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nmet hods and apparatuses for creating and using data structures which
det'erm ne the 10 amounts of colorants that a color output device, such as

a color printer, prints or uses‘in response to requests to print
specific colors. ; Prior to describing the invention, the
follomﬁng definitions are UNDOET ] Tristinmulus Val ues
- Three nunbers that describe the visual response to an ori gi nal
color. Two colors with the sane tristinulus values | ook the sane if they
are 15  vi enedTHoGeéEsent iAveation @erliins @5 snethbds 20895 0fob TopRctirye forl OF
tristimulus val ues are Cl EXYZ. err] Lum nance - That

aspect of Sarew bmitatiens ¢fa ¢ploy deviga. ntjlor%pmtlgullaﬂr{ethgup@gsent invention relates foer r |

orr] o PRERER woapafRist 36 bt MR il dalf sbiel iR ey the

purityD orambees o€ colbrats thaca)&tlaﬂblli‘tgﬁﬂ davio, Exhbh%lat&lor printer, F;‘mts or us& inl

Gamut - The range of colors prodJC| le with a set of inks, lights, or other

col orants. rwssmuesaﬁwdzsmatﬁc,mq Be described in terns of a particular

vol une of a t coor di nat es
d‘?oﬁt%cﬁe invention, the folloer%r ééﬁnﬁﬁngqpe ﬁzﬁtntdx

- The chrorrat|C|ty coor es of a C’o res rom a nmappi ng of

its tristimuluse ViaisugmlaoValwes 6Orhrel naindsrst thas debefibé ithe visisl fepdise wbtdnout
regard . to its um nance. In other words, tw colors that correspond
in chromat ?‘Eglflﬁ’e%"lﬁxf .f 30 colpry with the sappe; tristimylnsevalues look the same if{hey are

i ncregged gz]\él %@HH §1¥u I' c8:9cixf?5ns”0ﬁ5et Sriimbh fCSﬁI@A tﬁs@& fx\fl Hltlﬁt%lh%r Oﬁ?técifsnt ers

has corrpu users to view a on ac
noni t or anatetCIEX Y request 30 a fuII col or pri nt out of that | rage on a

color printer. Uﬁers vvoul,gliketh é Look l.i ke .t he display.
Unfortunately, tHBETHRAGR" lpat@greatgfeaa pred sHmuis seirung io;iiilentiy- ¢ ypi cal |y
much smal | er thaHuEh?hﬁ@d%ﬁ@ct%fa@&bféﬁ%uﬁt{@dsléﬁhﬁ%H dorBiel or . I n this
I nstance, the col or "gamut of the nonitor arger than the col or

ganut of the prt Sateration - That aspect of a colored stimulus relating to its purity, or absence of

20  contamination with white.
* Gamut - The range of colors producible with a set of inks, lights, or other
colorants. The gamut can conveniently be described in terms of a particular volume of a
color space.
« Chromaticity coordinates - The chromaticity coordinates of a color result from a
25  mapping of its tristimulus values to two ¢oordinates that describe the color without regard
to its luminance. In other words, two colors that correspond in chromaticities differ only
in luminance. | |
The increased availability of color monitors in combination with coior printers has
allowed computer users to view a full color image on a color monitor and then to request
30 a full color printout of that image on a color printer. Users would like the print to look
Iike the display. Unfortunately, the range of colors available from a printer is tj?pically
much smaller than the range of colors available from a monitor. In this iristance, the

color gamut of the monitor is largcr than the color gamut of the printer.
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condi tions; see, Tk Qamnﬁniﬁé&bn bfiBblor Tiferm4tion Rafteadioatiinn afloCspace thatris
Phot ography Printing and Tel evision. 5th Edition, Fountain ‘gis,
Engl and5 199Bdependens & tiry pasticular dpgisgieiThe colghRases comumenly yses: &E%X%& )

Si
T AT TR s UL il o g

I neters are
i nst r ument sR@Barefezad eolohspacesndefined sanalytitdlbsia tammbef the wilich spaces,fer example use

f h bj ect The beh f th b i .
Covt oon" 2GRNl BaY sEaiob o b tantossg Tdaioe OB Ere diea P A Fois Bbhing, o
| arge “U”beé n]‘rm{e!aw% Eﬂﬁgns %&éxceomlewal:&ﬁﬁub& ts%erre &f RWZchmﬁ gRace,

or nore co yIn The printers
commonly uske , il i §tht Bdition, Founfain yes,

oK.t hat %és?angi;sdﬁgswga;gé eié?anpév*%uer

transparen C)l‘f's%makég T, %uﬂ HHMhé%n 1995, Today,, SpddtrBrddionictis Apeattsphdncer ant

and (1,1,1 represents u col orant anounts. Any vector with
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25  independent color space by measuring the display colors for a large number of input

N

device RGB values in terms of XYZ color space, or more commonly in CIELAB or
CIELUV.

The printers commonly used today are typically addressed with four digital

values, CMYK, that determine the amounts of cyan, magenta, yellow and black colorants

30 (inks, pigments or dyes) that are deposited on paper or transparencies. In this description,

(0,0,0,0) represents no colorant and (1,1,1,1) represents full colorant amounts. Any

vector with components in the range [0,1] represents an acceptable input signal to the

printer. The color behavior of the printer may be described in a device-independent color
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col or respwfigmit CMYK vahgf signal for the printer, we can use a
vector val ued continuous function to represent the col or. response of t he
printer, 5 Assuming a sqgoe;h[cg}opre(spynse to the input signal for the printer, we can use a

Che col or aneg 5 YHHEL foingobifuonto répreleb etk ?eﬁpaqss%fﬂ rﬂ bi#Eeent i ng 1 he

devi ce-3 ndependent colorinetric response to the col orant. Simlarly,
for the nonitor, d =[err]([err]),
(Eq. 2) Q\ﬁd?(éf),y (R G B) is a vector in Rerr] representi £§qtBe

phosphor driving signals and d=(A, 15 B, © represents the
devi ce-i ndependent colorinetric response to the input signals.

For |arge S niyf (Lﬂi,t , - t
moni or 1 s TR R G M B €l A oA ol DB, By [ s
(Eq. 3) 2@ctor in R3\mh1mesmt1ngShadéwc@mdlepmdemccﬂorn'thpohwCd thercoldrant. maps

[0, 1] [ nd. the matrix M with elements nferr] is a 3x3 matrix
t hat at(gou%r‘g‘hf‘&’c%%@ CPMCEr phosphors. The matrix M i s deternined
i f one knows the chromaticities of the phosphors (two chromaticity

coordi nates, derived from XYZ, describe the colors of the phosphors) and
the white point @8 fu(y)of the nonitor. - (Eq.2)

where y=(R, G, B) is a vector in R3representing the phosphor driving signals and d=(A,
15 B, C) represents the device-independent colorimetric response to the input signals.
For large patches of uniform color on a monitor, the behavior of the monitor is

well characterized by the following formula,

X munmizmis || #(R)
Y [=| mamamzs | {G) . (Eq. 3)
Z mamsamss || t(B)

20
where t is a linearization or "gamma" function that maps [0,1] to [0,1] and the matrix M
with elements my; is a 3x3 matrix that accounts for the monitor phosphors. The matrix M
is determined if one knows the chromaticities of the phosphors (two chromaticity:
coordinates, derived from XYZ, describe the colors of the phosphors) and the white point

25 of the monitor.

For printers, there are not yet practical formulas describing c=f,(x) so the usual -
representation of f,(x) involves a table of values together with an interpolation technique

such as quadrilinear interpolation or simplex interpolation; see, Printer-related color

30  processing techniques. Henry R. Kang. In Color Hard Copy and Graphic Arts IV, San
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t he usual representation of [err](@x) involves a table of val ues
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Jose, CA, USA, Vol. 2413, pp. 410-419, Bellingham WA, 1995. Society of
Phot o- Optical Instrunmentation Engi neers. ' If we could
form asfunctionz= gfe) z =glerr](e) (Eq. 4
(Eq. 4) where z is a colorant in Rlerr] and e is a

devi ce-i ndependent col or description in R3 we woul d have a

devi ce-i ndependent y to lect, cqolars.to be printed on .our inter.. The
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used since a common | npl enentation for the eval uation of glerr

consi sts off farminglgs givew theurformationingy, is refesrpdith @s building arseparatdomptablet foon

t echni gque. . I f, the printer is a K printer, a .

i o801 sbe Brinter, The fesm bl b oo e &cpotinchy mplembleagitn o fh.svalyation of

conbi nat i agofdists BEa M oAl For g\t RIHEP With B GhtefR1dtidn & hHR Re.
snoot hnesg']’siodéfcon%i tions that régre\lf)g:/év an'&i nversli:pgn" gf f[lzlrﬁ?] to build the

table g[err]. 1 the printer is a Q¥ Kugrintema Hevioe-independantsfodormaayi baprinted using
(g °5y "y hinhbes Sf Kodrkioarigns of dhe GYTYK; valbs oA CPRARPHSHFDHS 19 337

moni t or d%ﬁh&ﬁxﬁ@@ﬁﬂ&@&idim,thﬁﬁuowraﬁpfrﬁéﬁmr?:@fﬁntdmﬁld%&ﬁbi .(Eq. 5) byy

to printer colorants CMWYK, represented in t equation by z. However,

t her eldre many Newiwegandotmothe tragsfprim@Rne( 0, 0, 1) that are out - of - ganut
for the printer. This neans that no conbi nati on of CWYK val ues gives the
sane color as the nonitor RGB=(0,0, 1). The printer still needs to
print some val ugs HffHGWK Determ ning the choice of this CYEY fand
simlarly, determning the choice of CWK 25 for all of the other

out - of -gamut col ors) conprises the ganut mappi ng probl em The ganut

g‘iﬁ&i ng SttE)? }neg}éoi'ysi pl%c%\%ge %t fagtgﬁﬂ tni'arx{sefo%pxgtiéna rloxen {nsom 81'- liéviézfp-dglge%ﬁerzmt QG%?' ect
20 represented in the equation (Eq. 5) by y to printer colorants CMYK, represented in the
equation by z. However, there are many monitor colors, say RGB=(0,0,1) that are out-of-
gamut for the printer. This means that no combination of CMYK values gives the same
color as the monitor RGB=(0,0,1). The printer still needs to print some values of CMYK.
Determining the choice of this CMYK (and similarly, determining the choice of CMYK
25  for all of the other out-of-gamut colors) comprises the gamut mapping problem. The
gamut mapping strategy is used at the time the table is built in order to select CMYK
outputs for those device-independent values, e, that are out-of-gamut.
To print an image, input values are transformed by interpolation in the multi-
dimensional table, regardless of whether the nodes are in-gamut or out-of-gamut. The
30  gamut mapping is implicit in the table constructed.
An example of a gamut mapping strategy is to map along lines of constant hue,
defined to be, tan-l(b/a) in CIELAB space. A common problem with this approach is that

the Lab colors correspondiﬂg to monitor blues will map to a color that will appear purple
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To print an image, input values are trangformed by interpolation in the
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T gamit oPn 8Hb gp shiain e bo TS Fichiem ntiys BER0SS g Thopeh Lab oh 19 ¢
const r uct egs a "uniform" color spaf¥) €KX HIPtrle Bat 3 sBALELS d@&?hﬁﬁg%&f&\&ﬁﬁy Laht® nMap
al ong lines of constant hue, defined to be, tan-1(b/a) 1n Cl ELAB
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print, as shown in Figure 1. ThiS probl’emoccurs because, even though Lab
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process depgichPRH. 5,539)54. Tiab patentscribed &R 24 31 AffeRiNP k8mut mappih®stedediby the
hue angle of values stored in a color separation table after ‘the separation
10 t abl eskrisasnsie smplexingd tragifional epmprestion tachniguerfor ampepiinef andolage tpiee i s
described in U .S Pat e No., 5. 539 540. Thi s paten escri bes the use
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printed and the use of another col or-nmapping strategy that works for

busi ndds geagpmeothness usingearompuer anefphing teahniquegiTbesedvotexamplea g€ clahdratthen
warping the two to preserve continuity 15 and s t hness, usi ng conput er
mor phi ng. t SBRAF HEptie, EEhygs BoYidg cetialy adelthges: Y nonethelgs e telaE,
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sane t30ne gamas lingtatienerof an outpwmocgiod dévicn athileut deesampdind $mpasihg\iewer ease
of control over the_ganut nappi ng pr.ocess. .
SUMVARY OFCqipputa hedgns anz%lso lowing easp of gppirod opercthe samutiBappingpiQeess.

I nvention, an inproved gamut mappi.ng techni que

D

UMM I NTION

25 In one aspect of the present invention, an improved gamut mapping technique
consists of redefining the red, green, and blue monitor chromaticities to values for which
corresponding hues appear as intended. This technique in effect defines a predefined

~ color space for use in gamut correction where the prédefined color space is based upon a
set of redefined monitor chromaticities which are typically used in the transformation

30 function for transforming color values from one color space, such as RGB, to another
color space. In a typical implementation of this aspect of the present invention, the
technique consists of generating the appropriate color separation tables using a normal

gamut mapping strategy with typical monitor chromaticities and again generating a color
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I n anot her aspect of the present invention, two conplete color separation
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table i f
st set opregrion g B sot of coldr Ve 3F 3ol Ry B EABNELTUER. SRALE,
col or separfatal oolot sdpaeation ledalam table d¢ adatedﬁbyahm'rgahé first sdteyf Rbloeantvalues and

conver si on romthe first set of color values to a second set of col orant
val ues. Thdhe gecond set of cplgrant ¥3lues. separ at i on Iookup table is created by

using the first §gl,Q hPﬁg"o‘PrL{'i‘ﬂg re$ElUas rﬁib‘i’x may ﬁrQ&xc@?%ﬁ;"fﬁeSrgsE & a EQlopr ant

val ues. of 't Ae pres I nven be practiced
by the2@se printer rcmkop talile ormyl hamlrwateook laphatrd{vhe ad bgft\ha-edxmmlnnmom For

har dware and so t e co natr nF ookulp t abl e
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colorant v [ a rst
col o1 -Space ¥ "MS wr 06 1Bfint HARC Bivih ¥ BrPur AR SARPE £ AE SolBf sl SThe (01
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space to co]ar (?h conyer Si 1on Thi s fl' rst set s rovrealI
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values is derived froma
printer or other color output device. The second set of values is derived from a
predefined color space to colorant conversion process, where the predefined color space
is for use in gamut correction due to gamut limitations of the output device. The
predefined color space is specified by a set of redefined monitor chromaticities. A
30  process for printing a color image according to the present invention is also described. In
this process, an input color specified by input color values is received, and these input
color values are used to obtain values from a memory, such as RAM, which contains a

data structure, such as a lookup table, having the first set of values and the second set of
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98/ /584‘93/ The present invention also provides a-blending technique in order to blend values
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I nput col o%{éfe%cg?tguﬁﬁl@vg%wt t hen the second set of val ues
derived froma conversion between the predefined col or space . and the
col orant space is used tQ_provide a col orant value. 5 The
present invention al so pBBIEGEESSRITRION QF THEDRAWINGS order to bl end

val ue in the first and second set of values for those col or input

val ues whi ch are near the ganut "surface of the output col or device.
BRI EF DESCRI PTIFGpurer shbiizs @Wbﬁﬁpﬂlﬁg strategy of the pnoﬂ-_drgure 1 shows a ganut
mappi ng strate of the r|or art gure 2 shows a prior art
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Figure 3 § t@pler i or art process for preparing a color separation table.
15 igure 4 shows a chromaticity diagram having original nonitor
chromaticity  FigureBahuws apnidr axe gescessefor poparingtd cilérsepahti@stable.

Figurg 5 shows n e% gl ment of a Iooé@g tabl e, of the present inventjon.

Fi gure’ 6 shows d&“ré SRPY At chepmaticigy, %ﬁf%uéla&’éécﬁftﬁl%} lflemt“PfeC*HPE'@é‘ﬁ{tY

i nventi on yaiues anc‘médﬁfinéd‘&lr&%@c@ Wikt al inmage processing systemand a
color printer. Figdre 7 shows a nethod according to one

enbodi nent of tfhg.lrpﬁeshewsannmqulmnt of alooklipmablpmdimecpragnamvemmmved ganut

tech h met hod di th
oresent i mvont HRIEE 6rshaes 4y cpbadime of  agpAales dp R o R Soae L g tspon

separ at i ORyHigPlHdMdeaR fritaPimdel Prove @@ dysich &idtd Qo printer, Figure 9
shows one enbodi nent for creating two col or separatlon t abl es 25
accordfl ng to t Higyedsshowsi mmethpd@ncordmg to one embodimnept O theOpresenhdnventionet hod

for conbi r},l n gr ovx%lﬁ)r?gr a ﬁx?p'}o\tre% gamut mapping technique.

Figure 8 shows a method according to the present invention for using a data
structure, such as a color separation lookup table, of the present invention.

Figure 9 shows one embodiment for creating two color separation tables
25  according to the present invention.

Figure 10 shows one method for combining separation tables.
TAILED DESCRIPTION OF THE PRESENT INVENTION

30 Methods and apparatuses will now be described for providing gamut correction in a
color separation process which involves converting color information from one color
space to another color space. In the following description, numerous specific details are

set forth, such as specific color spaces, specific color space conversions, specific
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connect i onTmstlb dcbemplished byr wding dxeoﬁroﬁﬂnaof)tktepmpuﬂdmm:eem a'dlfnepuimf with ther a

devi ce conta he tran fqr on e convert f
dex: ce-i ndB‘fS’I the oyLRyt g‘ﬁ% I'Beoprpﬁze g’é\?ld&élcﬁé%ﬁ'&é\é%e WER*’"@B%ES“(S‘ftOt he
devi ce andé&fveftrf?on? 5%&5&9 ﬁﬂ&}géﬁ&nﬁbﬁﬁ% s@ﬁc&%f{ﬂ@&éwée ﬁkﬁ&éﬁ dayt %ﬁcg sPgRdent

col or space 15 devite to a I ce-i ndependent co or s
A typi cal gevite arel/ersthe tiaysfarmationt wsed wnm:anertsfrdm shesdaviceedependent color Xphcet 0
the |_or space g;wt he .out put device (e.g., CWK): XYZ

R, 2ffthe devxcﬁpra cerinfependsnt calor sPaSes npdel (an exanpl e of which is
descrl bed in Poﬁtt%ﬂ&leg{foﬁle used Bﬁ&gﬁﬁ&?cﬁﬁ&% 8‘%?05%?85@ frorﬁ")ﬁ’ﬁ% theRAdRiRe

Systens, Addi son- adi ng, I's usual 'y expanded

i nternall yspaoeoﬁﬂlcautpuade\um(erngM&I@ col or space (e.g., cal i brated
nonl i near RGB) which is used to performtable | ookups which produce 25
correspondi ng out put device conponents:

XYZ - CMYK.
20
For printing devices, this model (an example of which is described in PostScript
Language Reference Manual. 2nd Ed., Adobe Systems, Addison-Wesley, Reading, Mass.
1990) is usually expanded internally to contain an intermediate color space (e.g.,
calibrated nonlinear RGB) which is used to perform table lookups which produce

25  corresponding output device components:
XYZ - RGB - CMYK

Addressing the lookup table using the intermediate colorimetric RGB space instead of

30  XYZ results in less visually perceptible interpolation errors.
When printing device-independent colors to a printer, the input XYZ tristimulus
values are converted to RGB values, for a synthetic color monitor, using the inverse of

the matrix and the inverse of the t function defined by (Eq. 3). The resulting RGB values
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the inverse of the matrix and the inverse of the t function defined
by (Eq. 3) .intpreediats RGBH sppcrofersevaral potential advantagesyybsing thgntgrmediate RGB
PCT/ US98/ 12 . . . . . . are
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necessary. ing an internmedi ate RCB space offers several potenti al
advant ages.onuashonyunifasm; REBrspaer mey bepgrceptually lgsg visiblerthan igrpolaien i&dp

pr cont age ToPALN gk PoRBmet e AR08 erdYs EBiorina B plexieplb o on

errors morfitdr idnQhe btV QEdEEB oS RS AndpRy. be perceptual ly less visible

than interpolation in Z. Finally, source colorinetric inmages in RGB
require less transformations to preview on a nonitor than the

equi vai nt XY QL L;J1 boni mages. . 10 Tabl e Generati on The

| ookup ablg—ioﬁ—q%é-pﬂnter is generated prior to its use in printing. The
table | S gRfedbakigitablé feethe printer iggdndatdd\dior\talits ase msmimingt hewhtild
each of the RGB nodes _.addressing the table. During generation of the
Labl e, t he iBRIeroad by deserminipg Absc @M YK vetes associstedowith egcloBt oG Hoyodes

converting t i[fkﬁ? C n : ;;lﬂg Y, [ Y7 to

some uni forar%ﬁgeg 'S thsep[gﬁc@’ ?e]‘hg]lg %ﬁ%ﬁ(ﬁb ) %ﬁ%ﬁe’é@er |\r(1'gllil rtg%eg’ 8“?]%% &rm

col or spaceable i€ dbtsinedDd werting the B@B: cdmponents of each nod¢ to KYZyidohvertinfi s

final step of the transformation that the ganut mappi ng takes pl ace.
g

For thdS cagkYdftogame umiforphrolgr snace (e g ), é@ﬂ“o?%‘vaﬁt’é‘grfé‘?@rfﬁﬁi“mé B, a
search COIJJ%?‘{?QSW?F%IS’%{&%%#&L e output col or space is perforned.

If it is foun K output color is placed into the
| ookup (separ at ilofy withid €his final steplofiehevirapsfommagmuhathepgangiti magpmng takesd t o
determ ne the best col or }o use in p t he act ual #‘%% i red cgl or.

) | ace of
Al t hough t HRiace; EIOREIEEASEP SRR LPRing AMBEToTR B ES RPHrE APy iBPYieq, a seare
actuality, g} the Lab value within the output color space is performed. If it is found, the

20  corresponding CMYK output color is placed into the lookup (separation) table.

Otherwise, a gamut mapping is performed to determine the best color to use in place of
the actual desired color. '
Although the CIELAB color space is described as being uniform, in actuality, it is
not so. In particular, straight lines of constant perceived hue do not correspond to straight
25  lines in the Lab space. Therefore, some colors which fall out-of-gamut are mapped td
incorrect colors (their color nameé change) using a traditional gamut mapping strategy.
This is most apparent with blue. The blue seen on a typical monitor is well out-of-gamut
on a typical printer. Int'erestingly' enough, if one looks at the lab constant hue slice
corresponding to a monitor blué, the colors on the gainut surface of a typical printer will
30  be purple except at the very darkest colors. Since several gamut mapping strategies keep
a constant hue in a CIELAB, this results in monitor blue appearing as a shade of purple.
~ Several elaborate gaxﬁut mapping techniq’ués have been devélopéd which perform

various warps on the color space in order to take into account the curvature of hue in the



not so. In pabddasar, straight lines of constant percei ved pae/Uses/12062
correspond to straight 25 l'ines in the Lab space. Therefore, sonme colors
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gener abed gamunge vakies frosi thel sédond sepfardtioa télile.sTo preyentgtotantial basshetransitions
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i n-gamut apgiwgAmcolors lying gegg §6Fm§b?ﬁif3°eﬁgﬁpmg§gﬁ%ﬂ°é‘t 4%8?1“{?3@&5 € then
conbi ned sk NamiGRing" b5 thd & tibigREUt use the values fromthe
first sepa%@?lleg’n tatg'?ﬂél,gcm?wfer&?ol ors0 W?rgﬁ Iia.e out -of - 20 ganmut use

val ues from t heUsingotids seshaigatiresultsainl eoloffowhich\igHtinggamuittoastilh appasr as

transitiong etween col ars |ying near the t r.f: I ng
functi on (H\%%‘lﬁefibﬂgﬁﬁ)é?leﬁ oyt=01- Amut b ‘8&?%‘8 Fo&ﬂ%ﬁﬁxﬁaﬁég{l?ﬁg nfo?‘%?io?ﬂg t Wo
separ Q?i ondsabRShe intended colors. Using this technique results in colors
which fall in-ganmut to still appear as I nt ended, while_colors

out - of - ganut At newpchromeiiditiessarpiontynissd iy thettrble byildiog Preqess eThe first set of
synthetic monitor c_:hrornaticities are still used to covert from XYZ to the intermediate

RGB color space for lookup in the combined separation table in the final profile.

30 Converting RGB to XYZ

" To convert from calibrated nonlinear RGB to XYZ, the phosphors and illuminant

of the synthetic monitor need to be known. For example, the synthetic monitor could use
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only used in the table building process.liThe first set of synt hetic
noni t or t

Mt er med o8 SMPTE iRpink shl che DO uhsll WBcn bR Kook Beomprisivg
table in t bduds: nal profile. 30 Converting RGB to XYZ To .
convert fromcalibrated nonlinear RGB to XYZ, the phosphors and illum nant
of the synthetic nonitor need to be known. For exanple, the synthetic

nmoni tor coul d use x WO 98/ 5?493 - _
PCT/ US98/ 12062 11 the SMPTE
phosphgrs and Rheedy50 il | o80ant w340 have the follow ng chromaticity

val ues: X y 5 - R (red)

0. 630 0. 3%ifgreen) 038 (gree®s95 0.310 0.595 B (bl ue)
0. 155 0. Oﬁ?%)ue) Olg\é(v\,hl t%)O’?O 0. 3457 0. 3586 10 The z
conponent IS si * - A 3x3 matrix may be used to convert
fromlinear R@/(wmiéyz and 3457 conspREgs ed fromthe synthetic nonitor -
phosphors and illumn nant by 3 Mli ag(M err]w 15 wher e

[err]
10 The z component is simply 1-x-y.
A 3x3 matrix may be used to convert from linear RGB to XYZ and is constructed

from the synthetic monitor phosphors and illuminant by:

Mdiag(M'w)
15

where

XR XG XB ) Xw/ yw
M=|yrycys|andw=| 1
ZR ZG 2B Zw/ yw

20  From the example chromaticities, this yields the following transformation:

X 0.4689 0.3566 0.1386T¢(R)
Y| = |0.2530 0.6844 0.0626 | #(G)
y4 0.0223 0.1093 0.6930 | #(B)

where t is a linearization or "gamma" function. This linearization function is commonly
25  used in the TV and computer industry to describe the non-linear response of the light
output to the input driving voltage signal of a monitor. For abstract colorimetric color
spaces, there is an advantage in using a space with non-linear t since quantization in such
non-linear spaces results in errors that are more visually uniform, and thus less visible for
a given number of bits. An abbreviated form of this transformation may be written as:
30
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transformation: [err] where p is a linearization or *ganm"
function. This I arl jon function is commonly 25 used in the TV and
conput er industry i be the non-linear response of the |ight

output to the i |ﬁi g voltage signal of a nmonitor. For abstract
colorinetric coI aces, there is an advantage in using a space with
non-linear t si gua | ation in such non-|inear spaces results in -
errors that are nore visually uniform and thus |less visible for a

gi ven nunber, of bits. An abbreviated formof this transformati on may be
written asWhggef is the transformatipmngeriz sated above.
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wheref is the t rSEPERRIRe 8??0%15?1?3)‘53%&%13}6 AR set of synthetic mom[]q; SRbOE e

the sedond iselRaeat T stadtidsset af BRWnREEtRE sEOUN |Betsbréct%8 @h{:tPEhaP ae g&:ﬁ t
is chosen. The second set of chronmticities shoul be sel ected suc %

out - of - gam‘}P ors will raep elasennta thensame: coloemame. t Fer mle,oﬂherfoﬂawmg Fetr of

| t ed 1 d h
Cr ant of m oiopuicftls Mke S0 ive the anfiohd B b ok Bida eiom) Wil cansp bl
hue on pri mmabwﬂh@@mﬁﬁﬁtmél?d%ﬂemrﬁ&emé&ﬁlﬁﬁb6&@1&%&&%0&93}!tor +10
X R (re 0. 730 0. 26

(green) 0. g88 0. 645 B (bl ue) 0.101 0. 10?
10 X’ y
R (red) 0.730 0.260
G (green) 0.288 0.645
B (blue) 0.101 0.105

15  Converting XYZ to Lab .
Given XYZ tristimulus values, a corresponding Lab value can be computed with

the following equations:

-t (1)
- 0 () ()
o= 1) - (2]

20

25 where

s for £>0.008856
f@ =
7.787t+16/116  otherwise
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correspondi ng Lab val.ue can be conputedldith . the foll ow ng equations:
L = 116[er ghg X-, R 6and 8 arethewhxtcpomt@xsﬂmﬁﬁ@v&fu@ir] [err]] -
=200 [[err]- [err]']’ wher e f(t) = [err]

- WD 98/ 58493 : o

PCT/ US98/ 12062 .. v 13 and
Xerr], Y[é%%&%—gw e the white point tristinmulus val ues.

Oonvert| ng LAB trg &dA¥ert from Lab to CMYKS UnéChdeds 1o Minlt"t By r&po n§539d$ |
to "invert" the col or response 5 (rreasured Lab val ues) described bé&
cess

measur dnen{measurgst dab delues} desdribgd ChWtshe measurmaderueso pwvlde ireswdtisg &M

i's not uni ossible for. sone .
- conb SHEPndbis IR IOTAFOgTS it POGTRG Ly BRPLC I Some fab PHieL
uni que i ”Vﬁhﬁteﬁ'bg%ady*&mibwﬂ?@m KO AR/ QditidRaldof QR cah B8 u&é&’tb%llﬁwn Lab
to CMYK I's i'nversion only works for those colors (Lab val ues) that
are wi t hi nunigee ipwensionbf tieeneasurements to provide a conversion table from Lab to CMYK.
This inversion only works for those colors (Lab values) that are within the gamut of the
10 printer. For the colors that are out-of-gamut, a gamut-mapping procedure is necessary.
One example of gamut-mapping described herein is one that keeps constant Lab hue. In
other words, colors that are out-of-gamut will be mapped to a color of the same Lab hue.
‘Even for constant hue gamut mapping, there are free parameters that allow. for the
adjustment of the appearance of gamut-mapped images. The details of a particular gamut
15 mapping, however, do not limit the application of gamut-mapping approaches of this
invention. The gamut mapping approach of the present invention also applies to other

gamut mapping strategies besides hue-preserving ones.
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par ti cul ar thgaresentipventinmp p ney combined eeparatonrishle is gentratede Fap padhamide dm thef

LI R R 4 e AR ot B R B o

strat edi esCMEKdesm MvefiR i ] . .
PCT! USO8/ 12065 t Sspafatioh $até ' for -colors which fall in gammom%é oMok frTH

Conbi ni ng thepaeend ssparation éable. To prevent discontinities invthesepacanbined sepatationhave

been creat a ribed in e. enbodi ment . of t he present

i nventi on, E‘glehévﬁg%ﬁﬂg ﬁgﬁctlggp‘gﬁg{l SEotily, cempines the CMYK. vaﬁgﬁs feemithe gwe i n

t he tabRe WeAABO gtk sueMed Mhy BOudedb! €, a new CWK val ue may be obt ai ned
by choosing a 5 CWK fromthe first separation table for colors which

fall in-ganut, GR@rafatlingis-ganut are defined rehaweconegativpatistancerawabirem the

preve di i kb 1 i W C i ned .separ at.i.on ,, table, a
bl enditag Sk oRtle ool b PR s 8PP TR RIS distanes awe o e
tabl es neasurfate. Gulos Whith dave ARstdiRe UsAPay from the gamut surfa '@ %t?‘gii,”g
i n-ganut are defined to have a negative di'stance away fromthe ‘1

surface, wihere e & Qand éu Ooare hiprded e eombined cliett(6,,Rdy & ,aKpds 4 toler iti the ance

f . I [ h ' d fromthe
qamit surt aacseparstign bt (E abled A0 b S, 11, Y. N Nedng citespopdihe) o
and d[ er r]cdlarin khdsecatdsephratior hold (e O TEBIOGf Figtke (G €], Merr], Y[err],
K[erri be a color in the first separation table (e.g. Table 1 of

Figure’10) and (Cferr], Merr], Y[err], K err]) be the correspondi ng

I int . ' . 1L 2 of Fi 10). 15
'(I:'(r)\eo :1 e:/vn c o?%i %ﬁ%ﬁgeg@i{?@% gs[b%}ﬁ%égd %{/thteﬁgh?e%llng gﬂﬁ'aﬁ’lﬁggaﬁat i Z)n s:
C=1(1- derr])derr] + dlerr](err] M=(1- dlerr])Merr]

dlerr]Merr] Y = (1 - dlerr])Y[err] + d[err]Y[err]
= (1 - dlerr])Klerr] + d[lerr]Klerr] 20 wher e

C = (1-dn)Ci+diCs
M =(1-d)Mi+dM>
Y = (1-dn)Yi+d:Y2
K = (I-d)Ki+dKa

+
K

20

where

d—da
dv—da

dn =

25  This blending process is shown in Figure 10.

Examples of Digital Image Processing Svstems

An embodiment of the present invention will be described in the context of a
digital image processing system which, in one exemplary embodiment, is a general

30 purpose computer system coupled to a color printer. Figure 6 shows an example of such
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eﬁ"ﬁ&% ﬁg
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transf or matgriiers WAt hOMTord SAGER BRY HRCaRU Wil i chButéOsystdit A Map aliefeat | Ng
the two different color separation |ookup tables of the present
i nvent i on. ingludg the permeg) pnd cedeafingd ttaasfoomatéorafunotions despribert hernin whichpareabl e
of thepresshy in generating the two different color separation lookup tables of the present
invention. It will be appreciated that once a color separation lookup table of the present
invention has been generated, it may be downloaded from the mass storage device or
from the RAM 210 into the controller 203 to be stored as the table 203c. The RAM 210
may be considered to be the "main" memory of the computer system and the ROM: 211
25  stores necessary boot-up and low-level control computer programs. The computer system
shown in Figure 6 further includes.a display device 209 which is typically a color CRT
which is driven by a display driver 208 which may be considered to be a display
controller and associated software drivers for controlling the display device 209. The
computer system also includes various input devices 206 and associated controllers.
30  These may include a keyboard and a mouse, as well as other possible conventional input
devices. For example, a color scanner and its associated controller may be an input

device. This input device would allow the user of the computer to scan.in an original
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encl osed by the gamut surface, e out o ors out'si de
of the vol ubecomputer sys@ncwhish ¢6ll thenase itrintheanainenlespribatheseinf t he present
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15 use wi thout "having to regenerate the color separation tabl'e fo

speci f4& cdpostoping rmput RGB values Thichugrer wikhinl the igemuti srfach eof copgaticudar ealor age
media to provide.the color separation,data,to, . he conputer system
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according to the present invention. This table inclldes an i nput

(" addr ess" Ui tvialwgs fopthegriplet of comrestondingripput VaBRsy al ypacalhyh there silk beia hi n
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val ues. Ty }g?.%g]: |19,5 by mare than | prefdetegmined value. There are also a corresponding plurality

of output CMYXK values 106. Also provided in the lookup table 101 is a plurality of RGB
values 107 which are near the gamut edge and a corresponding plurality of output'CMYK

ot

values 108 which correspond to the input RGB values 107. This portion of the lookup
30 table contains blended output values which have been obtained by blending values in a
first color separation table that. was used to generate the values 103 and output CMYK
values from a second color separation table which was used to generate the output
CMYX values 106. It will be appreciatéd that the values 102 will be typically RGB .
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9 as the function 363 which converts from the RGB input 361 to provide an XYZ value

365. It will be appreciated that the procedure 351 shows the conversion from an RGB -

index value (which will be used as an index or input to the final lookup table) to the final
output CMYK value 369 which corresponds to the input RGB value 361. Thus, the color .

30  separation procedure 351 begins with a particular index RGB value 361 which is
- transformed through the function 363 to an XYZ value 365 and then to a Lab value 367

and finally to an output CMYK :value which will be one of the values in a first set of

colorant values generated for the first-color separation lookup table. It will be appreciated
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Step 259 produces a composite color separation table containing values from one

30 of the two color separation tables or, if blending is used, for blended values if the RGB

| index is near the gamut surface. It will be appreciated that one embodiment of the present
invention may not use the blending described herein and rather use an output value for a

particular index value from only one of the two color separation tables. In one



CMYK[ efr]. | WQgsi384%8e appreci ated that steps 251 and 255 may BETHES YR
In a reversed order. 1%t ep 259 produces a conposite
col or separghb&iimbAdfah€ prsadtihviaktiva | Blesdilg My 68 pedOrmedif ah igdexVRGBO/alie
separation tables or, if blending is used, for blended valyes if the RGB :
i ndex is ne@rnqanéhgsmt surfeeg where nggr| is defingd pscheing sthiman me@m&a%ent .

and rather siebodimens iRl R I batlifsultdss (R BLAE IERS GhadE W B
one of the #iW@neOIDr is aPBididean dﬁs@d&icesto the ganmt surface) to a dlstwct%yf Wts

PCT/ US98/ 12062
enbodi nBnt @Htside ef pheegaantt suifacentA Slendisgdhastion mex by thisrgase el (Dﬂ'l@n*' bhdex

i thin in oHe b 59 oiceed R S MR R BEEROLR, (EONITEMYIR 0,

surface (UnThs ﬁa&mgom with asiigtefte MAREEhENE6 units instesdfane auﬁi surfacd wxll
Eucl i dean di stance to the gamut surface) to a distance of 48 units

out si de of esecCNBK valyes &@@1 the Brs¢caloisepaation dablesmyhile ponts IﬂF@thafélén@ =
D+16) + 64, |
o o 1 s o AU b Blmbl EC B VRO L S e B8 PR °

furthenot haébléﬁse?éhah&n itabde (EMYK,).nEhe auiigt uSed inaabibiatihg the blend HRG ve¥liker I ]
values fromthe first color separation table, while points greater than a

di stance of Thig wili assissiinghesmspth Fensjtiou betwaenaseparaiion tables and avilkpreveyt

fromthe second, 1 a | e ) ?r&g e
calibrati ngl 8‘%%8%&5% SZS& %;sat%}ls % ﬁ’éﬁ%ﬁ oin %ggin ﬁle}%ﬁ% dlnrr@ot h
transition &ﬁbwﬁ{énseﬂalﬁx@éatcmeﬁdibk eferfoRfledy bht @ifgsent ranges ard hefod-finkid €s
(such as sharp tran3|t|ons) fromappearing on the printed image. In this

embodi ment , cembinaticar fupetéomicqudd pepsedr mlipr thriorapasite celer smraj@g tablg hgs been
|
ol or | S8pareiepassd FERRH 230, h i Bl SBbcthicifrabif ey BS 24 i e 28T Bk

conposi t e sefpiudtentbodimbite ofivlye hwenm'mdhave s'smpedeh’ht thehinipat values tos tiei calisr
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table 203¢c. The procedure continues in step 303 in which the RGB output value is used

to obtain an output colorant (CMYK) value. If the RGB output value is within the gamut
surface and not near the gamut surface, then a colorant CMYK output value is obtained
from the first set of colorant values calculated in step 251 and which were in the first
30 color separation table. That is, a colorant value (CMYK,) originating from the first color
separation table is obtained. If the RGB output value is not within the gamut but is near
the gamut surface, then a blended CMYK value derived from the first and second sets of

colorant output values in the two color separation tables is obtained. If the RGB output
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stored in the original second col or separation table is obtained in
step 311. After Theipresenginvention prasuces eajons gvidnlykall 4 gemit that still appear 13,

processi ng . d_J p. 315 f.or the.remainin Q ut .val ues
PROCe™S! o ABOdE whABEE RS sl SR ol poifls o B wBHRE AbBopRG o coloRh et
col or pri nis@bjectively more closely re$é18ble tRSRRinded¥AbTs! At thY QEMCHHe (8E Protesdiig N
fall in ganmut that still appear as i ntended while at the sanme tine

col or poi no¥ethgad assogjaied withale peegent dnvention is grpdtlytreduced relgtivs tocthe elabgrateor e
cl osel y resenbl e i d Ls.. At the sane tine, the processing
0, §} éﬁ%ﬁk{*ﬁ@ﬁ% Y)fﬁgésgrﬁ T8 hvention is greatly reduced rel ative

=]

Ji

over head a$soc

to the el abor at ehtGoreg@aiFlibvemionilag bb&f AcAVREbPIval M8 sPEdiRE eRdrhples which
The foregoing invention has been described by way of specific exanples

whi ch illggtrates thegipuention angdyarg o to he gonstaied ¢ limpiting the irentien vehich is

Lim e k . . . . he fol | ow lai e, Ma
al ter at DonEandY B he R R difims,  Mapf 3880 knd Wiod el UF oy Bl Vo7
appr eci at ednventichowill bef appratiaed yy sost lof iopdinde skilf inadhe @it dfesrinagingeead tie 15

foreggibng escrj ption, |, 5 CLAI V5
1. et AORE8PI9E dessripleRi ng for gamut linmitations of a col or output
devi ce, sai d nmet hod conpri sing: provi di ng conversion froma

first color space to a first set of values in 10 an output col or space:
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" creating a B‘/‘éa@ﬁ"ﬁ%d col or space for use in ganut -correctlonp%la%g%wc}-

said ganut limtations, said predefined™col or space being produced-by -

redef i ni ngCGlAIMStt i cities of said first color space to a. seco t of
val ues in sai d output color space; and_15. pEo ucqmﬂ@jﬂglmum
data value for each input value from both {#hesseconds BEeN et "
sai d predefwrads slain®d ispace and said firgt setggfiacapies far said
first col or space. 2. A et hod as—ta—ctainr in said
predefined col or space is based 20 upon a set of redefined chromaticities

A d o8 ot col O MR (4 qtecRBR i gemyt bHobd S Fclor BefEliplicaaRe 21

A et hesbriasd dofppistdgh 1 wherein said predefined color space is based 25
upon a transformatiion function having a set of redefined chromaticities.
4. A nethod asrdatinglazpradedingdsolorspace for dee inngamucorientdon due tmsaid grmuts
conpri ses ﬁﬁ% sets of values specifying three primary col ors. 30 5.
A met hod a @Y% m 4 wherein said set of redefined monitor
chromaticities fpisdudiiz £STRFICOERS datawalies uSidgehd pledefimedddlérespace, Bhid set of
6. A digital processing systemfor correcting for ganut limtations of a
col or Mut pgoloydetayelues fardise ynseanyeringirong & figst calor space to a sagpadh golppPagef ect i ng
conversion froma first color space to a first set of val ues in an
out put col or space; means for creating a predefined col or space
for use in2ganmutA method@8in elain QWwhdtin kfd prddefiftiasior sphdel ig bhedupofiaiset of
predefined col or space being .5 produced by redefining
chromat i ci t¢defingd chegnaaticitiestandgvlnreiaaidesacond calee spasedean ink colorant color

space and said set of color data values forms a color separation table.

15
3, A method as in claim 1 wherein said predefined color space is based upon a

transformation function having a set of redefined chromaticities.

4. A method as in claim 3 wherein said set of redefined chromaticities comprises

20  three sets of values specifying three primary colors.

5. A method as in claim 4 wherein said set of redefined monitor chromaticities

further comprises a value specifying a white point.

25 6. A digital processing system for correcting for gamut limitations of a color output
device, said system comprising: ”
means for creating a predefined color space for use in gamut correction due to
said gamut limitations;
means for producing a set of color data values using the predefined color space,
30  said set of color data values for use in converting from a first color space to a second

color space.
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~of .val ues i '  JUiHS BoFEBF Hap&deN sl{n'.d ' nmeans J ng a
col or data \% g!ggbf“%f each RERACEPal ue fispm bot h t he secfgggﬂjssg?%g

val ues for ,said  predeftined, colpor,space, and id fjrst set of , . val ues
or 'sai d 1ot ACTBlEos prpeiags whedkinsaid bizodfief splok back T plethugona seiaty
sai d predetifegfled ghl\%'ihna'ii&ﬁfe@ dnd WR&H said sechﬂPBolar $f4ce Qb ahGHE ColtRaht co}or

chromaticities an erein sald second color space Is an i nk col orant
col or spacepazndnd sdid sstaxf color dath yaludsifoamy akales sdparation sabdo| or “separ ati on
table. 15 8. A systemas in claim6 wherein said predefined col or
space i s based upon a transformation function having a set of

redef i med ghromaf kitdh &R in claim 6 %erein'%aﬁ}’éfe@@ﬁﬁéd ESloF lspAc® B BMREd @pon 21 d

set of redefined chromaticities 20 conpriSes three sets of val ues

speci f yi ngtrahsfemnationfangtiondlaving a set of redefib€d chrmaticities of creating a set of
data val ues representing a col or separation said nethod conprising:
creating a first color separation [table] froma first color space to

val ues 25 gin ap ggi&%_‘i{tas(iﬁb%mlsg)%@ﬁein said sef %fargg%ﬁe%aéﬂrﬂﬁaﬁciﬁéggt@ﬁlg?%

col or spacé from first color space an upon a se;
redefi ned threeosett dfcvajues spéaillyingsthree prigmwmucolensr r ecti on due to ganut
| imtations of a color output device; creating a second col or

separ at’i on for converting values of colors in the 30 predefined col or

space to vahues A RefddbfAraltE aGel OF dadP 94l8es representing a col6f fel';‘rﬁfa'ﬁgn §6oKdhpeol or
separation.by using both a plurality of first value fromsaid first

col or sepatahld, saidamethods¢ompresing: ural ity of second val ues from said
second col or se argt i orF1 forl each i.nﬁ)?tbl\{al ue. 35 11. A nethod as in
claim 10 furt heFT@BNg? FEYt fGoT separation table; - yoi or i ni ng a ganut definition for

sai d color out pgfeaflfly i« Bredefined colof $pace’forRisBAH gt tottedtith el tdr St
conpr I185I nd limitations of a color output device;
creating a second color separation table for converting values of colors in the
predefined color space to values in a colorant space;
creating said color separation lookup table by using a plurality of first values from
said first color separation table and using a plurality of second values from said second

20  color separation table.

11. A method as in claim 10 further comprising:

determining a gamut definition for said color output device.

25 12, A method as in claim 12 further comprising:
blending at least some of said plurality of first values with at least some of said
plurality of second values to provide a plurality of blended values in said color separation

lookup table.

30 13. A method as in claim 12 wherein said first color separation table determines a

conversion of values from a first color space to said colorant space.

Iy

i
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5 - bENRR/S84P3, \t T €aglppRAEDOT d plurality of first PSRASE83%6h at

| east sone of glal - éfbnd'y‘al ues to provide a plurality
of bl endedjyal uasmbthod as in SR 130k 1Reif QRRY P McrkRRURId AR Rolor separatich3. A
method as in claim12 wherein said first col'or separation table 10

det er m nestableceompsisesion of values froma first color space to said col orant

space. 1 0 | ] 3 wherein sai.d step of cr I.ng
said first col Qﬁetemﬁinﬁséga&g@%%%tf acé_f) e%%ﬁ?ﬂfivs &S Tng&] coiorgnate%%arc%?%%ﬁg a -
plurality edrrdsposding plupdlity bf ¥slbietudsin SA8 dirst @bIOF spdce space for a
corresponding plurality of color values in said first color space.

15. ASnmethod as in claim 14 wherein said step of creating said second

col or sepagation table,c ri,ses ;det erm ni _ lyrality of. secaond col orant
20 val yesiﬁn s% Hlae?}b?doragﬁﬁ Jpm d fgﬁe‘féﬂ 8%0&?55‘#0%8?9%3 Seid %ﬁcPPg C&_?orcol or
val ues in separationl @blY esifpridee Het¥niing RAflArality of secdkfd colOratiBivARMs 3% shid
claim 1l whérein said predefined col or ZFace s based upon_a set of
redefined edlptantspasetforsaid zerresponding pluralityeefhesdoraealues inisaidnpredefinedraslor sai d
pr edef i ned cgl or space is based upon a transformation function having
a set of r&#efined chromaticities. 18. A nethod as in claim17

wher eilp said set of redefined chromaticities 30 conprises three sets of

val ues specifying three primry colors. 19. A digital processing
system folb.cr eAtinetgod asén cleim datwherein said predefinedpoles space igybased upon a set

separation t .sal d system conpri sing: means for
creating aoéﬁgggﬁ&go@g‘#ﬁ%%%%rsat ilon table froma first color space 35 to a

first set of values in an output col or space; means for

creating a ;)r edefined color space fromsaid first color space
17. A method as in claim 11 wherein said predefined color space is based upon a

IS, SHEET HAS BEEN \1
sa‘

15  transformation function having a set of redefined chromaticities.

18. A method as in claim 17 wherein said set of redefined chromaticities comprises

three sets of values specifying three primary colors.

20 19, A digital processing system for creating a set of data values representing a color
separation lookup table, said system comprising:
means for creating a first color separation table;
means for creating a predefined color space for use in gamut correction due to
gamut limitations of a color output device;
25 means for creating a second color separation table for converting values of colors
in the predefined color space to values in a colorant space;
means for creating said color separation lookup table by using a plurality of first
values from said first color separation table and using a plurality of second values from
said second color separation table.
30
20. A digital processing system as in claim 19 further comprising means for

determining a gamut definition for said color output device.
RER 0RO
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and based upgg g §@§!' 6Tﬁ$é’déFi i ticities for use in $98/12062
correcti on due garfift 540f a col or output device; 5

means for eat i ng a,qiecond col or separation table for converting
val ues of c -or sAjdigial progessing sysiem apinplai %&W@@W@@sfmbl@a&ms in

sai d Ot | or,
separation ?{ %&%&?%gf Saﬁ‘ggﬁﬁashf%"fﬁré% Kalues wﬂfgpﬁzﬁ{tg{;m? ?gaf'agl rs?dl ﬁgé)gdf rom
sai d first vatesrtopepdded ploralinpof Hemded vahienin smdléblorm wp@ianbn/ lovkup exbled

val ues from said second col or separation table for each i nput val ue.
20. A d| gital processing systemas in claim19 further conprising means

for d rm Ri | Ld | 5

21. A d| g?%%l p}rqodg sagl ng sy séj gn#egdsaél ﬁ%&%gf%f%bgrp %aﬁ&g@%%f?%é?lcgfo\ééﬁ %%eal%

for bllmsehlugomsdteﬁﬁdeﬁmlmcﬁmm&spl urality of first values with at

| east some of said plurality of second values to provide a pI urality
of bl ended values in said color 4 separatlon | ookup table. 22.

A digital

folor Spacct PATEhIoPUSAEID &5t bF o ST oGNS St BAEAGH 10% tale,
met hod of csaﬁhmmhgdaompnsmg data vaI ues representl ng a col or

separ aﬁ on, said nethod corgrgrl Si creating a first colqr

separ atton whi CFFIB%‘{D&WF% 181'5 §|t6‘ﬂ°f“f16‘|‘ﬁ determines; 3 gofiversiqn Bomcapfiest
values 10 agf bf&ﬂorsveatl éo S%Q%&@fcﬁf&éﬁ?%ﬂue creating a second
col or separation whi et erm nes conversion from30 the first set of

col or values to caeaimgomsbcsml calpr sﬂ;iamtmnttablalwm desretindsa Saiversion fromaiend
col or separ |on {_.slbas d upon reqefi ing chromaticities of said first
col or separt4t} ot color values 10 a seeond set T3t ¥8lPes separation by using both

said first SEt Q:fre&ﬁlg%ﬁ&”color sepM RSP FodkdY Bl G8hg sSRCARE s&Cht &lorant

col orant val ues.
15  values and using said second set of colorant values.

24. A method as in claim 23 wherein said color separation lookup table contains said

first and said second set of colorant values.

20 25. A lookup table for providing colorant values in a colorant space given a
corresponding color in a first color space, the lookup table having a first set of values and
a second set of values, said first set of values derived from a first color space to colorant
conversion, said first set being used to provide a colorant value for a color in the first
color space which is within a gamut of an output device and said second set of values
25  derived from a predefined color space to colorant conversion, said predefined color space
for use in gamut correction due to gamut limitations of said output device, said predefined

color space being specified by a set of redefined chromaticities.

26. A computer readable medium containing a lookup table as in claim 25.
30

27. A lookup table as in claim 25 wherein said predefined color space is based upon a

transformation function having said set of redefined chromaticities.
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35 24. wbsmskmg HSYH ﬁL’thLEB '\I\:hl?EI‘EI n said col or separ BETHRYB8Rup

t abl e cont ains $aid f FEF™ANd_sai dl2%cond set of col orant val ues.
> 25 $okug 15@1alrpeta£eras§faxm &eﬁt@h%g%;ﬁ’oéé rsihg@ output col or
space glven a correspondl ng co I n I rst or space, the | ookup

-tabl e conpri si ngcreanngdﬁrst eaiohsapm;anon tedble rethigh comppsﬁs said|first sehof valees;
generated by conbini a first value derived from said

first color spacéreﬁﬁngiﬁ“gf’gﬁ?ﬁ‘l?&?\‘?@r"ém?ﬁ said first value being used

to provide a col grg ?ﬁ%\é%b@nd‘c %lo@se?ﬂxlaﬁbn itible B8y EdnivehinkOvaledd! 6F coloRGR swid ch
Is within a ganut o n out put de a second val ue

der i ved5f r opredefimesicafiomupdcectol values pesed cadoraot spageytsaid secondorplensepayation table
predefined col or ,spa g for _use.i anut correction due to gamnut

|i mitati onsCYPPEHRSSY F?ﬁ?ﬁ‘dagxﬂfc‘fglu %ai d predefined col or space derived
fromsaid first color space by redefining chromaticities of said first
col or space. 15

29. A process for printing a color image compnsmg.
receiving an input color specified by input color values in a first color space;

10 using said input color values to obtain values from a memory containing a data
structure having a first set of values and a second set of values, said first set of values
derived from said first color space to colorant conversion; said first set being used to
provide a colorant value for a color in the first color space which is within a gamut of an
output device and said second set of values derived from a predefined color space to

15  colorant conversion, said predefined color space for use in gamut correction due to gamut
limitations of said output device, said predefined color space being specified by a set of

redefined chromaticities.

30. A process as in claim 29 wherein said predefined color spaée is based upon a

20 transformation function having said set of redefined chromaticities.

31. A process as in claim 29 wherein said redefined monitor chromaticities comprises

three sets of values specifying three primary colors of a CRT monitor.
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