givggeabove in the
I e £R4S h
de%ﬂ(g)d??]}tfny T]?Q ﬁgi:ﬂrmé dciﬂ ofi flﬁgcl%bn%gsé ?é]rg%g{esfegulat payload
poxi:mrprmp}mlfebll fonk emcodlirtgy pr aaplrg’/sd‘letmgltéxet pdolbcﬂrt&tsem g. color, of

ver, for ock t pes one
the ﬁ@?%uéﬁ@%ﬁ eé’&@g‘ E‘r’%WEY CFaa%B %E?llééﬁéﬁompressed

bldg%e%%?z%frhﬁ?lesggg% egmf(%lroqia i E| nage g I"oc ké’%gg’ﬁiéﬁ a¥e% (b% an image
bldcked@teniﬁrbtfml dgtestiog 864, thehblolcki kas deematomalréysed according to

|IIuTtrated ¥
an auxiliary comp

essed mode and not the default compressed mode, the
payload portion of the compressed block is smaller than the default payload
portion of the default compressed block. Note though that some of the bits in
the auxiliary compressed block may belong to both the auxiliary payload

portion and the selection portion.

In a next step S64, at least one error representation is calculated. This error
representation is a measure indicative of an image quality representation
associated with compressing the image block according to the auxiliary
compressing mode. In this error calculating step, a decompressed or decoded

representation of the image block is typically generated using the image
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the line L5. However, if only a portion of the
original inmage is to be decoded, only one or sone of

wao b@eloomae bl ocks will be deconpressed. | n an PCT/SE2005/001070
alternative inplenmentation,4each i mage bl ock is first

COr dj e ressing node .
DERBEBRASAALES HMpl Qb aiEh bl £ BLESSLERIY Bompression
mdd&praseilp 18H3.harblevedr aedae dintcdidvé Mifs régfedenitin®PdBe original

. 1s estimate step S62). I n a next step, this error )

image rbleckswilghplhe eduxibiady qdegampressess bpek representation is then
dc i LLerl.. - ,

caf RIS Colrde ST BIG A K64 B0 Yertormed for cach

augilimyesanpresyingsnotatdrahehch aibdlianpeempresked block, if several.
However, if the error netric exceeds the threshold,
the auxiliary conpressing node is also tested. Thus,

. | ; . ¢
SHeSEeRR Sl AR SOTRGESSER Qe R MBeigy By ana e
auailidryi esmprossrd ddedk(s) dokuse s cohgpressedi reqiekyntation for the

o B PR B S 25 BBt s on

thd BEMRBLALdRtatBMsCEARIAR iifi @&@%c' #2eAnl b4, Thus, in this
representing the block according to this auxiliary

seleoteni stepsBomitbd ¢anppesSsd) imake Wockrthedt 1s asseciated with the

t ft .to.th ality threshol nd/ or .
SmlES GBI TR PPOREAHT it SCIoEtothas HaPTETrdeb R rebresentation.
Thi®reé6lts SnStRat €he té&ﬂﬁFF&%eﬁth%kO (St 8P dnet BM¥forent compressed

smal l er than the default error netric) or exceeds the

bladkse ghoetatied) thatsrhgsterepriesantshethgefoaiginabrinsage block will be
nefri ¢, the ilj.a 0 essed bl ock i.s,sel.ected, an

scifEted T S8R, SO NBFY tRREF o8 ORI el e pltitks of the

imagbetivé SRIAGR EssEPMbEe Ll By siekiiM hé defected in step S65.
enpl oyed (step S65). This procedure can be extended to

Homrewveeader wamtaiwpridockatypase B (ongr ¢f . anxilismy ¢ompressed

blog:%(gﬁ?f(iag%}gsettlﬁ%t%?ai)ﬁ ﬁﬁﬁf@gﬁosg%@ Iofr y | P; :fgglt d for the
threshol ds. Since a mgjority of the blocks are

typical ly congressed according to the default node,
ThishirrocadiepeRbat tonSPes i t Braferaist repgated donpld image blocks

r ] a_si:ngl. s '

s QRS S SRR AP NS SRl BB fustrated by

thevies LLieHdafeautl | ifmde 4 dokrEofpsfotiecetighadriniaigd id Yo be decoded,
will the auxiliary node be tested and a further

onlyopit €5 SOFns ep s dmags bleckadvidl e decompressed.

In an alternative implementation, each image block is first compressed
according to the default compressing mode (step S61) and the error metric
associated with representing the block according to this default mode is
estimated (step S62). In a next step, this error metric is compared to a
quality threshold. If the error metric is smaller than the threshold, the
default compressed block will be employed as compressed representation for
the image block. However, if the error metric exceeds the threshold, the
auxiliary compressing mode is also tested. Thus, the image block is then

compressed according to the auxiliary compressing mode (step S63). The so-
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nmetric have to be generated. As has been di scussed
thoroughly in the foregoing, the default node
wao ysoedoly handl es sone i mage bl ocks sonewhat P@T/EE2005/001070
poorly than the majority of47i mage bl ocks. For exanpl e,
ki u ' t [ ts..in st
ob%alhgggs b%%ﬁpgaﬁ%rsggﬁr QH%ar?c%gﬁ (g uﬁ{%g\ﬁge o‘ihf‘?%ﬁfo ngoployed as
compreased ecpiidseseatibacks theuhthgdblbdke IacpreRsest Bynbodiment of
th.t he default node with high quality. Some bl ocks may,
RoOWEREMCRERIOY; 34| T PR mMeRiAShariaéednitarsprasenting the block
actoRiiBa! oY tHIBr A8 (g W o
AR Aoy IS GRRky Thede 35 SHIARRE (PR R P spror metric is
therneafltesmomepsiash tothamualtiyethreshilcdaandy di nhetdefal@t error metric.

o I T A XL NE O T
themheydéRiult Rerdy atdtricH! @}?é&ﬁsbﬂ?@Cﬂhg&}ngiEu’é Js,smaller than

investigation. In other words, the inage
the)defaagaeteer metricashe fawedliasy aohimekssdillatk s fsetedtbé and used

s PR SaBte e AL 108 e Fipeb o Ry . the defan
cohpirésddtl BESdLORMill B Sapidl &t? &Rt least partly,

based on the distribution o e colors (or sone other
property) of the inage elenents in the col or space (or

0 peLl ).. L _a next .ste t o
ThESREeOLAEy PAAPEE SERREH 1 HrddnyatbiBeic (Ban one awxiliary
mogienét abedd e pospibis 3bNesd bge Radek REEAYANIEshEld B the default

(Zelqect ed_.conpressing node. This step basically
and $he edpehasy modeepr detfersintdbresholdisg. 12, dependi ng
on which node that is actually selected. The sel ection
portion is further set to represent or indicate the
Sirsel actregjorioypofesihé Nglockd eare iy picstlye ebhiireB8EH Afcording to the
fss&)&:i ng.is typically performed duri n&mf he conpressing
defgplfo B, thip implemantationoreswés dafthatombyda singlthcompressed
i | £k [ 3 U far bl pek .
P P IR AL M R B3 B el G oY, the majority
of BleibkpoQnlynwhint tiee slefadlt irmodpokilsoprednche "d‘dreﬁhéﬂ'ity) will the
di ng. The renmi mfer of the

set and ysed for bl ock epnco
aw%‘@ﬁ@éﬁ% e F?Séﬁg ﬁ’féct a@srth%r pempesped dgpsesaatipa and error

- meffic h!&%e"tﬁr@@éeﬁ}a‘&t@%“ on. This inplenentation only

requires a single conpression representation to be

As has been discussed thoroughly in the foregoing, the default mode
typically handles some image blocks somewhat more poorly than the
majority of image blocks. For example, it could be possible that the image
elements in most blocks are of similar chrominance but have different
luminance. These blocks could then be compressed by the default mode with
high quality. Some blocks may, however, have dissimilar chrominance and

are then typically more suitable for compressing with an auxiliary mode.

In an alternative implementation of the compression of an image block
according to the invention, the properties of the image elements in the block

are first investigated and a compression mode to employ for the block is
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generated per image bl ock and does not require any
error nmetric estimations. This sinplification conmes at

wo b@eoadts of a possible "m sclassification" of PGDEE2003/001070
t he i mge bl ocks and sel ect48on of non-opti nal

i.Ag : 150 i bl1ocks,
scBEIRL BRSLA0GAE, HUENEAIORO T ey TBAR A KRl block could
bestagairdetlyas nolessifigal iasgat blochr spétable Soof tHd elefd@@iemode or the
el.enments jn the block. The default conpressing and )
auxthary; g %%P%s@ﬁ&ﬂ%@éﬁ%hw mpedes snyihe cageyasemultiple such
[fsi.ed etakls W Lh fere t
AR TS h bt WD 55" S LLRLS aggd on ne
disdiidogrtaom idfl tinst caloragot mendefahkt griopekty) wfprtes dinage elements in
re detail for zPackman. The

t S61 of Fig. 12 i
thethoT SBREFNICS $7Bf ALBRT SBEPRATIE gPace) IR & st step, the
, Lfs j | .
coftiptBssd reb?@s&ﬁa@forﬁ@ﬂtﬁb 12@%%?1@&1{ G8 tﬁ?ﬁg’negtai:;ﬁgd\'%é/‘gt?ompressmg

are deternmined for the inmag k.In't
the Hdoek excapedirzg-tbi the selantsd afornpeessing (2rotleorTHis23tep basically

sub-bl gck of, th 4x4), l,mage. bl ock. are determ ned.and )
cofiSRPPESdoT RS SO0 0% PerTehish 1ohl S CHHBE RATTIh Tifcle that is
acHidles€leetedet ween the two quantized average colors is

within the interval [-4, 3], one of the RGB555
codewords is used as col or codeword and the best

ossi.hl. c jnation w ll be enployed as
T LRy B E8nc RO Ll Soindne ISR ny millcate the selected
com'ﬁfré%iggt irabd 6 0dEer deletiphe fsrdiohy &Q’ciﬁgt e§l §9itAH performed
the sumof this differential codeword and the
dugigen the eeompSEsgiag: Procedire, hin fassisalar dok the atefault mode in

T S A R T e

in thé ensiilisirg edede) 46 niostus esuflopoitient yWotisel BelHce@isS pdfon can be
proyided. This can performed in an exhaustive search _
Yt rSRtngndl Msedt &siblockodiqadings diheyfgmaigiderepl the selection

“fr?ﬁl
- il tee (R
poiffon Bieh Had 8 N TN h val B I8 el ol Briitn.

and nodi fier values of that set are found. The
associated with the nodifier set is

intenfé_)téé codewor X
ThisERPIFBEN RO BHE TEIUHEShSHEIC IGPTRRERIS10R repResentation to be
- i i ndi i ' . . . .
o5t TSRS BSSholl iy L 38) 8 i ctimtions
Thixesjueplificatiostam&y 2t the dost efisl pyssibdeniisclaskifitagibn” of some
of ft?lre %?r?ahgel Beks and selection of non-optimal compressing mode.
However, for most image blocks, a correct compression mode can be selected
beforehand simply by investigating the properties of the image elements in

the block.

The default compressing and auxiliary compressing steps of Fig. 12 will now
be exemplified in more detail with reference to the iPackman texture
processing scheme. Fig. 13 is a flow diagram illustrating the default block
compressing step S61 of Fig. 12 in more detail for iPackman. The method
continues from step S60 of Fig. 12. In a next step S70, the color and

differential color codewords are determined for the image block.
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element in the block, which is schematically
illustrated by the line L6. In a preferred enbodi nent,
W0 bwesaives pr ocedure S70 to S72 is carried out RET/BE20DE001070
bl ock flipped. In other words, if the sub-bl ock each
had a size of 2x4 image el enents, the now fli pped
sub-bl ock will have a size of 4x2 inage el enents, and
In \thmstﬁgr 8§70, the esmhragda (24-Tit)i eolbed bOBhé frldd@S BPYUX2) sub-block

f%lpae that lts ip the. snallest error netric
of thada) dmpeen blopl are drsermings ca cieeized éntep59eis for each

coRfr ddrfipohdnt. "ﬁ"\ﬁi’ee Htfftg(*é?tctagoét%eh e tt%t %5 tized average colors

| um nance i's later I's not
is phhipstha tntmrval p<lesl), omet d)tfetl’nmﬁ}BEBSrccb@eWBﬁié)%hsed as color

|
PR B e BB Sl 0 B o
difedrensigdicebed-orfo Tkﬁ@?ﬁe&% %af’ ghé dlﬁojstler&?ac‘l dt’: et%v?_rd is preferably

nodi fi er sets and fier values are
seleatdds sg th@’wthneaguam Cpﬂ thist ddfémngtial pm:iaavbd)lei and |tIh@f Yjuantized

ressin de that, ca beuedfor the zPackma
av AR IS 18 IR SRR IEER S8 Ge L6 dhe ST anied golorof the first
bldck (&cBR}t cad@PorBlas p¥BsiBR.0or codeword are determni ned
for each sub-block, giving a total of four color

codewords for the |nage bl ock. In a preferred

In hrtgé)fc r@éa%zg,n ou r f ' r% a{%@% d Co'é'gr tﬁgdce WO sub blocks are

prdt&@é@SEhiﬁbaﬁnpeﬂbr@teﬁl 5 hnadih A1 SKBEO B RY t{t}yoﬁ;?zﬁa ta'l'teintensity
Ogﬁ& ge elenments in the sub-block, respectively %
moglificy pat pncbmndifier gmlvesidor sarh sisbbleck il tiee these (1n terms

o L8 ROTRLESH, 16 LIRRG-AL0LPS B BRSPS o er v

of dpacethaei fognd. fTies enfergityodideansiebassgatid theh ¢RL Qﬁodlfler set
ﬁdewords can then effici entlcg represent the col or of
is fhent ysed asndatensifeneodewerdr Inwedditient hthetindensity indices

ass%‘&?eﬁ:\é’ar it RLES §BfectdlE rﬁgaff{%"} GhtRk e{rpf tﬁ%l gé&)lagg: %?tered in the

poi nting to or associated Wth one o
1nd©aqu1misceattf1al :ttapl 87RorArdaberssiby hhaek i@r §el%@téﬂ$tf§1d éah image

next .st a first enbodi ment, each ima

ele’é*teé’l’féﬂt éﬁqg i@ isscherpaticalba ilinstiated by hne L6.
color index. However, in a preferred enbodi nent of the
invention, resulting a smaller total size of the

In eoprefesrsddetbmelimen; ehensamieoprocediites8700fo 37 is carried out

with the block flipped. In other words, if the sub-block each had a size of 2x4
image elements, the now flipped sub-block will have a size of 4x2 image
elements, and vice versa. The sub-block orientation (flipped/not flipped) that
results in the smallest error metric mode is chosen. The method then

continues to step S62 of Fig. 12.

However, due to the fact that the luminance is later modified, it is not
certain that the 555 color closest to the base color is the best quantization.
Therefore, in an alternative compression approach, all color pairs within *1
quantization steps are searched. For each color pair, all possible modifier

sets and modifier values are tried out.
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I mage el enents in each sub-block is associated with a
pre-defined col or codeword selected fromthe first,
w@ewoneho13 hird or fourth codeword. As a conseqREnSE20051@1070
sel ection or assignnment of ol or index has to be
performed for this (these) inmage elenent(s). For
exanple, the first (last) image elenent in the first
Figub4 bik ax Klowo diiagraimeailsishe thss acpos s lavatikilide Ebfrgiressing mode
h or seé:ond) cfol gh@c dewor d. rrespondi ngf&%)idthe' i rst
that g81)bs Mege fer afkmaf: sgBeBIY Kb Mbed eontinues from step
| bgrags0gi | [ h). cal .
S tobd rin R R R S50 ol BE R e BeRérmined for
eachruth-bleck,ogiving adetal of faureselofidustew(drast foritidenage block. In
only

o SN ERPESTGRG oo BEe ot ek 3660P RO regeardeland third
and thufet olor Je@d'eﬁxﬁﬁ‘ﬁsehﬁér‘%%ﬁesé tdt%r@tdfcépﬁ}gtfj eet%ﬁéc}1 2 second

the present ‘invention that re than one 1 nage
potisen dibthgimagsselemares i the swnibdock otesmctivEie This auxiliary
I ndex sel ecti,on. of. st S‘F S8, 1 i gf {.hus per f or ned, f or,
COPTRSPIORY, QRS nisn 1 RAFHEUIATa GHEGHEE Korh SPMRFESSig image sub-

bldtkée thepiheagte tidifen &5 80t tachOfraHifirPRReQf inkth &vid 'cﬁﬁsters in the
codewords, which is schematically illustrated by the

color nwpace. hawingrdifferenthelrrampindneass @oe sifefheSealaf cédewords can

el OLATSALALLAN, SRR T T R BRI, whereas

theletiosh aglewoit rgprseat dhBGecontinguRtasent invention
coul d be provided in a general data processing system

in a user termnal or other unit configured for

e. g.
j o [ ' S u a term nal
CoRYCRFRELDDRtst 6F ML BAR G R 1§6"LABL coceworcs
avaltatsiendor Ragilt aduiddsdosk anee $d0Med MAbIHextUBLdS 88Y. In a first

el ephones. | nmage processing termnal Fig. 15 ) _
emﬂﬁold&@teﬁét gach Amagegelepraticiys the bleglhinapsacipten a6t wetespective
' bi t ¢ . . o _ ‘
col ¥ USROS A ip EYRIESUEDLANEBA. 8 i Pk, resting o
smalleertotel sizeab$ thedcomiprepsat ddstbgrephescnta@Yry, Aealibset of the

imqe IPEERIP It SHEAPIOGH Rt TReiicrin ke & B gefined color
codeword selected from the first, second, third or fourth codeword. As a
consequence, no selection or assignment of color index has to be performed
for this (these) image element(s). For example, the first (last) image element
in the first sub-block could always be associated with the first (or second)
color codeword. Correspondingly, the first (last) image element in the second
sub-block could always be associated with the third (or fourth) color
codeword. The index sequence does then not need to contain a color index
for these first (last) image elements. As a consequence, the sequence will
only contain 14 color indices in the case of an image block with totally 16
image elements. It is anticipated by the present invention that more than

one image element could be pre-associated with a color codeword.
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The nobile unit 1 conprises a (central) processing

unit (CPU) 40 for processing data, including inmge
wa@lad0a/006813 hi n the nobile unit 1. A graphic sysPEISRDOF/@1070

provided in the nobile unit51l for managi ng i nage and

r-aphi.c I tdguk ar ' stem.20 is .
T R piEt o df 3k Sl RIS (8 348l iRtaecloment in
the anrget blbcketleenNdees ot Hdies a GirgpdeinetialssodRioP Wit one of the
Cog{}l fcpl al sQ conpri ses a storage_or nenor

0

) . 50 for )
REWeats, tWeidh s pehemadicatiyoiYustatemgey dthe limy L7. The
mfiotl GG cohfiRAld {°He r§8£%9%g. 1gBge data
conpressed 1'mage bl ocks) according to the present
i nvention. An inmage encoder 500 according to the
pres%nt anggtiog Is provided in the nobile unit 1.

Implementatgn, diSgHSSION: onf i gured for encoding an i mage

TH ink£3d BhBoHME (i i | f i
A, e ol i (AR GRIK i CRART A 10e B Riage block
decegirey esvtteme raaomliriss &s the gpgsent énvehiiba afuldubt igrogided in a
co}&re ed irm‘?e.bl ocks. This image encoder 5Q0 gay be .
ECPPRY FEd2aPTOBFINER SYRITAENS-8n Phé& GRFadermdnps or other unit
hiibiséd L ProSeddin filﬁ;/ro%- eNldeSiIRAIrhY8LY | i
COao} ition, ﬁe en_éo%ér 00 rcoul dr%’g argg%gsegEPnapﬁrglmal could be
a goaphitersyst entkih mlicsits snivdy esi PerdenabDigialim¢sidtance (PDA),
hi s_.i mage coder 500 is adapted for encoding an
mﬁ’Tt?%LeggngﬁgaﬁlﬁgefﬁP@r%%g i mage bl ocks both according to
a default conpressing node and at | east one auxiliary
conpressing node. In addition, even though the
Imege procagsinigsteraiinghe conpressed i mage bl ocks
. COMPr.8ss according to the default .or.auxiliar e .
Fig o SUBUSE RS Shneidhe, Brohe ey Sal doErpiRelif Ly @ mobile
unfiieHeavead ther ihwehtdbn tide ne@ NRARESREdobhoskilé SusiB! ber could be
. for the auxiliary node conpared to the default node.
impieregairibdn rathes dermanalonand date peapessingnurtits. BDobk means and
e -he oy . ry, 50 _over . a .
ele?’Hn%r?T%r {/r} Efglgs%lf%f Iédr%{ts o(?igg%ttlf ﬁ}é{r?glivgﬁﬁ ﬁle Jpresent invention are
ilhssthaeguinthe €ipdeel ng of the image. Alternatively, or
in addition, the encoded i mage data may be forwarded
to an input and output (I/0O wunit 10 for (w reless or

et oGS ESL AR IS LR o) 40 o

pro@ssing rtatapdgelutihg image alataxidtiiial the mobile unit 1. A graphic

system 20 is provided in the mobile unit 1 for managing image and graphic
data. In particular, the graphic system 20 is adapted for rendering or
displaying images on a connected screen 30 or other display unit. The
mobile unit 1 also comprises a storage or memory 50 for storing data
therein. In this memory 50 image data may be stored, in particular encoded

image data (compressed image blocks) according to the present invention.

An image encoder 500 according to the present invention is provided in the
mobile unit 1. This encoder 500 is configured for encoding an image or
texture into an encoded representation of the image (or texture). As was

discussed above, such an encoded representation comprises a sequence or
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unit. This inmage data could be an inmage that shoul d be

encoded by the i nage encoder 500 or encoded i nmage data
wao b@b/oedrell d be decoded. It could al so be possPI/EEI005/001070

store the encoded i mage repesentation in a dedicated

. texture pgenor V] i i
R e
proefidd agl Settware altretingt oy ehy, CBY 40pepoisailiustyatsroiredhe figure.
in a texture cache, mam)%%;, e. g. instqtg)e q%rélal h'bc S stemd in th
Altematively mege i erddition.o 4ha BB Ay t Er Seffranged in the
PRYERLLon, LBt d; Lile vtk . i der 500
ereBISHA P 20 BEAFHch O B Bphe 0l 1, Ir@impse encoder
is daapeatl foragacodiesent ahagn.arlhi &sdevduding image blocks both
representation_could correspond to, the ol e origi nal -
acqoRgiRe of0 ad pElefaly NERRISSSIAg MAHey Al c GhedcaAT One  auxiliary
' eqp ida IR RPIRE FosllBMe2Qize of the
CO%?%#%% ?%rgcggt ?/Bl ::%:ﬁfl 99% g%‘éeglses tlﬁge dat a beforgi]g it “ -
corhpréssede imdger blockseoorgpressadacsordimg 80.thehdefavdyeor auxiliary
decoder 100 _can be arranged in the graphic s em 2
mogle Ay [Rgs Of SAg r?éZ?g i%@h (LETTIR) ?’gﬂ%g% VLl ?v/‘,%&g’i ghe payload
| $66Q4eH1dA0 i€ am AR PR Vitieduadlisgf ateecompared
poﬁ%%ﬁgﬂgn&%}ﬁg CPU 40 or él sewhere in the rmb]ﬂ?’; uni t P
to fhe dbfssali myode.decoder 100 includes functionality for
processi ng an i mage bl ock according to a default
processing node or at |east one auxiliary processing
Ang&g@odeﬁ‘?e et BbACES ahNigna@sierdrA tHd black Bactoder 500 may be

econpressing the conpressed block is sel ected base i .
pravided el thet inemeny Géheeron (MerReBH WS O fobHipRESstherein until

bl pck. The nobjl e uni could b ' Wi :ho %
a ﬁﬂgﬁﬁ‘&%‘cémerﬁ? 59 0° aﬁ%eaﬁrﬂﬁg%ggng%g{oagﬁboqwég |ta§ dition, the
enbdddtd iinaleata hhey bedoiwariiodayern ihput samk otepoit (@) unit 10
1 it coul'd be possible to only includ

tc e an i mage . .
forefwdoeless BAOVired) STRIMSTRISEARR ’tOéﬂb@a @gt@;&%eteag}lga& ar alnlts. This
t 1 tt i .
1T T 0 BRGDELL 5 el o AR an xternal

rrng o mage.
un@QrTﬁﬁaomgegﬂﬁta adudnbeadn lincags dhanl showkd dge eanoded by the
i mage decoder 100, i.e._no encoder, Suc r

impje rencecer 20 HTseRpRMcd FMFEETHE EF%EEBS# dfgedcd. Tt could
al{fgg)?dﬁggéiﬁfé theL iRt AR0 H8EQUSSadd rbBrEé&ifbdoR #n a dedicated
texture memory provided, for example, in the graphic system 20.
Furthermore, portions of the encoded image could also, or alternatively, be
(temporarily) stored in a texture cache memory, €.g. in the graphic system
20.

An image decoder 100 according to the present invention is provided in the
mobile unit 1 for decoding an encoded image in order to generate a decoded
image representation. This decoded representation could correspond to the
whole original image or a portion thereof. The image decoder 100 provides
decoded image data to the graphic system 20, which in turn typically
processes the data before it is rendered or presented on the screen 30. The

image decoder 100 can be arranged in the graphic system 20, as is
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I mage representation. Thus, the encoded inmage signal
could be wirelessly transmtted between term nals

w@2i0goaexli o transmtter and receiver. AlternapCweEpPs/001070
ot her techniques for distri¥uting i mages and encoded

S r C
111ugfn%Q§9 4 sucg&as I érr*?ﬁt’rx] 4 eg}gé:ﬂn%kﬁ}n%nbg}i'eddé&der 100 can be

proBidesi aetdof’amire/\ruammg ans flee AR 46f or ebspevideteairb ¢hemrabile unit

1. TBimaRrsy dRousH IR bR BT WP ARG 0% GiPgShYng an image

vogetcLaain o feaeil o scigy opab, O Ap UM e gt

procaysing praxld. dEde aactsief twwcessing dwede torutilizofor rda&qomnpressmg

t her eof | lustrates bl ock di aqgr
the FThRTeSRST b el i PlaRteth BREER b Ao BieP S SEaHIRG Ghoportion of
thel dHmPFESRAL blodkent i on. The encoder 500 typically

conpri ses an i nage deconposer 510 for deconposing or

di viding an i nput inmage into several |nage blocks

o e RRPR35 815, EQUMh PR BLF SHOLHEEEMRRASAY 500 and an

' mMage I 'nage

imalid fcﬁb’@@%ﬁﬂ@% abNiss Ulllisératadeint tige dﬁgﬂf@o&%wéﬂ& for some
preferably receives in ut i nformation, enabling

termdaals i Katreld b pAseRle ﬁagenlm tmlud@rwatlm@g@mwdﬁr 500. In

suc% %1 g%%%? edTEIgaﬁégaT%S e n s d‘Ies:fﬁfatg%cﬁ e C&g&lf'eq'stermmal

thait hq:drfcagﬁs blthek (d9codkengi \eerdi f rpdseshbgr i rfeglele@lmg) nmpbsehe image.
to generate encoded bl ock represent ation(s). The
Cowepgnd%&eaoﬂernﬁeahloeqzulfdeerll-sée?ff meo%nulemﬂfc Hecoder 100, i.e.

no i%ﬁé}g%gl ?g%.?’%he b o enco ereééggl s pr ellrjggﬁﬁﬁqsmg encoded

imaganidagar fdnt cingileere ssimmaleandddag)desndh ﬂonrggﬁeimﬂch decoded

i SRS R3S o SR s S be el

trafi SHRFEES Bt  PninMis’ ?}S’fi‘n ' rI‘éHl&omr?SSfﬁ%ﬁpognd receiver.

conpresses an 1 nput i nage according to't
Altelefatitely c otipere $scimyiquode forCaistedpomag nghggesatarice @sicoded image

one aux1I|ar conpressor. 700 co ses an in t bl ock
repERRGHAg St o%%.w%r%)}i ??%nglémﬁogﬂ | o nsaloppd; ngpgh as IR-
tecBhfqRY UsPhg 1RUPLI BIIRE6eh U |vﬁ%§ rtransferring of image data
between terminals. Also memory cards or chips that can be connected and
exchanged between terminals could be used for this image data inter-

terminal distribution.

The units 10, 20, 40, 100 and 500 of the mobile unit 1 may be provided as

software, hardware or a combination thereof.

Encoder

Fig. 16 illustrates a block diagram of an embodiment of an image encoder
500 according to the present invention. The encoder 500 typically comprises
an image decomposer 510 for decomposing or dividing an input image into

several image blocks. This decomposer 510 could be adapted for
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the single auxiliary conpressor 700 coul d be

configured for operating according to any of these
wa@eooslod@ry conpressi ng nodes. Alternatively, aPCT/SE2005/001070

dedi cated auxiliary conpresdor 700 coul d be

i in tk : Sh :
e
sudh ef esadl, ythie aleadedposert [T bl mrekeramdy derceb&® finput information,

enerating_.an errqor netrjc indicative of, representi.ng .
endlying Mot oh U SR Iake P PRab TG IPE Aogden image.

of the conpressing nodes. This neans that at |east two

such error netrics are estinated, one for the default

The afpiges shogden & afidr thier | @asprises 4 dlockeermnddri 82Q. This block
conpr essi ng npde., As has, be di scuss in the.

g e T RES DA RE] BT BFS EO st g degomposer

to fg’gh@i‘zfxﬁe%&%ggasﬁﬁ)&& ¢opfisRathoh(Yy. defadvkrall size of the block

uxi i ar econpressing or processing node and the
representatin iis msichaswallon thagobipacosmspsindingssize of the uncoded

. generat.ed, def aul auxi | i . deconpresse I .
i Hiprigi AE PREReCRTOMe R2DA: BEanraphofoulledide P98 processing
(enlcpdin®) &IEN1Rd ot b1b &l A theede@ifho§EO5 Orseaftleaniallig,

whi ch™of the default and at | east one auxiliary

conpressed bl ock to use as conpressed representation

far. the current roces i 0 '
b iR EFAET Sk, RERSRREE b IO T o BRIk, cappgpssors 600
70bNewBEFOT o ESirkfredsthpb&ébor TIBOD  ¢diapsesest e Siput image block
sel ects the conpressed bl ock representation that is
aceaysiing dve thei defatile compressing mrede nborrespanpAinglsat least one
typically being._t b .aed.r e [ O :
ek R 8RSk AR SBpEReMBlk Ohctirding o an
auRlliafnedmypebysingheodel althereoars assitipléCitilinsy modes available,

genefrates the default conpressed bl cg and t.he e ror .

theseingie oRUBHEIEACEMRIESSOr HEOReraY BFr SPHFE‘QPF?‘E. Ofh@perating
estJ.mat or , | [ 54 : Nigtid :

aof AR B S90iqh FgSs' SEHAEAT Qo QIR A iharivel, 2

dedRiate@ iikilizaygeahipressbr €6001 dould hédenepleonremtedr iin the block
is smaller than the threshold, the generated default

engedpr 039dar IRsEIS eh aMFIEICHRPESHHNESTOde-
representation for the current block. If the error
netric exceeds the threshold, the auxiliary conpressor

An’ 8frageésimanes 380 dsnprefaraplyc prprigkeskeih thpr ebekt ancoder 520 for

of the block and the . P . .
generating an error metric indicative of representing an input
(uncompressed) image block according to one of the compressing modes.
This means that at least two such error metrics are estimated, one for the
default compressing mode and at least one for the auxiliary compressing
mode. As has been discussed in the foregoing, the default (auxiliary)
compressed block is first decompressed according to the default (auxiliary)
decompressing or processing mode and the error metric is based on a
comparison of this generated default (auxiliary) decompressed block and the

original image block.
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estimator 530 calculates the auxiliary error netric
associated with this auxiliary representation. The
W@ 2006006915 540 can then sel ect the conpressed PCT/SE2005/001070
representation (default or Suxiliary representation)
t ' :SOC| i I r rc., |
A Bl Ry AERR LBl o0 1y R Eingtod 3o B, Blo(% frnctler 520 for
sededting, owhielD obthe alefanit 4dd atiédst oné Berhliask cengRdssed block to
520 investigates the propertjes of the inmage el enents
usgeap rFé’mRB%%S%ie SERTGSEndRHER fo5 the eprrantlvisoressachémage block.

is [ S It a f .
AR 0 s LBt 4k PR by crrr cotimatr
SHbrihessdre sdleetomBde dellextk the ddmprésyashablirtk téprieBentation that

. sel ected .conpressor, ere it is conpressed. The . .

1S 35887 dcg’ﬁﬂ'f Z oFm%ﬂ:ﬂ[-u &t r%tr’%e‘irﬁ'enp eB %N tyieallpbeing the
: B v . .

bésh 0Bt aRied fepredendd €oh oE tRE 1@%6%&%{?&%%&8‘@%@8 ?mgg&quahty.

enpl oyed for the block. The units 51
600 and 700 of the imge encoder 500 may be provided

Alﬁe%@g{vtg%r ga(ri%rgﬂ%ﬁ? 5§ér,n%g%gsr{grin 38 éé 8 r}”}ﬁ;}t,h € {gg:%fei'a‘;rehse the default

cohifptedgBat Blbckogatinethe iefrdihestifBase w0 edalelhtes ﬁhe default error
Al'ternatively, a distributed inplenmentation is also

mefgicsi e eptithatyne3ef thaselgntos S er dednelatbwharmitiin the block

] i Q. 16, the im . der ..50
520 LTIy 10, 8 o 5 AR o, 1
thdetatdrt memmit efs maler atlthdNtlddi Xtk de@hbl& 0 ee Serated default

700. In_an alternative inplenentation, the inmage
coghisgaed fock dsl amphaieddas wentpysissed| tepreseriedans f&2the current

| di ' I 0.in the.i
oI PGB thbhl: &xtB8K EROMETIR thE SEEHIRI SEompressor
70bldeterynines e eesskary eosgiesied Reprstint8ltion €1t block and the

reduces_the total image encoding time. Alternatively,
estinatpe; Selpsalculaten e geRiismogsrer Spotrounssagated with this
essl I L.ac conding to
AuRRE Fep ot D L SRR HI0 B8 En T R End Compressed
regressatatidnt fefenitoderacilarg e popssratagidri caidinGiskbeiated with
t he xiliar conPressi on node. Each such bl ock
the s t@fﬁo%gﬁﬁtﬁ%hen have its own error estinmator
530. Alternatively, the error estinmator 530 and the
representation selector 540 are inplenented in the
In iamngbeemaive infiflémentation, the representation selector 540 or some of

the unit in the block encoder 520 investigates the properties of the image
elements in the image block in order to determine whether the image block is
most suitable or adapted for compression by the default 600 or auxiliary 700
compressor. The image block is then forwarded to the selected compressor,
where it is compressed. The relevant compressor further sets the selection
portion in order to indicate the actual compression mode employed for the
block.

The units 510, 520, 530, 540, 600 and 700 of the image encoder 500 may be
provided as software, hardware or a combination thereof. The units 510,

520, 530, 540, 600 and 700 may be implemented together in the image
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and are in connection with the multiple block encoders
520. Fig. 17 is a block diagramillustrating a

w@omsiomdoes | npl ement ati on of the default conpr eBSDSE®OD001070
of Fig. 16 adapted for the $Packman schene. The

u co 0 1 | zer 0 ;
en il G00c AR BRIy b SOTRIbART Mol Bho AL BT oy possible
withheomeadahelenis tproviddch el semdgere hhdtie aser tpramirisdes

these color representations. The col or representations

are preferably 24-bit colors of the imge el enents in

In ﬁ% %éli‘%cﬁégo 2 Ig‘ég%%c@@é’r 8096 ﬁié@ﬁ&gé‘i‘%]%“siﬁ/gllg UABEIZ&8ed R 520 that

eword and a (9-bit) col or
hagliboftlere ateifab t corepoe skorb§O 0 ren d) wam eluxdiiagl Oompressor 700. In an

I ntensit uanti zer 6 is_provided, i d | t .
altgiaires SOPISBE I HORadNE] FYRRG D SHO £ bdRFiugle multiple
b1o§§t SndUHESIOr BY pHoViBMNg MBR/HIBIKekk dhCodiiansd@ah the image

20 1s preferably configured for selecting these

encrttirf iS00, s ergltinlonimagas bbasikst drointhasidegomysisered30 may be

The ntizer, 620 th generates two. i ntensi.t . .
ProsgaseoreRoqde) hopardllsty SRR ritHer R Ehe 5Pl ilpee encoding time.
AltER vy, sefisst STEsSOOPEIRS 6B RACOHErHS20 Belildlas aperated for

intensity selector 630 that selects, faorthe image

corapeessing #n fhest nelgskhpserrding fhithgsAeladrgmpression mode,

f f e | g . . y .

whthER Loesneisif . miBRY0 o e GRRLR T s, Bhedted ftording to

thamayixiiéay eviriadssrs ehsder BachasdeRrisiock encedd 620 osuld then
thereof. The units 610, 620, 630 and 640 nmay

: ! ; be .
hayerpiseawt @i of RFdimaton A3PhALRNAHVEDL s 8598 eipator 530 and

T R —
and heehihasnestivtewititithe maltipslesblbthanadidegs &R0.

illustrating a possible inplenentation of the
auxiliary conpressor 700 of Fig. 16 adapted for the

i, PP, S00ETERE PN URE I AT SSESE, AR con. of the
defoRilbiconnsiewsod 500 v Big: h16 aatmpieds fdrothe aPhckuinrblsotieme. The

of the image block to be encoded. A color se tor 720 .
deiidh COTMBEREORANID SORPEES B SORE HaROer his ey dotermines
SN £ AAOTCol i [ £1a88 SAE] iy
coltek s Mn e OB SE SIS BENIERARY 4 e boc
andngluentintat ilerse abldreaspresentations. The color representations are
preferably 24-bit colors of the image elements in the two sub-blocks and are
subsequently quantized to a (15-bit) color codeword and a (9-bit) color

differential codeword, by the quantizer 610.

An intensity quantizer 620 is provided in the default compresser 600 for
identifying two intensity modifier sets to use for a current image block. The
quantizer 620 is preferably configured for selecting these modifier sets from
an associated intensity table 640. The quantizer 620 then generates two
intensity codewords that is associated with the selected modifier sets. The

compressor 600 further includes an intensity selector 630 that selects, for
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one image el enent of each sub-bl ock has a pre-defined
associated wth one of the col or codewords and, thus,

waelomws/0mots need any col or index. The units 710 BeMSER05/001070
of the auxiliary conpressor37700 may be provi ded as

theoh XL 81 r; ofhj hatj o reof . The units
~ 710 and 7621{(1)%ay Zh?&pi %nt eg ’td&gg?%QEIWn qﬁiéﬂer Irom ‘one of the
idankifieddnyensitp mesdifier 428. Al ternatively, a distributed

i mpl ementation is also possible with sonme of the units
provi ded el sewhere in the bl ock encoder. The auxiliary

T h I Il r .
ORI agD, SRR 0 TR AR v
asf s;?ftwampr]e;agimigraagr larmg'gtbghmdm i’itheﬁédﬂ Thet@ntiBes 06, 696, 630 and
er_previ ous escrj bed auxiliary. conpressing
64 agial (B pepiepncRiach: Geclie osk dhagramiabit aspmpressor 600,
Alﬁiﬂ?&(ﬂiv&ﬂta@isﬁibﬁf&ﬂﬁnﬁf&ﬁgﬁg%%% elgcaﬁg%%o%%ﬁl% F{s?/l some of the

present ‘invention. The I nmage pretera
urdgmpresidsdeclpewbiers éth ¢be drlodlt @nichderi s adapt ed for

selecting, e.g. fromanenory, which encoded i mage

bl ock(s) that should be provided to a bl ock decoder

Fig30d o5 aebRekndiagdiaen MIRM-HehECH %oééiBleﬁfiﬁﬁ%ﬁPéﬁ‘t tion of the
recei ves input information associated wth the enco&eg
gamwresser 7/00onf Figedbeadapted famter iPaclenginnecheme. The

a

% - . ded i bl kK hayi th
B SHrLs BMRIARES | PR e 8o th Bt nsrates four (11-
bit) ngudor icodermatlspiwol BuShCOrME AU @ashi %BI%B)%ka@f ¥he image

dependent upaon the imge-el enent (pixel or tex
le‘ﬁ%F@i%ﬁaﬁ%%ﬁ@h%%@ﬁ selgetorUéRAgtheme salidte solot hedices for the

. t ' ifi he. ded .bl ock .
1m?%§‘r:néicteﬁgnﬁ§ rr(g: ’g/ﬁleli?)mcg{e, :\g}elﬁ '}Ile SloLoc{e Y ggﬁgrplﬁn%%)%m@gﬁwﬁh one of
the fotthggerfeetitdib dofdrosddéeotdrizue prdeiticdvirfpterhentd§on, at least

bl.ock defoder 130. The (random) access to immge ‘
ong|1magR slgrenh of pagh snbdrogkhas agetridefinedadssaciated with one

f 88 e61drv& H&EAH NG, 8F Y4k ho artions of an inage

O Fhat 8%'grre('eoneed(ge}gi.s %Ff?t H'g|rr’11#fncr1$e£g fiﬁg 'eﬁggaemf: Sﬂfoﬂén@l&\foded
in any order the data is required. For exanple, in
portions of the texture may be

Ththg‘{lﬁ égdﬂg%gllc{%ggg‘l) the pewalighy Fogmresser ¥ OBemasyberpmyvided as
softafe "RArAWEAUBR Bbmbination thereof. The units 710 and 720 may be
implemented together in the auxiliary compressor 700. Alternatively, a
distributed implementation is also possible with some of the units provided

elsewhere in the block encoder.

The auxiliary compressor adapted for Packman could alternatively, or in
addition, be adapted and including functionality for compressing an image
block according to one of the other previously described auxiliary

compressing modes.

Fig. 19 illustrates a block diagram of an embodiment of an image decoder
100 according to the present invention. The image decoder 100 preferably

comprises a block selector 110 that is adapted for selecting, e.g. from a
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order. Thus, the inmage decodi ng of the present

i nvention can with advantage by applied to process
Wo@iog/0a9p®rti on or section of an i mage. The SePEDSE®05/001070

encoded i mage bl ock is thers8f orwarded to the bl ock

BRI ol ) 400 BB BRI ALREks it 1 b

deadderh 180ufpr deendimigs Tie Dieclblsetdctohat 13 hmeletalbdy receives input
. decoded. The .inf rrrE\]t)ign coul d specify, that the whol e
inforggéion serocipted with thesgeadachitnge idadrerrs By Adicader or a
C VP r i 1 .
58 g PRUPAASEs 4 1 BECBURIA MOLUILOR RO the cesired
imapatelshmrit(s)bis dhendecmplitedbbaséd dew oder 110t timdormation. This

energtes.a decoded representation of the |na .
coRRHEm Ad TG P PGy R R togeen s G ESed sisRnt (pixel or
te;!be;ﬂt cgfcﬁfd‘?ﬁé{éﬁw?ﬂﬁnbéﬂ il‘l"l;%Jﬁe.r Us‘i‘ﬂg irtg..e Rid $relsBE tIe! HI6EK gfelector 110

per 1 mage el ement the o inal inmage, e.qg.
idezntifinst tHRGBncoted . inTage blovdkkfrder tieméeg®ryodinis sésntified encoded

i g rlockelr dBEDh drieto M. T RIPFAGH AL ST b e the block
deddtgerovput is then a deconpressed or processed default

representation of (a portion of) an inmage bl ock.
Correspondi ngly, an auxiliary deconpressor 300

i simpl.emented for operati i e bl ocks re
Th JeBRAPHY e6etre ta B FFReHE S riid R aiageousty
enfblcpUiskidtgive ¢ReodRIE SRy XiHdsY YoorePpnes &t ahi dhagt that are
an i mage block. In certain enbodinents, the default

needed afgrflasimpse.y thie doigce §88r bgodeeaslad ibeany sondgrethe data is

conbi n d esso [ , :
reBRFite SRRl aBcletlr sABbHERr B HRe SLuR! texture may
bedetaited andalhdskiponticiscwilb pessadlly bei eqlised inel ndassequential

a conbi ned deconpressqr operating in the default or
ordgrxiThestheodaage slegading ehithe Present Hy e ik cagcwidy advantage

by R TR T U RR O SR R SR et S or

200, 300 a conpressed bl ock should be forwarded. This
means that selectjon of deconpress%%/ deconpr essi

Theperlertedencerredpree blprbces iy forwar @_etooitla%ﬁoqpﬁk decoder
ISQh'Iﬁ %‘g@@ﬁbg‘e% tHeS iRaBO "SRURENER dRBbYeR B30 Ppferably receives

econpr esse
information specifying which image elements of the block that should be

decoded. The information could specify that the whole image block, i.e. all
image elements therein, should be decoded. However, the received
information could identify only a single or a few of the image elements that
should be decoded. The block decoder 130 then generates a decoded
representation of the image element(s) in the block. This decoded
representation is preferably a P-bit color, where P is the number of bits per
image element in the original image, e.g. a 24-bit RGB color. The block
decoder 130 comprises a default decompressor 200 that operates on image
blocks compressed according to the default compression mode. The output is
then a decompressed or processed default representation of (a portion of) an

image block. Correspondingly, an auxiliary decompressor 300 is
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representation has to be generated per image block. In
an alternative enbodi nent, a conpressed i mage block is
wee@eidods t o t he default deconpressor 200, thePCT/SE2005/001070
auxi | i ary deconpressor 300 ¥®nd the node detector 400.
. : , e r .
im R e AR TB, PR ort e PRI Brhned asgarding to the
ausifliayt womMpPfegingr ahede aand enttiperntiogmandetbaipressed auxiliary
forwarded tq a represheint ation selector 140 that
repgesentationof prpimage Blegkesent ations to use. In either
i npl ement ati on, the detector 400 operates by .
i nvestigating the bit sequence of the input conpressed
In hdertdinr epriesdin et iso ntheaddfamit 2Q0 e d edyxiliargstegamgsessor 300

a | ection sequence, .or a portiopn thereof, of the,
corlsh e &b SBtElG ROt dRCPRERREIPY T CARRTEPS RCOfing to at least
tw§e|<fé“dok19ﬁre%%%k§n%ﬁoﬂeg.| ugiaserd h%lié&'iééiﬁ@ of RBault or auxiliary

conpressed bl ock that encodes at |east ~one col or _
decompoassnr; ghis ledse dholudssde worgbiared deeomiprEes@nbpatating in the

’ odeword, .j..e. detects whether the sum of the col or
defi3fIE R Enilia

FY &% two codewords exceeds the al | owed
property interval (overflows). However, as has been
proved earlier, not the whole this sequence is

In rey amhadimmnt; b theldeck slecodar 1o, ya anadaidaiaport 400 is further

.t f...Possi L pl | h fl

incifedty; O Rer R A3 BFAOHHERPR. 2 PR B mpsssgr 00, 300

a &6Biprebséd Bilodkllshfi€ beé] forSdideli3] This ROEMAs| Bhat selection of
i npl'enmentation, the detector 400 g{ref erably

decompses iy s comprensiqry iegde és Perivrmesl priorcpragsstig the image
Ve . . -
oidls SFSu0BEBSIRARLOH 5 Faod iyl A58, EURlalrcompressed

repiekautdticie terptebs Pen2Ptedpephingedlockirge conposer
120 coul d be provided in the decoder 100. This

conposer receives the decoded i nage el enments fromthe
0 r 0 ‘ 1acd
e 008 o BB R Rt COTRORD ol BER. RaBET90Rk By Bppviced to the
defehdt aisoespreskd® 200| dheequikilargedecamprapsr iI3tDand the mode
elements to generate a single piLxel. This im

detasrip §80- 188Ck ARPTBPFRTRA 4 Y 909et1}sﬁrb@ea!§aa€qe$ grféecompressed
p1dH& Pé‘%l%so%ﬁ%ﬁgh %ef‘%ﬂst th A 319%%% fetedid? 464 Oger?é}g'te§ Wselection

and 400 e 1 mage deco
command that is forwarded to a representation selector 140 that selects

which of the representations to use.

In either implementation, the detector 400 operates by investigating the bit
sequence of the input compressed block representation, and more precisely
investigates a selection sequence, or a portion thereof, of the compressed
block. In an Packman implementation, this selection sequence includes the
portion of the compressed block that encodes at least one color component of
the color codeword and the differential codeword, i.e. detects whether the
sum of the color components of these two codewords exceeds the allowed
property interval (overflows). However, as has been proved earlier, not the

whole this sequence is required for the selection, but only a minimum
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may be provided as software, hardware or a conbination
thereof. The units 110, 120, 130, 140, 200, 300 and

wadenesp1be i npl emented together in the i mage PEDSERNS/001070
100. Alternatively, a distr6buted inplenentation is

po?%i&q RASELH e?ﬁ@él%l%?[@pﬁ%rp%ﬁ%ﬂn&?%s of" BYd d6ferflow detector for

el séwhere 1'n o e decoder
Paykndhner ilbistFaged &9 Fighel OAvged ddi®dbr alBXA L], @e€ [2], S3TC

a single block decoder 130 havi ng both ault, 2 and .
- [BlagxiRPQMA IS0 HRisTEREin. the, d%ﬁ%‘itﬁér‘gé fﬁ:aarﬁy investigates

thé ggvga @%91%%?9%? %3189) £8P bEES iHUﬂhte: eélngﬁagkgfé& plock, i.. if they

avi'ng access to mult
aréecpdédrihel 20xilisy devgaptessaeB000 selecpdcederwise the default
(decode) n‘gl bi pl e encoded i mage bl ocks in parallel.
degpauaeqs®s #BPe bl ock decoders 130 al l ow for parall el
processi ng that increases the processing performnce
and efficiency of the inmge decoder 100. For exanple,
Arpoptideed decdgenagapesend 20 ¢eulgehe rpiovideslifit itbeedtcodsr 100. This

S A B LGERE P S BT PAE becocr 120
anldéSinpRlsas itABm b gtuebafe £35iRel Bascith Wekrdlftada o Bsplayed on

can have both a default deconpressor 200 and at | east
a serecauxiie soypisesnbpesewrld3oayuisg tsevaral inpyt image elements to

subset of.the block,.decoders 130 can_be uj j t .
s §eRat CMEoRBR b dn 200 A IRC S cha i el g atively be
prévidedtinase fidishicasstem. di fferent) auxiliary

deconpressors 300. In this enbodi nent, the detector

400 and representation selector 140 coul d

SRS, S AT 440 I JOPRE ECRIRE cpor 100

mékerRuptodeanay esforard)haadaptrecod arcdrhbidddek ereof. The units
schene. The default deconpressor 200 conprises nea

11910120 13Poli0 MPDGneeRsY 4RRIm s besknBlarmentesh together in the

_ . . : o5 he i St
BRI 2°0 BRSE A0 AR 1 o
poksilBiwith aohhé of thehnsies ppdvidedi dlsewhead ieshermobilbeinit.

intensity table 250 and determ ning a second sub-set
of nodifiers based on the first sub-set. A color

P B3 B5ARE O S 1905 6 ok CRLESREL 4 pncludes o
siggleobleckiedecsder D36 ethaving hbotivl defardtie00d aardl ahgiliary 300
de%glm(.);;regisgis?rI%nteﬂn%lthg? deen\qg(r)gimgrqjc,st}?ee qsrlraagteogleggger 100 comprises
multiple block decoders 130. By having access to multiple block decoders
130, the image decoder 100 can process (decode) multiple encoded image
blocks in parallel. These multiple block decoders 130 allow for parallel
processing that increases the processing performance and efficiency of the
image decoder 100. For example, one decoded image element is generally
sufficient for nearest neighbor interpolation, whereas four (eight) image
element are need for bilinear (trilinear) interpolation. In such a case, each
block decoder 100 can have both a default decompressor 200 and at least
one auxiliary decompressor 300. Alternatively, a subset of the block

decoders 130 can be equipped with a default decompressor 200, whereas a
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preferably expands the 15-bit color of the codeword

into a 24-bit (RAB) color. An intensity nodifier
w@edoenoes 230 i s arranged for sel ecting one of PETIEE2005/001070

intensity nodifier values falomthe nodifier sets
reﬂlgaq%ggrﬁe%lgér%g&&or se eg&‘%ngsgglgl%r?gglffﬁo tf%lé?ﬁ I\}g u%l%gompressors
30i0orInt tﬂelsl Bﬁﬂﬁ)(hhmm:nttheldbtbh’a)lenOOd&ﬂdlmesbﬂl’mﬂbn selector 140

based on the s enc sity i.ndice
coei(balﬁiaéatww f’ler %ﬂ%ﬁ‘f ¢ dmEe gy oa%a 100.
nmodi fi er val ue from nmodi fi er sel ector 130 are
forwarded to an intensity nodul ator or nodifier 140
Fighd0 iwdhf ilesstragonnsfeasni emb@ﬂilmmtco]ﬂ ardcﬁam@bnlenbmpzrfessor 200
th anded._co] or with the dlf v | ue. The
adabiied o7 thggPaekmRm SERgItho 1 dgt OBPTRAGOF 200 comprises
mé’é&lxé’@;lc)’\fdxh pEb bR E&Ete‘f@ltg’hﬁﬁ)cﬁﬁér fseﬁs iofh &8 atssseila%d intensity
omponent s. Furtherm)re nce the col or conponents
tabhwéaﬁleémsedt ens Ithy imbeih sty ccodwsvonsti. f This provider 210 could be

o r.ef era}b,]to% t‘ég Q{e@s%oglggnent S bet lgggfal%”%%'f% @16 intensity
taB@QS@z%dZ(@&e@ﬂﬁn%@ aOkeddifd @%ftﬁéiéﬁ ot @8 6MH28 I setPBn the first

provi ded as-software, hardware or a conbination
Suhﬁeﬁt’feodi coftregemeragop D20 generates a gmlaml%mem@ﬁe@éatwn for all

1mﬂ$ e?elﬁngi?qtrgt%l {)’P qgtezsq.il?-:brf% h%&%%ﬁﬁ#l’x I{Egﬁgg&é’ cg or based on

theasslbPl e demtdrds anE ﬂie tbﬁaruaiffeireﬁt@\ylcdﬁémiraem@@egmerator 220
t he i mage decoder. is an illustration of

prefesabineRpanAS dhe A bt epipr ot omsadeRer GBI 2gr ol (RGB) color.
for the Packman schenme. The deconpressor 300 conprises
a col or generator 310 that generates four col or
Ad eipiteasiny amddiiebasddcrr L3O fisuareaigyd dodeweledtinghionie of the
enerator 310 preferably expands the (11-bjt). col or of
intensitbaeadifier ividyes fromithe pradsfics sesy pravissidopy the means 210.
Thseeb'?oc&ﬁgr 3% dtdr B3RP £ ?tééfgcﬁ?gcéo%ectbmodmer values
codeword or color representation to use ra su

foothé imdgragiensdreseint thaishogdéd emagedblobkdan(seﬂeqneﬂheesequence of
As a remai ni ng_subset of he |ma e eltg){rga gqrhave a
inrarsiiie dndicase AnedcERRRACd cpRles cHPRY i eﬁ&rl&fa or 120 and

m%{l‘ﬂlg sr FRiGe q?(t) 'rﬁBdif%'?) §é@k&r b3 RS0 ?H)véﬂiéct‘ J:BX an intensity

e) 1 mage el enent out” usage o0 ein
medqlsgoceor modifier 140 that modifies the intensity of the color

components of the expanded color with the modifier value. The modifier 140
could use a weighted intensity modifier value, with different weights for the
different color components. Furthermore, once the color components have
been intensity modified the modifier 140 preferably clamps the components

between a maximum and minimum threshold, e.g. between O and 255.

The units 210, 220, 230 and 240 of the default decompressor 200 may be
provided as software, hardware or a combination thereof. The units 210,
220, 230, 240 and 250 may be implemented together in the default
decompressor 200. Alternatively, a distributed implementation is also

possible with some of the units provided elsewhere in the image decoder.
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It is equivalent from deconpressing point of view,
whet her four .color representations are first
w@emwenatoesl based on the col or codewords and a BE&I/EE200&001070
is perforned anong these baged on the col or indices,
or if the selection is perforned anong the col or
codewords and the selected color codeword is then
Fige2pasdad illusgatiembtan anbodiment ef emt atikiiiary Tdecomptessor 300
310 .and 320_of the auxiliary deconpressor 300 nma

be
adaited (198 dhEsPASkINRR SChRRebRE GSCOMREREPRAJQ Rotnprises a color
S . S

goriel Sl 310 Uit BbEraAts A SO0 piBSeh TS Bed on the four
coldt tedeabirdeMhis edieshitorh B8 Odprefpravyneapands itheallslebit) color of

possi ble with .0 e units provided el sewhere in
they qwgle‘r{f&%é%?.gltﬁ%élg)ﬁ&%hen&ti cally illustrates a

possi bl e hardware inplenmentation of the default bl ock

deconpressor 200 adapted for the iPackman schenme. The
A dalputsdlectone3BOotk atrengpd efosopelzgbings aagokac e@gdgword or color

reDEBIHBH P S0 I 1Pbr caUReed: Of e Ra081 FACs7 S8 By the color
indeRdsdfien Rl 64s GO FRANARINg stib¥ebidfl thd ﬁﬁfa%%t tRm&RIsOhave a pre-

codeword (3 bits for each of the red 922 green 924A
definmdl lpisgeciBied edaporpreentafivrs{endewerhsthat ceprssepgation can

.. 930 940A a _32:bit .i nt.ensity inde Ce.: ,
st oy P288RedZiS it THERE) e R AERAN G IR, ufase of the
indggthgﬁh@g[enented as a set of multiplexors U 221A
222, 223, a set of adders 224, 225, 226 and a set of
bit extenders 227, 228, 229. This color quantizer 220
ener at h se I f : up-_hl o ..t ‘
AR e U B 0o Ol ot

représéitagiongd aaer fiesd peheemedhdagetioonc eewosldrd¢ddewords and a
914A5 916A in whjch case nultijpl exors lﬂ 221, 222,223 .
seletiqutis peFlormyest amengetwing based| Gekthe elor indices, or if the

s BT, 7Ong S SHBLORBRpEREREGS e It coo

codemerdoisttHdinexpandaddedenerateca addier se@@éenP2hon226 to
the col or conmponents 912A, 914A5 916A of the col or
codeword. The sign of components 922A 924A 926A of the

oGBS Bt SO0 Fheropnteteblinaessiioh g b providd

as software, hardware or a combination thereof. The units 310 and 320 may

be implemented together in the auxiliary decompressor 300. Alternatively, a
distributed implementation is also possible with some of the units provided

elsewhere in the image decoder.

Fig. 22 schematically illustrates a possible hardware implementation of the
default block decompressor 200 adapted for the Packman scheme. The
input to the block decompressor 200 is an encoded block representation 900
comprising a 15-bit color codeword (5 bits for each of the red 912A, green
914A and blue 916A component), a 9-bit differential color codeword (3 bits
for each of the red 922A, green 924A and blue 926A component), two 3-bit
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(4,15,27) and {AR AGAB ) = (-4,-2,3), the resulting
15-bit color is (0,13,30). Thereafter, the bit

we@zioenaors 227, 228, 229 extend the 5-bit val uBcvSImnfgoomm
out of adders 224, 225, 22&3to an 8-bit value. This

in MR pORER oy RIS, YDA, W 2RO Peh Oy IR ShrpPiice 0504, &
flipbiteOdHA avial aleiiffﬁt@'bdm will be converted to 10101

| A bin, and our five bit exanple above (0, 13,30) wll
beconme (0, 107,247). The nodifier selector 230

0 s e t st
THO R g8ab e £A0 Db SHRLRA B, 108, ST FLEIRre v 2214,
zmmrwsegmwme&% 20p] apef and & per bf & ektdriwg 227, 228,
d the sec mul ti pl exor 234 selects th

208, TRE icol% B tigRT S EFHIGRCS Fanines ier Sbflte two sub-blocks
of 'ﬂ{eeriﬁia%l ?(?(ﬁ%\?@%rgglq@‘ fngﬁﬁoé‘ubsblto%ﬁ t%}ﬂs hﬁggﬁg{:ﬁcﬁ]@r is obtained

| ook-u is an i nplenentatioh I er
dirsetlyp rfomml ethe106olard dodtesroaidt y9 IMJ e925A, bdieAg, ihorwhich case

B, o o hodr s 2 oRiipats dese Ear) '[tg&ggggoglgl ‘Stib-block, the

mllﬁﬁ gzh}»ra_' 909 T@QQGIZEZ@%%&E&‘%@ I%SFQ&& éﬁoﬁ %mgonent 022A,

924@7 A2mA afzthe(sdlff@@ntnai&o(i@@or_@ that a%e adﬂedfby- Pde -BRlers 224,
: 9 106 183

225, 6% B IBRGUPE Comigpfpty Pl sHiAn? IRe: oh the dolerpodeword.

Th%eﬁlgneaﬁ Boafp¥radriisng2bauroamdi dben Mﬁltﬂésdlff-gt‘énﬁép|c%deword are
enerated by starting from random nunber’s and

pr@fﬁm 7¢¥igndednh gixrbitisnbefong theedslition. fRer lals$ancc>,f 1f (R G,B) =

(-3 P R LA e AT 57 et & oy FeRiieie ASah crUgh 9(0,13,30).

val ues negated. Thus, onIy si xteen of the nunbers need
to be stored, and t he remai ni ng 16 val ues can be
Thema"tetecthdﬂblteéxmndélf’seQWI 28,6329 e3déndstise fHbit value coming

ouby BhertlifE d2mpeess. Cahe tPestl t Prigit2IBiee] iesiagn be done
indx}@%ively by padding the missing lower order bits with the higher order
bits. For instance, a five bit value 10101in will be converted to 1010110 1pin,
and our five bit example above (0,13,30) will become (0,107,247).

The modifier selector 230 comprises two multiplexors 232, 234, where the
first multiplexor V 232 selects which of the two intensity codewords 930A,
940A to employ for a particular image element and the second multiplexor
234 selects the intensity index of this image element. The 3-bit intensity
codeword 930A, 940A is fed to the table look-up 215 that is an
implementation of the modifier set provider 210 and intensity table 250.
Using, for example, an intensity codeword of 01 1pin means that the following
modifier set is selected [-42,-13,13,42}|, see Table 6 below.
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forwarded to the table | ook-up 215, which selects a

specific nodifier value fromthe selected nodifier set
w@Roobou9ishunbers. For instance, if the pixel |PUESEI085/001070

1l bin, using the nodifier Sﬁt sel ected above, the

nodi fier value is - 42. F| ¥%6the intensity

nodi fier 240, inpl enented a S fee adders 241, 242,

[Bdhsnd CIGOMaY S Dy, 248.0,2460 106RET aoe)bﬂlhewf&yl t1|1rmm 11 1pin
d conpressed color value for the inmage el enent.
CQaewPEd 241, 242, 243 add the nodifier vaI ue fromthe

tabte took- 1O 1F EXPdRBREEU ba cot IIUIII bre—bt
extenders 22 2281(7229 ‘?’%en th%icol or Ps clfped '106  -183

bet ween a maczl mum & | owed-col or \zal ue, -e89. 0,04nd az3 47

maxi mum al | owed col or val ue, e. 255. For the exan‘pl e

above, we wid| get X0, 1079247) +1513 42, 421&2) =24 47
(42,149, 255)g where-val u have en cI %a 06 183
[0, 255]. The nultlp exors 221, 222, 232 rked

with Uand V are operated by signals U and V fromthe
trol 26 h trol | 260 tak
T ai:)%en L&ng ﬁ@%ggytglgﬁ%fglg{] tr;t%ﬂspybqnpo o s«?@, ;Ztch containing four
r
m RN e PhE MR Tk RehoPRHORY BGe R0 [fhdm numbers
an‘dB\Menonpﬁmztﬂ@ tj&emd obyli nanﬁmmn%hthé)lmkr fapdawsét WP training
._conta ordi nate it ANDV V =
IMALFPp ote Aﬁ@&ﬁeﬂr(s 2nd seren NBEWF) of gaghgmodifier; age preferably
thé Yﬁi‘i’d‘)&ﬁ&%ﬁ&th %ﬂle@ﬁe Wl‘lﬁ@l rlfu}ﬂly' Libpsd %!f %ﬁeanumbers need
possi bl e hardware 1 npl e ntation he auxi |
to blesstkreidcang the sema8ting dfprelhdsoran e cRmakmm thefﬁn@m

The input to the block deconpressor 300 is an encoded
bl ock representati on 900 conprising four 11-bit col or

t 9 :
Ao 34 S a8 RO BERP1s 240 which

impges elemenke to| @ecomm@nent’ghelessuﬁﬁ@ 291368 1n9@’k&3ty index is

fordiifit b 708 RIS AR AP 19 BIRCRS IR Seh el igghodiier value

fro@ﬁpdweemf&édlﬁh@aﬁﬁéﬂlseg R O MRIABERY Pbpqhs&%@ & the pixel
rocessable by the auxiliary decoder 300. This
1nc§e;§(

i$ ildwip, BIYBR thecouslifiso®et selected above, the modifier value is -

Finally, the intensity modifier 240, implemented as three adders 241, 242,
243 and clampers 244, 245, 246, generate the resulting decompressed color
value for the image element. The adders 241, 242, 243 add the modifier
value from the table look-up to the expanded base color from the bit
extenders 227, 228, 229. Then the color is clamped between a maximum
allowed color value, e.g. 0, and a maximum allowed color value, e.g. 255. For
the example above, we will get (0,107,247) + (42,42,42) = (42,149,255),

where values have been clamped to [0,255].

The multiplexors 221, 222, 223, 232 marked with U and V are operated by
signals U and V from the control logic 260. The control logic 260 takes the
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wi Il not enploy the selection sequence 981 nor the

diffbit 970B of the conpressed bl ock 900 for decoding
w@eopoe®ss Note that the actual bit | ayout of PEESE2005/001070

conpressed block 900 in Figs 23 and also in Fig. 22
; 0 I rgied i, e
BB Batoreare P RNt #38 E S Bkl R w are 4-bit
actdmps limelext dossrbingiwhicht itqtaix@nmed2 tldreddtatibcdmpress. The

|l e éliajf?b ﬁor 330. .The nultj plexor 330 selects

bifSo s f the Rk coRagiade eife fhetlplosk, dndbdeno Tongain the x-
cobPd@gatsel ection is based on the address index of the

i mage el enent. Note that for one of the inmge elenments

per sub-block, there is a pre-defined codeword

associated so n o col or '_nd iz‘}}}t&ﬁu‘[}d in the index

sequence 950B for this ne t If that i mage

el ement is toyphe (ﬁWEND ﬂ)lfdi@gerf%t Guts th @

address index, the multiplexor 3
pre-defined value of Gbin (or |bin). The output X from

Wﬁ‘gﬁ %@ﬁgl (I)@%l?cﬂsfo is used by the first set of

€X0r s ¥-326 in order to sel ected between
t he flrst 912B, 914B, 916B and third 932B, 934B, 936B
col or codeword and between the second 922B, 924B, 926B
Figngd3 f%ﬁhqmaMQEy 1@mga’t9a@5p@@sﬂﬂe d@mimzce implementation of the

BT B S IRBR el P0G 18 45 B otk B coppeme. The

inPaek tBé%cE%oﬁﬁbﬁss@@%@fﬁaﬁfe%&ﬂ@dCBm féifreé@ﬁtatlon 900
first sub-block and the third 932B, 934B, 936B and

compyisingoil; ldabi colmpcedewprdoddwbite fe eaphl pEdbkered 912B,
k t f

g, b gl B i QAUBEOSISE RSB Bt <

b1thI fostthe1BBle 8dAthorEB UGBS e0em] SHRB, 99@%, a92@3>1t color index

col or c:@g(gword ndbthe third 9328 934B 93
SeHBEReh 9298 @4@@ 15486080l BrdiEdit & foB ﬁélg]pébﬁl %ﬂb}t selection
s OB RRRARL T oGl P SR B 900 s

pmmmb@tby tihe tetw{lhargaldeyodef SOCedTER Qﬁxﬂi&i@’\/\brdikaﬂ@coder 300
ﬁ rded.to the bjt extenders 311, 312, 313 of
willongt guRlAtthe setec rﬂsbss&qbaepcsx%r%daog gha dléﬂvzt “W0B of the

fiflr 888 9 t
oS or coqr#qu%lént sd f(%rr% er a{k}fg%@%rs%%e ht%ﬁ tﬂg it it layout
of pla¢ teemmpoéssedeblomlkoP00 in Fig. 23 and also in Fig. 22 may differ from

what is illustrated in the figures.

The color selector 320 of the decompressor 300 comprises two sets of
multiplexors 321 to 329 and a single multiplexor 330. The multiplexor 330
selects color index for the image element to be decoded. This index selection
is based on the address index of the image element. Note that for one of the
image elements per sub-block, there is a pre-defined codeword associated so
no color index is found in the index sequence 950B for this image element. If
that image element is to be decoded, as determined by the address index, the

multiplexor 330 outputs the pre-defined value of Opin (Or 1bin).
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conmponents, e.g. IAbin (IAlbin) is extended into

1011 d1Cbin (1011 1A Ibin). The nmultiplexors 32 1 to
wWR2®oneoked with X are operated by signals X fProrsE3e5/001070

control |ogic 340. The contaol |ogic 340 takes the

THO Rt RAT BBLBHS {ihd p@(’)ﬁggggﬁgg ;34‘6 SYPW, 404 p@tegﬁewﬁrst set of

are 4-bit address I ndex g which texe .
mudtpleposs X 32hetobB26 inzerderdnt sélactcdebytveesn ¢hadiet io12B, 914B,

91{4]%881'&0 %ﬁgﬁgaa,?g, @3%13? %%é% :ggﬁqr;( codey s;lycl;q %tr;edq éq)éévzveeq the second
9d72B t ke 4B/OboeEer 2hQT fddrtW buoke 99%?5 SHagw o18r g@gcfe%ord. This

skilled i'n the art that various fodi fi cations an
basicalesorregpbadsadestlocting rtesent thatwotswin-bibtkeodince the first

o PN (it | AR SREopnread. oML o75H) velhg podeword are
delieged GoFmhesHis? s s iHISCIBlagek HE Hﬂﬁatég%?@@fgtgégﬁﬁ%nd fourth

Transactions on Communications 2, 9 (1
2928, TAtBb&16B mstlencodemeddr dtes enplidaplee for sk esecond sub-block.

T R OB, B Lot L0 000 W,
be2dbe? Xhe [idst 10 1268 £014B,96668B3Andl $bcdbfayErBBIHAET 9268 color

gﬁrectx 6 Texture I\/ag Conpr essi on: Game Devel oper
coflgyard rnd the thirdu8e2Bo834BA2MB 4m] foaketh 4B, 944B, 946B

' A d .
ol Bige EATICSEAANGE, [ oloERe SeshpfE Sispanipiencrs w
bafednsatiid¢ onspat Wafaphi e nRAtiplexc2®®)., 801-808. [ 6]

Fenney: Texture Conpression using Low Frequency Signal
Modul ation. In Graphics Hardware (2003), ACM Press,

TR B S RIS 0 OB PR PR e orvarded o
th@3bd4extchdeds Brtler 8aRi 0Ba8 appihiec @blan dederRESY 310. These bit
ex%%z e?*§/3 1010,13 %3,0 313 extends the 4-bit or 3-bit color components to 8-bit
color components, preferably by repeating the bit pattern of the color
components, e.g. 10Ipin (101lbin) is extended into 1011 0110pm (1011

101 1pin).

The multiplexors 321 to 326 marked with X are operated by signals X from
the control logic 340. The control logic 340 takes the input parameters
Slpbit, and w = wswawiwo, where w are 4-bit address index describing which
texel to decompress. The bits wsusn contain the y-coordinate in the block,

and wiwo contain the x-coordinate.
X = (flipbit AND w1) OR ( ~flipbit AND ws),

where - is the NOT-operator.
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[10] Strom Akenine-Ml|er: PACKMAN: Texture
Conpression for Mobile Phones. In Sketches program at
WEL@BaEPIEY 2 004) . CLAIMS 1. A net hod of processPCySER005/001070
conpressed representation (6800) of an image bl ock
Y | 1] ' .sald .. .
(e o e BEIREL Sloatos LR, SRR ) BN thEe Friot fodifications
ar?:b nhbeage_ ednayﬂmemgdgttbo&hde( ?e@eﬂmvemmpmmdm g@pagture from
or bei rocessed, aul t processing node base
thg SRPEdEEEe AV HIST IS i1t bydie) Appeaded chums-essed
representation (900); and generating a deconpressed
representation of at |least a portion of said inmage

bl ock (800) by processi RERERENCH®SIi |iary payl oad
Eorti on (990) of said conpressed representation (900)
[1hc &elni,nylitchellf Immgeaarhpaessipnoveisg Mlockd&ruseation Coding.

fi il | pad i o i |
t hABEE iioains o SRR o A0 bR (St ey a2
990) of said conpressed representation (900) enpl oyed

when processi sai d conpressed representati on (900)
[2hc &sraphell cD@gm, diteglgrikssne céeienglesiin. Lindkergt Beddin: Two

f ' > i f
o RS PO BT e RSB SR i s0), vo.
(820) pre@b+xxdod conprises the steps of: generating

a deconpressed representation of at |east a portion of
said i mage bl ock (800) by processing a first auxiliary

[3]pa¥}§?’8té)ﬁf5i9g%%\gg.0) of sai d conpressed

representati’on ( ) according to a first auxiliary
processi ng node; generating a deconpressed
| east _a portion of said

tat] f id at
[4]ir ﬁ%&%‘?@? kfa?@@%rsf,;‘ I%F%_Eté% sPnglexigeealtlerpafpoapression.. Game
poﬁé)z}éfb aﬁagme %f% z?gg}l%f? 'I@@%Z%Q—#@Pr esentati on

(900) according to processi ng node, said
default payl oad portion (980, 990) being larger than

said firs Xili . payl oad portion (990). and
[5]se.rb‘g@f’iuﬂ%',tlv[a]i%‘éd g%ﬁse@@ﬂh&ﬁs pdPti dhe( obmssesy) Aot Hardware
SaRe sEPAES T CArchitecture for Mobile Phones. ACM Transactions on
Graphics, 22, 3 (2003), 801-808.

[6] Fenney: Texture Compression using Low-Frequency Signal Modulation.
In Graphics Hardware (2003), ACM Press, pp. 84-91.

[7] International application no. PCT/SE2004/001922
[8] Swedish patent application no. 03034972
[9] International application no. PCT/SE2004/001120

[10] Strém, Akenine-Moéller: PACKMAN: Texture Compression for Mobile
Phones. In Sketches program at SIGGRAPH (2004).
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representation (900), between said deconpressed

representation generated according to said auxiliary
w@e@eoe®ifng node and sai d deconpressed represePCHSENS/001070

generated according to sai d8default processing node. 3.

The nethod according to cl & 2, wherein said

default payl oad portion (9%&% conprises said
1.7 1 s tmathdd birobaydi da%ﬁ-il'f& ed%¥p j i

sel ection port_Fi).fgn (9183; 981 b 4.S %he ﬁgtgﬁg%ﬂgglcégr%q)naf an image
blogk 48§0b fomprisingi meiltiplecindageErpémtss(d 1) s shieL iethod comprises
tH artion.(980) represents at |least one of: a first
%9%533 Ogfnd a second (922A) codeword used, in said

def-aul depecre®s S B8MPRESsed PEPFRBHESGHE |(O00R tRAMSs hg@gﬁiapted for
el enent assocr at ed rogerty; a sub-sequence of sal
being Processey) yha d@é@ﬂ nrocesing ouever basstbdn ianselection portion

: . . g
S e e e T A P CUI Ll
sequengenssaiing i 4 devothpielsaed reprosassitits BPAR. 1dRt a portion of

representing nultiple imge el ement associ ated .
sajch gmags. blgckl§ Oydivhprrcessmgipiir st wtiliany payleast sontion (990) of
i ' f the ste of : .
oo 85 iocH 0o I E8R B0 585005 6 o 5588 processing
medeptsedd f dirss aadxidiefriulpaytoal epsitich MEI0)bbedal eeindlr than a
that a sum re?resent ation of said first (912A) and

cogREsERE g 2 AFfaliewsvdoad | PopoBut(8PRe 8POh of opeid ycompressed
re%fgs%h‘féiioﬁl Lg%‘g@i e &ﬁ@%}%@g W e@ﬁ%r@@é%ghg said compressed

rocessi ng detecti’ng sal ress
repeypeasetiont(D00) 4608 ing tochiddafiidd processngd rdediaul t
processing node if said first codeword is equal to
said second codeword; and detecting said conpressed

repr t ' e t .
2 e b B ng S PSR o bl BoRC R ol an image
blegle (8QQla¢om@risihg muetthdld iatager eliengertts (8118),nsald mieehed romprises
thsai d se#.ecti ng step conprises at |east one of the

9?@?}%5 8F: selecting said deconpressed representation

gener abedeAAHY U M@cbfhpressed representation of at least a portion of
said image block (800) by processing a first auxiliary payload portion (990) of
said compressed representation (900) according to a first auxiliary processing
mode;

- generating a decompressed representation of said at least a portion
of said image block (800) by processing a default payload portion (980, 990) of
said compressed representation (900) according to a default processing mode,
said default payload portion (980, 990) being larger than said first auxiliary
payload portion (990); and

- selecting, based on a selection portion (980; 981) of said compressed
representation (900), between said decompressed representation generated
according to said auxiliary processing mode and said decompressed

representation generated according to said default processing mode.
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said first auxiliary processing node by detecting that
a sumrepresentation of said first (912A) and second
w@ 208l)6ocdeword i s outside of a property i nt eP@ESE2005/001070
al | owabl e accordi ng to sai d#9default processing node;
sel.ecting said de r.es resgn ]
3. 2ob5t dPRened SofFOR B S P2 oZhkiindsaR BBt payload
posits (G80,5990Pe6MPI thek Ssaq diabt haxifirst redoad protenoPd0) and said
and sel ecting sai d deconpressed representation
selgetien goetiondP80di%)t o said first auxiliary processing
node if said indices of said index sequence are equal.
7. The nethod according to any of the clains 1 to 6,
4, Wrehgifegid adebalih toayhpaf therdiaians df tes i avherein said selection
conpressed representation (900) is interpreted,

poriden (PWAgrarsesents deleast onsidcessi ng node, as
conpri Si fiyast | )
cotowof ¢y P #adThRbcaAd (0228 R isER, 28 said default
pr@@jﬁ- fh@lmj fen reptesesiting éa sdme srgge n}:mnﬁl%axqaatﬂfgi property;
sai d defau)]t processi : onprd,si ng .t he st :
provi Qﬁnﬁ}lﬁ‘%eglueé’fcenﬂf] ?91333 ef?lfs(rﬁt @ﬂg‘@ yai_:f)‘d F?‘F%ﬁ@ p@&%@& codeword
usgcg 58 Q%Id [ falifi3 cégsiﬁgcfi’f&@le( PP Aedrebenthky said same image

dewor for at Feast one Inmage elenent (810) in said
cldriegeabaniktedBp)perggnandt i ng a col or representation

based on said first color cpdeword. (9 or. f
sard fARsiNAST 0AFTURCS LY P@Z@%d( chqqg\?ﬂtcéo g\(ﬁgér'%[hg mode, for
-'hggrr&ﬁ bl RSk ¥1eMmeh hesodiaea Srdided.nt ensi ty
reérgé&%?lihe settlEased n said intensity i ndex sequence
(950A); and nodifying the intensity of said at |east

' I t (81 d ' . .
5-ioEﬁ%ﬁfﬁhﬁégggﬁp@ﬂsn%Q%E%?ﬁeﬁggvﬁ%lgg%fd%tﬁgﬁflg %\t%) comprises at
16;;;{9?1{4 F e dtddd df; Wherein said first auxiliary

payl oad portion of said conpressed representation
(960) dstéatireg padd expmpressedi Faprescigitiory (9Q9) as not adapted for

Sl AT B 0S5 TRy i of
ﬁl%g g%%A)C ghar s&RARMIZh ANcodevwsidowill ideaussdaarfce property interval

, and said at |east one auxiliary
allowable according to said default processing mode;

- detecting said compressed representation (900) as not adapted for
said default processing mode if said first codeword is equal to said second
codeword; and

- detecting said compressed representation (900) as not adapted for

said default processing mode if said indices of said index sequence are equal.

6. The method according to claim 4, wherein said selecting step comprises
at least one of the steps of:

- selecting said decompressed representation generated according to
said first auxiliary processing mode by detecting that a sum representation of
said first (912A) and second (922A) codeword is outside of a property interval

allowable according to said default processing mode;
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processi ng node conprising the steps of: - generating
a color representation based on at | east one col or
w@ omenoids sel ected fromsaid first (910B), secPCSE2005/001070
(920B) 5 third (930B) and f®urth (940B) col or
codewg [ :
sai d cSr ‘feocrgar%% % ex&rg’lle&g)gn ee%%%& Iié%gége gfro qu eﬁ%ea Qccordmg to
sai€ll ﬁf’ﬁnbukﬂibﬁ')f ]pﬁo@esfsmgtmsdbsﬁt saifl fisstdcodewopd eisi oqgal to said
el ement s, or i ndex associated with said first
seqogdoed eciWO @¥KH (920B) col or codeword, each image
el enmeny :
mge écﬁtéﬁ% SR USTEOR SHH iy BLoBU UL €4, socorcling 10
saidofilestangkiiate precedsingraadd if sakt 1r(cﬁd:6§)3f aaid éndar sequence are
col or (920B) codeword, and said col or index sequence
eql(l@lSOB) conprises, for each image elenent (810) in a
third subset of said nultiple i mge el enents, a col or
i ndex associated with said third (930B) or fourth
7. ( JHAB)meidioat acodelingdio eayhofi thagelaginsninto 68 ¥d)erien said default

PaYPEeROEIPE Ao SEIh SHRTERSE (eBreRTAGETLPQP) is interpreted,
ac&ﬁ‘ﬂﬁg kS 38 EERdIt B 8ding dbided a%%%ﬁﬁbn@,{n QuUfitdt (910A) and a

col or codeword. 10. “The method according to any
seapind I(\%QQA\mcnh)rlcodexgprdm ar Bist ©A0N)sandca isneopor (949) intensity

present s Lrocesse rdj :
codgBraiR PR By IRE SR B2 pendgeid Gt processing
md‘derc%mf)?ijs?r@ ﬂ@@gtépssgpond (922A) codeword representing
first conponent ‘of a same inmage el enment associated

properplspvmhl@gs ai scic ofpnudidple indgnsiEnmeadiBers despd on said first

ré, r;ﬁpﬁgéimﬁngel e sg%%e‘g(gc(%lrgrnég?giai d default

forﬂit‘%&%bﬂ@ iR@e clémee SS NOEir{ 881 inedgeabldulk @AB14A)
and a fourth (924A eword used, in said default

procesginryalingea qodor r@;meégetﬁtmg based cohgaich fipsheplor codeword

o P ERB RSB TP RSP SEIRLSRPRILY oot

cl ai m ddlectiitg theintensiyi Iﬁbdﬁidrfﬁiofd %dmﬁltSﬁbﬁytmﬁdlﬁer set based
bet ween said fijrst aUX|I|ar Eroce55|ng node and a

on $eid HatensKy ingey Jpaptesss $ased on said
seque nﬁleodgf?/%},% e ?ﬁe‘iilsflﬂf %Y {3424y 180¢ 35e° ﬂﬂage element (810)

based on said selected intensity modifier.

8. The method according to any of the claims 1 to 7, wherein said first
auxiliary payload portion of said compressed representation (900) is
interpreted, according to said first auxiliary processing mode, as comprising a
first (910B), a second (920B), a third (930B) and a fourth (940B) color
codeword and a color index sequence (950B), and said at least one auxiliary
processing mode comprising the steps of:

- generating a color representation based on at least one color
codeword selected from said first (910B), second (920Bj), third (930B) and
fourth (940B) color codeword.
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(922A) codeword or based on said sequence (983) of
said first (912A) and second (922A) codeword and said

WG ewemnoes (984) of said third (914A) and four t PCT/SE208§/001070
codeword, said second auxililary processing node is

ad f roc ' song, a il.iary. payload
9norTnE meBiod REBIALNE B FEIRE, Snikkib ek ROR tndex sequence
cdifPPisess dorl esebonthagyxelehddrt BB0)0RY DETEt QUHRIOH) said multiple
being smaller than said first auxiliary

ayl oad
inpage iddementsAR. eolorTindereassaciatedrwithy sgiy%/ dirst fP10B) or second

RS SARR 415 GhTR. B ERETEIO T, sgoqpd ot of s

mefltiphi dmagrgeldhenks by psosdEatdd gvidhs ac pne-dafitidd aoYor codeword
payl oad portjon (9908@01‘ sai d conpressed )
sqle¢fieddeptn saighiiydB) OB} @arssicagd: eolar 2@Rbcedsivordrgnd said color

: c [ ' d R y. Of 1IN .
B e tOS0p] A RAREE. G bk R AR i . third
swbﬁsetti of séﬂ? &A)llltipheimiage _saé?emk,e at b@]@gsitrmxc aspodias] with said
t, of selectin ai ecqnpressed representation .
tf@@ﬁé‘?é@@b % osk i 4845855%?% GEREHPE PPl dmiags sisgeent (810) in a
fot@tid réﬁr%lﬂmgf%ﬁ%@ef BP'SERf E‘ﬁaitisp% i éﬁe%&?t%c&r 45Qtiated with a
to said first auxiliary processing de and said
predeiiped ssddr redeesedt stlectedgfoen apéd thdab(986B) tar fourth (940B)
@ai d aecon auxi liary processi ng node based on said
CEEHGEACEOTE81) of said first (912A) and second (922A)
codeword or based on said sequence (983) of said first
(912A) and second (922A) codeword and sai d sequence
10.98M)e ofictdhmiddacdnnding 26 44)y ahthé olaitds ( 3249) whedeimnsdid selection

13. Th hod according to any of the cl ai 10 to .
paTHion, BT SEHTCEUN o SERER f PRSI FEPLBR8) o said. default
prREBEINSEIdd, N IsdBiehegtoen;; I@B"ég' &nﬁfs%S@Q)zA _and a second (922A)
representing, when processed according to said default

represodingaa fizgueonworest)ofd shinie mageeAymand associated

C
a sixth 26A), codeword used, in saj.d d t .
PR o, CHIOPT Y o SERTT IR AtPR 0L brissBFEest @ second
sciéétibrs aﬁ@rﬁmg@@mmebr@%@ﬁm§t Qthal PRIck¥sed dacddifling to said
met hod according to claim 13, Turther ‘conprising the
default processeng i mgdoetavsequsacd ©i8d3tofaaxihirdr (P14A) and a fourth

O R oSR5SR, P Rocntiog «

s&¥®ind component of said same image element associated property, and a

data sequence (990B).

11. The method according to claim 10, further comprising the step of
selecting between said first auxiliary processing mode and a second auxiliary
processing mode based on said sequence (981) of said first (912A) and second
(922A) codeword or based on said sequence (983) of said first (912A) and
second (922A) codeword and said sequence (984) of said third (914A) and
fourth (924A) codeword, said second auxiliary processing mode is adapted for
processing a second a uxiliary payload portion (990B) of said compressed
representation (900), said second auxiliary payload portion (990B) being
smaller than said first auxiliary payload portion (990A).
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first (912A) and second (922A) codeword, based on said
sequence (983) of said first (912A) and second (922A)
w@eowenowts and sai d sequence (984) of said thireCT/SH208§/001070
and fourth (924A) codeword,72or based on said sequence
(983) of said first (912A) and second (922A) codeword,
sai d sequence (985) of said third (914A) and fourth
12( 9PHe) mostedordcandingaitd skquenb®, (fAsHeroicosmpisingf tthe step of

916A) and sixth (926A) codewor.d. 15, The net hod . ]
cerlTRGNG RgIECP PR RO TEPLFRCRLA i P g LIRSS fepoBlion of said
I L BT e 2 S A BB B pEfliflao0B) of said
comppiregieal xe premey tatigh o@00) cadcoodin® 0@ setondi auxiliary processing

mogfl e <k LSy nBaB ot dpar it (QO0EY ineiag,smalier than said
fir 2y Q@@ P Ohdy18Ad ( 882 ¢an k?@@?g)gg\gﬁlsiﬂé Saen sél%bgn%egt%?)dcomprises

auxi l'iary ‘payl oad portion ), erein sai
thesstegrof aglesting ssodpldoosprdseed trepredergationt generadéd according to

.degoppr,essed representati o enerated accordi ng to.
saia ARERUF SRR PR SR e SeEehiP R peeteattation generated
acdo?aigs et dRidNigRNAuRIIRGyapeaEclsiee 19108id dnld 's8ld decompressed
auxil1ary processi ng node, said deconpressed

repreprisdinra BEBarajedereposding o rsdith pecondadxidiery mocessing mode

ba @it bl Y RS BT e S 6rif | 20° 8 8RR 9220) codeword

or daged ary spidcespharrdqds3pagedaien fat dosemensd c88dad (9224A)
of sajd first (912A) and second (922A) codeword, based

codnyversh @nsk $adchcrequamr (184apl Faid sthird 194 AAnandefamth (924A)

CO%@ codeword and sai d sequence (984) of said third
| and fourth (924A) codeword, or based on said
sequence (983) of said first (912A) and second (922A)
codeword, said sequence (985) of said third (914A) and .
135 ol Hnethad) aeeryepg dtoamdnys & dthee fleimee 108t 12, sdiarein said

' 9 I Xt 16, A.net hod..
corgrddheld’debesBat Senl| Q00T FHRRIEE e SelsfR PBLion (9800)
reproggeting ok drB@bcessad bstogling to Bhil ideigeltepIRRBER1g mode, a
(810), sa}d nmet hod conprising the steps of: generating . )
SEICHSEA (] /)c OFfifER sEH 6/ pradent sRtaN( ) cofleward used, in said

def%gg:gﬁrgéég)s‘rf%é %%e?ﬁofé g%gaﬁ%ﬁ‘itﬂgg $PIfid RBP4 of said same

ng to
image element associated property.

14. The method according to claim 13, further comprising the step of
selecting between said first auxiliary processing mode, said second auxiliary
processing mode and a third auxiliary based on said sequence (981) of said
first (912A) and second (922A) codeword, based on said sequence (983) of said
first (912A) and second (922A) codeword and said sequence (984) of said third
(914A) and fourth (924A) codeword, or based on said sequence (983) of said
first (912A) and second (922A) codeword, said sequence (985) of said third
(914A) and fourth (924A) codeword and said sequence (987) of said fifth (916A)
and sixth (926A) codeword.
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conpressi ng node, said default conpressed

representation (900) conprises a default payl oad
w@eobioa1 980, 990) for representing said i mageCHBEORS/001070

(800); calculating a first Brror representation

e CAL i sal dy i :
15éa?‘g%dg?%ﬁ0? c%rrprgss dtlor g})%g%e%%’at i o%ﬁ%@é&&nﬁﬁ ﬁ@,}ng‘” Eﬂ% step of
gegertinag iangeabnmmassedmrepaesdritation cbspicsaeltast a portion of said

i ERER. Bl S L0 kBB B S5alSO0hgBY, 0900 of s
Cogﬁg%gsw] er,e"j_‘h*éééﬁ@tibrf qggbf Sgdcggdﬁqu o & a%}ggg; aﬁﬁﬁ%&y processing

auxi l'iary conpressed representation
maodaypsaiseshom awxilidgr payloddgoriont (IBOCPI)INg smaller than said

X Tl R T s —

th@aY¢ad sBRICHYs4BAecHBPreseal fefrabémitRin k8AStatdd according to
second error representation indicative of réepresenting

saghidefavigprodassing ooylenisaid stdapnaprdssadt representation generated
auxj.liary conpressed reptesentation (900):, and .

acBinE 1 SR ots B TR (S8 aeish: degpmpressed

reptdsBnatioi|de@irafid AbcoRNHEIBNEAHI QI BUKATLydptcidsking mode
(900) and said at | east one auxiliary (900) comnpressed

ande peed efecampressise rrepreseniationt igenepliedi @ecopdidg dg1paid third

f.. sai I d ' .
oo B SR e BRI A TS BB patd et 120
angleécstopeMuEry athbd il Sisatl i saRD8¢quédrice SQSIW doshidffirst (912A)

enerating a conpressed representation (900) of an
an%n@@f@nﬁi ft)mgjpewdpanéi sedd garicpre (PRdh el spichihird (914A) and

0] [ L i fe | k
ot o030 ShIRHARE G7BRRLE B st sEATBIegtonsF o Sei st (0120

andn sécbiid | (8RR AY ariRtetstid) Gsait dsediggre (9BFnof said third (914A) and
i nvestigation of properties of said image el enents )
fowm P 2) sewaraend| e seabence §8el al Fagl S4TI(9164) and sixth

ﬁ%ﬁg epresentation (900) by conpressing said
(9§§§Eé 6%§£(800) according to said selected
conpr essi ng node, wherein said default conpressing
node generatgs a default conpressed representatjaon

16¢ 9fomciBagr pls BRGCER RS A PPNRAGPYReH THBraseatatiopoPUY f an image
bId ¥ (RN 3EPHL R BRfiple image elements (810), said method comprising
the steps of:

- generating a default compressed representation (900) of said image
block (800) by compressing said image block (800) according to a default
compressing mode, said default compressed representation (900) comprises a
default payload portion (980, 990) for representing said image block (800);

- calculating a first error representation indicative of representing said
image block (800) with said default compressed representation (900);

- generating at least one auxiliary compressed representation (900) of
said image block (800) by compressing said image block (800) according to at
least one auxiliary compressing mode, said at least one auxiliary compressed

representation (900) comprises an auxiliary payload portion (990) for
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i mage bl ock (800) and said auxiliary conpressing node
generates an auxiliary conpressed representation (900)

W@ vpd®isg an auxiliary payl oad portion (990)PEDSE2005/001070
representing said i mage bl ddk (800), said auxiliary

AR TS BPT, S8 RS 590) bing
snilldr @ 88id, d&ait phyleaiddpardiver €85 @A pr esent at i on

(900) to indicate said selected conpressing node. 18. . ..
The necbalatugr atnifass & SFRERG 6017 repfrsicaitation; gndicative of

b SRR Ok SRo0f s R SBp RS o vy
copgprteseed OB sedBafion 90Tkt hod according to any of

the cl ai 16 to 18, wherejn said selecti orti .
(650) PelsebBEnt GrpEastcchrersrsentarions 009 apsarigted with a
srﬁ&?égﬂdeﬂr%gzx%égm&l wase sl daff189580) tand slaid att least one

processi ng , for representing a same i mage el ement
aaskagi 300 pompeessed representsbonemdeerein saisdlectiost portion (980,

12 d, (922A d d d, L j . s
ol 20 Spoceieniy’ PBREbrP o iR e 00y rincicates the

coniBRs Rl £ MBHde aApyRHe thiP EEREFtiNg 3R AdrhpAfsed representation
sequence used, in said default processing node, for

(90epresenting nultiple i mage el ement associ at ed
i ndices. 20. The method according to claim19, wherein
a representation of a sumof said first (912A) and

175e0REe 322 8] ceneenEhs 4 TowpriesBedrepléssrabliond (IQWr 6 an image
interval if said selected conpressed representation .
bleco (§00)scayapeising takife dnegetdemigngs &ﬁef@)u ispid method comprising
t1rlcor%glr}es'is_i ng node and said sum representati on exceeds
§a"dP3 Fowabl e property interval if said selected

conpr eseRAtHRPA SDaMbAssaR HHHY frosn aedefaledompressinggmode and
to said at |east one auxiliary conpressing node, 21. i
anmpEXHATNRPTAPERRSING gnede hasedon en \vestgatien; of riansrties of said

. Of n ' j_d f d representation
1%33%%[06%%% R%leg)a{%%gls ig%léslé%?) :Rﬁg{re ermining a first
(910A) gandraengnshit920Aipresbed wmpdesattdtionat(980g by compressing

representations of the_colors of sai dd' mage el enents )
sajg imagenblogkd80Rh gecprding to said selected compressing mode, wherein

said default compressing mode generates a default compressed representation
(900) comprising a default payload portion (980, 990) for representing said
image block (800) and said auxiliary compressing mode generates an auxiliary
compressed representation (900) comprising an auxiliary payload portion
(990) for representing said image block (800), said auxiliary payload portion
(990) being smaller than said default payload portion (980, 990); and

- setting a selection portion (980, 981) of said compressed

representation (900) to indicate said selected compressing mode.

18. The method according to claim 16 or 17, wherein said default payload
portion (980, 990) comprises said auxiliary payload portion (990) and said
selection portion (980; 981).
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(800); providing a first (930A) and a second (940A)

intensity codeword that are a representation of sets
w@booabaoipl e i ntensity nodifiers for nodifyi ngP€TI8E2005/001070

intensity of said image el eifents (810) in said inmage

Io ( a ect | 0 h i e.el ene . .
10498 BRRkog"ALARIGRL 9%k 41 SR MRNE 1B B, wherein said
selsstiohgiadion mmﬁepmméw lemsti dhebf:f rom sai d

i ntensity_nod) f| er sets. . The met hod accordin

cl af m 18 BstAP 128 and 2 §§P@n@t (88280 cpsiesvardi ﬁgegam said default
900
PRSSRAR ARR T4 S COY SRREA SR BRI 0,500 ropery:

second 492@B)sequiencd ¢O3AR) fasd (OAPA)hahQ48EHored| (9224) codeword
representati oans of the col ors of

codeword t
USEHd %’é{j 3‘%@@ t BIYEPHOIng ANgged Pﬁa@@rgﬁmhtng gyl same image

clRAEHeARTANGd Hi fpefff uidrage el ement (810) in at
| east subset of s ful pI e image elenments, a col or

associ aardinesh @quflrme eebewoird mdede@hlftrpmeéﬁ'sﬁing mode, for
rfi rst 9108{11 ]%.Igcond ( ZOB t hi rg}#a and fourth
50 R B iRigdmseS. clom }Cqsor

proceSS|ng a conpressed representatlon (900) of an
e bl ock (800) conprising nultiple inmge el ements
2@8 1’8&6 el peeending 30) clampl 9 swhereindetrepreser{td@idh of a sum of

st G5 G20 Bt SRR S 2 AL CBLERRT P BBIm A allowable property

irdeprderf (281 $Sase@doncanprtReHl %Fgé’éér_it‘é@lo@ 8@)0(? 813 generated

of said conpressed representation
acapxringrtp gaishdtafapBooymigessjoge rralden el deddnpnes sepgresentation

R e O T —

re@ﬂééﬂ@ﬂaﬂo{iﬂ Q@OOf 8 azeh &raed eéé‘&ﬁldh@g) r®s apidtd0ned 39 9}16 auxiliary
according to a first auxiliary processing node, said

CAMPEESHNLZ iMedey payl oad portion (990) being smaller
than a correspondi ng default payl oad portion (980,
990) of said conpressed representation (900) enpl oyed

2Wherhe niefhidl ccording to claims 16, wherein said step of generating said
default compressed representation (900) comprises the steps of:

- determining a first (910A) and second (920A) color codeword that are
representations of the colors of said image elements (810) in said image block
(800);

- providing a first (930A) and a second (940A) intensity codeword that
are a representation of sets of multiple intensity modifiers for modifying the
intensity of said image elements (810) in said image block (800); and

- selecting, for each image element (810) in said image block (800), an
intensity index associated with an intensity modifier from said intensity

modifier sets.

22. The method according to claim 16 or 21, wherein said step of generating
said at least one auxiliary compressed representation (900) comprises the

steps of:
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decoder (200) processes said conpressed representation
according to said default processing node. 24. A

waeywbemo(130) for processing a conpressed PCT/SE2005/001070

representation (900) of an 7nmage bl ock (800)

conpr i Sdé‘&rfﬂ-ihiﬂé’ I gk%‘ggflt@%) é ﬁd( %%B)r St?uldd 93 E)ﬁjnand fourth

(130) conprises:
(R a@llomgcmm«zxﬂmhe.sm remeeeﬁtettajnso vfofhealcoli8SHf Baid image

B8R 3h) P hid JPeee PIeast0B0encr "sai o compr essed
rer esaguiatinp, (S00LCRCRARE: Mokt BIGRAUL PIBSEOTMet of said

nmode; an auxitiary deco era
nwét;plﬁp métg@deheemre@era a:blcunassﬁocsatadi atith @ﬁol@r RodEweRd selected

e M AT 481 BE SebonaoRdel; BRSPS dnd fourth (9408) color

aUXI rary p
co&awﬁssedrepresent atl on (900) according to a first

auxiliary processing node, said first auxiliary

payl oad portion (990) being smaller than said default

2L 159, 655 B0 o 30L) P40 01 of e
mﬁgesblodkc(em) @@ﬁi}ﬂmél@@f e8ApRL inflgd Q%en&e@éﬁg e?é@l Srstem ( 130)

deconpr essed representation generated by sa
Cfeeuvdey: (200) and said deconpressed representation

d d 300),. 25. The
Iyot ene e e ALOG Ky d M SE R S holeael reidzpeplation (900) that
is dedtaaldaped | foadbeingo Procisse88By & Ubfatk LSS $200) based on a

I | oad t 990) and sai
seleqtin oo (0reh é@ESf ssu&&gérﬁgeéssmémgmmmmgam

to_an vvhreln sai selet|
porti gr?g{ 9?3?“19 resen lgt %?OOst GnesGHT %1 adi ompressed
repﬁaszaﬁl)ta’and of stdexut 4 %Zﬁbnccﬁd@&drﬂn@%@%lodmwom by processing a

db def.aul £ decoder
ﬁlgfeoceséﬁ*eﬁy Ré@?%cgﬂ?@rtlﬁﬁg &) erfesaid a@@m@rramaﬂ peprasenyation (990)

acgglédéi Wor d usgg%%mﬁgrﬁﬁ%#gcé%o%gé 1%1%1 Qgdr g‘?ﬁﬁ&? g?&ﬁﬂﬁ?}y payload

pofra00)(990) beirep sasturi ﬂh@rsalcdrrespondmg default payload portion (980,
990) of said compressed representation (900) employed when a default
decoder (200) processes said compressed representation according to said

default processing mode.

24. A system (130) for processing a compressed representation (900) of an
image block (800) comprising multiple image elements (810), said system (130)
comprises:

- a default decoder (200) for generating a decompressed
representation of at least a portion of said image block (800) by processing a
default payload portion (980, 990) of said compresséd representation (900)
according to a default processing mode;

- an auxiliary decoder (300) for generating a decompressed
representation of said at least a portion of said image block (800) by

processing a first auxiliary payload portion (990) of said compressed
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0 sane i mage el enent associ ated property; and an index
sequence used, when processed by said default decoder

W@ 200)poe9ior representing nultiple inage el emreneCT/SE2005/001070
associ ated indices. 27. The7system according to claim

wglopli541909) Sedbiahety L0 diBarihebiats foce, said s

a laad @ortiHN0P%y bedhg adeicrdhfaor said defdeflbpayload portion
decoder (200) by detecting that a sumrepresentation

(9%9, W aid st (912A) and second (922A) codeword wil |

be_out §i é?—:'ge&f)r {1486 0996? Yor %@91%%13{1@%, baEdE Sfa\i & 91r§?'¥)grtion (980; 981)

conpreSsed represent ati on s not adapted for O
of sahitl debmpriesded odepré@@ntiph S980), fbetsvearndewnnt ddesompressed

equal to said seco cod d;. and det i\n aid
reBUGPEASER EBETA e PERGh DY) HEONEA (iiptad 3Pl decomprossed
' - aul CRUIEL k1359 B dondi f said
re?ﬁédsg?g%%ﬁgggare e%&é??%g%{mrh c%c,iayds?ta g?n?:z%ggrdi ng to
claim 26, wherein said selector (140) is configured

or,performng at ,l east one of;, selecting said.
28Tl EREEY Hear i i, FoRn g Facda 'y Reif faid default payload
poHshl (980%’ 00ef et pliSAD saldlfirke R0k 1iA8 bhRloadl H&Fion &990) and said
representation of said first (912A) "and second (922A)
selrotionopartion (9% dBit)si de of a property interval;
sel ecting said deconpressed representati on generated
by said auxiliary decoder (300) if said first codeword

26.S TefRUaYstInSateohagNtb Catevalr dhe acldimel @3 itog 25i Wherein said
deconpreéssed representation generated by said
setagkion pesfiate rrepresynisiatslgaat PREioEes” of said i ndex

; | . 9. i f
S eduengenf SRl and, of 5B REARNAHL A et processed
by?oéatidioﬂlefaﬁﬂ@, d888derf (20@) d fopnpsmesedtihgpreesenhet igmge element

900) is interpreted, by said default decoder (200),
asgeciedepprepeigya first (910A) and a second (920A) col or

codewor d ' 9 .an d I [t j vy
codewofd sgﬁagé\i&%%‘%e%gf%%ﬁi ﬁlé%xﬁgg% erefcg:l ?4%238%&? @a%(ﬁ P codeword
usid, dwHehapldcedseadpy $a3d0featprdeseder (200), for representing said
same image element associated property; and
- an index sequence used, when processed by said default decoder

(200), for representing multiple image element associated indices.

27. The system according to claim 26, wherein said detector (400) is
configured for performing at least one of:

- detecting said compressed representation (900) as not adapted for
said default decoder (200) by detecting that a sum representation of said first
(912A) and second (922A) codeword will be outside of a property interval;

- detecting said compressed representation (900) as not adapted for
said default decoder (200) if s aid first codeword is equal to said second
codeword; and

- detecting said compressed representation (900) as not adapted for

said default decoder (200) if said indices of said index sequence are equal.
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means (210) for providing a set of nultiple intensity
nodi fi ers based on said first (930A) or second (940A)

WO paoenadoty codeword; - neans (220) for gener at PCYSEF003/001070
at | east one inmage el enment B810) in said i mage bl ock

281 oPae" sTafthr Rob QiR d "Ll "5 SxRErdif Seid o Bhlgptor (140) s
configusset fordodré@iing at vast oghevesft d; a sel ector (230) for

sel ecti an intensity nodifier fromsaid, intensity
modi f.%@qg%févgbm éﬁcela}meﬁm%nmrysmheéap%e@@@ﬁ@ed by said

w00 a0l Y b gk AR Bk IO ek of saic o
© lkﬁa%)eahcd) sesand (322Af tedewoatdmsll the omidide ef a ;&@pe’fifysmterval

system ccordl o.any of the clains 23 t
V\%erel ﬁeéaﬁnagf |S%é‘§ d5% WPJF?%W%GS%F%W% g@@@ljatSfi by said

au%f;iaqzccfe&ae? 3800y BR6S g&%@%b@é\m&f’@@é aal ) SARy §é§dhd codeword;

id auxiliary deco 300 as conprising a
an@910B), a second (920B), a third (930B) and a fourth

(508, SCIAHAnE o 4 o PaEP TN BEDLr TBOV SRR | SeGeralas by said
eliag%fdycoaep e300) MGaft] HMREs LERARE HH AL séau&%@gr@eqaél

one col or codevvord selected fromsaid first
(910B), second (920B), third (930B) and fourth (940B)

290 SRk S8 i dia Fo RSl R RERE 2R Yo B leféinomia defauit
e sged It
paylgggi) %ﬁ?;?gqueﬁgep(gggi 61958%?&0?@“ r%t%fs?glgg ?@é%‘i‘ﬁétlon (900) 1s

mtgmmﬁ@d,( b)lZS@)lddiﬁfé‘Mir decndar, (200nap m@pssmg@ &mtd9 10A) and a

sectiipSnanty G chibtbragd BREPIFIUA o & ddohit, (aa0g) imtensity

codéttorRiaghdC @ijfrﬁt&ﬁgﬁyfl@m&s @ (qam) Hali@ fefdult decoder
second sel ection portion (980B) representing, when

(208) sesmpEdgesiccor ding to said default processing node, a

codonnralSad bbb et Bl kRS magitiers based
on (s2@dYirst QSO@M@@@M&@@A@)&Q%@BW@M of sal d
same i mage elenent associ ated property, an

sequen@@a(l@Q@@)O) fgp gemgeatins: &% a &&sauwtlmageaelﬁnmt (810) in
said!’ Mé%re HISRL (%'OW, 3 SRNEF tr%iorésrle%ocatmn based on said first color

codeword (910A) or a sum of said first (910A) and second (920A) color
codeword,;

- a selector (230) for selecting an intensity modifier from said intensity
modifier set based on said intensity index sequence (9504); and

- a modifier (240) for modifying the intensity of said at least one image

element (810) based on said selected intensity modifier.

30. The system according to any of the claims 23 to 29, wherein said first
auxiliary payload portion (990) of said compressed representation (900) is
interpreted, by said auxiliary decoder (300}, as comprising a first (910B), a
second (920B), a third (930B) and a fourth (940B) color codeword and a color

index sequence (950B), and said default decoder (300) comprises means (310)
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400) for selecting between said first auxiliary
processi ng node and a second auxiliary processing node
whamemoons sai d sequence (981) of said first (9RCBHSEANTI001070

second (922A) codeword or B&sed on said sequence (983)

0 1.4: 'rs ) a
forg e BBt 15 ot o i Prs PRI Tt 60 URH PR Pflor codeword
sele884Nrozn deid fitst D e0B), scoind @RO0B)|, 2hitddEBUR)r agd@hirth (940B)
g@ocesses sai d conpressed representation (900)
co MWQ’ to the auxiliary processi ng node sel ected by
sai d selector (140, 400). 33. The system according to
clai m 32, wherein said default decoder (300) is
Slcomhbguyetérﬂoacgndmgtﬁmgirgz dﬁcthn@rdaﬂad 23 to 30, wherein said

kRS era p il et ol Lot wibertion o 2ol o dcone
f
(2(5@2 g:%ﬁél%ﬁg@ (91 SHR8) BP??EEEQQQAZ%B{&%? %Eé&fa&n(%j%l;g) codeword

a sedéond ‘aux cessi n
ussdg Mmbr_alpm_bequ by saiddd pfandt dec()é@f)[@O@)3|ﬁ»g epatsarting a first

comgrath 4t a8l Bbbur PulefEAstin B iy Y i compressea

%@s@ﬁ%&t‘i‘&n S(@od{ 0SS 86 drfP sERRAbA hARIdIE m@e)efépresentmg,
sai d default decCoder (200), said deconpressed

whearppecscmﬁsadl ameogéimy tat saidngefeniliiprapessing matks sdeequence (984) a

0 t .
thipdgbHESC A dobuPRolaar ShBUEH afeh " BERES Srbeaspd by said
defAilf &é@ﬁdéra(%(ﬂe%gefeﬁrég&itlﬁgcé?fgéd&d CodpEnERE Wdsaid same

auxiliary processing node based on said sequence (981)

imege si¢meht asso¢igtahpropertyeendd datsjqecaesu? B
based on said sequence (983) of said first (912A) and
second (922A) codeword and said sequence (984) of said

32t hithd §PdéA Rdrdiy th 1824/31 C@@ﬁ?&i‘dcorﬁﬁnsﬂi]@ a selector (140,
4QQ%stemaccord|ngto any of the clalrr531to ,

doeisalesiing b@ﬁw@s%@d fpt eawiliaini BROGTBME @@%@ jsgwh a second

o G ST AR 0, SSRETIO08, MR s 12
anﬁ9§@&01§>(ﬂ (bbiah &&ﬂ&!f"drdaﬁd Basddkioh c92bAeqteaewofoB3) of said first

used, when processed by sai d, defaul t decoder (2

0
(9124) e sseomiln224) hW@FVE@Wp@ﬁ%tS SEUSIEENE S‘fﬁagfe said third

o AT, 55904 580 R85}, 38y SURLCE A0S o (00
pro@éssesl 84id ronbstcssed sprdséntegioray®00) aracopdingessi tigs aux111ary

node, said _second
processing mode selected by said selector (140, 400).

33. The system according to claim 32, wherein said default decoder (300) is
configured for generating a decompressed representation of said at least a
portion of said image block by processing a second auxiliary payload portion
(990B) of said compressed representation (900) according to a second auxiliary
processing mode, said second auxiliary payload portion (990B) being smaller
than said first auxiliary payload portion (990A), wherein said selector (140,
400) is configured for selecting said decompressed representation generated by
said default decoder (200), said decompressed representation generated by

said auxiliary decoder (300) according to said first auxiliary processing mode
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auxiliary processing node and a third auxiliary based

on said sequence (981) of said first (912A) and second
w@ 2mBA)6ocHdewor d, based on said sequence (983)PCI/SEANTI001070

first (912A) and second (922A) codeword and said

' 34 f [ ' 9 .
oo SRR b8l Ve oS PR L9V, L3Ry accoder
(3603r sbcédRMiR) t@nshige gecshd 922A)iaep dpravedsirsdiodeqbased on said
(985) of said third (914@% and fourth (924A) codeword
seciencesa (2B begfisaitk firsB1919h) sardseqandh (9338hrodawosd arhbased on

sl Sl R o i 08 RLPRE RS Sd B2 oapL ARG and saia
se?@m%@(%xg of sHed ahpde@ed) reent GaathdOR4A) ebdswiodd at
eas

a portion of said imge bl ock (800) by
processing a third auxiliary payload portion (990C) of

i t i i . .
o4 T RERT SRR FRAE T ) o IROSNgREoDg) 15 89, yherin s
copmresset peprésm tativDCIo0n)i cgmprisecses thinh sA¢aticreqmrtion (980C)
bSOl B b 5 el Baence 087

[ td t66RY Sakto?af astd, danad d by said
°fE@@gﬁ?qggﬁéhggé%§%$ggégg rgpreseﬁ%ation genera?ggcfé§e Y
defilt deewder §200)) dondeprdsedtingaadhint]l ngntporeaitdof saigdt same image

auxi | i ary .processi ng node, said deconpressed
ek?%%?%@%ﬁ%%ggﬁﬁpﬂﬂﬁggﬁted by said auxiliary decoder

(300) according to said second auxiliary processing

nmode and sai d deconpressed representation generated by
35s afTheasywsteiraraccoedioge to (@aimy 3dcdarthey eampaising i sglector (140,

4oy ton Fidethid RSTsR S ERToRPasS Hroc S Boddi o second

i d0e kil i dnce (981
R PSR P el e R i e 051
of caid fystaidd 2A) land secoond) 9234k sodewond, oprsadisgquence (983)

of gdbian, O12M S, 38kend B2 oy do RPRISREL S5 Qier ©084) of
sal PRt (093 arkPiRWeR Joand) sadéewsrlunnbasé®8R) saill swajunce (983)
fifth (916A) and sixth é926A) codeword. 37. A system

of (Bdd)firsbr(O §@Akrard sgcend dAR2Ak sedevepiesaist seavAneDd9$S) of said

A5 55, 90 SO A kB0 of s

(916A) and sixth (926A) codeword.

36. The system according to claim 34, wherein said default decoder (300) is
configured for generating a decompressed representation of said at least a
portion of said image block (800) by processing a third auxiliary payload
portion (990C) of said compressed representation (900) according to a third
auxiliary processing mode, said third auxiliary payload portion (990C) being
smaller than said second payload portion (990B), wherein said selector (140,
400) is configured for selecting said decompressed representation generated by
said default decoder (200), said decompressed representation generated by
said auxiliary decoder (300) according to said first auxiliary processing mode,

said decompressed representation generated by said auxiliary decoder (300)
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a default encoder (600) for generating a default
conpressed representation (900) of said i mage bl ock

W@ 3®6)odsys conpressi ng said i mage bl ock (800) arPCDSENNE001070
to a default conpressing nde, said default conpressed

oo SRR, G b g STRE) S58rLR B,gpromeresca
reél%ggﬁtat[@@ Neer{c?3fd 9y sedd cbatibng diadodbst(Se)O) Oaiccordmg to said

epresentation indicative of representing said
thistosuxil®gp) preasssig anade hasedc erppaiss sgquence (98 1? of said first
res nt at | X f
o FEALAE ReBou o6 el Y BoEER Sl 068 of said et
91@&{ as@Nkatded (O200) ebdepddl amysall aekquede) (984) of said third

npressi ng said i mage bl ock (800 ccording to at
(91%)sandnféw9&| (PRay ‘%ﬂ%‘f%@s |°(ﬁ %%ﬁﬂgons%‘?“&l g§qq1%%gq (983) of said

YAl S SRS A ) o i v

(O 18R £6€THUNG (F14A) coriravdridoaid (86D sequende (988f of said fifth (916A)

auxi | i ar ayl gad portion (990) being smaller than
aIlﬁaﬁéW@lé‘?é;@KlC 6511?} portion (980, 990); neans (530)

for calculating at | east one second error
representation indicative of representing said inmge
37b| @p&yéi&&@)(sw rfos@emeaatmgastcownprmzdl rcan‘;csentatlon (900) of an

npressed representation 0 an 540
infage HerEdePRLCaTRsIINESE P hinditlems (64), atd Yystem (520
ted with a smallest error representation from
CO?Eaﬁrgg%éf ault (900) andsaid at |east one auxiliary

(900) eomxfasiedencpiasd608) i for, gdneretinga &eHefxulpncompressed

repg%ite'@ggﬁt()gts D) shopis s U6 JBOBR TG ERffronsins said image
bl?@% 6«?@ @d%é&f'&: ®bal HQ&Lﬁ@b@’ttﬁﬁHﬁ&ﬁ%&@i@d@e RaRE @efAailt @dmpressed

tem (520) nerati ng a conpressed
repeggegsativat i %OX Smm)lpoifseanm da&e.llm pexlopdomortion (980, 990) for

repseip Buniriesae B Flo B ool octor (540) or oo
sel_ect ifgafs k(599 Kk f&neaRedatin %'ﬁ drsleémrol treppessteratiopOMdicative of
and an auxili‘ary encoder (70 based on an
reipoyesttingat isand ofimage  bloc with said default compressed
representation (900);

- an auxiliary encoder (700) for generating at least one auxiliary
compressed representation (900) of said image block (800) by compressing
said image block (800) according to at least one auxiliary compressing mode,
said at least one auxiliary compressed representation (900) comprises a first
auxiliary payload portion (990) for representing said image block (800), said
first auxiliary payload portion (990) being smaller than said default payload
portion (980, 990);

- means (530) for calculating at least one second error representation
indicative of representing said image block (800) with said at least one
auxiliary compressed representation (900); and

- a selector (540) for selecting a compressed representation (900)

associated with a smallest error representation from said default (900) and
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properties of said imge elements (810) in said inmage

bl ock (800); said default encoder (600) is adapted for
w@emenadifig a default conpressed representati oPCT/SEDYP5/001070

of said inmage bl ock by confessing said i mage bl ock

80 ' . f ressi ng _node, sai.d .
S glf ;%EI ?& écé(}:rgirﬁe%gsie%gﬁgg’? e@éancé) ag:?’g%)r(e@ﬁ%@ E%E’i‘f?rsieng%u%n’ wherein a
selettoth tpgraipho @B@,OQBH? i (s289 .seBR9ed fc@%nﬁféé’s%aefb%déggﬁntation (980)

.said i e bl ock (800); said auxiliary encoder (
1@%@&% JBRPHRTERE Megleagmnieyed doy gompradsmedaid compressed

&seat | (900) of said image bl ock by
réc%?f%res& ngtgsgaq)d i mage bl ock (800) according to an

auxi liary conpressing node, said auxiliary conpressed

esent at i 00) conprises an auxiliary payl oad
3%3? i%’ﬁt?@gb§£9)g?0rr )gﬁ%fgétmg Ry CREres R dchrerdutagon) (900) of an

et A _ e : | er.
R (O8] RSk RRILERNBEE IR AG, T, §hid system (520)
comepnise¢600, 700) for setting a sel ecti onggg;tlton (980,
f i d d tat.i on 0

Pri core o LREERER o BB SERe b e Syt o

Bscel-di t | 24 ; 3 I @icity) Sal . o
© payl Qaet?@%)grﬁg néli(1 gié%;;ll%g%) é?:%drgp%?i @lgg) ) sggﬁ%e(gﬁir?%rlg}vesugatmn of
Piepgraesi opsaid bnageelyments (3HiQ) 1ft$a&dhﬁmgeriﬁbbkl<1800g8g 7

981). 40..T t or o any. o e clains

to %%9, %ﬁﬁ%r glgﬁﬁﬁgi gr_rlng@‘?%ct(gbﬂgp@r @%&%’W‘%S&r ESpeEddRgsa default
C(ﬁflpf@%&ﬂ %}@re@%n@aﬁétﬁ S(@d()?lgﬁ)saﬁf‘q ] Cg%ggo?% t(&éﬁd?}}a%?essing said

. codeword used, when processed by sal
inmgagyo plogko r(8POpr aceanding te sadefduthgeompeessing mode, said default

. _ ) ; d i .
oA BE8ER k0 2RPUE sHETET R AT anE paY bees peetion (980,
990) fenirdpeiskatin iicoaesod Bk (800); representing said
same i mage el ement associ ated property; and an index
sequenéaid gaxkiligre eneoder4600) iy askipdeddbalgenerntiogean auxiliary

L R F L A——
G IO S R ety SRS S i
RPISRESH depreysartation (900) comprises an auxiliary payload portion (990)
for representing said image block (800), said auxiliary payload portion (990)

being smaller than said default payload portion (980, 990); and
- means (600, 700) for setting a selection portion (980, 981) of said

compressed representation (900) to indicate said selected block encoder.

39. The system according to claim 37 or 38, wherein said default payload
portion (980, 990) comprises said auxiliary payload portion (990) and said
selection portion (980; 981).

40. The system according to any of the claims 37 to 39, wherein said

selection portion (980) represents at least one of:
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interval if said selected conpressed representation
(900) is generated by said default encoder (600) and

W@ a00d/0849m3 r epr esent at i on exceeds sai d al | owabl BCT/SE2005/001070
property interval if said $8lected conpressed

gﬁggjg%ﬁ%&%ﬁ%ﬁ %hem acco)%?‘?%dv rd ] l i e processed

byClsaidrsdefaule éﬁco&vherS@OO) ,Sdbfl reprasdhtingc @d@a.tﬁéoﬂhage element
conpri ses: neans (610) for determining a first (910A)

aS%%@eBFQPWOA) col or codeword that are

(550 fnoabrdeckioe' BF s iy Mo 1R ahfohBscipd 8RR) cadeword
uspdpvwiidemgpodessed KPR defdult secoddr (600)) fomtrepsisenting said

codewor d }hat are a rep esentatlon of sets of nultiple
SW%%%Q?%%’F AESQCip dhe intensity of

said i gRog, §'§§§g§§1§$1&§ed nwﬁ@hd Fomaged! B%Qéiéo@éféult encoder

and a sel ect or or sélectln for ea I mage
(6@0)e finte{r@onting mmﬂtdplenmmebélemet(tm)ocmnm indéces.t y

i ndex associated with an intensity nodifier from said

intensity nodifier sets. 43. The system according to

418n¥Hefs ljs*ﬂ@nf habdR1idg f0cihsm HOLHRRePhdePisdh@itibn of a sum of
encode 700) conprises: means (710) for détermning a

saifd fisst (93]%) andemmatld( E208)), cadiwarq( %@}Bbhlanamfdimvmble property
1ng(%}47'%l78ﬁ %ldgsrﬁlggq% m%%g&%%ﬂaée%rrgg%tar e zﬁsg N3 ognera%ed by said

depil% Ke A RRUBr F@G@ angiekafd %rﬁﬁ%ﬁre%‘ﬁt@cﬁirﬁ@ﬁc@@dsf%d allowable
each 1mage el enent (810) in at l'east subset of said

prnpentypheenvahgfes@dezadmfsd epropressedsepreatiptian (PQP) is generated
b col. r 50 evvord s fromsaid first (910B), second

Y(Sﬁ Wﬁnf@ §} d fourth (940B) col or codewor d.

44, A user termnal (1) conprising a system according

to any of the clainms 23 to 43.
42. The system according to any of the claims 37 to 43, wherein said default

encoder (600) comprises:

- means (610) for determining a first (910A) and second (920A) color
codeword that are representations of the colors of said image elements (810) in
said image block (800);

- means (620) for providing a first (930A) and a second (940A)
intensity codeword that are a representation of sets of multiple intensity
modifiers for modifying the intensity of said image elements (810) in said
image block (800); and

- a selector (630) for selecting, for each image element (810) in said
image block (800), an intensity index associated with an intensity modifier

from said intensity modifier sets.

43. The system according to any of the claims 37 to 42, wherein said

auxiliary encoder (700) comprises:
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- means (710) for determining a first (910B), second (920B), third
(930B) and fourth (940B) color codeword that are representations of the colors
of said image elements (810) in said image block (800); and

- a selector (720) for selecting, for each image element (810) in at
least subset of said multiple image elements, a color associated with a color
codeword selected from said first (910B), second (920B), third (930B) and
fourth (940B) color codeword.

44. A user terminal (1) comprising a system according to any of the claims

23 to 43.



