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MULTI MEDI A COLOR MANAGEMENT SYSTEM BACKGROUND [ 0001]
Col or managenent refers to the process of attenpting

W eoodiogpkmy or render the same or simlar col oPGT/UR2006/033822

devi ces so that these col ors appear consistently on

h evi i.ff nitors
2t t VLA HINEDIALOTR MANKEEMEST &V sarem
' ached to the same conputer system nmay
ﬁggiﬁﬁﬁﬁiﬂih@ane color inconsistently. This
[0069 N Elofdr @RAnaBbBBhiANIFR Yo THRStblesk ©P %@mgﬁ&:i%f‘c{ ?]fgf)lay or render

factors, such-as the technol’ogy enployed I
the sdrae onsimidari eaders, ont feviehssiogthabthesdh eoloonappens cotdistently on

f.th it ) the |ike. [0002].Addjtjonally, -
G55 L0, T, B o S SR o
s§istbing @Ndilfféred® nhdnidoPs hit-ARSA 86 HRIsAL &gﬁ%\%blf EREGR! may render

types of presentations. For exanple, ot ogr apher
thejareapelor incapsistanite Thisdngamisistant flispleyrmays resglt drom a number

P 1ERRER e B FH61s T g A B Besien of

the!goaftors Sthk Qe o MmédiRrs, @ Wld iRy phot ograph of the
[éel low flower is rendered in the camera's display, for

0RipAdditignalloDe diivest gglor twishishageeasf of meedje mhaywbe rendered

. y . di.f f t iin the LCD than it_did
ety BB PBRR Ry aofR hom e peesenielona Bl gl
af phiotopraphiel ay thptuph&! REHRRTA yeBY fVRhRRY atchgital camera. To
hot ograph to a personal conputer, display th
t&w@ff‘o‘gfrt&ﬁ iphetographies dhepellay fliower owypppesr, todane adiettainhehade

' I.Ct itor. FEi.nall he .
RA0E 95980 Sl B RkHHEED bl oE VSl Bl s endec
i alpe ba@léﬂarhg_dﬁplagl Br Sanifler an QAP Jispldy, 8BE Rh&te bPNe vellow
operations in the foregoing workfl ow, fhe yel | ow shade
flower mayfappegsditfesgnidn ah%e Ie(gb thea ipidt diye3phueits the design of the
RS TS bR 958 SRR A TE0 AR Lol BRCia e
phbloErapkaond Persbhd doRhdY, @fsplé?eth@ﬂl\éﬁfgraﬂ??ré Itltiéj $tre8l Bf the

users and cause them'to expend tine and e _
ca@putstiang odidhe photogrerh vsipgnanctyredditone Finatlyf thewhbtogeapher

. . diti . |
oyl o} SRR o PG e b o REBuieg i ¢ 1 e
[0603] SIm@ichsdfMeab Yopetatibndi &l tHe Rkdpoh weARiw,SUE R Ew sBhde of

accept the , .
the flower may change as the photograph is transferred from one type of

presentation to another. These inconsistent displays of the given color, in this
example, the yellow of the flower, may frustrate users and cause them to expend
time and effort adjusting the various components of the workflow in an effort to
achieve consistent renditions of color across the different devices. Other less
committed users may simply quit using digital color systems, or accept the
inconsistent color results.

[0004] Another factor complicating the consistent display of color across a variety
of different devices and media is that fact that colors may be perceived differently

depending on the ambient lighting conditions under which the colors are perceived.



i nconsi stent color results. [0004] Another factor
conplicating the consistent display of color across a

wo arery4df different devices and nedia i s thapCT/a81006/033822
that colors may be perceived differently dependi ng on

the amhient.|lighting.conditions under which the color
iy Sefibdt e rieb e ippeh SR Y Syl dife ' dRRlp hen
vieRk@ indSHts aRBA hridtidlelight! herfigaed Ve Riswiapate | safeosiect
under artificial light, as conpared to view ng the
owtdoers otndec natoual goolighturiiven inathe cahtestiaf pgificial Hight the same
t.he context of .artifi.cial light,. the obj ect can
objBlechn HPARIR YT AUTERE cUPBr I PRETR JEPERE Ay spiRgred to
UHPRE ih ddivRe-bagear] V@Bé like.
R P o e e G

SUMMARW rul timedi a col or nanagenent systemis
IBSErA DEGREER HololnEnRieRaRar SELdR Vi s LR Various

eBHdiftehtst BRh insthad S@BLABRU hiveld) céh SOINEE rélRWige soand color
transform ng the source col or content into destination

corsemrthetol tassacidted withralsouregy device fad grangiorming thei seyqegiplor

devi.ces. ,Vari di t f ' .
o OB BN BT FBpRRCHRS b ASRCRhn
dtviedys \ofr ok iefibo8isdnieoft fibdpphratdsdscribivel hegeif can include a color
sequential transform conponent, which is adapted to

infeastrictures transfernegdionr engdng dat farbert inchdes resequentis) Srassfrm

to facilitate. mapping.the sourc ol n

CORBBRT Lt VV%‘H: cbi 88%3%(1%% At h 30%8{; ocrO?clgrng (?rgélﬁr %rcl: (f Freate a
trhAEBEh Qb Bci1RAceRAbPRCAR Sdiiee icafrunténtt toamdsktiiation color
opti m zati on conmpohent that is adapted to receive the

s comtamisf oFlm motprt infiastueturea trappformetiay engiNs Fot mliappdude a

based the t f d. . '
uaemon ety n rapr Rt s HebbBR e B g and to
chda N gh WBpinkiadd QraabfriOtaBRNBheICoh Nhe dedisforat, i @d @ ofr@tsform
content "based thereon. [0006] This Summary is provided

eseruiinn contpoeend thas isadaptad torecsbiedhp pptimived teinpiormtaklg and to
formt haﬁ& ret.furtlher eSgr iegﬁlg rQel ow in the Detail ed
SPRRTRIFII f RN} LAY OPEATT e ended to identify
w  [6006] T BRE US@EnaAFy 89 5RbVidad themtretes af sdlbqionl af redcepts in a
subject matter,” nor is it _intended to be used as an .
semplified fondhati are ferthdralesaihed bstow e ths Retader Pgpgringion. This
Snulrar}ntlfrgf'is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the
scope of the claimed subject matter.
25 BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The teachings herein are described with reference to the accompanying

figures. In the figures, the left-most digit(s) of a reference number identifies the
figure in which the reference number first appears. The use of the same reference

numbers in different figures indicates similar or identical items.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The teachi ngs

herein are described with reference to the
waewonparyi ng figures. In the figures, the | ef PETDS1006/033822

digit(s) of a reference nunber identifies the figure

j i.ch the. ref
Py 0 L LPRRSIRAHEE Pl 68k SARERER, TR 45 nows
adsbélhteatveish &h irdhiectdre fatequifoeing ¢dommabBientibgtiveenlone or
is a block diagramillustrating conponents and data

mpleoysiresdryélca eBd ong phmare %SEMttOé’&eMC@Sf or perforning

(685F FiERECE R 1008 LR ANefind WeFerd DRSPS tr SBipe and

déstinatid aqkrébn@aﬁamndwxuﬁimgﬁneng several exanples of
source and destination color content as shown in
[0818LirFigute 3 dpadylogk diggeans ﬂuhsstratlm dldystigiige cgmponents and data

glVL USdok @&égf\m' 'c%f&rf@&as%c &@%@ﬂger gnsfa(cfﬂrﬁ hich is

sSoci a aco of Ne
stenei IeEFigleTE) 5 which i's shovvn |n Figure 1. [0011]

e 0 R ST SRS v
SRR S B e APgSpor

“Geytoe modsl. shown 1 b B gpre 4 [0013] FL L° asf e
[GNIBE KEighusgd Bnd bquEsdtI%ga%mr} u%@ﬂﬁs ﬁempg %aégatafnr%%és flow
rélﬁ r%{‘ﬂo%gfo aﬁ 488%%5(%169%02& ﬁ%@ﬁ%gﬁngsk”‘;?:gr gfn shown
[OUIB]JSE‘1gﬁteI 613 coloplodaptasn dhdtratiigedhowentsedndtdategflows relating
1] O PTSPER Qo EORSTECETB TR S UOIBRIES Bt 1 at | ng

(REECRGIS 2600 Bt ) A0y B, i
telg@giitciountry inicions thaf afetsihewmﬂmigment s and data flows
S bl 1o im0 S SPGB A i
tq 4 gtk Bl bt Hos IS 010 orrmonent sh

_ tran t1on conponent shown in
[00160r BigBre 9 is a block diagram illustrating further components and data flows

relating to the sequential transform component shown in Figure 3.

[0017] Figure 10 is a block diagram illustrating further components and data flows
relating to a transform execution component shown in Figure 3.

[0018] Figure 11 illustrates an exemplary computing environment within which
color management, as well as the computing, network, and system architectures
described herein, can be either fully or partially implemented.

DETAILED DESCRIPTION

[0019] Figure 1 illustrates an architecture 100 for performing color management

between one or more source devices 105(1) and 105(N) (collectively, source
devices 105) and one or more destination devices 110(1) and 110(N) (collectively,

destination devices 110). For convenience but not limitation, Figure 1 shows two
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[0018] Figure 11 illustrates an exenplary conputing
envi ronnent wi thin which col or nmanagenent, as well as

W0 b@7ozipit i ng, network, and system archit ect UPEBUS2006/033822
descri bed herein, can be either fully or partially

REEVE croBiseafEvaresni T B0 080 o RBIo Sttty Ebugver, the
d&ﬁ@&%ﬂ@ﬂ%h@&h‘éﬁgggtﬁgq R unABsR A rbeepréﬁﬁgegg)%r {acgg&%%eeme of

and "105(N) (coll Ively, source devices
itlnstration andstiscustiomn THey iRigwe 1110 (H)statide bR Mpn-limiting, and the

aoll ectiyely, destination devices 110Q). For L
iraied0B i nEBHe i oS, o1 ks Gvices G and destination
detitiel Hppt rati ve source devices 105 and two destination
devi ces 110. However, the configuration shown in
[802fUr &n the eonfertenfshisodbseriptivn, threebitapeedN hoshaomassociatedewith
of ill.ustratiaon and di scyssion, Thus, Figure 1 is
Pime, S oF Qi SR neh T GRacemrod i Rt @ fitsger value

OfleCihn i0R6 (WA ETrAREURUITORE eRimSie ' ea&ﬁtw
gglies?i na?ioon( evi cgﬁsg 110. [802m ’Iuﬁc‘tg%lga\g%lge?%gt]‘%g* t iso(z)
wilesnc desstibing, theheumberege solcaslesices] 0asiscluided do the tilustrative
SO entit or guantity of such entity, is understood
it

Pi%eger val ue greater than one (1).
0026 Qi tha agarm&fe%pér@, Ny
[t vvof]( 2) V\/nenn escri bi ng tt?}e Wﬁdﬁ%ﬁ ?ffegriggﬁré%afgg\e/ﬁggg colors
appeari the sude dcioss & hverietyl afstifferent/laridwpteeanslntoditwane esvicomments.

herein. [0021] Col.or. ma nt s to.the, process,
o aetie e, e AR AP L g LR ot i GigrepEcioes
AREEEEY s@éh 4 JchBR@8cahREANMIBo 2Ebr&R4, INEi® telephones, personal
envi ronments. For exanple, the source devices 105(1?

digighl pegstants BIPAsd, Iinflheld on tatdetvéornemiterst ogdeHike, Alirrhatively,
S _scanner.s as, .video recorders bi | e .

g ENRD ELCes, I0TShalyn i Fidote 708y bF i ieprsigiyms that include

digaiebsl ndnitord | iRim CaBkhe hfanu®lontrBR. | | W& such, these different

Al'ternatively, the source devices 105 shown in Figure

displays ey conopessegivey stodars differtentin dnddmagti eyiibiy sifferent color
nitors fram.different. .manufacturers. As such, se

d&?ﬂ’l?ye rcé?ﬁac{?fl%‘fsa% cﬁﬁ&lhg%ce S i vl,gns%‘HP%r%Vlc_es 16¥ may be

Bhfitiee8R6 by tiRNEspTEYs @hbbidks f 'efrfs@l"xl@é?t col or di spl ay

characteristics ‘or capabilities. so, the source
[8632]c &x5ffaest megdisblypenAEI(dkred HHN)are skowth splRigwedr as being
arsrgo%ligtg %vi%hh rer;‘sseolu\fceesdevices 105(1) and 105(N), respectively. The media

types 115(1) and 115(N) are referred to collectively as media types 115 for

—

convenience. For example, media type 115(1) may be still color photography, with
the source device 105(1) being a camera (digital or possibly non-digital) that is
configured to capture still images. Media type 115(N) may be motion picture color
content, with the source device 105(N) being a camera (digital or possibly non-
digital) that configured to capture video or motion pictures. It is understood and
emphasized that the media types 115 can take any number of forms, including, but

not limited to, the various forms illustrated in Figure 2 and discussed below.
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[0022] Different media types 115(1) and 115(N) are
shown in Figure 1 as being associated with the source
waelewroer4105(1) and 105(N), respectively. The PEUU&2006/033822
types 115(1) and 115(N) are referred to collectively
[
[09?3&”%1%%(1%5@ %ﬁt}}g}% é;?ﬂlfciec&%cl%g Irlﬁ.’fl ﬁ% treosg?{atnfexs%[ﬁph 4l %ol{ggﬁgdrﬁlent
1200 Ulncitigaievi, (seufbe Fplor dorfenty 121)(d:)arsmhaw@1chsg¢ct1abd evith the source
ossi hly no th onfl ured to capture
d t%ﬂ“%?%@%@ uw%o‘fﬁrz %‘f VgLastasintsd Wik ibggurce
de&sRledosggnt ent, with the source devi ce 105(N) being a

canmera (digital or possibly nondigital) that
{00241 iTher seirco wdpt comtenti A0 Br prvidedn tpi & tColes . Infrastiiture

TGP Ees (oML 0 THerr TR apStechtio i Redouree

colé anlﬂéit vapi 191%{)3 dés‘%ﬁqﬁﬁ?ﬁ Lbbids ehakBd13¢" aE ? o‘ﬁrlgtealr(‘)drender the

di scussed bel ow. [ 0023] Associated wt e source
sodeogicobs cofnt $20 empistdnitly onsothe clesttmltion devict 40 ad 2Ampadsited

- conlelf s, BASRAITE Rt 26 Snesisd sdnred PR v o) are

sh6@nOfn &Nt a&ze%cwlatb@ \ﬁf‘ﬂ?"&éstﬁﬁ%@ﬁ' @év‘?&s""ﬂd(l} RRd 110(N),

source device 105( 024] The source color
regpeatiedly. 120 i s prow ded to a Color Infrastructure

(OB341" s RATE b 25 pip e S CITE J23;ca GramHie Spas Saler content
129esitd aﬁtmteﬁnsdaaterco@&rgg% hﬁmﬁv@eﬂfbeeﬁﬁéﬁ@of %her éf‘ﬂ? 25

the source color content 120 consistently onto
cadewtilizeatfo axateplec en lih@®rasdiemnpast spate’ rﬁemd:cbm hb%n as the

SR S8 SoAE VR sfines 1§ AL Bl 956 222 S vus cdianistied in
Ofi@ﬁér' 2]"0@tll et Faffrod Makd iOARUB Bbior IARECUALR Kor use by

As part of 1ts processing, E 125 can nmap
the K TEolRE es ol nteromadiada tcolb2 Gpacd. o Farst i theeS@RGiBaCelor Space

ARG RRS TR0 110 ki o aPRel Fntrorent ot Soaes the
S(EIQ@Br@@lgr SﬁacréeﬂrS{flﬂeﬁ§ V\Inlib?' namie TR flaR o IRR ﬁtgrmed’i@tb(églor

is defined and wasS establis
sp@xstsob€he deamlclenn@”noif eaiemcesarrmﬁm space SERGBtCHeorange or

it hatees ahe brightetsnck arket Rtreiiog SSoRRESIHY dhe dpice o
coldr! §%R EeSThﬁ‘!ir e @@?&dﬁ%ol@f ts(i')ao%a SufIrR’ a CARN BhmbL that is

represent color. Second
sufficiently wide to support any color that is perceivable by the human visual

system. Fourth, the “gamma” parameter associated with the SCRGB Color Space
is 1.0. This value of the gamma parameter indicates that colors mix in the SCRGB
Color Space the same as photons. This mixing characteristic can be helpful when
rendering colors on the destination device 110. Also, because the “gamma”
parameter is 1.0, linear mathematical operations apply to the SCRGB Color Space.
Linear mathematical operations provide optimum fidelity for graphic effects such
as scaling, rotation, blending, 3D warping, anti-aliasing lines/text, and alpha

support, among others.
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SCRGB Col or Space provides a w der dynam c range than
ot her internediate color o spaces. The "dynam c range"
W@Rooa/02fs¥s ce or col or space refers to the rangeCDUS2006/033822
di stance between the brightest and darkest extrenes

ORI bt e TSRS ABkrERUE be RGeSt ifl SERGE Color
S ! if1i§NLhder¥iodl® 2t SMBPSiBje@NYnatiel OdlestHBdd ilerein may be

_perceivable by the human visual system Fourth, the
infdemented psing isteamedists ol spacesi ather: than eRBERGH Gplor Space.

S s, 1.0. ' .
IR e cbial b, S, el EREP R Sty ggher

infRdRR RIS Pases th MayexNiBl ofid 8f ALEEHT theiabovathddseteristics,
hel pful when'rendering colors on the destination

omieay cthenvioe b@s@iﬁgblmﬁg auesdicingdhe teaphings elnet er i s
obaf oL TR G o FRIAL P DRl g1 R

types 1Bk { thel @biilcy bRk ctitai20 @iifthe disstinuitidn esloseati¢md30, as
fotation, blendin 3D war pi ng, anti-aliasing

slidwxeien{j Figure, 1amay #alish2Dileserrinstanges f the sairee cejopepntent 120
ovj,di .t he foregoi i_pt.] f Al

o S B ] CLGERUAE ERE LR AL YR Al AT
2031bpesbgraphit etorflafc idetvdrdinimionay gogphicslcenent eds, three-

using internediate col or spaces other than the S
dipesinsiongipgrephics sontenti229, Hede eprient 278 pRimAien Gopirey 230, and

herein pr ' i ' ' . .
S, ISl P Tl
n&ilf Cherdxainpls souRte BElyr obitetit Mearkdastintiady eolbocontent 130

practicing the teachings herein. [0027] Figure 2 .
shaw it Figues2.s dt/isradso otadiras sheosouyes doucesii@idshopm in Figure 1

di ff t  nedi . .t hew SeUL .
ot el ooy TeLicR PR TRal B seRbyih S MIE S rfing eny of the
IRREWVd Bolrcd Wokdr leonte@t 128Ker dEitinbese rblor inesnt 300dhown in

t_he source color content 120 o and/or the destination
FeroZ. content 130 may take the formof television

ent, . 205 ot,0 i At 2 T .
(GFR) PR 5 s B0 P P YR St inioft BFRRLER Al pes
Rkt Bbes22fY savisie opeanibthal@by imvvlvesachmedia typet willlif cach

and text content 235. The ellipses appearing.in Figure
nrketriyper ThecmedioetypRe ShoWRdR FAEWE S AR Lried grons, dhe’ lefimost

exanpl ur ce,. cplo ty . . ' ' : .
SR D T St
hd¥Ret§:0 tHeCOnIEMbERArkED Tths BMerprise nirirket| end the professional market.

It is understood that Table 1 represents only one illustrative way to divide the

markets, and is provided as shown for convenience of discussion only. It is noted
that markets may be divided in other ways without departing from the spirit and
scope of the subject matter described and claimed herein.

[0029] For convenience of discussion herein, but not limitation, the “consumer
market” is understood to refer to users who may be performing color management
tasks for their own casual or personal use, rather than for business purposes. The

term “enterprise market” is understood to refer collectively to users performing
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can include any device appropriate for capturing,

di splaying, or printing any of the illustrative source
wa@odogr2ent ent 120 or destination col or

shown in Figure 2. [0028] Table 1 shown beI ow

oldr BLhALERAY YRR £ HIBHAR LR AR pRenf RO RT3, potoenal use

eamrhm’ﬁ&dl aHbwBeerMHi$ blsifess enfRoiantt /RE nof 18 JYE?J ifless whose
pes shown in Fi gure 2 are listed along the [eftnost

IE%}P lfﬂww prigtipg o pubtishingo gngtead, dtis Patiness bnvmorﬁnmtabeﬂ be, for

B 59 S Bl | B, MRS Sy cotore

qont&htesshed;ffal tonhe foabineds) bintSis Woel eHeSdoP® Hirdchish of A @uﬁness The
epresents only one illustrative way to divide the

kpLessigpgl”; Qn ﬁ?eo%héléha@s isswaslorstoqst tQ:mﬁQrecmll@nt‘eely)ito users
ket
pg ﬁgﬁ%’ %Olgtwh agérﬁeﬂt hou Ft@g%’g%%}}%@%ﬁt Wgere the core

er-ways
fmpntmlnt o’ lﬁ@buSC@ﬁ)dw.eOBushh@s siupf@cexatmile, eprodesald BEBr&Ndontent.
d heyrei.n. [0029] .For conveni ence of discussion
E}C%‘émé’ <, nhght rigelufle npridtingorer phBlishing sinvses, nenokien” picure or
nat0 users who may be perform ng
pﬂgﬁgf@n’gﬁgﬂgﬁééﬁh@h asks for their own casual or

[pes03 oﬁé’[hlmS&chr@ﬁ gy thieanillusteatiines ifaglests p’PzXBI@S?ﬁ)res-E'ﬂ% three
i s understood to refer

er m terprise market"
'i REENE ?%Flyn% SaniEs, slisplase endrprigt ol Trerefarea demeach medik ype,

TP SR S BRSOt et Rleol "B PrB el A HRE. and

priating thadmed izl thps sithitosRh BRHE thReUudteatips h[hfrlkéig or

cont enPC1/BO2006/033822

m.hl shi Ag—lnst eadthis business environnent can_ be,

for bxampl e ™S cor pof at e set I where cdpt uri ngProkssionl

di sp| &pirng, Pand pr Pint | hareel or édirlgont erttint | § beedrp U DisHad Print
tSHe puBiCngsWindoguf Phgo NPT DICAE[ CODiRe T UNC PN [QISC/EATE  Adobe large
Imaging. o inte and upi tive format
BESi pess. (TR er fi™Pr pf essi pnal s o fHE dther hafght orma
is upderstlood to| referfjcollectimwa y {o userfs printers
perfprm ng col or| managenent tasks infa busijness pr::gng
envi onment V\/ner e the fFore flunction pr focys of t/he printers
lsi pegeri semaifergy | XRITD écannjd océslsherng c ®bior ddscapetii| e mtiabe Adobe
Taphics using ges Cople (Mar] g uj pi tive Postscript
éxarr)l ez m lHJ{i ncl ude Plsib, tin atel prIEEtgshl ngl'sgr ite printers
ot mNIpl dture n T hgeGRphly Ag;tgigdg)()‘. or -t heJCkI . .

3 . eh Pages ender, /A, Visi 0 uteDes High Quality
daﬁgs )] Wt hVY( ith Cﬁ tﬁf hg t hr ce f"| l ust tyl y é\ge@;‘g e{ts%de Rendering
Tabl B 1 priesents| thaee]illustrative f tmmng qNSand (3dMax) to 2D

: S Pri ; to 2 i into Adobe
capt re, di siifiay, 8@ print.| Therefof e of w&eh |nedi a ito Adob
t ype MFPs group printers

printers
Video Camcord | Windows N/A Video Video N/A Video Adobe N/A
er, Media Conferen- Conferenc- and Premiere
Mobile Player ing ing applications Digital
Phone, systems and Camera
Digital Windows
Camera, Media
etc. Player
Animation N/A Browser N/A N/A Adobe N/A N/A Adobe Storyboard
plugins Flash Flash output to

(i.e. Adobe (Training, Adobe

Flash) Adbvertising) Postscript
printers
Text scanner Platform Printers Character Microsoft Work Scanners/ | Microsoft laser

effects (with and Word group copiers Word printers
(Clear text Hand- (Readability, printers using
type) optimi- writing Clear (Word OCR

zations Recog- type) Processors,

in drivers) nition efc).

Table 1




Tabl e 1 presents workfl ow conponents rel evant to
capturing, displaying, and printing that nedia type

waowdoiozr7eéach of the three illustrative market sSPCTEB1086/033822
1[ 0031] Figure 3 depi cts illustrative conmponents of

O, 0 B U A o FAPHE P B 28

Figtu@nsf eienCUPE i mszadn dnclhedenp cmquantﬁll @rangfoemacdmpdho 305, a
execution conponent 325. The sequential transform

transfsenenimizaon eorapaeat 310 apd a&faélafommi@cmowwonem 325.
Tid 30RIRAIP gﬁﬁé}i‘tﬁ’ga{ cl)ﬂ?cﬁxghg g(s) 18 ﬁe@gt vaet itcf] Q:réal%ee ohd-or nore

col’of cont i on col or content

s tran3formb MR thal heappign 6F drafslaldig thez séured colinesmt 12000 the
IS operative to fass a buffer of color sanples from
d%ﬁ@ﬂ‘f@@@é@%@@t@@? Wntent 120 through the sequenti al

OS50 35 SRR 00 SRR U DB B s o
cal@psanipies fromothe Sanfek edldrrcontehh ¢26 @h:ba@h dﬁtl sequettiy] enhsform
120 |nto the color sanples in the destination color

conpmgnt 393 oto F@e@sﬁnmlmlﬂ%stfa@ﬁfﬁr@x@ah i34 c orhsoRptmized
5
e trat?rﬁf;b essfétm. Ihgﬁscfﬁ]gtcbmr%%gg %g%a{e{%uﬁée cdiG: &{ @&b&‘iio into

tinatio or co artlcu
the esloesdmples oothedsstatibn nobheomtemirm col or cont ent 120
are indexed. into the optim ze transformtabIeSO

(0433 txaﬁﬁ@rlacﬂxs%@wrra@p@v 2iexpautt thegptimized transforms
31%6% li.gghec %s%ﬁ 1&% fof Mfeh'q 30 NevEes n%bt@ﬁhiaﬂg,zgégt)&rtwe

COI’]t rans orm execut 1 on conponent

caione pmtlﬂne theypupiexcelorfoonteat 120hgredndexed ditiorthe optitdd traasform
descri bed_ further beI ow [0034] Figure 4 depicts

15 tapler 329.s and gue dinfrpelaed sy @smmme oS EEo ARstEgtipe rrofers for
I‘Cﬁ@é‘l %egfg%ﬁog% 1300111—&1? U@ ﬁﬁ&sf&ﬁ?@ﬁ%e‘ﬁ'ﬁ component
conp Pe ef palp t

e Vi evve I'ning at Teas
32% isasuppartsd cbynrﬂkeloformjaﬂmgl arel td@hingf mediodenss tescribedifineher
col or pixel values 410 defined within the col or Space
?Wone or nore source devices 105 convert these col or

[093{]6 |F1%)ﬁ'l3 WeFepdckd dgﬁﬁ? r g IS% He e gﬁ&maﬁ’ 'tl)éﬁéfoﬁﬁlchﬁﬁbon%]t 305

I ne |n a devic nt col or space,
20 shokvanini Ergares& the Sedqoémiaiednsioat qmpenenadfe maynveoviewed as

deg'}%lét? 4 l?ﬁ?tep%g lg? Efﬁ%%%};?n%%oﬁ“ ptlg]ellf?lettnat inglct?cr)nss oal(':e%el% color
pixel values 410 defined within the color space of one or more source devices 105,
convert these color pixel values 410 into “intermediate” pixel values defined within
a device-independent color space, and then inverse the “intermediate” pixel values
25 into color pixel values defined within the color space of one or more destination
devices 110. The sequential transform component 305 is part of a modular
architecture or system 100 that can operate with a variety of different source
devices 105 and destination devices 110 and viewing conditions. The architecture
100 can also use color contexts that contain boundary information (described in

s connection with Figure 5 below) that enable the architecture 100 to process across



devi ces 110. The sequential transform conmponent 305 is
part of a modular architecture or system 100 that can
weperars4wni th a variety of different source deRCT/ES2000633822
and destination devices 110 and vi ew ng condi ti ons.
The architecture 100 can al so use col r con t hat ..
féo %Iilp cline

differentie muﬁﬁwtwwcew?a{%% SompusipEys s
m%vl\ﬁérﬂer{: itdhy ﬁ'le5seg ?Mm? &ehhﬁe&bw&s@ﬁbéﬂ’ e 100

rocess acr erent ne Illustrative

[00@5]1'0 wnﬁmt;vafjd:dnvmahmodfg 40B ecdeiven $rbml Nﬁlulﬁ%ﬁl(blrp@? icaler space of
| ement e

the GRGE B ieB S, PRbIBTeHAE SraiOREE RS RERTRANEE 16 Hom a
s sduf&ebyEs slgelcé%td/ %ﬁ&?oﬂég g ipixdINRIGR! £15 §Dackvide-ihli€pendent

source device 105 d drives the translation of these
cqlopspacaral ues 410 froma source color space into

[Oﬁggtﬁg‘g&%ggﬁ ggé)pe\éraa:ng?e \iﬁ?%e? C@opcg]glv%ccﬁ S Ip@)?eqp ggeﬂt the
a4A0 FRGRNER: IS el dhd Hvel tod hnstiawhast thédqpertdénin the

ace, rives the franslation of these
depﬂoeeinslependnmt hcdonl endce antoncleprspereding potebvalisade 4 dgwdce- and

corres din i xe alues in a d - d
10 V\?Wé‘i‘/&’ﬁ‘S“ﬂ q‘i“? né‘?‘%b‘gﬁré‘??&éaﬁ? Sl?aﬁ% \élr (r:rgdl g? e space.
do§9}°>7 mBfe BRAG 19&5Pihg FREBIS nBO'l‘B@iﬂféSt}ﬁ%ﬁxel%mey @25, and

e’ pl xe ues 425, and drive the mappi ng_ between
driod die mpppmg bistwensaior smesayqummmb@ﬁtbyg et gapputs.  An

illustr defipit f h '
il SefiRon Sorbe it shgmnel HlogdR dppBRER B end of
tﬁi?gb{c% 6§U’rﬁe LGRS hias MeRsEoEd m%ddérmm ordey edice model
e and a col or appearance nodel profile by

s pgHiteand aucdar gtp}ieamnm oriel Prodile bmﬁamtamﬂuﬁ@aram@emon&s& he
pr oduce pi xel

35 that
ofmpeoripe ssie st o veeted vafted A TR AR e Babl) £ty B6vce
ggﬁ,lluté.es the translation of the pixels 435 fromthe
I'ntermedi ate devi ce- and view ng-condition-
[00882 pAndavdrss paloeapmetance medel ﬂ&d@e&sﬁh@ gipavlaiion okbe pixels

9%33@9 B At BT 650 R PREBERE P sonce back

20 l Uik deI]Btegél% cofdt JpAVET TRe BRIPUEST BdBVerddEo10r apprearance
etrans on of the pixel values 445 fromthe

mi&leil gw ismdpreserdehin Ejgw@r4 ypthe @ixehvalugs 4. val ues 455
[0039t] %ncfr)wgrrse aBAEE me model 450 drives the translation of the pixel values 445

from the device-independent color space into pixel values 455 in the color space of

the destination device 110. Each of these sequential transform models is supported
25 by the corresponding model profile.

[0040] Figure 5 depicts further processing details relating to the forward device

model 405 shown in Figure 4. The device models (DMs) 405 may be viewed as

algorithms that convert pixel colors between values 410 defined within the color

space of the source device 105 device and values 4135 defined within a device-
3 independent color space. An example of a device-independent color space is

CIEXYZ, which is a mathematical color space produced by the CIE (Commission



t he destination device 110. Each of these sequenti al
transform nodels is supported by the correspondi ng
woredelo2rdf il e. [0040] Figure 5 depicts furthePCT/US2006/033822

processing details relating to the forward device

nmodel 405 shown in Figure 4. The device nodel s (DW\s) .
Inesatiapald dle\Eelaitage)sthal desetibaseolaria terawmisynthgii grimaries X,

ol qr tween val ues. 410 defined w.thin the col or
LB or e gtine daisorenty gutfoticl et il SR matel the
efannege 'y fdpohsd ©e \diffeieRt aRARIRREhsC6f AightPACIEXYY, values,
exanpl e of a device-independent color space is Cl EXYZ,
sphietimep sreferragt e nast dimwey glelugpacee slespgdadenspdenie but are

ClE (Comgi.ssi pnlnt er nat i | e . Il

s Gelorri e rgPemle st Ciifodimbils B REE 1 AGe goo can
@8 0thé. cdlbe s?éédlfwi;@ls odl XY Zratdrminedgdh eiatdI®alStandard 1931
constructs that nodel the human eye's response to

Colofimewin Ohasrapie (e ik degrep | Qherven Etytve, it dY), illuminant, and
rﬁga{;‘,}’hfce'g_'(?ﬁ% ré)gléﬁ (érre %ﬂptg%aﬁi%g&,gfo‘?tréﬂwtﬂlﬁ NHiHEThe FRIXYZ values

5eive NBiek Qddidrhe bylehe fdardrd ddldrusgspeatinve resded df20p8héwn in
of the architecture 100 can use the col or space based
o Ijgunk¥z determined for the CIE Standard 1931

riet ]| rver_(th s r. ‘
BHEE IR SeuRosseriby dhoded oo 58, 8 AP ST oy waegof the
s foreeasE hipeliné Ampledidneel by the'®@duential hentlobX ebnvinyss305,
415 are then consuned by the forward col or appearance,

andctenvergocolesahiesi4d 0 ﬁeéﬁ@%withiq the galpr ypace 96 thecwuawdeyice(s)

el 405 servyes Nt [ f. t
{IBSe PR R RNES IERVEE bl critsseT 26 38608 jn g 4. the
15 ddsaRaiar RN ts dBRrtcdfdr ¢ fiRhl supit elageailes GIEXYZ
defined within the col or space of the source device(s

S HB S PR e 6 SPERaHos 475 CeneRaE LR (e dpior gace of

FRSNoF Y5 p, R SEblabI 005 IR LRl s
wal dd)@l%(sjﬁ&ﬂtn%' B evRVEIoder Pesflle (DMP) 805V alhe DMB5505 contains
W |

defi ne n the color space of the _destination
phywicebmeapiremprisdate darived by samphes BLoker BRasukamenittarget, and

~contained in r ngli ' . il

o LB Shpbhey SOLLERRRANE P68 APHRLIFLP Ly iy e
i fsteny edThy BRIPIS05Imay Coptiohallie adutsigakarhéegetelated to
and rel ates colors supported by a given device to

wothometicad medelsei Iy eah P50 eemdaingrgierence to the targeted device model.
[0042] A DMP 505 can specify several parameters for a given device, illustrative
but non-limiting examples of which are recited in Table 2 below. Also, respective
25 illustrative values for each parameter are provided for television color spaces and
photographic color spaces. These illustrative values for each parameter are

provided assuming eight (8) bits are allocated per channel of color.

Parameter Television Color Space | Photographic Color Space
Minimum Colorant Value 16 0
(i.e., representation of
black)
Maximum Colorant 235 255

10



10

20

25

paraneters related to mathenmatical nodels. It can al so
w@onvar1i4s reference to the targeted devi ce noPET/US2006/033822
G T AR AP O S
Nrghungangs |
(&%) Bighesbyalue. These il lustrative val ugs for each
ainablstie eolar spagepvi ded assuming ei ght|(8) bits are
aﬁgjﬁa@gqmﬁergﬁh@_eyew a types. A Referepce Bo_undalry 510
i ' i ew dition. .Thi.s. Reference
48 B 3na P Rch B St o S iion b resp betvicen
thieinedtin sy ous. ok RfbeHeEBMMEy 50 i oR1ifid MERR: fofwhich no
[ | g i A0l i bl al,.ar irrelevant, A
YsERhE Sl . TR 3 enfe PGy 518, it | Griegbond o reference
gethe limis fesrwhick golop vhluesbeyond dpare a:bnd;iglfrgd ﬁpractical,
. [ di ndary i nfor i.on. L
i, il oF VAT ACPRRRE BoBdgy (3058 eribsrhasnty limits
|25 ¢he Depice Bainday, 53 prrewetets 41y refosreid Berbah sefaately or
or .or media content 120 is
°‘g¥%g§g§ ’éﬁ%ﬁ@%ﬁ)gﬁﬁ{&%ﬁlﬁwaﬁo&d transf orm ref er enced
meoe) Bidlesond e slefipe spetifi houndary wgssmagd hﬁ;:a ghmrboundary
ce b 1 Wi e
v O SpalirlofFhaP Geelti T BT exalhale i soygse color

vi sual system The DWP 505 nmay optionally contain
[0042] A DWP 505 can specify several paranmeters fPr a
m\‘?vﬂ %. exaples
O? hi ] |l ues for each paraneter are
¥t evj si on col28f spaces and phot a2ff%aphi c
MinimumtRehgpdrimithannel  of colgor . Tabl e P [0043] Tjie DvP |
(B&blopresiwates a conssi stent set of defipitions to help
IS defined as the tTmts for—whirch—no—addi-t+ona
val ues beyond that are corfableld/ di scernable for that
ecul ar Boundary 515 is deflned_as the |I'Im
aggifiepal crlegs besiondsthpe grsneprmonlyediscarsatde rfar that device in that
black dorcellisidiyort disfuselauité eor boREREGNCE sBeuN éfun'-f% 515
,?ﬁe Specul ar Boundary 515, andrﬁﬁe DeV|ce§Bou%§%ry gb
iSRS
pridabibesby hieattwicee THe delfeeh@d BbeSd %1b9tt£ée§£é&%1ar Boundary
ecific_boundary val ues, and for these boundary
JEs
[00d4] HEtse contivtent sdtoin ddTmifis S0P, 51i5heng 39 %ﬁiblégemeadevice
content_ 120 could be clipped to the device boundary
ordmstlianintcain 12006 @sSdeBedt thromh th@ bPtimPsdl 54 ﬂimigfé? A% to
for the nedia content acrégg nedlg types.IFOO4 he

thgis, yadues firia tha DYIR 305, 3be talonpmmedieashtenht2G chuldbe rijpped to
theldeYRE rb%hhefa‘?’y 520 and nonlinearly scaled to the specular boundary 515 and

to the reference boundary 510, with the assurance that similar operations will occur
in the destination processing to maintain consistent meaning for the media content
across media types.

[0045] The device model 405 can perform at least the following illustrative
functions, represented by respective blocks shown in Figure 5. In block 525, the
device model 405 processes the measurement values into a form optimized for the
device models 405. In block 530, the device model 405 statistically derives either

mathematical equations or multi-dimensional look-up tables from the measurement
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functions, represented by respective bl ocks shown in
Figure 5. In block 525, the device nodel 405 processes

wo b@7measur enent values into a formopti m zed POF/US1966/033822

devi ce nodels 405. In block 530, the device nodel 405
uati ons_or

B4 B BinstaRaren BRecfly, e BB e farem&idis Supplica By the
DS iffthepaiedptia-dald Emeb1H1833, Asdeiae Hbda %55 %sﬁ@s&gﬁr:eéived

[)

anal yti cal parameters supplied by the DWP
rgigtipishipst to. translate dbetwess pixel molatevaless 4kddinl a s86veidesice color

AR A P8 s RN GoloE pikce: anr
[0046] e Thonddtigcpirx 200 \6ah 4R6vidd Dk brthere GhENYE “BReBihe” device

S e, [0046] The architecture 100 can provide one or
rﬁ&% Ioucrmman deyigselasaes; intdudieg butows ligifedrto coonions (CRT and

i ce. inc [ not limted to nonitors, |,
BRI URD b, R R LR S
cdmeias)s agd C aidver rajectot. 9i tAlsoC amppés) ’fora_rlﬁte}‘(';}%?é’oi]ri]ty with
pr oj ectors.. Al so, support. for interoperability wt

Mgrieéinnal; eplar Copsastiumodee) chlomptefdey camborchiewdd Vies special

« ' s Ao ial, "I Virtual Devic .

fo0eY AR DeOE Mbh ™ SRR, e Py B Pie el own

device amdetethraug@l ifY @duﬁ?-' j r e
m_fbt ar get .t hemipmggﬁwsggeci ia?ag?rgg{tfﬁ%ﬁln%gésﬁa%r specific
&"’r‘i’iﬁ?dﬁﬁé’ﬂbmhe[&ﬁ?] Figure 6 depicts further

B0 el e Rl e e O BB BT ifearance

nfddeM#26 29 shewarin &ligae 4 hhé balor qu@me GhEAEY4CAM) 420 is an
ristinulus values to describe the appearance of Ttol or

agorigim jthifnerdendsi € X At tristimhitus ngluss ridi desentlee thedappearance of

sl

<BE e TR AN Ol R Sl A P e

vilaksie® réplesaned nfAlkiguieb @ dnd 6 bhPiheGRk vaRRPA2S 2ANEE pixel values
correlates that are consuned by the ganut mappi ng

44y gan talgpthe Guwspf eploneppearincs eontstatesthat srofcondumed by the
' an use the ClI ECAMD2 col or appearance
oAby b A

I's described in the publication

(008D U ludptbar @nb&liMeaRl of 1BE areHiRbfurd ROGISARRE 1Y SYRORMO2
Cl ECAMD2", Publication ClE 159: 2004, | SBN 3901906290.

e SpRpATRCer BOple 683 | Whichpisedesaribwsl imdet peDBcationt hie Colour
Azpﬁééﬁlg%ﬁ%ogio;c@f%ﬁo Eé)_fo%? l@leanaagen%}l(tz Sellst)él‘eds: @h&%ﬁ\d(ﬂ”? Itu%rlication
CIE 159:2004, ISBN 3901906290. The inputs to the color appearance model 605
in the forward direction can be CIEXYZ pixel values 415 for the color stimulus.
The viewing conditions can be described by parameters 610 supplied by a Color
Appearance Model Profile (CAMP).

[0049] The CIECAMO2 model 605 can operate in two directions. In the
colorimetric to appearance direction, it provides a mapping from CIE XYZ space to
color appearance space. In the appearance to colorimetric direction, it maps from

color appearance space back to XYZ space. The color appearance correlates of

interest are lightness (J), chroma (C), and hue (h). These three values can be

12



The view ng conditions can be described by paraneters
610 supplied by a Col or Appearance Mdel Profile
w¢ AaNe774§ 0049] The Cl ECAMD2 nodel 605 can opePEr/@S1006/033822
two directions. In the colorinetric to appearance
: [ t 0 Y.
05 ShinkLs RURNAARE BpBRRL Lo LR B 5056 L
comémentrtetwonk i & emﬂangularldoordmeﬁe fsysiemg od oectaypudarciocdinate
pace hack to XYZ space. The c r a ear nce
valiiss pangdibecap e CRPPHES s e moa o 0 hogivingLIESAMO2
Ja?_nd hue (h). These three val ues can beV| evved as
ormng a cylindrical coordinate system However, it
[06808] Héornthe puomseeof dret insiant/\mismsshnacm&tl'ghgldsamlues greater

WSS S el B L B
addltess R ?thlaall?ghtﬁégg %Q s fgpfn hh@alﬁéﬁ' Wik %Sluﬂlfmatngﬁ glrr]eater

I'nstant di scussi on, s val ues greater
thdiD ¢hecadopheel whitel poﬁheas(deﬁne«b nmmthet ECECAMOX mf@mheﬂ @hat is, for
. C 2 did not, address th ehavi.o t he ht ness
ing ¢ Y BiSaer B L daamied WhoH Roiics JoveliEh, Hpgyer the
lu%n@é’ @@\Seﬁﬂm‘é“% CIEeANIO2 A5 %Bé%eféaéd'ha?) %&&M@%es That
referen that is, for 1nput Y values greater than
is; the lzgllmmssaohmmiwe eppmrmntlslly{ audIfoldyws Hm/\&anm expduent (roughly
1/}Burri nance equations in ClECAM)2 may behave reasonably
br such val ues. That is, the lightness increases
[08¥BOTEANE aliklowatls Ea}emmumﬁvé AR EAPRNRAL totheaP:
[0051] Table 2 below |ists several illustrative
functNa@ens rel ated t:@retrivats CAMP: | Tabl @esgnprSZ] UserRpsulis
SUMEt TTES —WaTl LG e lrrem tHat—a degreg of ——
adapt ati on pafaneletcchitd) i s callcul ated. The design
CoABREETRBLNELEom: AYACOME user s 1Q.eAMab it o
lccal cul ati on by PRH&H Ecgogo he degmoeGhadapt at i on ¥4t de
in the view nqagcgl rons parafeters (shown in Table 3
bel ow). Rat hel*pcodmatﬂohas using a surround val ue tlhat is
one of AVERAGE, nDNNkComad DARK, |t he design desgri bed
herein provi dgs® °°§6‘??§1P‘ﬁuous surround val ue, donputed
Apﬁqa@mTeColamemiengs Goyal ue of c |Gomvers EHIORtodpEWRERY 1

). 525 and 0. 69. cuFtcamcColorsNc  and (&P Be conputled usi ng
pi ecewi se | i ng IZC(rl:mlfOer pol ati on|bet ween t he valjues
. - .

—and

__in XYZColorF

*pSrcWhitePoint,

- XYZ.Colo‘r il Given an array of measured

*pDstWhitePoint, colors in colorimetric space
ChromaticAdaptationTransfor |__in UINT cColors, and translate  them uging HRESULT
m __in_ecount(cColors) XYZColorF chromatic adaptation transform

*plnputColors, with provided white points

_out_ecount(cColors) P p ’

XYZColorF

*pOutputColors

__in UINT cColors,

__in_ecount(cColors)

, . t XYZColorF .

ColorimetricToAppearanceCo §°“S Converts CIEXYZ colors into
fors pInputColors, CIEICh colors HRESULT

___out_ecount(cColors)

JChColorF

*pOutputColors

Table 2
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Average. This conputation nodels what is shown in

Figure 1 of CIE 159: 2004, the Cl ECAM)2 specification.
walegrpeiAdapt ati on Behavior -1.0 (This is thePdPpUS200$/033822

Cl ECAMD2 behavior) 0.0 <= degreeC Adaption D =

0S8, SRR o TR S S 1
patanetbe (B) moculdndaitetby ’M&r cﬂexsigl deypliestehérain g Plisdrd @ control

t eachi herei n. The equati on nunbers bel ow are those

nas
thl?s @alcm%pﬁe ¥ ehapging @1 sairfpdeatigm (yakweanp2the) yiewing
I [ S n 4
odpRtioft® pRfiRes EHAAPAETLAD IR0 RaltE el uolld ¥ urgpund
s vabwe that i ofe dfirAVERAGE,- ]])INZI ahthdPARKe thiRAE KT described herein
ALIDARG. If -1.0 <= Y < 0.0, then J, C, and h are
Pravﬂlyv & EORIg U ST ABee CBPYSH fromha wala k. dRcraleg i o
AR 86 1 s
B (REDHRED B Rfor S2Ne fahd 1Y odrllARe LAY Blecewise
linces umteqiocbatpmobamf:nnﬂleamjeew alrewely @sovadddp i Dﬁlﬂl@,SBlm and

or speci.ficatjons of colors_that would be
ASRES TS comPyatinR Bk R is SOURRGHETFE AT GIF 1R3S094, the

10 Cﬁ(fAlsz' ge&ﬂb'aﬁfd non 7.26, if t <0, t 0. In the
Appear anceToCol ori nmetricCol ors functi on: [0055] The

tecked—for—Teas TessT €< U
W> 500, then the HRE AR EJNVALI DARG
-There are certain i(Thisfistle detiudt CIBEEMODdehodsr)pr oduce
error results. Injequation 8.21, we conpute: Ra' , G

, and Bfl are cllppedtothﬂr ge RGBa ' MAX .

[ 0056] For all Device Nbdel Hjes (DMP), the CITE
125 exani nes the pridek|d i Unfwhite point, which
can be identified|eithdr a0fhe Medi umMitePoint or as
the WhitePrimary. (If the Y is not 100.0, then for all
Col or Appearance Nbdel

0.0 <= degreeOfAdaption | D = degreeOfAdaptation
<=1.0 (That is, we use the value supplied by the user.)

Table 3
[0053] Error checking can be supported by various implementations of the
teachings herein. The equation numbers below are those used in the CIE 159:2004
definition of CIECAMO02.
15 In the ColorimetricToAppearanceColors function:
[0054] The input values are checked for reasonableness: If X or Z < 0.0, or if Y <
-1.0, then the HRESULT is E_ INVALIDARG. If -1.0 <=Y < 0.0, then J, C, and h
are all set to 0.0. There are certain internal conditions that can produce error

results. Rather than produce such results, the CITE 125 clips these internal results

14
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Profiles (CAWP), the CITE 125 will exam ne the adopted
white point. If the Y is not 100.0, then the adopted
wobkiwe2ped nt can be scaled so that Y does equaPCT/082006/033822
The sane scaling can be applied to the background

V L. i f e ) ;
toffodEp iR ShleR 2 G THeSe happen for specifications of colors that
W@lﬂﬂ'ﬁeedarkchndai@’ip(ﬂiibl&, chfomatict 1h ecﬁ&ﬁBﬂ]lIﬁdf A KE0,125= 0. In

can then pogﬁgre the light source white point used in
equAoDiR6; 6 1tk tdbpt ed white point in the CAVP. |f

t 10 Lgaificant fi ,th
Ty A AP TBOL R L OO BhO: Ca i Pl one. usod 1o
[0'035]t imgiilalﬁ}t:\hmee gket)ch@h?cﬁﬁfraammhddmdss:ggf G e, &P 6201 tteJ >
adapt e |te olnt. 1N e vi.ewn (o40) Itrtons wt the
500, glben stiir SIRRAVED. ortndVAGIDATC DVRLIGo 058 CqriRiR pfprnal
Cdélo lo:fﬁgﬁﬂ{t b PlRImcd LB, ?‘?é%ﬁgwﬁ wécctie the

orimetric”val ues com ng

Devi ceToCol ori net rh@ob whion. First, the hyperbolic
I i ghRdeBs ALt i QF\—S—#-'—H?LH?—(\AM may be designed for a
white poi‘ht | uni naR2d3alF, $0. 0. The onl y place where

di fferences in the absolute |um nance (or illum nance)

come Ry ntG prdal., #1s clipped fethp tavena el he adapt i ng
(0956 hiFor 2l Deries. Wodg rropies bR el 4 Suhibh i profie's

m t'iuh{awﬂﬁé EBinﬂ%ﬁ@ﬁ tarths %ightg%‘gd Githér \r(l% eeVREiuhPImAePdiRER as

I't may appear too dim ress this situation, the

th€l WhitdPGmenn CtheeYtihenoy 10AlI0dlsen fort 4k MobsuAppemanse Model

Al so, e CITE ul d scal.e the urement. va S, .
Piseos ARG e Fﬁﬁgﬁ%h‘@ e [H5AIOPeRERe pojgh tfﬁﬁe Yis
nd¥Ooh, éxﬁ@x@%ﬁ&gﬁtgt& Rutlife &ﬁ%%rber%a&a-sowgwyfdoes &Bia3 100.0.

approach cou e testing the device nodel nore .
The kdme stalingbeamabs epphe tatheelackgroung valite. he scaljug Mactor is

358 b SRk TSRS BT B b 8132 .

ore initializing the col or appearance nodel. For
exanple, if the light source white point of the DWP
[0858 Thet CIER dBS tche thatopdnephrotie Bgltosourced whitt@o@aMeed in the

DA te She MBoetediovhics et i dbs SR o .o nob 8fee T8 hree
SRR figirt, (6% RO LY G R 8 viciRg Ol Eoed to
idti4lize thel coBe aapsaanceahnode diyareplacing the adapted white point in the
viewing conditions with the light source white point from the DMP.

[0058] In some implementations, it may be advantageous to scale the colorimetric
values coming from the DeviceToColorimetric function. First, the hyperbolic
lightness equations in the CAM may be designed for a white point luminance of
100.0. The only place where differences in the absolute luminance (or
illuminance) come into play is in the luminance of the adapting field. So the CAM
must be initialized with a white point Y of 100.0. But if the device model's
medium white point doesn’t also have a Y value of 100.0, then it may appear too

dim. To address this situation, the CITE 125 can scale the Y values in the
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are al nost never perfectly neutral, so it may
advisable to differentiate between the |ight source

wobiorepaes nt, which may be nmeasured from a perPEr/UB3006/033822

reflecting diffuser, and the nmedi um white poi nt

m%agﬁl%gfleeng;s |Agj°£’ RHL 3’31?&3 iﬂe c&ﬁh Osrcalg RRE %@z{%ﬁfe lu%? %efore

VI ew ng-condi t1 on-

infHaFdith thaldereise ‘ﬁﬂfﬂ,el wiher) resuiits rvedutie lahrbadyabe ﬁDfHeqirap@&ange
for t he .per cept tributes of c n the revers
Howe st thn, 20preas @cwéé dppireo pisiag ehgi fiwm mglebiorgndifiicult

can be converted
b%ﬁ%@%ﬁ%ﬁ%@vg E}Jue \{%fgg%f%%%i] Figure 7 depicts
[0050]t Eﬁersoampanp]snmﬁtanbns gihmay hisonbaradvintagdouentd #d8ifY athe
.Sshown | a gﬁﬁte !t] arrut R)gundar fun ions 435 .
Vl%\‘?”élgaﬂoﬁ i O, ipitl a@ﬁ?ﬁﬁ r yopexample, if
thg {héﬁtnso%?éeo\?vhﬁ@ﬁb@g of HR mli &tfes %th%‘c’ch”t'ﬁg &lio u@&@f‘x&ﬂu% Jﬁs'ﬂﬁ in

er CITE tra t1on conponents. The resultin
th QAMBY thed esapiupe of Bper: f%ﬂ)g )reﬂaﬂcang kiet"ﬁlsenmmy mledccmxe bmawith a

del .430. [00 i .
ool WIRR R s, HHEeTo 1 ioe PGS s Jemt i SANP i
mEFAHEQURALRLNE piRet LWRS agge%rﬁﬁé' Be Q&ﬁ&feﬁptB&ﬁu%‘;reﬁlhﬁedia

devi ce ganut as an ord d vert x st 705 of
argalmest boverdzerfectl megtralaso enacabrigblesioedfbsentutel teaween the

.the follow,ng proce epr esent in Fi e. 7 by .
gt it BB oS RRh e S SRPHE ToAt PRggeIgh A5 ecting
&ﬁﬁgﬁt&ﬁﬂﬁeﬂﬁéuﬁﬁﬂﬂﬁ&tOhﬁe devi ce color sanples 410 to

Cl EXYZ val ues 720, u3|ng paraneters 715 representing

[Oﬂﬁﬂi WP outpnist b ke \coboe @Ppckranmd ehodHD%QS)@ﬁﬁ]bd rdekicec land

viE Bieong e g, GIGLAY iy 428 SR ks o hrmatical
COPRBAE fo %hé]gerk HRufoh@TbuR RERLRAC §n MRIRve ke %éego%lgw? the

paraneters 730 representing the CAMP. [0064]
appidpriabe gawing lvonditian ypdrameterortd 04 3CIEIeh weluss #25 eaa be

Co%’?r:tl%ﬁ?ﬂ#ﬁﬁtot(@%%?@ %ﬁ]t sOf73t5h\(/avi tg ﬁrrgt )suP%/ace The
B
showden @mgurc ¢t Thegamst pomdacbeﬁmﬁomWSwmtgomﬂpps t‘hyt compute
thg%g%ut boundary of a given color device, using the device model profile and
other CITE translation components. The resulting gamut boundary descriptors
(GBDs) are then consumed by the gamut mapping model 430.

[0062] Given a sampling of pixel values 410 in the device color space, the gamut
boundary functions 435 derive a description of the device gamut as an ordered
vertex list 705 of the gamut boundary. This can be accomplished by at least the
following processing, represented in Figure 7 by respective blocks. In block 710,
the gamut boundary functions 435 convert the device color samples 410 to
CIEXYZ values 720, using parameters 715 representing the DMP from the device

model 405.
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[0065] Figure 8 depicts further aspects related to the
gamut mappi ng nodel 430 shown in Figure 4. The ganut

worappiopty4frodel s 430 (GWMB) are al gorithns that POEPS2006/033822
col or fromone color space to a second col or space,

1090 Tacipek gE5: s Goma: PR Benefies d8s; i 8 Ll
WZO%WHIM AIS0R 4 EHIG aﬁ%‘a?bn@é’%é&o uSIRB Qlé e8lod appearance

certain ganut nmappi ng style preference, also called
mbdeid@8 mnd paranieters 730 mﬁ%ptmg thetAMPE. ve enbodi nents of

R T

5 hﬁliﬂ gth%e‘}%@leﬁadf 1Bk Sg@n{u@)csy “Brr@dndifPtte Sanpsle PoRite73806ith a

represents a gamut® boundary circunscribing the
susface.c @he airdered yhat’éOS amxeafemealdﬁﬁ@ngsh@ compgi hull is generated

B

mohsi 9. of Gamut Mapping Al gorithm (GVA), expressed as
a reference to a target GW or as a rendering intent

[0965hI Kjguict hdepie6 furthebgspests rc;wmgdhg aEyt appRngoReek 430

one or_nore destination pixel
o g B ae b SrPisipelfs 188 AR e Reoritms ha
n{ggl%lagﬁb&ssﬁé SRR sh@deCtoPd @6cntncoldiespaet,owhile rse’&dfmmgesome
Ch) space. Al so, both input and output colors, as
covstthiraontthe ogmmtcobou Adempture of ée 4>crn§tr§mt datsrpines the choice

?g@@@f%ﬁmﬁ@hg {t@r& %[;1%19 %gl@lgzgﬁf grpéc\%hgg gg%rtiﬂgfnut mappmg
t%'tlseoxf ﬁlafe%c@%al% tdIRaeMndelihp Gii¢rat.i ve baseline GI\/IVB 430

one ‘of ich has 2 vari ations whose effects
15 [@066] eBlustnativeoernbedimentstafehe &MLI 30 ccam dpkei 3fginPHE @7 gL more

DY AES 408 02ah BIFEE0 S HANRESY PuBisRaPht | T can 430
gg Ny 'ré&n’en Egi:%)@ 8 'Mir&1adte580S Sthan réprégentn aegacrhuqo pouglary

r cept ual HueMappi ng Sat urati on Hue Preserving
chmnmnhu@ﬂrmrsomdefC@i@m@@C%dd a preameten 810 thvieRtssgntsa gpmut

Whi
bourll a?'y %?rlcgrgls&%agg ﬂ} c?estu%ﬁo%rcolo tsrpage A parameter 815 indicates a

»  choice of Gamut Mapping Algorithm (GMA), expressed as a reference to a target
" GMM or as a rendering intent. An algorithm 820 run by the GMM 430 produces as
output one or more destination pixel values 435 in, for example, the CIEJCh color
appearance space. The gamut mapping itself can take place in the color appearance
(CIEJCh) space. Also, both input and output colors, as well as the gamut boundary
25 vertex lists, can be expressed in the color appearance (CIEICh) space.
[0067] The architecture 100 can provide, for example, the following different
illustrative baseline GMMs 430 (one of which has 2 variations), whose effects
correspond to that of the four ICC rendering intents. These GMMs 430 and their
corresponding rendering intents are as follows:

30
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Hue Preserving M ninmum Col or Difference Absol ute

Colorinetric (HPM nCD) wi thout white point adaptation
WO 0068L774hi rd parties nay provide their own plPBQFUR2006/033822

gamut mappi ng nodel s 430 through a plug-in

infr T amtar get tTHenT 0y VENROI = SPECLT.C
ol ug-| WG ™ thin the GvwvP. [0069] EPHgTRowling”  ICC

i1l us ring Intent
tr ansf%igmow&rpsrﬁ@sﬂans%m hBWAS i ﬂinwggjrg%erg?ptmi ch

creat)eQCK) transforns 310: In bl ock 905, the
sequenti al transform conponent 305 initializes the

transff@anéMapdilg | n bl ock 910, the sequgitiitadiont r ansf orm
conmponent 305 processes an array of profiles and an

2:){2%/ Bhe il’?%s%fvélggwe I?ﬁ o) .idfgréﬁpéggmfiak}o ngary’

o AT o LT o oepose
functions_435,—and gami B.ppI-A ) 430, —
[ 0070) Hyn Eressiiing Mingang Gelgr Differs eRorimetric
di r ect (HP¥ingi)Divitout Thite, podriedapietior nodel 405 can be
creatled for each DVP. The col or appearance nodel s 420

can be initialized directly from CAMPs. Thus, one

r0Bf4ye TrRRESEE AT iy TR 1ol S, e 3 B B lepbisiggers 430
thtdtighi saplugad ihframuetir€Cind thipet tiehi BY veaddrepeeisie plad-ironsdes

of the device nodel profile and the CAVP Thus, a
withigdbn6&M. profil es can correspond to a sequence of

« Gamyt ..eppin dels 430.¢can he initialdzed fr
0B Si6TTE b UTRARET BuTBR GofecAENLER g FerPL R g RobpBRent
303 Eligtvik fin tHBureeBd hidhd cieBies the afanaforGaB10ef & aneek 805, the

GW 430. [0071] The sequential transform conponent 305

seqreniat drassiora coapoaeia3lSt initizbizes WepgensHrmgiX1fi dnddeek 910,

i . fi C " " d
o8 Rdepiflirdighottn Qi S0P HREGisp A o R GORRE AR ap gpray
oftimitdniietos rehreddvide Blodels €D A3 icOr PPpsarariel mbaéls {(OAMs)
very first and the very | ast elenents In the sequence

>\ q .
42), pamyeboundary deseptionsd GBRY iformusg by the spmybleguadaryolunctions

[ ' e sequential transform
4§c§3§%‘g§%‘ﬁﬁ§§8@a%§§%°g§§%wﬁ? ﬁ%&very first DM CAM pair,
[00E] VINeYddvase! mBdEMOBNap derinitRlNigeddirédtlyaftodl DV Thus, one

mappi né:j nodel s for all the transformtions
device model 405 can be created for each DMP. The color appearance models 420

can be initialized directly from CAMPs. Thus, one color appearance model 420 can
be created for each CAMP. The gamut boundary descriptions (GBDs) can be
initialized from objects instantiating representations of the device model profile and
the CAMP Thus, a sequence of profiles can correspond to a sequence of GBDs.
Gamut mapping models 430 can be initialized from two gamut boundaries and a
rendering intent. FEach entry in the rendering intent array can reference a GMM
430.

[0071] The sequential transform component 305 traverses the sequence of GBDs

in pairs; within each pair, the first acts as "source" and the second as "destination".
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in between. [0072] Once all the profiles and intents
have been properly processed, and the internedi ate
wobjgorw4i nitialized, the transformis creat edP¢TUBL006#33822
915, and in block 920, the source color space is
. . . r r .
D bt T SF L stsfiedhe i
Al bos thehvesy instfamd B2 Yetyhlastuglbmetits is drpusquesde wilbsestoasiirst

conmponent, 305 to create a single, optimz | ogk u )
degpgtion 1! nn%&slﬁqengog e SpPuing gﬁéﬁ-o?ﬁman & sdquential
. . . ; . .
g LRGB! SOPLA P Bl e i) I DRLGUAIEL ol D) 8 Dt
s DMACBM peir, 8nd Fiherrsy afi gironinmeppiog maielscionalnbatragdbrmations

. fupctions translate, for s exanple, an array of colors
nP§EEERr om t he source col or space to the destination

0 i
[Oggil]otbrﬁgaeﬂﬁt}ésp&%flés S BXerfls 2@V bedd gﬂﬁ;e%lg?rgaﬁss ,Oftld the

the transform execution conpon
infprmediafearhjents initipliedpibe transidemtis createdan thlodked 15 @ndiim glock

aster or vector calor data intq an internal. transf
930, Eheeouroe, CoIFT Sace s Pl o, RauGS o RO RIS chitey 825 of
1o sanplddl { TRERraa8foPh %{ﬂﬁﬂﬁ@ﬂioﬁ eORbbikht BASNhen Wik tKid Hier 925
normalized o to [0.0, 0.1]. In block 1015, the
thtqugh sihosaquentéad dtansioroeoppoesent 39230 crratska singlsi, nptimined look-

bR RS P R AR 10

[0893Y T80 10/ pRATHIRECIO BT IR UaNSKrh QB R BAPdRent!I28 shown
optiimzed transform | ook-up table 320 is interpol ated

int Bigiiend. t Adectraséaym gueawition| gpnypanckt 323 Sunetians translate, for

destination color c t 130 i s _converted back out..of.
o oD wes Sheaiors S Hon 5 ie BT PirevRots destitition
cdiéY s%‘écéj%t Rf528 bH% DIRRNERIMD Yn bRKA0TH, the Grank Bt tkecution
Figare 11 illustrates an exenplary conputi ng
coamvdnenind2i callsOfixeli fomattingisoppate codr t ¢anvexuibe imwnfing raster
sensor net ks, as well .as the c uting, network,.
O, S e B, ifesual et gL domitel A RGeS internal
tr&is¥eT fofriiat ¥ P bR %I’ bdlot ¥hadiR! ORI LHoinEX PP LAY normalized
comput i ng environment 1100 is only one exanple of a o

20 tod09p0tl].ndn blpsk 1R ribe transfiotm Exacytioe domporany §28 chepky against

limtatio s to the ape of .use. qr. fupctional.i f
an} HLay,e . ‘fﬁCF“’e(ﬁ _F?}Pégst_o qqgﬁ][%HEFnesc{%ﬁ Wtcﬁﬂ%g oF SomMoa y {ans?ormed
cAOFP Uk DI 200 8B sodrb0 @oRRs LaHndt BE @heRche@Sirbiathe 8acdiRY the

dependency or requirenent relating to any one or

omumized transforno foakevp tabén320 isliniespalateé i find thecloseshplataly In
b1881<”%£é,”tﬂe destination color content 130 is converted back out of the native

25 pixel format. Both bitmap and vector color data can be supported by the CITE 120.
[0074] Figure 11 illustrates an exemplary computing environment 100 within
which declarative queries for sensor networks, as well as the computing, network,
and system architectures described herein, can be either fully or partially
implemented. Exemplary computing environment 1100 is only one example of a

3 computing system and is not intended to suggest any limitation as to the scope of

use or functionality of the architectures. Neither should the computing
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envi ronnment 1100. [0075] The conputer and network

architectures in conputing environnent 1100 can be
wo pp7eeEmi ed with nunerous other general purpOBET/U82006/033822

speci al purpose conmputing system envi ronmants or

285! ' AR B Tafhne Rl ld of BIRY
esys%@%{ﬂggﬁ% {‘Qa’ glr?dgng % ]bl gur I on h& El%entrelatmg
tolemysanet @bécenlinatiomsef comparets ilustraed imtite dxemlas domputing
rg{ersonal nputers, server conputers, client devices,

4ramaRs WO 1 apt op devi ces, microprocessor-based

0075t R coMputdrPIRCAI RO 2%AERBres 2 LofBh i 00
[ préc}gram*rcaol;mﬁe gonsurrer eli ectroni csé ngt%or“ﬁé)é%zlfomem 11

s cam bé douppunente] with mﬁmrmlscmhmgemeral garp'os@ aromaoiaiespurpose
dlstrlbut dco utln enwé%fn tsth%t Iudg rH/o
t’ﬁﬁoVé eV ERRlieualipnsh o Hxppples) gh sl kpewn

comm@iagls@gteﬁﬁv bﬁ\ﬁfoﬁﬁEntsl ]agg/ok %hﬁ I@ns%ﬁ%ﬁ “RHUERRBR for

systemin thé form of conputi ng devi ce
usmmluda hlsltccwﬁpmh dimitedoto, perspuali angnpjﬂw,cserstaroaamplners client
| mted to, one or

| ud ¢
dayRGos Sond ey or o et Opan;‘}‘e‘é‘f:esm CPUPPPREESpRbased  systems,
10 mﬁﬁi@l’dc@kéo?r st Eéietc%ﬁ Coup egﬁigﬁ 4R B MRb¥suhid? 6 eleBfthics,

a System bus 1108 t ha e various system
netwooRes)tminicinepusere, mlamfmm mrmmﬁ&spg&nmgwbnpoles;e:hsmbuted
varlous co ter exec bIe gctlons to control

U5 EPETPYROYP e drreshiPe ebTioR sl proevices, and the

Jjlommuni cate wit h ot her el ectronl c and conputing
devi ces. The system bus 1108 represents any nunber of

[08@6]e Tk Qmingferb'mnmtnm t10 esludenal gﬁiem;} -pAIrpeEseoIomputing
bus,

trol | . pbh
5 syt Rt WAl AP ERuEs Hevlad A1 T cdbiongR of sgmputing
A marzﬂnwu@é vt YR AR tidnifdd t@uén@&‘:&b%@ﬁﬁo%s%érs ﬂi@he{g g,

in whole or in part, the conputing device
anyuot mitireprooessorsp bmtmilers; gntl tbe GkTf alRBtent ﬁma?ﬁ@ry 1106 and a

1100 | ud t f
sySBRD A O DL 6 P e es ARATE W B, SRme o HeciTBS PR O jaore
pro6&ESSi 108 HYc&MREbLE Qoﬁllﬁﬁte%‘ %xéé&@oléqgsb@ﬁgﬁsg%é Bt the

voI atile and non-vol atile nedia, renova
20 omwtmmfwmamuangeidvae 1T62 asd &t evmmenivate With 6tlienelestiesic and
comp Ut e({ev{cgéa d%e sygcggll BausI ﬂOtShrgprfe(s)ernr’g glf1y number of several types
of bus structures, including a memory bus or memory controller, a peripheral bus,
an accelerated graphics port, and a processor or local bus using any of a variety of
bus architectures. Taken in whole or in part, the computing device 1102 may be
25 suitable for implementing the CITE 120.
[0077] Computing environment 1100 includes a variety of computer readable
media which can be any media that is accessible by computing device 1102 and
includes both volatile and non-volatile media, removable and non-removable
media. The system memory 1106 includes computer readable media in the form of
0  volatile memory, such as random access memory (RAM) 1110, and/or non-volatile

memory, such as read only memory (ROM) 1112. A basic input/output system
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vol atile nmenory, such as random access nenory (RAM
1110, and/or non-volatile nmenory, such as read only
woreewsn0y77¢ROVM) 1112. A basic i nput/out put syst ePQBUSH)6/033822
1114 maintains the basic routines that facilitate

(Bgdgﬁg rR4 1 RRikAiAOSHHhE HRR! YORHes OBRO TRAfifiteMihfolRation dtransfer

uting device 1102, such as during start-up,
besweanesbniponeaiv vifllie compmmg_d@wwpl(ﬁa Blllqh ascrlﬂrmgrﬁart}ap,aand is

and/. o r.ogram mnd t hat,.are ately acce bl.e
stgtg0 i S R TR Bl o i crm e megtles
thi! a‘i‘@ ?ﬁﬁféﬁfatél} %’cesh@fyt%] an@%fﬁ#&éeﬂﬂy %?gfa@&l Il B¢ ofBY%r more of

i ncl ude ot het renovabl e/ non-renpvab
the presessoey HOA- vol ati | e conputer storage media. By vvay
116, reads from and

| hard k d
07815 EoMybine S atird 1902 ely ' MEEE cpabs ARt h o feraeiragle,
volARE/nERBRYile eoﬁp@telefsto@agy ﬁiedfar | B Wi & Sadpld, P ﬁhﬂn@lsk

wites to a renpovabl e, non-vol at| e nagnetic di'sk 112
drive. 1}16 reads firapp pipd dwnm* fp,a mreamm@ptel, nam—vdlagll@ thagnesic medla

AR A PR Bt e P Sonl foph RS e removable
dﬁ'—\@ilé’cﬁb NAIneAE idigk ﬂZ@k(e(gDVaD)‘ﬂol%y éﬁk”)ohﬁ& rantdﬁ@i%aloﬁlsk drive
ical media. In this exanple, the Hard disk drive

t
1122 readsrfsemeaniior gyrites Hr h vemavable, nendvolgiile oaticalidisk H2dvauch

osgrChafeR R IaRaTRE itk o bl Sy PR R GoirlndtE.
th3NkaApi) chehed ESNBVE 1116 atahbec ORRI@ivVRIAY804hd optical disk
non-vol atil e storage of corrput er readabl e

dri\ﬁester@@m o#ehy catueeied o the syistom) bpy by eod ot exore dag media

ut d 1102. 007
G, 137 B S TR PR S5 6 DGt Tei b g provide
no'ﬁ@dléﬂlé 25’[01%1%5 Qj)f Hostpulel 1R2ad M@ Medthuetidhss kdalal 3QuctdRd! Bfogram
1124, "i ncl udi ng by way of exanple an

ical dis
%éc%nncrhgthgydaterfmmutmgde@me d0% application

(OB et of Bl h B G5 PRy SR RER 3,

ha?®AlskCrAl b.0ma@rebidradk 51201 4@ or @fnﬁ@! dRkOA2MnBRAM LSy way of
1132, programdata 1134, or any conbination thereof,

example, aolopaetiagsysemnb28, enboumetnapplisation erogy@n@ 530 other
oA RS LR SAOEEl, BB PG e
11{23;?%%1%@6% qn%ggx:agiggnlmt ioftier REbAm GRITE TR Qﬁ‘oglﬁﬁh' ata
1134, or any combination thereof, may include one or more embodiments of the
systems and methods described herein.

[0080] Computing device 1102 can include a variety of computer readable media
identified as communication media. Communication media typically embodies
computer readable instructions, data structures, program modules, or other data in a
modulated data signal such as a carrier wave or other transport mechanism and
includes any information delivery media. The term “modulated data signal” refers

to a signal that has one or more of its characteristics set or changed in such a

manner as to encode information in the signal. By way of example and not
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conmput er readabl e instructions, data structures,

program nodul es, or other data in a nodul ated data
w@@nak77guich as a carrier wave or ot her transpPeT/US2006/033822

mechani sm and i ncludes any information delivery nedi a.

linl#Ri0n€ ESnfmeidlish %&d@%@l_uawwﬁlea e 5iichl £ aawﬁite@ (E)ar@%work or

.that.has one _or rmre_o Its C aracteristics se
dixghlawiyed connentioh, andraviredess asedia seshcaiecqustiar RBt infinrddn other

£ i gpal | . | d notlimitation,
e g A oG RS oA ed medi a Such as a
[0?%139% RESBAK ifterfild QG %Iﬁﬁi@tirg?aeﬂe& Q02 #ad;

. | LEMSSS of
ia such as acoustic, RF,“infrared, other wrel ess

s differghtainpah deGeesaingh s rbkeyhoadnl 30 end afointig 8djicaalldsee.g., a
«.can int ace wWwith co thn evice 1102. vi.a any .
oiiRear SHhES Faoth i SRRR0 (ot SHLYE, Areicild) o ineipde o
m_ﬂ;ﬂéiﬁoﬁ@ddjd%diéﬁ,i %ﬁ%éj WHC Bordtioifr,( SatéMiite ﬂis}h?&)%ﬁﬁl; g/)ort,%&@ﬁler,

i nput devices 1 not shown ‘specifica
anglfee thedliken Hhase epthothsr inpoy devieds, arejeonmeptrd to tizmprootssens, 1104

vid ReBlolif Bisilioos HF el 3 e BIEL0h1 sSRPmePuso e bty
1o bePERBEGBOLS A& inYdrfack RRYIHUS Whidblurds s8Il &€ & atalt? pbitabame
are coupled to the system bus 1108, but nmay be

potlo AREEL @uniyprset sesiel bur @' ¥Bce and bus structures, such

I al | me,port, and/a uni ver sal
1088217 475l Bl T BREFR b st Aot b Faed to the
sySteBEbust M8 vad afABMeAfRde) sGe ashevided RasHte1146. t ReaRINiIER the
bus 1108 via an interface, such as a video adapter

digpiagedeviee bk, wothen optput iperiphesyl deyiage ¢aw éncludedconpdnsnts such

QUL pU eripheral devi.ces i.ncl ude, conponent s such..
s as ks B SRV and SR AL e i vd SRR, B et
dePReAP0P ORI R iripRt/6afpRbnkddhcoeyi4Re 1102 via the ,
i nput/output interfaces 1142. [0083] Computing device

108832 Computipgrdevicei hLAR pant aperkisdinea vistworkedtenysongent using
i cal onne[cti ons to one or nore renote co

. "
logigel e ARBHE B ubfiegetiol cERRESG: SBp njeptie computing

deQB8MEG, BYSIB) 6f SATRK, réiflod@¥hipatiAd d8vie@ 14 ®csh be a personal
‘personal Conputer, portable conputer, a server, a

20 compytesy portableeqropiien @rastMesa roatgsee netievk cempntent hpeer device

k nod he like. Th t .
or SRR rRG R0 Bos, 08 o ik 16 adPSis PR iece 1150
is AFREHeE as taFdrtbdd copititBatbah MERHE 'and HnfRFRhA dbiBhation

of the different conponents, elenments, and features
of dhe clitfersnt pempprents| elements,t and features described herein relative to

computing device 1102.

25 [0084] Logical connections between computing device 1102 and the remote
computing device 1150 are depicted as a local area network (LAN) 1152 and a
general wide area network (WAN) 1154. Such networking environments are
commonplace in offices, enterprise-wide computer networks, intranets, and the
Internet. When implemented in a LAN networking environment, the computing

3  device 1102 is connected to a local network 1152 via a network interface or adapter

1156. When implemented in a WAN networking environment, the computing
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conmputing device 1102. [0084] Logical connections

bet ween conputing device 1102 and the renote conputing
walew7oe774150 are depicted as a | ocal area net weCRUS1006H33822

1152 and a general w de area network (WAN) 1154. Such

ARSIl 'eyg;i@méi [RAMRD (S nRemC PR 0P RS nBarftf Fd:C&Sablishing
ent er prise-w de corrput er networ kS, I Nt r anet S, an t he
cdnmhieninations\Wear theplveleeart® cdietwork 118M. nétheomoidery 1158 can be

AT LSS 55 AR SIS B2 e
bR Vialthe Gin{)ﬁ(%ﬂpﬁtm{q?ﬂ@&t ¢142 By %tﬁ%l\iyg?@gﬁté; {¥3hanisms.

envi ronnent, the conputi ngdevice 1102 t
s Thadlusttetedanstpdemcdimtions atehsrerelp agxsniplary eatda bthies meags of

LT Ny e W

ce @Rizad 02, and can be connected to the system bus
1108 via the input/output interfaces 1142 or other
[0898DF dpr & atedwoket aenvirosment estich| as thait dlfismatedowith computing

connect | are nerel xenpl.ar ot.h neans ,.of .
ens@reniept i 0 g ot dhmicled o5 Taas g dhe (doputing device
10 lﬂE”’BH%bﬂﬂmg eNr661S mayOke @BfEdLiA P rebitfle *ﬁ%n%r&'s't&@?e device. By
[0085] I'n a networkéd environment, such as tha
way lofi sxanapledremiaté applination prpgsams A bethanstmainGinedpribly panemory

R S AR, PSR apgcon
PRI afd QHIRGCedBNiaBR- }iﬂé ra\ﬁ?)(:oﬁi‘ppﬁé‘rﬁﬂph%h vviisf Eﬁétﬁting system

application programs 1160 are maintaine a menofy
1128y arseil i tratedndieein asplisciate bihsls,calthougly it Baeceaniprolshet such

o plpmn i SRR aD reRte BE i SRR Sty components
oﬁﬂﬁékgﬁbﬁ% de\ﬁéeﬁll:dﬂ, bhd £ leRECURT B the@he B 25318 hPocessors 1104

bl ocks, although it is recognized that such prograns
ofihd comppomgdedce El2de at various tines in different

I S GRERTRGE i S TEneiRpRaY i gutidh s prd g, the
fARNRLE 1iSDrRFhRRNd dPeertaliPRBAY ubI et IR ISPioFRRE; Of

underst andi ng and discussion, but not limtation, the
20 [0087] WIEAECh: sCybifduieli nporidimatesofofc éhe agalot eapnsarages) model

CHEE R, o S D A et v
are derivedasa=Ccoshandb=Csinh.
[0088] CIEXYZ: A mathematical color space produced by the CIE (Commission
Internationale de I'Eclairage) that describes color in terms of synthetic primaries X,
»s Y and Z. The primaries are imaginary mathematical constructs that model our eyes'
response to different wavelengths of light. CIEXYZ, often called tristimulus
values, are device-independent, but viewing-condition-dependent. WCS uses the
color space based on XYZ determined for the CIE Standard 1931 Colorimetric
Observer (the 2 degree observer), relative to D50 illuminant, and measured with

w  0/45 or 45/0 geometry, for reflecting media.

23



Cl ECAMD2; they are view ng-condition-independent.
Rect angul ar Cl EJab val ues are derived as a = C cos h
w@e@710274C sin h. [0088] Cl EXYZ: A nat hemati caPCT/OBI06/033822
space produced by the CIE (Comm ssion Internationale
[0@§9n]t CefibR Agﬁgfl)antcg oS @o'.lcﬁe%pﬁé’elré’ﬁce' Mnb &1 afdf lgorithms
het | I mari es primaries are
whnhgpraéucy the tpesoeption adf mbamstmmter silﬂhant ﬂmgh‘ehg aonditipes 'and

%ﬁg@on s é&gM@{%%fq‘?@é\% élr}fcl’%ﬁ%{%reme ts of t%le I?%r stimulus
afdeYibfaid 808 Plinto tletauV Wc@ﬂtu&loﬁg'iﬁdt@sn 'li%ﬁﬁﬁﬁkd tch]roma

WCS uses the col or space sed on XYZ deferm ned
s (QhedBuE(Dt andard 1931 Col orinetric Qobserver (the 2

r observer relativ 0 ill rrin t, and
OB Fate ieaies’ $odel/Brosfinde rqflechh Horpadiings et
pﬁ?ﬂbath[ao%gﬂneﬁ:@ HewiRP SdmaRoR dpdg progﬂht‘ér t@%ﬁ%ﬁﬁc&lors
nodel s are al gorithnms which predict” the perception of
batwb@*r sheindBEXWZf fcelozimetti¢ gipace candoadpeicepisiainduniform  color
c rounds. Cl ECAMDZ transforms physical neasurenents
& W3FSr stinmulus and viewing environnent into

10 [009i]at(1‘648r Bﬁﬁ@ee pt H@afs@h{ thaP Hés%ﬁbei &bt s (nlﬁerm‘é R PRBssical
(O | or Appear ance

sam};dess [eeg Eamomet €0 cﬂpa@f) msévyumen@mais vtah)as 1pra3\3|-¢imenmenal
t dit d t
PREREE srofLly Eratim e shodtootRedoJREBRE PRUED] Solgyaipaces
ha%'écﬁ s?e&ﬁé&%@fnﬁﬁbﬂﬁéng@bf&ﬂ&scm or appearance space.
Col or Space stem that describes col or,

[OQDZhe(Eolpn Taegets Ais0ph§eél¥edalc0§arrpme@su(@n@t Rargebner  simply

5 mERyTRmRBE GFEset o Qo 4P B (5L fo EReBicaly syaligis evice
cd1esR rle'ilct‘i&P #RAB1d pride@kPices pPaces have a specified
gamu range of colors. [0092] Col or Target: Also

cal I-edTangbtsrusedaﬁmrcapame dearcgsetcamrbesphnxshqal rsenmlﬂsemﬁsmlored
t ar get S col S u I ri .
ova uopueBige kedi eI iies offcst rgdl ctn B pafured into

pri nt T o]
S

20 c EXYZttwalbmmsp caitn deeusedrigetonjuatiobevitha pheutable bfitkoown XYZ
values to characterize the capture device. A common standard is the

GretagMacbeth Color Checker.

e Targets used for printer devices can be electronic files containing patches

of known CMYK input. The printer output of these files can be

25 measured to obtain the corresponding CIEXYZ or CIELab values of the
patches. The printer device can then be characterized.

[0093] Device Model: Device models are algorithms which translate the native

color space of a device into a standard device-independent color space such as

CIEXYZ. This translation is derived statistically from measurement data, and

a0 expressed either using look-up tables or mathematical equations.
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a bitmap using the capture device. The resulting
device RGB values in the bitmap can be used in
wa@omyyerss on with the table of known XYZ val ueBCT/0S2006/033822
characterize the capture device. A commobn standard is
(0094 BeRiRIMAURE Profild: OA SHNREKSH of nhédstfthSertis Ythtf Rbvide the
pri'nter devices can be electronic files containing
papatettie slevicekdatmaprEhpiate rig dtansithe qolors tbetweent thetnatize device

t. hes ' can.be neasured to obtain the
St@%??ig:%%ﬁhﬁ)?@‘w 87°°cl ELab val ues of the patches.
[0694) @dlﬁﬁﬁTP@ el BB T chtROtHAE afhAaREbIR1h 7ae<%f1](i)1£: ﬁﬂ%’g] or can

Devi ce Mbdel : Devi Ce nodels are al gorithns
bet genarskest ey a becifict davécecol or space of a device into a

10Bb @R Syt Finpfing, DR o  CPin iR 50617 257 wdPrspons which
colR@E HELERNEInIRE df 0AD doRX BpRTSAH Aotie! A1sdIogid faktdBe "out

tables or mathematical equations.[0094] Device Model
ofpastuil whemits ppsiden inenegdevinsisotaspanescanheitbepditeetly éranslated

. paranetrijc.devi ce data appropriate to transform col ars
infg e AR iR oI RRGY; Rendstinec Rinys fanpse happing afgortibing)
préQkidE nBhddsorRadithg hBQTHanfdedbisThe ful |l range of
colors that are avalilable in a color space, or can be
[002He I(GIELAMP2a SHeCdlpar depearenced dbeB] feamnlownpinagement

e eS0T PR RehER 1597008, B p AT ot

[0098) PEthoubh GRS diments 3 ddéParBive Qubri&Y ofaBMor NUBRBrKsiave
position I'n one device's color space cannot be o
bagh desaribed tin dangliageespercificdo ahuetheal fetdwies andormiethods,phisdo be

nderj L ntents mut ppi al.gorithms) .prescribe
Y e R e BR ebpen gl i Bicd B AR Bme
spetificAbRdies o hOthedy dARABAT. aRaRVRHE kpdfic EHNAEE and methods
Management Systens: Cl ECAMD2", PBublication CE
arg 5@iscloged, as SBRNPL0Y onarlencitates] oAl desbuaitvee aberdismehtssnsor
f declarative queries of sensor networks have been
neggg ibed in | anguage specific to structural features
and/ or methods, it is to be understood that the
subj ect of the appended clains is not necessarily
limted to the specific features or nmethods descri bed.
Rat her, the specific features and net hods
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are disclosed as exenplary inplenentations of
decl arative queries of sensor networks. CLAIMS 1. A
worgaohoer7ednpri si ng: recei ving source col or conPENUS2006/033822
associated with at least a first nmedia type; receiving
Ctggd”j%er source color content associated with at |east
her nmedia 5 type, wherein the source col or
1.condemithachcorbpugsifigrr t her source col or content are

t.ed th t f t
T oD AhreneS SR B ST R HER AL castoe TLF R (HeE
SOULERIERE AlrtHeP BHEBE chIBt Qorﬂ&ﬁta's%ﬂdt&f‘wﬁﬁ |a9fea%%ﬁﬂér media

usi ng the medi a boundary i nformation rendering as
typany @ﬁtnet;hecm@wolon cattehie asd thﬁ‘léllrﬁBStSODHIBI arlow eaniterdt. are

rein the col or content
asg%cdatf:%gmlhdp%mgﬁv 5‘@‘3’088‘1}%}’ %ﬂfl@t}ﬂn sare transformed
for tF@5EAhinddhaSSobRIAI! ShtGR MhE the FirtiRdr éoﬁf’c%t cc%leccg{tent
a display device and a hardcopy device. 3. The net
intsr destination cdoff mnth@rusu@mhmmdn@ bowmtdagy atforigatsin for rendering
phat o | ont wi th, noti.on col or content for
as CSH&’S?H“?%S 5’% r§ ??tl WedetHnaiQyide¥c® s The met hod of

2.cl arie dethol F @laim! 1€ Gekdin theSAUrcRntcpt Md &R Fh/Mr source color
i ncludes receiving at least a first one of still color

copent oty ptifernaeshfosmendasisigors coneplisited shutenl oy raiscene of a
| or. three dj nensi onal graphics, col or video, color
dl?fﬁ?%g?w%%an W‘é@&y B1%The method of claim4, wherein
3.1 eCEhe/ intihd i bF RedimS QU FEhes A ddip rﬁsﬂ{g Sitbordfng %ﬁﬁluﬂlﬁﬁographlc
receivi ng at least a further one the still col

coptent vihapeiian Q::dmcmtent forgenddriog antbe destimativndetice.
gr h|cs t l.or .t hr.ee-di nensi onal hi cs
436 DI¥ GRS KB Lo S TG i E01pb ot Sfudes
ref&{i ?datoﬂeaﬁﬂ al ke, ol loF NIl CORRT pidtelabiit e&frﬁéﬂt”%fo‘? two-
first one and at | east the further one of the stil
dl@@n@@nqjh@m@m@p hé@ox othresrdimensienal o lgmaphiasp - caler v1deo color
di rren3| on;E\ graphics, the color three-dinensional
tb etxllie col or video, the color animtion, and -
5.t hemeemethcﬁcp lof F @R T4, NFgh&Bint RReASSS IMAkdrOBoHEY icefr content

~ includes receiving at least a further one of the still color photographic content, the

color two-dimensional graphics, the color three-dimensional graphics, the color
video, the color animation, and the text.

6.  The method of claim 5, further comprising integrating the first one and at
least the further one of the still color photographic content, the color two-
dimensional graphics, the color three-dimensional graphics, the color video, the
color animation, and the text, for rendering on the destination device.

7.  The method of claim 1, wherein transforming the source color content
includes creating a transform that maps the source color content into at least one

intermediate color space.
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7. The method of claim1l, wherein transform ng the
source color content includes creating a transform
WO b@v/opEps t he source color content into at | eBST/USINE6/033822

i nternedi ate col or space. :"8. The nethod of claim1,
¢ oo ti . S Y o .
i R A N A R

cohdiionBaihi whichobmy of ahé eotircareldrochiterpesee ihee destatidi@olor
met hod of claim 1, further conprising processing at
cqnisgs pregpdePsrsfivadoundar y function to map a gamut

: ) . e t
9-25eEh R bl Bt GRHHEr RgliaRe ot iR least one, g
bahdatyafuficGon W etapi 21 ghat essetiagdavith els sowoe dgeiteitto a gamut

boundary ftﬁnCt i on .includes deriving a convex hull
asseqinted st the destineligR dedgfe of the ganut associated with

10,he PRULES ey Eﬁirﬁ‘rgij 1\%7 eiggéfgéesﬁﬁgoe&il@és? S Jelimdt g{ldary

destination devr ce. tus Conprising:~"a co
funofiora sdalwdes udeei vingaa sfoaverahulb repregintingi atcleardiong aff the gamut

| egst: a sequential transform conponent adapted t L.
apeciaied Vil the 8owes device dhd ihe gapu aSS@F@&ade“%ﬁit & ieptipation
dégf?cef acilitate mapping the source color content to
e

stination color content; a transform optinization
1tonpApparhtuadampsisingo recei ve the transformand to

create an qptim zed transformtable based on the

tr ar?s?({%‘?rrff‘%éﬁﬁlcglrﬁ F@H%fgﬁ]a?’ﬁ%gﬁ’ﬁ 18?11“3’6%%[?6 ?Fé"ﬁ‘i: adapt ed
to receive td4n rﬁ@&{ ; :

gener at e\ét %egﬁgfgga? it%a{zﬂsfogﬂl {::% r e@%%é@? . ggg‘ggel%ﬁg%rgﬁcolor

0 1Zonfene aagpar atats frantfaim th 1facilitae enaprihg the source color
sequenti a ransf orm conponent includes a forward

devi‘i?@t%%éfé‘isesflﬁ%tloq WIFLBIBE to receive pixel val ues

13 “The. SRR o R R TP g ransform

deviae toeckate arsoithaiped tratsformetableviensed ba ther toansfordeund e

nodel profile that specifies characteristics of at . |

| east ond& transform execution component adapted to receive the optimized

transform table and to generate the destination color content based thereon.

12. The apparatus of claim 11, wherein the sequential transform component
includes a forward device model that is adapted to receive pixel values in a color
space associated with the source device.
13.  The apparatus of claim 0, wherein the forward device model is adapted to
receive data from a device model profile that specifies characteristics of at least one
of the source device and the destination device.
14.  The apparatus of claim 13, wherein the forward device model is adapted to
receive data from a device model profile that specifies at least one of the following
parameters for at least one of the source device and the destination device: a

minimum colorant value, a maximum colorant value, a maximum range limit, and a

minimum range limit.
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of the source device and the destination device. 14.

The apparatus of claim 13, wherein the forward device
wore@elo2i785 adapt ed to receive data from a devi CECTYDSE®06/033822

profile that specifies at | east one of the follow ng

lsara ters f%ﬁqa{(} eashon of the source devi.ce and

he t FPAEAIGH Ot & ATe - - a VAT O ERtA trapngfore. cgmponent
IREALIUAN Rk aHaRy arfee MRS AUk banith @%

lm' ni mum r ange | ilﬁ?b@ Tﬁe appar a{tr Si‘gg?ﬂt%{”g)n? ) ofett! for
vigvengicontiions egdenwhich atrlaast fooe mfabesoweatcolorcdonttes aad the

orward col or appearance del that is adapted to
C%BQ%@RQ&PE”F%WG&P%WPH@CE’SE& tions under which at |east
16ne  afheldpBaOisr Geclsiod 91, ﬁfﬁélteﬁfi‘%le%@ i1 Hesibig P%onent is

col or content are percelved. The apparatus o
adepiednta Treceivre abilgast figthee goureei @llort cantedtoanth tonEateeatt least a

i s, adapt to, recei.ve at |east fuprther source col or
i RBhifh Tt dReliete FhoprddE g hireh o den R fpatgnt to
desréiiakibh @bRr 6BRRHING the further source color content to
destination color content. 17. The apparatus of claim

171, ihempparatuseficlaimnbl, véseie thehirther smmeeotlonnahtetend the
urce calar content tepreseni. different nedia types.

S @r.cefﬂlé)r %%SWJFBYSS%?%?‘%F nﬁ‘{,la g}ﬁ’g?'ei n the sequenti al

181 angfhe raphafRTedlhint 31 0AGEROME Qe @GRl Gamdfolnt @8Mponent is

further source color content and to create at |east a

aleptedhde recedrss ablenst Sutheeisbincateolorappiteny ardetd orepteeat least a

urce cplor, content to at least, further destination

5 PRl g s nfig e it SaurSh el contpa 1o least
fiiieerfdestieion @8Rk icBakhion col or content and the
destination color content represent different nmedia

19y pedhe 2pparTive of slpamalS, svhefein thei furthdr, destieateinncdlérecontent and
equential transformconpo t is agdapted to create a

ﬂi?ef %ﬁgfl%tf’% ‘i‘ﬂ%& Coﬂgﬁ rfipﬁ%srégto‘ﬁffg?n&&ea}aa‘g@?ﬁ ent into at

20eas ThengphRher sfedhial ¢1.cRh&einSMaG8quential transform component is

adapted to create a transform that maps the source color content into at least one

intermediate color space.
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