TITLE OF THE | NVENTI ON A COLOR GAMUT DI SPLAYI NG METHOD, AN INAGé*Bh@@Egérﬁé
METHOD, AND APPARATUS UTI LI ZI NG THESE METHODS 5 BACKGROUND OF THﬁ{ﬁﬁ§$ﬂ1CN
The present invention relates to a collor ganut di spl ayi ng et hod, " an | hage
ppocQSS|ng:npthod, and apparatus capable of utilizing the nethods, which
are 10 suitable for a color management system and the like, for instance
reproduci ng~sgol-ors faithfully in consideration with characteristid%i%f a 1
col or input/output device. As shown in Fig. 32, color ranges which can be

15 reproduced by devi ces, 4 E a8ror afﬁﬁém:ﬁbﬁﬁ”"tor and a printer r
di fferent each ot her. e Or ritk ’ P  are
A COLOR GAMUT DISPLAYING METHOD,

AN IMAGE PROCESSING METHOD,

AND APPARATUS UTILIZING THESE METHODS

BACKGROUND OF THE INVENTION
The present invention relates to a color gamut
displaying method, an image pfbéessing method, and
apparatus capable of utilizing the methods, which are
10 suitable for a color management system, and the like,
for instancehﬁreprodﬁéing colors.faithfﬁlly in
consideration with?characteristics_of a color
input/output dgvice.iﬁf ' m;
As shqﬁﬁ'in Fig. 32, color ranges which can be
15 reproduced by devices, such as a scanner, a monitor, and
- a printer, are different each other.
In Fig. 32, x and y denotes axes for chromaticity,
and insides of closed areas are color gamuts.
In other words, the:key to reproduce colors after
20 considering the differencg in a color gamut is how to
deal with portions of ranges which are not éommon TO
different devices. For exambie, when transformation
from a monitor color spaée to a printer color spéce is
considered, a major problem is that which color should

25 be used to express a color outside of a color gamut of a



In Fig. 32, x and y denotes axes for chromaticity, and insides of closed
areas are color ganuts. In other words,, the key to reproduce colors after
20 considering the difference in a colé% garmut is howto deal with portions
of ranges which are not common TO different devices. For exanple, when
transfornmation froma nonitor color space to a printer color space is

consi dered, a mmjor problemis that which color should 25 be used to~

Sxp{ess ﬁ Cﬁ|0r outside of a color ganut of a 2 printer. A process to
eal with the.above-said _problem.i |l I L - | on
process. A P5tB eﬁanage ﬁ?egﬁspgmaﬁgg ‘?’rg?%?u?%nc ?‘g%g%glsugé;@&?féh

is called a color gamut compression process.
A color management system has major functions, such

as a function of performing the color gamut compression

5 process for faithfully reproducing colors in
consideration with characteristics of a color
input/output device, as well as a color gamut checking
function for checking whether or not it is possible to
reproduce a color by an output device. The latter

10 function is used to determine whether or not color data,
included in an application software and the like, can be
reproduced by an output device (e.g., printer monitor).

 Specifically, a method which is shown in Fig. 34 is .

suggested by the present inventor.

15 According to the method, a color gamut of a printer
is defined by a color reproduction solid whose shape is
a hexahedron, determined by peaks of red, green, blue,
cyan, magenta, yellow, white, and black. Then each
surface of the hexahedron is divided into two triangles

20 to obtain total of twelve areas. Finally, image data is
determined whether it is inside or outside of the areas.
thereby it is determined if the image data is in the
color gamut or not.

However, there are problems to be solved in the

25 aforesaid method.



as a function of perform ng the color ganmut conpression 5 process for
faithfully reproducing colors in consideration with characteristics of a
col or input/output device, as well as3a col or ganut checking function for
checki ng whether or not it is possible to reproduce a color by an out put
device. The latter 10 function is used to determ ne whether or not color
data, included in an application software and the |ike, can be reproduced
by an output device (e.g., printer nonitor). Specifically, a method which
is shown in Fig. 34 is suggested by the present inventor. 15

According to tha)inetthorsala avlar gamit off aa pydintesr has dethmee by a col or
reproduction solid whose shape is a hexahedron, determ ned by peaks of red,
green, bl gimensipnalagegkid whiqhis (0 €ompHdBtesk LoTRSRTEESh surface of

the hexah%&&ﬁg]é é&éﬁé§¥kﬂfnt &gMﬁgééfggﬂég% of checking the

color gamut is low.
S (2) It is not a simple process to determine
whether or not image data is inside of the twelve areas,

thus it requires a long time to complete the process.

SUMMARY OF THE INVENTION
10 The present invention has been made in
consideration of the above éituation, and embodiments
provide a color gamut expression method for
realizing a color gamut checking function which imbroves
preciseness of checking and shortens a processing time
15 in a color management system and the like.
Further, embodiments of the present invention
provide an image processing method and an apparatus
utilizing the method, capable of convefting input image
data into .image data whiéh enables to;reproduce inputted
20 image data more faithfully by a color reproduction |
device. ‘
Especially, embodiments _provide an image
processing method and apparatus which are most suitable
for a checking function which checks input image data

25 and a color gamut of a printer, and which reproduce



20 to obtain total of twelve areas. Finally, imge data is determ ned
whether it is inside or outside of the areas, thereby it is determned if
the image data is in the col or ganut not. However, there are problens to
be solved in the 25 aforesaid nethod. 3 (1) Areal color ganut of a
printer has a three dinensional solid which is too conplicated to express
wi th a hexahedron, thus preciseness of checking the color ganut is low. 5

(2) It is not a sinple process to deternm ne whether or not image data is

[nSIde of Egio%gehégiakg %d by the input image data more

faithfully.
In one aspect, the present invention provides
apparatus, where the color gamut is defined by a solid
5 in a three dimensional space, comprising color gamut
expression means for expressing defined color gamut by
combinations of color gamut data on the basis of a
second and a third axes extending to both the positive
and negative directions on a plane perpendicular to a
10 first axis of ﬁhe three dimensional space and
coordinates of the first axis.
In another aspect, the prsent invention provides
an apparatus comprising processing means which
defines a color gamut by a solid in a three dimensional
15 space, and determines the color gamut of the color
reproduction device by combinations of color gamut data
on the basis of a second and a third axes exteﬁding to
both the positive and negative directions on a plane
perpendicular to a first axis of_the three dimensional
20 space and coordinates of the first axis, and processes
an input color image data depending upon whether or not
the input- color image data is within the determined
color gamut. |
In a further aspect, thé present invention provides
25 an apparatus comprising storage means for

storing information on a defined color gamut expressed



thus it requires a long tine to conplete the process. SUMVARY OF THE

| NVENTION 1 O The present inventjon has been nmade in consideration of
t he above situation, and enbodi nments p$ovide a col or ganut expression

met hod for realizing a color gamut checking function which inproves

preci seness of checking and shortens a processing tine 15 in a color
managenent system and the |ike. Further, enbodi nents of the presenf

i nvention provide an i nage processing nethod and an apparatus utilizing the

nabl cs 1 o e SPBRICE TLRRR Fad “23o% AR CadrEaPetPei PRRGFI §555 & col or
oot el S, S0 ke RUEA o porp BPE bUB RIS
and negative directions ona plane perpendicular to a
first axis of a three dimensional space where a color
5 gamut of a color reproduction device is defined as a
solid and coordinates of the first axis, determination
means for determining whether or not input image data is
within the defined color gaﬁut on the basis of the
information stored in the étorage means, and image
10 processing means for processing the input image data on
" the basis of the result of determination means.

Accofding to a constitution as described above,
there can be provided an image processing method capable -.
of converting input image data into image data which

15 enables to reproduce inputted image data more faithfully
by a color reproduction device.

Further, the color gamut for realizing the color
gamut checking function is éasily confirmed, the
preciseness of determining the color gamut can be

20 improved, as well as the time to process the color
reproduction can be shortened.

Other features and advantages of the present
invention will be apparent from the following
description taken. in conjunction with the accompanying

25 drawings, in which like reference characters designate



for a checking function which checks i nput
of a printer, and which reproduce 4H§olors desi gnat ed by the input
data nore faithfully. In one aspect, t

present invention provides

apparatus, where the color ganmut is defined by a solid 5 in a three
' space, conprising col or ganut expression neans for expressing
defined col or ganmut by conbi nati ons of color ganut data on the basis of a

di nensi onal

second and
directions
di nensi onal

a third axes extending to both the positive and negative

r similar parts throughout the figures
ggﬁgégk%2§ perﬁegdlculag to.a 10 férst axi s of the three

thereof.

EF RA!
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

illustrate embodiments of the invention and, together

with the description, serve to explain the principles of

10

15

20

25

the invention.

Fig. 1 is a block diagram showing a'cdnfiguration
of an image processing syétem according to an embodiment
of the present inventioh;-'

Fig. 2 is a flowchart shéwing a process to output
an image by a color printér after applying color
reproduction process to input color image data according
to the embodiment; |

Fig. 3 is an equation in matrix notatign, éhowing
relationship betwéen XYZ data, defined by CIE, and RGB
data according to the embodiment;

Fig. 4 is an equation in matrix notation, showing
relationship between the RGB data, defined by CIE, and
XYZ data according to the embodiment;

Fig. 5 explains an example of converting the XYZ
data, defined by the CIE, into L* a* b* according to the

embodiment ;

I mage data 25 and a col or ganut

| mage



coordinates of the first axis. In another aspect, the prsent invention
provi des an apparatus conprising processi ng neans whi ch defines a color
garmut by a solid in a three di nensi onal/ 15 space, and determnmi nes the col or
ganut of the color reproduction device by conbinations of col or ganut data
on the basis of a second and a third axes extending to both the positive
and negative directions on a plane perpendicular to a first axis of the

t hree di nensional 20 space and coordinates of the first axis, and
processes an input color imge data dependi.ng uppn whet her. Qr_not the input

col or inmage dataf+$- wPt hf PR he*ARET P hetl TOYT signeh ¥ t her aspect,
(e D esent (ASMETLLOR,BISY! 1580 Zhor sotar st RGOS 0O,
according to the embodiment;

Fig. 7 is an expanded view of one of a cubic

5 including input values of L*, a*, and b* to the LUT in
Fig. 6;

Fig. 8 is a flowchart showing a process to display
an image on a color monitor after applying color
.reproduction process to input color image data éccording

10 to the first embodiment;

Fig. 9 is a flowchart showing a process in which
whether or not the color image data to be processed is
within a color gamut of an output device is determined, -
and the image is either displayed or not displayed on a

15 color monitor on the basis of the determined result
according to the embodiment;

Fig. 10 is an exaﬁple of a éolor gamut of a printer
inside of a L* a* b* solid according to the embodiment;

Fig. 11 is an example showing a case where a color

20 gamut of a monitor or a printer is defined by an area in
a two dimensional plane of a* and b*, constructed with
rectangular lattices,-which is obtained by slicing a
three dimensional color solid in the direction
perpendicular to the L* axis according to a first

25 embodiment;



5 by conbi nations of color gamut data on the basis of a second and a third
axes extending to both the positive ang negative directions ona pl ane

perpendicular to a first axis of a thr&e dinmensional space where a color 5
ganmut of a color reproduction device is. defined as a solid and coordi nates
of the first .axis, determination neans for determ ning whether or not input
Il mge data is wthin the defined color gamut on the basis of the -

information stored in the storage neans, and inage 10 processing neans for

b 0e,10 e LAY AR HbADES B 3 WBAhoUbrd gl o et on
gamut of a monitor'or a printer is defined by an area
constructed with rectangular lattices according to the
first embodiment;

5 Fig. 13 is a flowchart illustrating a process of
checking the color gamut on the basis of the color gamut
data table in Fig. 12;

Fig. 14 is a flowchart illustrating a process of
checking the color gamut on the basis of the color gamut

10 data table in Fig. 12;

Fig. 15 shows an example in a case where the color
gamut of a monitor or a printer is defined by the two
dimensional range of a* and b*, constructed with .
rectangular lattices, which is obtained by slicing the

15 three dimensional color solid in the direction
perpendicular to the L* axis according to a second
embodiment; .

Fig. 16 is an address table where a top address of

the color gamut data table in Fig. 17 is stored
20 according to the second embodiment;

Fig. 17 is an example of a color gamut data table
in a case where the gamut of a monitor or a printer is
defined in two dimensional coordinate range according to

the second embodiment;



there can be provided an i nage processi ng net hod capabl e of converting

I nput i mage data into i mage data whi ch,l5
i mpage data nore faithfully by a col or reproduction device. Further,

t he

col or gamut for realizing the color gamut checking function is easily

confirnmed,
| mproved,
short ened.

appar ent fron1th§iép!19mi§ga

acconpanyi
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25

t he preciseness of determ ning the color ganmut can be 20

as well as the tinme to process the color reproduction can be
O her features and advantages of the present invention wll

ng 25 drawi ngs, in
Aa = Ab = 1 in Fig. 15 according to the second

embodimenﬁ;

Fig. 19 is a flowchart showing a process of
cheéking the color gamut on the basis of the tables,
shown in Figs. 16 and 17, which are for displaying the
color gamuts according to the second embodiment;

Fig. 20 is a flowchart showing a process of
checking the color gamut on the basis of the tables,
shown in Figs. 16 and 17, which are for displaying the
color gamuts according to the second embodiment;

Fig. 21 is a flowchart showing a process of
checking the color gamut on the basis of the tables,
shown in Figs. 16 and 17, which are for displaying the
color gamuts according to the second embodiment;

Fig. 22 is an example of a case where a gamut of a
monitor or a printer is defined by bit map in the two
dimensional area of a* and b*, constructed with
rectangular lattices, which is obtained by slicing the
three dimensional color solid in the direction
perpendicular to the L* axis according to a third
embodiment; |

Fig. 23 is an example of a bit map table in a case
where the gamut in Fig. 22 is defined by bit map

according to the third embodiment;
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reference characters designate

enabl es to reproduce inputted
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the sane or simlar parts throughout the figures thereof. BRI EF DESCRI PTI ON

OF THE DRAW NGS 5 The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the specifli®ation, illustrate embodi nents of
the invention and, together with the description, serve to explain the
principles of the invention. 10 Fig. 1 is a block diagram show ng a

configuration of an inmage processing system according to an enbodi neft of
the present invention; Fig. 2 is a flowhart showi ng a process to output an

i mage by a color printer after applying color 15 regroduction process to
i nput col or i naddtatd Wiy aldérﬁ?é* EabBAEI REATLNE §.€9Pi s an equati on

'nomatrix Qﬁ% géégLo t&ﬁgrg%lor gamut data table in Fig. 23, as an

example, according to the third embodiment;
Fig. 25 is a flowchart showing a process of
5 checking the color gamut on the basis of the tables,
shown in Figs. 23 and 24, for displaying thé color
gamuts according to the third embodiment;

Fig. 26 is a flowchart showing a process of
checking the color gamut on the basis of the tables,

10 shéwn in Figs. 23 and 24, for displaying the color
gaﬁnts according to the third embodiment;

‘Fig. 27 is an example of a case where a gamut of a
monitor or a printer is defined by an area, surrounded —
by coordinate points and lines which connect the

15 coordinate points in the two dimensionai area of a* and
-mwb*, constructed with rectangular lattices, which is
obtained by slicing the three dimensional color solid in
the direction pérpenﬁicular to the L* axis according to
a forth embodiment; |
20 Fig. Zé is a color gamut data table in a case where
- a reproduction afea of a monitor or a printer is defined
by an area which is surrounded by coordinate points and
lines which connect the coordinate péints according to

the forth embodiment;



rel ati onshi p between XYZ data, defined by CIE, and RGB data according to

t he enbodi nent; 20 Fig. 4 is an equation in matrix notation, show ng
rel ati onshi p between the RGB data, defli hed by CIE, and XYZ data according
to the enbodinment; Fig. 5 explains an exanple of converting the XYZ data,
defined by the CIE, into L* a* b* according to the 25 enbodi nent; Fig. 6
is an exanple of a three dimensional LUT (look up table) used for color
ganmut conpression according to the enbodinment; Fig. 7 is an expanded vi ew

of one of a cubig;® bgcjuding (ARUL VAP hedkiby the' cBl8rPgakde! N LUT 1N
on the basis of the color gamut data table shown in Fig.
28 according to the forth embodiment;
Fig. 30 is a flowchart of checking the color gamut
5 on the basis of the color gamut data table shown in Fig.
28 according to the forth embodiment;
Fig. 31 is an example of color reproduction_by a
color management system; .
Fig.'32 is an example showing differences in color
10 gamut among devices; and
Fié. 33 shows an example of.a color gamut
compression;
Fig. 34 shows an example of a conventional method -~
of checking color reproduction of a device.
15
DETAILED QESQEJ_ZEIIIQN QF THE PREFERRED EMBODIMENTS
Preferred embodiment of the'present invention will
be described in aetail in accordance with the
accompanying drawings.

20 Fig. 31 shows an example of color reproduction by a
color management system. As a color input/output device
in Fig. 31, a basic color scanner, color monitor, and
color printer are considered.

In the color management systém, a color
25 reproduction process is performed in consideration with

characteristics of those three devices. The process is



Fig. 6; Fig. 8 is a flowhart showing a process to display an image on a
color nonitor after applying col or rep uction process to input color

i mage data according 10 to the first odinent; Fig. 9 is a flowhart
showi ng a process in which whether or not the color inmage data to be
processed is within a color ganut of an output device is determ ned, and
the inmage is either displayed or not displayed on a 15 color nonitor on
the basis of the determ ned result according to the enbodinent; Fig. 10 is

an exanpl e Of rgpgsoel fﬁlov\g.n? %’iﬂ} Ef:rolo'}& ggc?f <8 verglog* SO| Id

accordi ng to ¢ I s an ex omnng a case where a
color 20 g céﬁs 6é¥ By H LS Figy. dg&lned by an area in a two
h* and b*,

di mensi onal plane o constructed™wi th
1. Conversion from a color space of the scanner to a

color space of the monitor
5 A procesé to display data of a photograph read by
the scanner onto the monitor faithfully.
2. Conversion from a color space of the scanner to a
color space of the printer
A process to print data of a photograph read by the
10 scanner by the printer féithfully.
3. Conversion from a color space of the monitor to a
color space of the printer
A process to print data, such as character and —
figure data, generated on the monitor by using an
15 application software or the like, by a brinter
faithfully.
4. Conversion from a color space of the printer to a
color space of the monitor
A process to preview-an image to be printed by a
20 printer on the monitor. |
Note. that the aforesaid color spaces rely on the
three devices, and the color gamuts differ from each
other.
Following is an ekample of a conversion process
25 from the color space of the monitor to the color space

of the printer, as described above in 3.



rectangul ar lattices, which is obtained by slicing a three di nensi onal

color solid in the direction perpendicular to the L* axis according to a
enbodi nment ; 8 Fig. 12 shdvk an exanple of a in a case where

first 25

the ganut of a nonitor or a printer
rectangul ar lattices according to the first enbodi nent; 5 Fig.
a flowchart

of the color ganut data table in Fig. 12; Fig. 14 is a flowhart
illustrating a %%ncess_of

10

15

20

25

g. 1 is a block diagram showing a circuit
configuration of an image processing system according to
an embodiment of the présent invention.

As shown in Fig. 1, the image processing system of
the present embodiment comprises a color monitor 1, host
computer 2, and color printer 3. The host computer 2

process image data, instructs the color monitor 1 to

display the processed result and also instructs the

color printer 3 to print.

The host computer 2 comprises a monitor interface
21 for interchanging data with the color monitor 1; VRAM
22 for'naintaining display data used for monitor
display; CPU 23 including ROM, RAM, and the like, for
controlling the entire system; a.f:ame memory 24 used
for temporary storing image information to be displayed
on tne'moniégr; a print buffer 25 used for printer
output} a printer interface 26 for interchanging data
with thé color printer 3; a color gamut informétion
memor& 27 for storing .information for displaying a colox
gamut, such as a color gamut data table; é color gamut
checking unit 28 for determining whether of not input
color image data is im ‘the color gamut; color converter
29 for converting color spaces relating color
reproduction; and color reproduction processor 2a for
reproducing color on the basis of the determined result

by the color gamut checking unit 28.

is defined by an area constructed with

13 is

illustrating a process of checking the color ganmut on theé basis



checking the color ganut on the basis of the color gamut 10 data table in
Fig. 12; Fig. 15 shows an exanple in a case where the col or gamut of a
monitor or a printer is defined by thelwo di mensional range of a* and b*,
constructed with rectangular lattices, which is obtained by slicing the 15
three dimensional color solid in the direction perpendicular to the L* axis
according to a second enbodiment; Fig. 16 is an address table where a top
address of the color ganut data table in Fig. 17 is stored 20 according to
t he second enbodi nent; Fig. 17 is an exanple of a color ganut data table in
a case where the®yRFPCSEE &OnBRPLYr 20FOLOPr FAPEPIRGL 1R i R ALRRUE wo
di mensional cqordi;nate aRge . agcerdllg e Lhs SeSond. srbadirenty
the color printer 3 by the host computer 2 having
aforesaid constitution, more specifically by the color
5 reproduction processor 2a, is described below with
reference to a flowchart in Fig. 2.
In Fig. 2, the host computer 2 reads a set of input
color image data to be processed (luminance data of R,
G, B) which is generated at step S10- in advance or sent
10 from another device, such as the scanner, then the
process moves to step S11. Note-that the input color
image data to be processed in the present embodiment
depends on an input device, such as a scanner, and the -~
data is RGB data defined .based on colorimetry (values of
15 chromaticity of R, G, B, and white are definite).
The read RGB data is. converted into data in DIE
1931 standard colorimetric system (indicated as fXYZ
data”, hereinafter) which is defined by CIE (Commission
Internationale de l’Eclairage) by a color converter 29
20 at step Sl11, the process proceeds to step S12. At step
S12, the XYZ data, converted by the color converter 29
at step S11, is further .converted into L*a*b* data, then
the process goes to step S13. At step S13, the L*a*b*

data is converted into CMY (cyan, magenta, yellow) data

25 for a printer, and the process moves to step Sl4.



9 Fig. 18 is a color ganmut data table in a case where [err]a = [err]b =1
in Fig. 15 according to the second enbodinent; Fig. 19 is a flowchart
showi ng a process of 5 checki ng the k8l or ganut on the basis of the

tabl es, shown in Figs. 16 and 17, which are for displaying the color ganuts
according to the second enbodinent; Fig. 20 is a flowhart show ng a
process of checking the color ganut on the basis of the tables, 10 shown
in Figs. 16 and 17, which are for displaying the color ganuts according to

t he second enbodi nent; Fig. 21 is a flowhart showi ng a_ process of
At step SI4, the CMY data is stored in the print

buffer 25, then the process proceeds to step S15. At
step S15, whether or not there is any remained input
color image data is checked. If there is, the process
5 goes back to step SiO.
Whereas if there is not, the process moves to step
816, and the CMY data, stored in the print buffer 25, is
sent to the color printer 3 via the printer I/F 26. .
After an image is.printed out by the color printer 3,
10 the process is completed. |
As described above, the input color image data to
be processed in the embodiment is the RGB data defined
based on colorimetry (values of chromaticity of R, G, B, ™
and white are definite), thus equations shown in Figs. 3
15 and 4 show the relationship between RGB data and XYZ
data which is defined by the CIE. Therefore, the
equations in Figs. 3 and 4 can be used in‘a process at
step S11 in Fig. 2. Pij(i, § = 1, 2, 3) in Fig. 3 and
Qij(i, 3, =1, 2, 3) in fig. 4 are constants defined
20 based on colorimetry. of input color image data.
Fig. 5 is an example of a process at step S12 in
Fig. 2. Xn, ¥n, and 2Zn in Fig. 5 are determined
depending upon a kind of used CIE standard light source.
Step S13 in Fig. 2 is a conversion process,
25 including color gamut compression, to convert the L*a*b*

data including colors beyond the color gamut of a



checking the color ganut on the basis of the tables, shown in Figs. 16 and
17, which are for displaying the 15 color ganuts according to the second
enbodi nent; Fig. 22 is an exanple of al®ase where a ganut of a nonitor or a
printer is defined by bit map in the two dinmensional area of a* and b*,
constructed with rectangular lattices, which is obtained by slicing the 20
t hree di nensional color solid in the direction perpendicular -to the * axis
according to a third enbodinent; Fig. 23 is an exanple of a bit map table

in a case where the ganut in Fig. 22 is defined by bit map 25 accordi ng
to the thir@%R56d Fonthe CMY data which is within the color gamut

of the printer.

There are several methods of color gamut
compression.

5 Fig. 33 shows an example of color gamut
compression.

‘Methods of color gamut compression are to convert
image data to color data which can be expressed by an
output device. Three general examples are described

10 below.

First method is to use a sense of human beings as
shown in left lower part in Fig. 33. This is to set the
lightest and the darkest .colors of the image data to the —
.1ightéét and the_darkest colors which can be expressed

15 by the output device, respectively, and to converts
other colors of the image data so that they are
expressed in relative.darkness between the lightest and
thé darkest colors to be expressed by the output device.

Second method is to maintain the colors in the

20 commbp color gamut of the image data and the output
device, and to convert the color 6f image data outside
of the common color gamut onto the border of the gamut
of the output device with the intensity being

maintained.



10 Fig. 24 shows an address table storing a top address of the col or ganut
data table in Fig. 23, as an exanpl e, gzcording to the third enbodi nent;
Fig. 25 is a flowhart showi ng a proce of 5 checking the color gamut on
the basis of the tables, shown in Figs. 23 and 24, for displaying the color
ganuts according to the third enbodinment; Fig. 26 is a flowhart showi ng a
process of checking the color ganut on the basis of the tables, 10 Shown
in Figs. 23 and 24, for displaying the color ganuts according to the third

enbodi nent ; Fig'TézﬁhsnghggafylEbcgaf§é§¥§iéﬂyg&%&?ﬁ%?gu%fth% nmonitor or a

printer is definéd Dy an areéa, surroun y €00 poi nts and |ines
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and

data and the output device, and to compress them.
Further, there is a method which uses a three
5 dimensional LUT (look up table) as one of the color
gamut compression methods, and the LUT which is used for
conversion by color gamut compression at step S13
according to the embodiment is shown in Fig. 6. The
example of the LUT is a three dimensional table composed
10 of a plurality of redtangular solids formed by dividing
a color solid in a three dimensional space of L*a*b* in
the each coordinate direction at a uniform interval
(AL*, Aa*, Ab*). At each intersection of lattices,
namely each corner of the rectangular solid, a value of
15 MY corresponding to a sampling value of L*a*b* is
stored.
Fig. 7 is an exﬁanded view of one of the
rectangular solids including a L*a*b* value inputted to
the LUT in Fig. 6. Note that the z direction is L*
20 axis, x direction is a* axis, and y direction is b*
axis. Assume that the input L*a*b* value is at a point
P.
When a left lower front point of the lattice is
(xi, vi. zi) and AL* = Aa* = Ab* = 1, and the
25 displacement from the left lower front point to the

point P is xf, Yf. Zf, then the coordinate points-are



b*, constructed with rectangular lattices, which is obtained by slicing the
three dinensional color solid.in:ithe direction perpendicular to the L* axis
according to a forth embodi nent; 20 18 Fig. 28 is a color ganut data
table in a case where a reproductlon area of a nonitor or a printer is
defined by an area which is surrounded by coordinate points and |ines which
connect the coordinate points according to the forth enbodi nent; Fig. 29
.is a flowhart of checking the color gamut on the basis of the col or ganut

data table s omn LN Flg 38 accordlng to the forth enmbodinent; Fig. 30 is a
fl owchart of 8W80&Pn51 he’col B Gantt the CMY value, stored at the

each point of intersection of lattices, is denoted as

U{x, ¥, z), then the CYM value of the point P, U(xj +

Xf, Yi + Yf, zi + zf) can be obtained by utilizing a
5 adding method as shown by following equations.

[Equation 1]

U{xi + xXf, Yi + Yf, 2i + zZf)

= U(xi, ¥i, zi) X (1 - x£) (1 - y£) (1 - zf)

+ U(xi + 1, vi, 2i) X xXf (1 - y£) (1 - zf)
10 + U(xi, yi + 1, zi) X (1 - xf) yf (1 - zf)
+ U(xi, yi, zi + 1) X (1 - xf)(1 - yf) zf
+ U(xi, yi + 1, zi + 1) X (1 - xf) Vvf zf
o+ U(xi + 1, vi, zi +1) X xf (1 - y£) zf .
+ U(xi + 1, yi + 1, zji) X }'Cf Yf (1 - z¥f)
15 + U(xi + 1, yi + 1, zi + 1) X Xf YVf zf

As above, the CMY value corresponding to the input
L*a*b* Qalue can be obtained by using the LUT and the
adding pfocess.

By performing the aforesaid color gamut

20 compression, an image can be reproduced by a printer
more faithfully to the original.

Next, a process to transmit data to the color
monitor 1 after applying the color reproduction to the
input color image data at the host computer 2,

25 especially, the color reproduction processor 2@,'will be

described below with reference to a flowchart in fig. 8.



S on the basis of the color ganmut data table shown in Fig. 28 according to
the forth enbodinent; Fig. 31 is an eﬁ%gple of color reproduction by a
col or managenent system Fig. 32 is ant €xanpl e showi ng differences in color
10 gamut anong devices; and Fig. 33 shows an exanple of a col or ganut
conpression; Fig. 34 shoms an exanpl e of a conventional nethod of checking
col or reproduction of a device. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS Preferred enbodi ment of the present |nvent|on mnll be descri bed

in detail in accqy with the accompanyin Wi, n Fig. 31
shows an exanpl e cﬁ q‘ﬁ ~TENEFu e &R n%ﬁ % 229630k Sot0r

image data (luminance data for RGB) at step S20, as at
step S10 in Fig. 2, then the process proceeds to step
S21. There, the input color image data which is RGB
5 data defined based on colorimetry (values of
chromaticity of R, G, B, and white ere definite) depends
" on the kind of input device.

At step 821, the read RGB data is converted into
XYZ data, determihed by CIE, in the color converter 29,

10 then the process proceeds to step S22. At step S22, the
color converter 29 further converts the XYZ data into
RGB data depending on characteristids of a color
monitor, after that the process moves to step S23. At -~
step S23, the RGB data for a monitor is stored in the

15 frame memory 24, and the process proceeds to step S24.
At step S24, whether or not there is remained input
color data is checked. If there is, the process goes
back to step S20.

. Whereas, if there is no input color image data -

20 1left, the process moves to step S25, and the RGB data
for monitor which is stored in the frame memory is |
displayed on the color monitor 1 by using the VRAM 22,
and the process is completed.

Since the input. color image data and the monitor

25 RGB data are RGB data defined based on colorimetry

(vaiﬁes of chromaticity of R, G, B, and white are



col or managenent system As a color input/output device in Fig. 31, a basic
col or scanner, color nonitor, and color printer are considered. In the
col or managenent system a color 25 r2Broduction process is performed in
consideration with characteristics of those three devices. The process is
12 conposed of follow ng four color space conversion processes, shown by
arrows in Fig. 31. 1. Conversion froma col or space of the scanner to a
col or space of the nonitor 5 A process to display data of a

phot ograph read by the scanner onto the npnitor faithfully.
definite), there is relationship between aforesaid data

and XYZ data determined by CIE as shown by equations in
Figs. 3 and 4. It is possible to apply the relationship
equation in Fig. 3 in the process at step S21, and the

5 relationship equation in Fig. 4, in the process at step
$22. Pij (i, j =1, 2, 3) and Qij (i, j, = 1, 2, 3) are
constants determined on the basis of colorimetry of
input color image data and of monitor RGB for the color
monitor 1.

10 Next, referring to Fig. 9, there will be described
a characteristic process of the embodiment, in which it
is checked on the color monitor 1 wheﬁher or not color
image data (for example, R, G, B luminance data which is
generated by utilizing an application software or the

15 1like) to be processed is in a color gamut of the color
monitor 1 or the color printer 3, and an image is
displayed on the color monitor 1 in accordance with the
checked result.

Fig. 9 is a flowchart showing a process of checking .

20 the color gamut, in the host computer 2, especially in
the color gamut check unit 28, in which it is checked
whether or not data, obtained by transforming color
image data (R, G, B luminance data) which ié generated
by using an application software or the like on the

25 color monitor 1 so as to be in a color space of an

output device, such as the color monitor 1 or of the



2. Conversion froma color space of the scanner to a col or space of the
printer A process to print data of a photograph read by the 10 scanner by
the printer faithfully. 3. Conversi o® ¥rom a col or space of the nonitor
to a color space of the printer A process to print data, such as character
and figure data, generated on the nonitor by using an 15 application
software or the like, by a printer faithfully. 4. Conversion froma col or
space of the printer to a color space of the nonitor A process to preview
an image to be printed by a 20 printer on the nonitor. Note that the

af or esai d cAVPLPIIRESRSy dF e & FPIOTISFMEsOEakhet ABEPYEE| or ganut s

differ fromégggke' and a process to display an image on the color

monitor 1 in accordance with the checked result.
In Fig. 9, the host computer 2 reads color (a set
5 of R, G, B luminance data) to be checked for a color
gamut at step 830, and the process moves to step S31.
Note that RGB data which depends on the characteristics
of the color monitor 1, and defined on the basis of
colorimetry (values of chromaticity of R, G, B, and
10 white are definite) is used as the color to be checked.
At step S31, the read RGB data at step S30 is
converted into XYZ data, defined by CIE, by the color
converﬁer 29, then the process moves to step S32. At —~
'step 832, the XYZ data is further converted into L*a*b*
15 data by the color converter 29, and the process proceeds
to step S33. At step S33, whether or not the converted
L*a*b* data can be reproduced by the color printer 3 is
checked. If so, a flag is turned ON, whereas, if not, a
flag is turned OFF, and the process moves to step S34.
20 At step S34, whether the flag set at step 833 is ON
or OFF is checked. If the flag is ﬁot ON, the process
moves to step S36, and the checked color is displayed in
white, and a process is completed. Whereas, if the flag
is ON, since it is possible to reproduce colors.without
25 processing any further, the process moves to step S35,

and the checked color is displéyed on the color ménitor



other. Follow ng is an exanple of a conversion process 25 fromthe col or
space of the monitor to the color spaeg%of the printer, as described above
in 3. 13 Fig. 1 is a block diagram“howing a circuit configuration of an
| mage processing system according to an enbodi nent of the present

invention. As shown in Fig. 1, the image processing systemof 5 the
present enbodi ment conprises a color nonitor 1, host conputer 2, and col or
printer 3. The host conputer 2 process inage data, instructs the col or

moni tor 1 tp o Splay e Prasesntld sl 2l glagelusiLucts the

completed.
Aforesaid process is applied to all sets of the
input image data.

5 Therefore, in a case where the color to be checked
is within the color gamut of an output device, such as
the color monitor 1 or of the color monitor 3, the
checked color is faithfully reproduced on the color
monitor 1. Whereas in a case where the checked color is

10 outside of the color gamut, the checked color is
displayed in white on the color monitor 1 to inform a
usef, so that the user can recognize which color at
which part is outside of the color gamut. -

Note that the checked color is represented by white

15 when the color is outside of a color gamut. However, it
is not limited to white as long as the user knows that
the checked color is outside of the color gamut, thus
black can be used instead.of white, for instance.

As 'seen in Fig. 10, the aforesaid range of lattice

20 which inciudes the L*a*b* value inputted to the LUT
shown in Fig. 6 differs depending on the value of L*.
Therefore, feature of the embodiment is to have data of
the range of lattice as color reproductien information
and is how to use the_informétion to perform color gamut

25 check. The feature will be described in accordance with

foilowing four embodiments.



color printer 3 to print. 10 The host conmputer 2 conprises a nonitor
interface 21 for interchanging data with the color nonitor 1; VRAM 22 for
mai nt ai ni ng di splay data used for moni 2o di splay; CPU 23 incl udi ng ROV
RAM and the like, for controlling the entire system a frame nenory 24
used 15 for tenporary storing imge information to be di splayed on the
nmonitor; a print buffer 25 used for printer output; a printer interface 26
for interchanging data with the color printer 3; a color gamut information
menory 27 for storing information for displaying a color 20 gamut, such as
a col or ganut dat&F tsg'{ﬂ‘&d PRI dhat vrdaesngLudit 28afor 286t &bt ni ng
whet her of not input color, image data_is in the color ganut; col or

converter 2%abPe iR miHguwy Velug sdshy i at fhgressbenrdptaducanon; and

col or reprodugti on processor 23 for .
.p téke asl% preé%terﬁineéllnterval.

b (First Embodiment)

Accoxrding to a first embodiment, a gamut of a
printer, one of output devices, is defined by an area
including all the area inside of a bold line in Fig. 11,
and the color gamut is checked based on the defined area

10 information. Let the area be defined by two points,
(amax. bPmax) and (amin. bPmin). Since the size of the
area changes depending on the value of L*, an example of
a color gamut data table in the first eﬁbodiment is o
shown in Fig. 12. In this embodiment, tables are stored

15 in the color gamut information memory 27.

An area surrounded by bold line in Fig. 11 shows
the color gamut.

‘Note that a number L within L*pjn and L*pax is m
(constarit) . ’

20 - Figs. 13 and 14 are flowcharts of checking the
color .gamut on the basis of the color gamut data table
in Fig. 12 by the host computer 2, especially by the
color reproduction checking unit 28.

First, the host computer 2 sets a pointer at the

25 tdp of the color gamut data table in Fig. 12 at step

S100, and the process proceeds to step S101. At step



25 reproducing color on the basis of the determ ned result by the color
ganut checking unit 28. 14 A process . to apply a col or reproduction to

i nput col or inage data and to out put thé processed inmage to the col or
printer 3 by the host conputer 2 having aforesaid.constitution, nore
specifically by the color 5 reproduction processor 2a, is described bel ow
wth reference to a flowhart in Fig. 2. In Fig. 2, the host conputer 2
reads a set of input color inmage data to be processed (lum nance data of R,

G B) whichg,ig,generated at step S10 in advance qr sent 10__from anot her
devi ce, sucﬁié%’t?iecg%%ﬁ?fé?,nth%r?%‘hem 1 and L1 is set to L*min.

then the process moves to step S102. At step S102, the
read L* is compared with Lj. If the values of L* and L1
are not identical, then the process moves to step S103,
5 thereat Lpn+1 is set to Lp + AL, then the process further
moves to step S104. At'step 8104, values of n and
pointer are incrementedlby 1, and process goes baék to
step S102.
Whereas, if the read L* has the same value as L1,
10 then the process proceeds to step S105, anq the read ax*
is compared with anmin- If a* is smaller than anmin.
then the process moves to step 8106, thereat a flag is
set OFF and the process is completed. -
" RGB data of color to be checked is RGB data defined
15 on the basis of colorimetry (values of chromaticity of
R, G, B, and white are definite), therefore, the
equations in Figs. 3 and 4 are held to represent
relationship between thé RGB data and the X¥Z data which
is defined by CIE. It is possible Eo use. the equation
20 in Fig. 3 in the process at step S31. Pij (i, j =1, 2,
3) and Qi (i, j, = 1, 2, 3) are constants depending on
definition.based on coloéorimetry of monitor RGB for the
color monitor 1.
A process at step S32 in Fig. 9 is the same as the

25 aforesaid process in Fig. 5. Note that Xn, ¥Yn, and Zn



process noves to step S11. Note-that the input color imge data to be
processed in the present enbodi nent deﬁéﬂds on an input device, such as a
scanner, and the data is RGB data defi based on colorinmetry (val ues of
15 chromaticity of RR, G B, and white are definite). The read RGB data is
converted into data in D E 1931 standard colorinetric system (indicated as
"XYZ data", hereinafter) which is defined by CIE (Comi ssion |nternationale
de | ' Eclairage) by a color converter 29 20 at step S11, the process
proceeds to step S12. ~ At step S12, the XYZ data, converted_hy.the col or
converter 288 Heyadpe Jepaninge o HXPE L&d itk AR aEE d3BRE then the

process goes_tQ st 13. At.,step S13, the L*a*b* data is converted into
CWY (cyan, r‘?é’d%‘iea,e“p%/%ef &/@e%‘ata 25 for a printer, and the process noves

to step Sl4. At step S33 in Fig. 9, L*a*b* déta of the color to
be checked which is obtained at step S32, is checked
5 whether or not it is within color gamut, and the result
is outputted as a value of a flag. A color gamut of a
printer is included in a L*a*b* color solid, and as
shown.in Fig.'lo, the range can be désignated by using
the three dimensional solids which are produced by

10 dividing the color solid of L*a*b* three dimensions in

the each coordinate direction at a fixed interval (AL*,
Aa*, Abf), whose process is the same as the 6ne in Fig.
6. ' _ -
Further, régarding a color gamut of a monitor,
15 although the range differs from the range of a printer,
the range can be designated by using the three
dimensional lattices which are producea when the color

solid of L*a*b* three dimensions is divided in the each

‘coordinate direction at a fixed interval (AL*, Aa*,

20 Ab*), similarly.
When the three dimensional color solid is sliced in
the direction.which'iS'berpendicular to L*, the cut “
surface is the ﬁwo dimensional plane of a* and b* which

is constructed with rectangular (square, in the first

25 embodiment) areas. Lengths of sides of each rectangular

area are Aa* and Ab*, as shown in Fig. 11. Note that



15 At step S14, the CMy data is stored in the print buffer 25, then the
process proceeds to step S15. At stepé£%5 whet her or not there is any
remai ned i nput color inage data is ch If there is, the process 5
goes back to step S10. Wereas if there is not, the process noves to step
S16, and the CW data, stored in the print buffer 25, is sent to the color
printer 3 via the printer |/F 26. After an image is printed out by the
color printer 3, 10 the process is conpleted. As described above, the
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range of lattices including the color gamut of a monitor
or a printer in the sliced two dimensional plane
perpendicular to L*.

5 Therefore, in accordance with whether or not the
three dimensional lattices including input image data
are within the designated range, whether or not the
input image data is within a color gamut of a color
reproduction device is determined.

10 Whereas, if it is determined at step S105 that a*
is not smaller than apmin., then £he process moves to
step S107, thereat read a* is compared with apmax. If
a* is larger than anmax. then the process moves to step
8106, where a flag is set OFF and the process is

15 completed.

If a* is not larger than anmax at step S107, then
the process proceeds to.step S108, where read b* and
bnmin are compared. If b* is smaller than bnmin. the
process moves to step S106, thereat a flag is set OFF.

20 and the process is completed..

Whereas if it is determined at step S108 that b* is
not smaller than.bnminf.then the process proceeds to
step S109, and thé read b* and bpmax are compared. If
b* is larger than bpmax. the procesé moves to step 8106,

25 thereat a flag is set OFF and the process is completed.



and white are definite), thus equations shown in Figs. 3 15 and 4 show the
rel ati onship between RG data and XYZ ggta which is defined by the CE
Therefore, the equations in Figs. 3 and'4 can be used in a process at step
S11 in Fig. 2. Plerr](i, j =1, 2, 3) inFig. 3 and Qerr](i, j, =1, 2,

3) in Fig. 4 are constants defined 20 based on colorinetry of input color
imge data. Fig. 5 is an exanple of a process at step S12 in Fig. 2. Xn,
Yn, and Zn in Fig. 5 are determ ned dependi ng upon a kind of used CIE

standard 1ight squrgg. St 88¢ S13rb8r Fiflan Zokiasf, CHVEHODRIRERSS, 25
I ncl udi ng col or ganut conpression, to convert the L*a*b* data I ncl udi ng
col ors beyopgotReasokr s8a@pU512b, @and the process is completed
after a flag is set ON.
Accordingly, a color gamut is easily checked based

5 on the color gamut data table in Fig, 12.

' (Second Embodiment)
According to a second embodiment, a color gamut of
a printer or a monitor is defined by a two dimehéioﬂal
10 coordinate range including all the area inside of a bold
line in Fig. 15, and the color gamut is checked based on
the defined area information. 1In Fig. 15, the
coordinate ranges is decided in accordance with apin and
amax in each b* lattice rahge in lattice range between
15 b*pin and b*pax. These tables indicating the color
gamuts are stored in the color gamut information memory
27. . |
Fig. 16 is an address table which stores top
addresses of the aforesaid color gamut data table shown
20 in Fig. 17 in the second embodiment. As shown in Fig.
16, in the address table of the second embodiment; a
" number L within a range. between L*pmin and L¥*pax is m
(constant) .
In the color gamut data table in Fig. 17,
25 - information on the range of a* in each lattice within a

range between b*pin and b*pmax is stored. Note that, as



16 printer to the CW data which is within the color ganut of the printer
There are several nethods of col or gamgtg conpression. 5 Fig. 33
shows an exanpl e of col or gamut conpression.. Methods of col or ganut
conpression are to convert inmage data to color data which can be expressed
by an output device. Three general exanples are described 10 bel ow. First
method is to use a sense of human beings as shown in left |ower part ‘in
Fig. 33. This is to set the lightest and the darkest colors of the inage

data to the drghi asi mifl 5 dRrkeXdam@dleqr $heleCBafiaBebewsx@¥ essed 15 by
t he out put device, respectively, and to converts
ranges corresponding to a range between b*pin and b*npin

+ Ab, and likewise there can be a case where there are a
plurality of a* ranges in a arbitrary b* lattice range.

5 Constants in Fig. 17, i1, 12, ..., ip correspond to a
number in the a* range in each b* lattice range.

Fig. 18 is a color gamut data table representing

the color gamut of a printer shown in Fig. 15, when Aa =
Ab = 1. |

10 Figs. 19 to 21 are flowcharts showing a process for
checking a color gamut on the ba§is of a information
tablé for representing a color gamut described in Figs.
16 and 17 by the host computer 2, especially the color
gamut checking unit 28. A process of checking a color

15 gamut in the second embodiment will be described below
with reference to Figs. 19 to 21. |

First, at step S200 in Fig. 19, a pointer is set at

the top of the addréss table shown in Fig. 16, and the
process moves to step szbi. AE step S201, a constant n-

20 is set to 1 and L] is set to L*pin, then the process
further proceeds to step S202. Successively at step
S202, the read L* is compared with Li. If the values of
L* and Lj are not idehtical, then the process moves to

step S203, thereat Ln+i is set to Lp + AL and the

25 process proceeds to step S204. At step S204, n and



other colors of the inmage data so that they are expressed in relative
darkness between the |ightest and the ﬁ rkest colors to be expressed by the
out put device. Second nethod is to mai gain the colors in the 20 conmon

col or gamut of the inmage data and the out put device, and to convert the
color of inmmge data outside of the common col or ganut onto the border of
the ganut of the output device with the intensity being maintained. =~ 17
Third nethod is to naintain chromaticity of the colors outside of the

tcﬁ;”r?” col 04, 9310l Qe BRERIRLER! ByaRd 108 OML RoLEVE CfoedNBhdiQ COMPY eSS
to step 8202.
Whereas, if L*, read at step S202, and L1 have the
same value, the process proceeds to step S205, thereat
5 an address which is s;ored in the area that the pointer
indicates is fetched, then the process further proceeds
to step S206. At step S206, the pointer is set to the
fetched address, and the process moves to step S207 in '
Fig. 20. At step S207, the read b* is compared with
10 bpin. If b* is.smaller than bmin. then the process
moves to step S208 in Fig. 21, thereat a flag is set OFF
"t6 complete the process.
Whereas, if b* is not smaller than bpijn at step
S207, then the process moves to step S208, thereat the
15 read b* is compared with bmax. If b* is larger than
‘bmax; then the process moves to step S208 in Fig. 21;
thereat a flag is set OFF to complete the précess.
If it is determined at step S209 that b* is not
larger than bmasx: theh the process proceeds to step
20 8210, thereat the constant m is set to 1 and bl is set
to b*pin, and the process mdves to 8211. At step S211,
‘bm+1 is set to bm + Ab,.andlthe process proceeds to step
S212. -At step S212, whether or not the read b* fulfills
a relationship, by € b* < bp+1, is checked; If not, the

25 process proceeds to step S213, thereat m and pointer are



Further, there is a nethod which uses a three 5 dinensional LUT (Iook up
tabl e) as one of the col or ganut conpression nethods, and the LUT which is
used for conversion by color ganut co Qession at step S13 according to the
enbodi ment is shown in Fig. 6. The exanple of the LUT is a three

di mensi onal table conmposed 10 of a plurality of rectangular solids fornmed
by dividing a color solid in a three dinensional space of L*a*b* in The
each coordinate direction at a uniforminterval ([err]L* [err]a*,

[err]b*). Ay r e} tices, nane each corner of the

rect angul ar g%?%@eh&%@a eibf F'_Egn %ﬁ& 85??%%%&1%% &HFM ng val ue of
L*a*b* is sgoned. Fig. 7 is an expanded view of one of the rectangular
solids including a L*a*b* value inputted to the LUT in Fig. 6. Note that

the z direction If the read b* fulfills the relationship, by < b* <
bm+1. then the process moves to step S214 in Fig. 21,

5 thereat the constant j is set to 1, and the process
proceeds to step S215. At step S215, the read a* is
compared with amjmin. If a* is smaller than the amjmin.
the process moves to step S208, thereat a flag is set
OFF to complete the process.

IQ. . Whereas, if it is determined at step S215 that a*

| is not smaller tﬁen amjmin, then_the process proceeds to
step S216, thereat the read a* and amjmin are compared.
If a* is larger than a8mjmin. the process moves to step —
S208, thereat a flag is set OFF to complete the process.

15 If it is determined at step S$216 that a* is not
larger than amjmin. the process proceeds to step 5217,
thereat in is compared with j. If ip and j have the
same value, then the process moves to step S219, where a
flag is set ON, and the process is completed.

20 Whereas, if it is determiﬁed at étep'8217 that ip
and j do not have the same value, then the process
proceeds to step S218, ‘thereat j is incremented by 1,
and the process goes back to step S8215.

As described above, a color reproduction can be
25 easily checked by using information tables in Flgs 16

and 17 representing a color gamuts.



20 axis, x direction is a* axis, and y direction is b* axis. Assune that
the input L*a*b* value is at a point B, Wien a |left |Iower front point of
the lattice is (xi, yi, zi) and AL* = M+ = ppr = 1, and the 25

di spl acenent fromthe left |lower front point to the point Pis xf, yf, zf,
t hen the coordinate points are 18 shown in Fig. 7. Here, if the QW

val ue, stored at the each point of intersection of lattices, is denofed as
Ux, y, z), then the CYMvalue of the point P, U(xi + xf, yi + yf, zi + zf)
can be obtained by utilizing a 5 adding nethod as shown by foll ow ng
equati ons.

(Third Embodiment)

According to a third embodiment, a gamut of a
monitor or a printer is defined by bit map tables

5 corresponding to a lattice area, ana the color gamut is
checked based on the defined bit map information. 1In
the third embodiment, a bit map table is a color gamut
data table, and its top is the bit corresponding to a
lattice including the left uppermost point, (apin.

10 bpax), in Fig. 22. In Fig. 22, let an area surrounded
by a bold line be a color gamut Qf a monitor or a
printer, and let the bits outside of the color gamut be
OFF, and the bits inside of the range be ON, the bit map -.
.table corresponding a case shown in Fig. 22 is

15 represented as in Fig. 23.

Note that the size of a coordinate range differs
depending on a value of L*, theréfore color gamut data
tables for respective L*’s differ from each othef. Fig.
24 is an address table where the top address of a color

20 gamut data table, such as the one shown in Fig. 23, is
stored. In Fig. 24, the:number of L within the range
between L*pin and L*pax is m (constant).

The tables shown in Figs. 23 and 24 are stored in
the color gamut information memory 27.

25 Figs. 25 and 26 are flowcharts for checking the

color gamut on the basis of information tables



[ EQuation 1] U(xi + xf, yi + yf, zi + zf) = Uxi, yi, zi) X (1 - Xf)(1 -
yf)(1 - zf) + Uxi + 1, yi, zi) X Xf (é.- yf) (1 - zf) 10 +
Uxi, yi +1,°21) X (1- xf) yf (1 -2zf)3% U(xi, yi, zi + 1) X (1 - xf) (1 -
yf) zf + UYxi, yi + 1, zi +1) X (1 - xf) yf zf + Uxi + 1, yi, zi + 1) X
xf© (1 - yf) zf + Uxi + 1, yi +1, zi) X xf yf (1 - zf) 15 +
UWxi +1, yi +1, zi + 1) X xf yf zf As above, the CMWY val ue correspondi ng
to the input L*a*b* value can be obtained by using the LUT and the adding

DEO5eS, RS LReA 0o e L1 SRS P Gl P 0 e W= | 0
24 by the host computer 2, especially by the color
reproduction check unit 28. Below, the process to check
the color gamut according to the third embodiment will

5 be described with reference to Figs. 25 and 26.

In the third embodiment, first, at step S300 in
Fig. 25, a pointer is set at the top of an address table
in Fig. 24, then the process proceeds to step S301. At
step S301, the constant n is set to 1 aﬁd L1 is set to

10 L*pmin., and the process moves to step S302. At step
S302, the read L* is compared with Li. If the values of
L* and L1 is not the same, the process moves to step
8303, thereat Lp+] is set to Lpn + AL, and the process
further moves to step S304. At étep's304, n and the

15 pointer are incremented by 1, then the process goes back
to step S302.

Whereas, if it is determined ét step S302 that L*
and L1 have the same value, then the brocess proceeds to
step S305', thereat an address which is stored in the

20 area that the pointer indicates is fetched, and the
process further proceeds to sﬁep S306. A pointer is set
to the address fetdhed-at step S306, then the process
moves to step S307 in Fig. 26. At step S307, by .using
a* and b*, a value obtained by dividing (a* - a*pin) by

25 Aa is set to a constant p, and a value obtained by



Next, a process to transnmt data to the color nonitor 1 after applying the

col or reproduction to the input col or gg@ge data at the host conputer 2, 25
especially, the color reproduction pro sor 2a, will be described bel ow
with reference to a flowhart in Fig. 8. 19 The host conputer 2 reads a

set of input color image data (lum nance data for RGB) at step S20, as at
step S10 in Fig. 2, then the process proceeds to step S21. There, the input
color image data which is RGB 5 data defined based on colorinetry (val ues
of chromaticity of RR, G B, and white are definite) depends on the kind of

i nput devi cdividing (b*max - b*) by Ab is set to a constant g, then

10

15

20

the process moves to step S308.

At step S308, a value obtained by adding 1 to the
integer part of p is set to a constant r, a value
obtained by adding 1 to the integer part of g is set to
a constant s, then the process proceeds to step S309.
At step S309, the pointer is moved by r bits to the
right and by s bits to down, and the process moves to
step S310. Then at step S310, the bit indicated by the
pointer is checked. In a case where the bit indicated
by the pointer is not ON, the process moves to step
8311, thereat a flag is set OFF to complete the process.

If the bit indicated by the pointer is ON, the
process moves to step S312, thereat the flag is set ON
to complete the process.

As described above, the color gamut can be easily

checked on the basis of the information tablés in Figs.

23 and 24 representing the color gamuts.

(Fourth Embodiment)
In a fourth embodiment,‘there is described a

process in which a gamut of a monitor or a printer is

~ defined by an area surrounded by coordinate points as

25

shown in Fig. 27, then a color gamut is checked on the

basis of the information on the area.



At step S21, the read RGB data is converted into XYZ data, determ ned by
CIE, in the color converter 29, 10 t the process proceeds to step S22.
At step S22, the color converter 29 further converts the XYZ data into RGB
dat a dependi ng on characteristics of a color nonitor, after that the
process noves to step S23. At step S23, the RGB data for a nonitor is
stored in the 15 franme nenory 24, and the process proceeds to step S24. At
step S24, whether or not there is renmined input color data is checked. If

there is., the PES5e52y ggﬁﬂga&& SHArPRP P& Mhekeas rihibhemddrs no input

col or imge data 21 e process noves to step S25, and the RGB data
for monitorswiehebsssd At thd I IEUIAITREY Yoined sbl ayad on the col or

nonitor 1 by usihg t VRAM 22, and the process is conpleted.
example. Since the size of the surrounded area changes
depending on a value of L*, an example of a color gamut

5 data table which corresponds to the value of L* is shown
in Fig. 28 in the fourth embodiment. The range of L* is
from L*min to L*max., and there are values, in the table,
of coordinate points corresponding to the various L*’s.
A number of L in the range between L*pin and L*pax is m

10 (constant). Further, a numbér of constants i1, 12, ...,
in is as same as the number of coordinate points each of
which is corresponding each value of L*. The table in
the fourth embodiment is stored in the color gamut
information memoxry 27.

15 Figs. 29 and 30 are flowcharts of checking the
color gamut on the basis of the color gamut data table
in Fig. 28 by the'hosf computer 2, especiélly by the
color reproduction check unit 28. The process of
checking the cblor gamut in the fourth embodiment will.

20 Dbe explained with reference to flowcharts in Figs. 29
and 30 below.

In the fourth embodiment, first, a pointer is set
at the top of the color gamut data table in Fig. 28 at
step S400 in Fig. 29, and the process proceeds to step

25 s8401. At step S401, a constant j is set to 1 and L*pin

is set to L1, then the process moves to step S402. At



Since the input color inmage data and the nonitor 25 RGB data are RGB data
defi ned based on colorinetry (values of chromaticity of RR G B, and white
are 20 definite), there is relation%ﬁip bet ween af oresaid data and XYZ
data determ ned by CIE as shown by equations in Figs. 3 and 4. It is
possible to apply the relationship equation in Fig. 3 in the process at
step S21, and the 5 relationship equation in Fig. 4, in the process at step
S22. Plerr] (i, j =1, 2, 3) and Qerr] (i, j, =1, 2, 3) are constants

determ ned on the basis of colorinmetry_of input color_ image data and of
moni t or RGBSt6P §ﬁ§%COFBF ﬁﬁﬁ?tﬁ?E§? 3¢ Lr ' 1P Comparea with 11" * £1

the values of L* and L] are not equal, the process moves
to step S403, thereat Lj + AL is set to Lj+1, and the
process proceeds té step S404. At step S404, j and the
5 pointer is incremented by 1, and the process goes back .
to step S402.
Whereas, if L* and L1 have the same value, the
process proceeds to step S405, thereat a number of a
coordinate poiﬁt r is fetched from an area where the
10 pointer designates, then the process moves to step S406.
At step S406, a constant k is set to 1, then the process
moves to step S407'in Fig. 30. At step S407, aj-k and
bj.k are fetched from an aréa where the pointer —
designates and the process proceeds to step S408. Then
15 k is compared with r at step S408. If r is larger than
k, then the process proceeds to step S409, and after k
is incfemented by'l, the process goes back to step S407.
"If it is determined at step s408 that r is not
larger than k, the process proceeds to step S$410., and
20 whether or not a* and b* are included in a closed area
surrounded by coordinate points, (aj.1i., bj.1)., (aj.2.
bj.2), ..., (aj.kx, bj.x), fetched at step S411 is
checked. If not, the process proceeds to step S412,
thereat a flag is set OFF, and the process is completed.
25 Whereas, if a* and b* are included in thg closed

area surrounded by coordinate points. (aj.i, bj-.1),



10 Next, referring to Fig. 9, there will be described a .
characteristic process of the enbodinent, in which it is checked on the
color nmonitor 1 whether or not color iﬁﬁbe data (for exanple, R, G B

| um nance data which is generated by utilizing an application software or
the 15 like) to be processed is in a color gamut of the color monitor 1 or
the color printer 3, and an inage is displayed on the color nonitor I in
accordance with the checked result. Fig. 9 is a flowhart showi ng a process

of hecking @0 o, S 55,01 9amihy 0 Lie, fookaamyter, 2 ocopprl aly i the
FRRREI e R R s Dl
monitor 1 sgeRSohQ Red Bhd pRbResSPRECBhpPlted.
As described above, in the fourth embodiment, the
5 color gamut is easily checked by using the color gamut
data table in Fig. 28.
According to eéch.embodiment as described above, by
using any one of the aforesaid methods, it is possible
‘to realize a function of checking a color gamuﬁ easily
10 in a color management system and the like. Accordingly,
color reproduction quality can be improved as well as a
time to check the color reproductioh area and an image
processing time can be shortened. | -
The present invention can be applied to a system
15 constituted by a plurality of devices, or to an
apparatus comprising a single device. Furthermore, the
invention.is applicable also to a case where the object
of the invention .is attained by supplying a program to a
system.or apparatus.
20 It should be noted that a color space representing
a color gamut is not limited to the L* a* b* color
space, and the standard RGB color space, such as NTSC,
and the like can be used instead.
| Fufther, if a value of AL* is not the minimum, an
25 adding method can be added to the aforesaid mephod of

cheéking a color gamut.



out put device, such as the color nmonitor 1 or of the 2 1 color printer
3, isin a color ganut of the output § I ce, and a process to display an

i mage on the color nmonitor 1 in accor g%ce with the checked result. In Fig.
9, the host conputer 2 reads color (a set 5 of R G B lum nance data) to
be checked for a color ganut at step S30, and the process noves to step
S31. Note that RGB data which depends on the characteristics of the col or
nonitor 1, and defined on the basis of colorinmetry (values of chromaticity

of R G B and 16 g fletinide). s 5 16N 8080h ks hecked.
At step S31, theﬂlgret% egaﬁ: gl%ap%stgg)tS?%v?é?%qoa iENot0hdhsixPe checke

to an apparatus which displays the checked result of a

color gamut, and can be applicable to any kinds of

apparatus performing color reproduction on the basis of
5 the checked result of the color gamut.

According to the present invention as described
above, it is possible to provide an image processing
method in which a color reproduction device converts
image data that enable to reproduce a more faithful

10 image to the input image.

Further, in a color management systeﬁ and the like,
a color gamut for realizing a color gamut checking
function can be éasily confirmed, thereby quality of -
determining color gamut can be improved as well as a

15 color reprbduction processing time can be shortened;

The present invenﬁion is not limited to the above
embodiments and various changes and modifications can be
made within the spirit and scope of the present
invention. Therefore to appraise the public of the

20 scope of the present invention, the following claims are

made.



converted into XYZ data, defined by CIE, by the color converter 29, then
the process noves to step S32. At step S32, the XYZ data is further

converted i nTh quwB@sRﬁﬁF@a by the color converter 29, and the process

proceeds to st
can be reprod

turned ON, whereas,

step S34. 20

OFF is checked. If the flag is not ON, 3%he py } lamf)y e s Pegsds e'p“’SE:"G"' and-

t he checked col or
VWhereas, if

p S33, whether or_not the converted L*a*xh* dat
or prl nter 3 is ¢heckeePLACEBOSHBETS ag isc.

If not, a flag is turned EEF and the process nov

At step S34, whether the seption: pagedy, §3§"?“§e ,pr

is displayed in white, and|&]freviass) i:9agedml- eE‘éRP‘e’ed W

wi t hout 25 processing any further,

dg is ON, since it is possi qﬂ@hsbaqteprwdm‘e -g 0 FORaged o-iseeves

checked color is displayed on the col or nonitor

10

15

20

25

1. A color gamut expression method of expressing a
color gamut of a color reproduction device, in which the
color gamut is defined by a solid in a three dimensional
space, wherein the defined color gamut is expressed by
combinations of color gamut data designated on the basis
of a second and a third axes extending to both the
positive and negative directionhs on a plane perpendiculér
to a first axis of the three dimensional space and

coordinates of the first axis.

2. An image processing method comprising:

a storage step of storing'information on a color
gamut defined by a solid in a three dimensional space;
an input step of inputting color image data;

a determination step of determining whether or not
the color image data is within the color gamut; and

a processing step of processing colors of the color
image in accordance with a result determined at said
determination step,

wherein the color gamut 1is determined by
combinations of color gamut data on the basis bf a second
and a third axes extending to both the positive and
negative directions on a plane perpendicular to a first
axis of the three dimensional space and coordinates of

the first axis. —

HIIIIII Y Illl
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22 1 without being processed,

then the process is conpleted. Aforesaid

process is applied to all sets of the input image data. 5 Therefore,
in a case where the color to be checked is within the dbk&me

out put device, such as the color nmonitor 1 or of the coI t he
checked color is faithfully reproduced on the col or nDnl in a

case where the checked color is 10 outside of the color ganut the checked
is displayed in white on the color nonitor 1 to informa user,
that the user can recogni ze which color3%t which part is outside of the

col or

col or

anmut .
g 3

10

15

20

25

A method according to claim 1 or 2, wherein
determination is performed after interpolation of

information on the color gamut.

4. A method according- to claim 1, 2 or 3, wherein the
information on the color gamut on the plane perpendicular
to the first axis is stored as data representing the

first axis at a predetermined interval.

5. A method according to claim 4, wherein the
predetermined interval is a minimum interval which the

data of the first axis can hold.

6. A method according to claim 4, wherein the
information on the color gamut in the plane perpendicular
to the first axis is represented by a two dimensional

area.

7. A method according to c¢laim 4, wherein the
information on the color gamut in the plane perpendicular
to the first axis is represented by -a two dimensional

coordinate area.

8. A method according to claim 4, wherein the
information on the color gamut in the plane perpendicular

to the first axis is represented by a bit map data.

I\II\II\ \l\ll\ ||Il| ||||I ll lIl\ '



Note that the checked color is represented by white 15 when the color is
out si de of . a col-or -ganut~- However, it is not l[imted to white as |ong as
the user knows that the ehecked color is outside of the color gamut, thus
bl ack can beThiPee fas B taf” wWhite, for instance. As seen in Fig. 10, the
aforesaid ran & ' Hm 0 which includes the L*a*b* value inputted to
the LUT shown i%8f er s dependi ng on the value of L*. Therefore,
feature of the enbodinent is to have data of the range of lattice as color
reproduction information and is how to &8e the information to performcol or
gamut 25 check. The feature will be described_in accordance with follow ng
four enbodi n@nts. A method according to claim 4, wherein the
information on the color gamut in the plane perpendicular

to the first axis is represented by two dimensional

vector data.

10. A method according to any one of the preceding
claims, wherein the color reproduction device is a

printer.

10 11. A method according to any one of the preceding
claims, wherein the color gamut is a three dimensional
L* a* b* color space, the first axis is a L* axis, the
second axis is an a* axis, and the third axis is a b=*
axis.

15
12. A method accordihg to claim 2, wherein, in a case
where the input color image data is not within the color
gamut, a color space of the input color image data is
compressed so as to fit within the color gamut of the

20 color reproduction device.

13. A method according to claim 2, wherein, regarding
the determined result of the color gamut of the color
reproduction device, the solid of the three dimensional

25 space is displayed on a display of a color monitor.

14. An image processing method comprising steps of:

T



23 It should be noted that values of [err]L*, [err]a*,. and.[err]b* can be
the m ni rum val ue which L*, dispersion data, can take as a predeterm ned

interval. 5 (First Enbodi ment) According toThis as placecht | a
ganut of a printer, one of output devices, is defin mﬂrﬁﬁﬁiﬁgl udi ng
all the area inside of a bold Iine in Fig. 11, and t IS
checked based on the defined area 10 information. Let the area be defined
by two points, (a[err], b[err]) and (a[err], b[err]). Since the size of the
area changes dependi ng on the val ue of 4¥, an exanple of a color ganut data
table in the first embodiment is shown in Fig. 12. In this enbodi nent,

tabl es are storedd@biningha@ c6P4PrgalRRuE moér ndt iSH RN PPrEAUCAL Off ea

surrounded by bol d
gévfée £§ne solfcligs

1% Spxree dimensional space;
dividing the three dimensional space into a
plurality of unit spaces; and
5 showing whether or not each unit space is within the

color gamut by way of binary data.

15. An image processing apparatus comprising:
storage means for storing information on a color
10 gamut defined by a solid in a thrée dimensional space;
input means for inputting color image data;
determination means for determining whether or not
the coior image data is within the color gamut; and
proceséing means for processing colors of the color
15 image in accordance with a result determined by said
determination means;
wherein the color gamut is determined Dby
combinations of color gamut data on the basis of a second
and a third axes éxtehding to both the positive and
20 negative directions on a plane perpendicular to a first
axis of the three dimensional space and coordinates of

the first axis.

16. Image processing apparatus according to claim 15,
25 wherein said image processing means converts the input
image data so that the data is within the determined

color gamut.
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the color gamut. Note that a nunber L within L*[err] and L*[err] is m
(constant). 20 Fi gs. 13 and 14 are flowcharts of checking the col or
ganmut on the ba‘ﬁ.lsSheeﬂ‘HatsbanG@d»l@pd anut data table in Fig. 12 by the host
conputer 2, esp coI or reproduction checking unit 28. First,
t he host corrpute! nt'er at the 25 top of the color ganut data
table in Fig. 12 0, and the process proceeds to step S101. At

step 24 S101, a constant nisset tol and L1 is set to L*m n, then the
process noves to step S102. At step S1082 the
17. 1Image processing apparatus according to claim 15,

wherein the information on the color gamut on the plane
perpendicular to the first axis is stored as data

representing the first axis at a predetermined interval.

18. Image processing apparatus according to claim 17,
wherein the predetermined interval is a minimum interval

which the data of the first axis can hold.

10 19. 1Image processing apparatus according to claim 17,
wherein the information on the color gamut in the plane
perpendicular to the first axis is represented by a two

dimensional area.

15 20. Image processing apparatus according to claim 17,
wherein the information on the color gamut in the plane
perpendicular to the first axis is represented by a two

dimensional coordinate area.

20 21. Image processing apparatus according to claim 17,
wherein the information on the color gamut in the plane
perpendicular to the first axis is represented by a bit

map data.

25 22. 1Image processing apparatus according to claim 17,
wherein the information on the color gamut in the plane

perpendicular to the first axis is represented by two

IIII|I|| |||I|| [l lllll ll ||Il



read L* is conpared with L1. If the values of L* and L1 are not identical,
then the process noves to step S103, 5 thereat Ln+l is set to Ln-+ AL, -then

the process further noves to step S104. At step S104, vayu a5 Bl d]

pointer are increnmented by 1, and process goes back to ste cRiaced

If the read L* has the sane value as L1, 10 then the procH # o]
n

step S105, and the read a* is conpared with aferr]. If a*

alerr], then the process noves to step S106, thereat a flag is set OFF and.
the process is conpleted. RGB data of cbdor to be checked is RGB data
defined 15 on the basis of colorinmetry (values of chromaticity of RR G B,
and white ardimefsihpne) veptesfdpéa-the equations in Figs. 3 and 4 are held
to represent relationship between the RG data and the XYZ data which

23. 1Image processing apparatus according to any one of
claims 15 to 22, wherein the color reproduction device

5 is a printer.

24. Image processing apparatus according to any one of
claims 15 to 23, wherein the color gamut by said
determination means is defined in a three dimensional L*

10 a* b* color space.

25. 1Image processing apparatus according to any one of
claims 15 to 23, wherein the color space of the input
color image data is RGB data.
15
26. Image processing apparatus according to any one of
claims 15 to 25, wherein, regarding the determined result
of the color gamut of the color reproduction device by
said determination means, the solid of the three
20 dimensional space is displayed on a display.of a color

monitor.

27. An image processing apparatus comprising:
storage means for storing information on a color
25 gamut of a color reproduction device; and
reading means for reading the information, stored

in said storage means, of the color gamut of the color

N



is defined by CIE. It is possible to use the equation 20 in Fig. 3 in the
process at step S31. Pij (i, J =1, 2, 3) and Qerr] (i, j, =1, 2, 3) are
constants dependi ng on definition based on colorimetry of nonitor RGB for
the color nonitor 1. A process at step S32 in Fig QTMSﬁmhehsnaER

aforesaid process in Fig. 5. Note that Xn, Yn, and Z value
F33 |n
talne

dependi ng on type of CIE standard |ight source to be
Fig. 9, L*a*b* data of the color to be checked which is o
S32, is checked 5 whether or not it is4dithin color ganut, and the result

reproduction device,
wherein the <color gamut is determined by
combinations of a color gamut data on the basis of a
second and a third axes extending to both the positive
5 and negative directions on a plane perpendicular to a
first axis of the three dimensional space and coordinates

of the first axis.

.28. A method of storing and/or displaying a color gamut,
10 which comprises defining the color gamut as a three
dimensional volume and representing the color gamut as
a combination of two dimensional color gamut data systems
each extending at a given angle to an axis of the three
dimensional volume and a coordinate along the said axis

15 for each data surface.

29. A method of processing an image, comprising storing
information on a color gamut so that the color gamut is
defined as a three dimensional volume and the color gamut
20 is represented as a combination of two dimensional color
gamut data surfaces each extending at a given angle to
an axis of the three dimensional volume and a coordinate
along the said axis for each data surface, comparing
color image data with the stored color gamut and
25 processing the color image data in accordance with the

results of the comparison.
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is outputted as a value of a flag. A color ganmut of a printer is included
in a L*a*b* color solid, and as shown in Fig. 10, the range can be

desi gnated by using the three dinensional solids which are produced by 10
dividing the color solid of L*a*b* three dinensions in the each coordi nate
direction at a fixed interval (AL*, [err]a*, [err]b*), whose process is the
sane as the one in Fig. 6. Further, regarding a color ganut of a nonitor,
15 although the range differs fromthe range of a printer, the range can
be designated by using the three dinmensgenal |attices which are produced
when the color solid of L*a*b* three dinensions is divided in the each
coordi nate dBoOect Rppaattasf ifedpirotessdhg(arrinade, [eompalsin feang b*),
simlarly. Wien the three dinmensional color solid is sliced in

-for storing information on a color gamut so that the
color gamut is defined as a three dimensional volume and
is represented as a combination of two dimensional color
5 gamut data surfaces each extending at a given angle to
an axis of the three dimensional volume and a coordinate
along the said axis for each data surface, means for
comparing color image data with the stofed color gamut

and means for processing the color image data in

10 accordance with the results of the comparison.

Sheet Has Been Reilaced
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the directioh which is perpendi cular to L*, the cut surface is the two
di mensi onal plane of a* and b* which is constructed with rectangul ar
(square, in the first 25 enbodi nent) areas. Lengths of sides of each

rectangul ar area are [err]a* and [err]b*, as shown in Fig.

11. Not e t hat

26 the area surrounded by a closed bold Iine indicates a range of lattices
I ncl udi ng the color gamut of a nonitor or a printer in the sliced two

di mensi onal plane perpendicular to L*. 5 Ther ef or e,

i n accordance

with whether or not the three dimensioh@l Iattices i ncl udi ng i nput inage

data are within the designated rangEBs¥Q£EPer or not the

10

15

20

2

W

A COLOR GAMUT DISPLAYING METHOD,
AN IMAGE PROCESSING METHOD,

AND APPARATUS UTILIZING THESE METHODS

The host computer 2 defines a color gamut as a
solid of a three dimensional space to represent a color
reproduction area of a color reproduction device, and
instructs to display the color gamut in accordance with
combinations of information on the color reproduction
area on the basis of a second and a third axes extending
to both the positive and negative directibns in a plane
perpendicular to a first axis of the defined three
dimensional space and coordinates of the first axis.

For example, the information on the color reproduction.
area in the plane perpendicular to the first axis can be
represented by a two dimensional area, a two dimensional
coordinate area, bit map data, or two dimensional vector
data, thereby the color gamut for realizing a color

gamut checking function is easily confirmed.
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I nput image data is wthin a color ganut of a color reproduction device is
determ ned. 10 Whereas, if it is determned at step S105 that a* is
not smaller than aferr], then the qu?ZSS noves to step S107, thereat read
a* is conpared with aferr]. If a* is rger than aferr], then the process
nmoves to step S106, where a flag is set OFF and the process is 15
conpleted. If a* is not larger than a[ferr] at step S107, then the process
proceeds to step S108, where read b* and bnm n are conpared. |If b* is
smaller than b[err], the process noves to step S106, thereat a flag is set
OFF 20 and the process is conpleted. Wereas if it is determ ned at step

S108 that b* is not smaller an b[err] then the process proceeds to step
S109, and tie=read bg ahd b[erfr] are conpared. I|f
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b* is larger than b[err], the process noves to step S106, 25 thereat a
flag is set OFF and the process is conpleted. 27 If b* is not |arger
than b[err], then the process proc§?g§ to step S110, and the process is
conpleted after a flag is set ON. '‘AcCordingly, a color ganmut is easily
checked based 5 on the color ganut data table in Fig, 12. (Second
Enbodi nent) According to a second enbodi ment, a color ganut of a printer or
a nonitor is defined by a two dinensional 10 coordinate range including
all the area inside of a bold line in Fig. 15, arg ihiE;olor 2?nut S

checked based on
( sTART )
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the defined area information. In Fig. 15, the coordinate ranges is decided
in accordance with amn and aferr] in each b* lattice range in lattice
range between 15 b*min and b*[err}. ,9These tables indicating the color
ganmuts are stored in the color ganut information nmenory 27. Fig. 16 is an
address tabl e which stores top addresses of the aforesaid col or ganut data
t abl e shown 20 in Fig. 17 in the second enbodi nent. As shown in Fig. 16,
in the address table of the second enbodi nent, a nunber L within a range
between L*min and L*[err] is m(constant). In the color ganut data table in

Fig. 17, 25 information on the range of a* in each lattice within a range
between b*min and b*[err] is stored. N(Felt@ as4

R Qi1 Q12 Qi3 X

G|=| Qan Q2 Qz Y

B Qa1 Q32 Qa3 Z

FIG. 5

1
[ Le 116 (Y/¥n)*~16  (Y/Yn > 0.008856)
903.3 (Y/Yn) (Y/Yn < 0.008856)

L 1 (XiXn>0.008856
500 [(X/Xn)*~ (Y/Yn)* T \ y/Yn > 0.008856

a* =
soo1 0 1 (3 <3 hedee)
1 1
200 [(Y/Yn)*—(Z/Zn)®]  (Z/Zn > 0.008856)
b* =

200 [f (Y/Yn) - f (Z/Zn)] (Z/Zn < 0.008856)

f (X/Xn) = 7.787 (X/Xn) + 16/116
f (Y/Yn) = 7.787 (Y/Yn) + 16/116
& f(2/2Zn) = 7.787 (Z/Zn) + 16/116




28 shown in Fig. 15, for exanple, there can be two a* ranges correspondi ng
to a range between b*min and b*mn + Ab, and |ikew se there can be a case
where there are a plurality of a* r nges in a arbitrary b* lattice range. 5
Constants in Fig. 17, if[err], i[errﬁi ..., i[err] correspond to a nunber in
the a* range in each b* lattice range. Fig. 18 is a color gamut data table
representing the color ganut of a printer shown in Fig. 15, when Aa Ab = 1.
10 Figs. 19 to 21 are flowharts showing a process for checking a
color ganmut on the basis of a information table for representing a col or
ganmut described in Figs. 16 and 17 by the host conmputer 2, especially the
col or
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ganmut checking unit 28. A process of checking a color 15 ganmut in the
second enbodi nent will be described below with reference to Figs. 19 to 21.
First, at step S200 in Fig. 19, a p@i/r}tﬁr is set at the top of the address
table shown in Fig. 16, and the profess noves to step S201. At step S201,
a constant n 20 is set to 1 and L[err] is set to L*[err], then the _
process further proceeds to step S202. Successively at step S202, the read
L* is conmpared with L[err]. If the values of L* and L[err] are not
identical, then the process noves to step S203, thereat L[err] is set to Ln
+ AL and the 25 process proceeds to step S204. At step S204, n and 29

FIG. 7
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poi nter are incremented by 1, and the
Whereas, if L*, read at step S202,
process proceeds to step S205, ther@a%
area that the pointer indicates is Te
proceeds to step S206. At step S206, t
addr ess,
read b* is conpared with 10 bmn. |If
process noves to step S208 in Fig. 21,
conpl ete the process. Wereas, if b* i
then the process noves to step S209, t
with blerr].
S208 in Fig. 21,

and L[err] have the sane val ue,

process goes back to step S202.

t he

75 an address which is stored in the
ched, then the process further

he pointer is set to the fetched

and the process noves to step S207 in Fig. 20. At step S207, the

b* is smaller than bmin, then the
thereat a flag is set OFF to
s not smaller than bmn at step S207,
hereat the 15 read b* is conpared

If b* is larger than b[err] then the process noves to step
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thereat a flag is set OFF to conplete the process. If it is determ ned at
step S209 that b* is not larger than b[err], then the process proceeds to
step 20 S210, thereat the const ant /r'r:ﬁs set to 1 and bl is set to b*mn,
and the process noves to S211. At step S211, b[err] is set to bm+ [err]b,
and the process proceeds to step S212. At step S212, whether or not the
read b*. fulfills a relationship, bm[err] b* < b[err], is checked. If not,
the 25 process proceeds to step S213, thereat mand pointer are 30

incremented by 1, then the process goes back to step S211. If the read b*
fulfills the relationship, bm[err] b* <

FIG. 9
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b[err], then the process noves to step S214 in Fig. 21, 5 thereat the
constant j is set to 1, and the process proceeds to step S215. At step
S215, the read a* is conpared mﬁthégpgqin. If a* is smaller than the
aferr], the process noves to step 08, thereat a flag is set OFF to

conpl ete the process. 10 Whereas, if it i.s determ ned at step S215
that a* is not smaller than anjmn, then the process proceeds to step S216,
thereat the read a* and a[err] are conpared. If a* is larger than aferr],
the process noves to step S208, thereat a flag is set OFF to conplete the
process. 15 If it is determned at step S216 that a* is not |arger
than ampmn, the process proceeds to step S217, thereat in is conpared with
j. If inand j have the same val ue, then the process noves to step S219,
where a flag is set ON, and the process is conpleted.
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20 Whereas, if it is determned at step S217 that in and j do not
have the sanme value, then the process proceeds to step S218,-thereat | is

i ncremented by 1, and the process @gg§ back to step S215. As descri bed
above, a color reproduction can be easily checked by using information
tables in Figs. 16 and 17 representing a col or ganuts. 31 (Third

Enbodi nent) According to a third enbodi ment, a ganut of a nonitor or a
printer is defined by bit map tables 5 correspondingﬁz attij ar ea,
and the color ganut is checked based onb#*he defined bit map ' nformation. In

A

| (amax, bmax)

-

(amin, bmin)

Ab

A
Y

Aa —~

FIG. 12
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the third enbodinment, a bit nmap table is a color ganut data table, and its
top is the bit corresponding to a lattice including the | eft uppernost
point, (a[err], 10 Db[err]), in Fi] /2;. In Fig. 22, let an area
surrounded by a bold line be a col or ‘gamut of a nonitor or a printer, and
l et the bits outside of the color gamut be OFF, and the bits inside of the
range be ON, the bit nmap table corresponding a case shown in Fig. 22 is 15
represented as in Fig. 23. Note that the size of a coordinate range differs
depending on a value of L*, therefore color ganut data tables for
respective L*'s differ fromeach other. Fig. 24 is an address table where
the top address of a color 20 ganmut data table, such as the one shown in
Fig. 23, is stored. In Fig. 24, the nunber of L within the range between
L*min and L*[err] is m(constant).
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The tables shown in Figs. 23 and 24 are stored in the col or ganut
information nmenory 27. 25 Figs. 25 and 26 are flowharts for
checki ng the col or ganut on the bqﬁi;?fﬁ i nformation tabl es 32
representing the color ganut data tables in Figs. 23 and 24 by the host
conputer 2, especially by the color reproduction check unit 28. Bel ow, the
process to check the color gamut according to the third enbodi ment will 5
be described with reference to Figs. 25 and 26. In the third enbodi nent,
first, at step S300 in Fig. 25, a pointer is set at the top of an address
table in Fig. 24, then the process proceeds to step S301. At

g

v J

FLAG « ON FLAG « OFF

e
(= )

S106




step S301, the constant nis set to 1 and L[err] is set to 10 L*mn, and
the process noves to step S302. At step S302, the read L* is conpared with
L[err]. If the values of L* and L[err% is not the same, the process noves
to step S303, thereat L[err] is sé@4:7lierr] + [err]L, and the process
further noves to step S304. At step S304, n and the 15 pointer are
incremented by 1, then the process goes back to step S302. Wereas, if it
is determined at step S302 that L* and L[err] have the sanme value, then the
process proceeds to step S305, thereat an address which is stored in the 20
area that the pointer indicates is fetched, and the process further
proceeds to step S306. A pointer is set to the address fetched at step
S306, then the process noves to step S307 in Fig. 26. At step S307, by
using a* and b*, a value obtained by dividing (a* - a*mn) by

FIG. 15
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25 Aa is set to a constant p, and a val ue obtai ned by 33 dividing
(b*[err] - b*) by Ab is set to a constant g, then the process noves to step
S308. At step S308, a val ue obtaing adding 1 to the integer part of p
is set to a constant r, a value 5 “obtained by adding 1 to the integer part
of gis set to a constant s, then the process proceeds to step S309. At
step S309, the pointer is noved by r bits to the right and by s bits'to
down, and the process noves to step S310. Then at step S310, the bit
indicated by the 10 pointer is checked. 1In a case where the bit indicated
by the pointer is not ON, the process noves to step

FIG. 16
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S311, thereat a flag is set OFF to conplete the process. If the bit
i ndi cated by the pointer is ON, the process noves to step S312, thereat the

flag is set ON 15 to conplete thqAQQQPeSS' As descri bed above, the col or

ganut can be easily checked on the basis of the information tables in Figs.
23 and 24 representing the color ganuts. 20 (Fourth Enbodinent) In a
fourth enbodinent, there is described a process in which a ganmut of a
nonitor or a printer is defined by an area surrounded by coordi nate points

as shown in Fig. 27, then a color ganut is checked on the 25 basis of the
I nformati on on the area.

FIG. 17
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34 Fig. 27 shows an exanple of a ganmut in L*mn which is expressed with the
20 coordinate points in this exanple. Since the size of the surrounded area
changes dependi ng on a val ue of L¥ /?z exanple of a color ganut 5 data
tabl e which corresponds to the val 3648 L* is shown in Fig. 28 in the
fourth enbodi nent. The range of L* is fromL*min to L*[err], and there are
val ues, in the table, of coordinate points corresponding to the various
L*'s. A nunmber of L in the range between L*[err] and L*[err] is m 10
(constant). Further, a nunmber of constants i[err], i[err], inis as sane
as the nunmber of coordinate points each of which is correspondi ng each
value of L*. The table in the fourth enbodinent is stored in the col or
ganmut information nmenory 27. 15 Figs. 29 and 30 are flowharts of
checking the
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col or ganmut on the basis of the color ganut data table in Fig. 28 by the
host conputer 2, especially by the color reproduction check unit 28. The
process of checking the col or ganﬁgvi the fourth enbodinent will 20 be
explained with reference to fl ow ts"in Figs. 29 and 30 below. In the
fourth enbodinment, first, a pointer is set at the top of the col or gamut
data table in Fig. 28 at step S400 in Fig. 29, and the process proceeds to
step 25 S401. At step S401, a constant j is set to 1 and L*[err] is set
to L[err], then the process noves to step S402. At 35 step $S402, the
read value of L* is conpared with L[err]. If

FIG. 20
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the values of L* and L[err] are not equal, the process noves to step $403,
thereat Lj + [err]L is set to L[err], and the process proceeds to step
S404. At step S404, j and the 5 wﬁgig&ﬁr is incremented by 1, and the
process goes back to step $S402. / s, if L* and L[err] have the sane
val ue, the process proceeds to step S405, thereat a nunber of a coordinate
point r is fetched froman area where the 10 pointer designates, then the
process noves to step S406. At step S406, a constant k is set to 1, then
the process noves to step S407 in Fig. 30. At step S$S407, aferr] and b[err]
are fetched froman area where the pointer designates and the process
proceeds to step S408. Then 15 k is conpared with r at step $408. If r is
| arger than k, then the process proceeds to step S409, and after k is
increnented by 1, the process goes back to step $S407.

FIG. 21
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If it is determned at step s408 that r is not |larger than k, the process
proceeds to step $410., and 20 whether or not a* and b* are included in a

cl osed area surrounded by coordinzbe ints, (a[err], b[err]), (a[err],
b[err]), ..., (a[err], b[err]), f J d at step S411 is checked. If not,

t he process proceeds to step S412, thereat a flag is set OFF, and the
process is conpleted. 25 Whereas, if a* and b* are included in the
cl osed area surrounded by coordi nate points, (a[err], bf[err]), 36
(af[err], b[err]), ..., (a[err], b[err]), fetched at step S411, the process

proceeds to step S413, thereat the flag is set ON, and the process is
conpl et ed.

FIG. 22
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As descri bed above, in the fourth enbodinent, the 5 color gamut is easily
checked by using the color ganut data table in Fig. 28. According to each
enbodi ment as descri bed above, by usi any one of the aforesaid nethods,

it is possible to realize a functﬂgﬁzgg checking a color ganut easily 10 in
a col or managenent systemand the |ike. Accordingly, color reproduction
quality can be inproved as well as a tinme to check the color reproduction
area and an i mage processing time can be shortened. The present invention
can be applied to a system 15 constituted by a plurality of devices, or to
an apparatus conprising a single device. Furth re. the jnyention is
applicable also to a case where the object of i&gﬂi ptid??és att ai ned by
supplying a programto a system or apparatus.

2
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20 : It should be noted that a col or space representing a col or ganut
Is not limted to the L* a* b* col or space, and the standard RG col or
space, such as NTSC, and the Iikezazg be used instead. Further, if a val ue
of AL* is not the mninmm an 25 Jing nmet hod can be added to the

af oresai d net hod of checking a col or ganut. 37 Furthernore, the present
invention is not limted to an apparatus which displays the checked result
of a color ganmut, and can be applicable to any kinds of apparatus
perform ng col or reproduction on the basis of 5 the checked result of the
col or ganut. '
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According to the present invention as described above, it is possible to
provi de an i mage processing nethod in which a col or reproduction device
converts inmage data that enable t lr/e&pyoduce a nore faithful 10 inmage to
the input image. Further, in a col’or managenent system and the like, a
color gamut for realizing a color ganut checking function can be easily
confirnmed, thereby quality of determ ning color ganmut can be inproved as
wel |l as a 15 col or reproduction processing tinme can be shortened. The
present inventionis not limted to the above enbodi nents and vari ous
changes and nodifications can be made within the spirit and scope of the
present invention. Therefore to appraise the public of the 20 scope of the
present invention, the follow ng clains are nade.
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- 38 - Anended Clains 1. A col or

storing step of storing a color gamut table for a device;

| mage processing nmethod conprising: a

determ nation step of deternining%¥hg?h

wi thin a color ganut of the devi

the color ganmut table contains a plurality of

plurality of

wi thin the col or ganmut or

| attice data having a val ue indicating
out si de the col or

processi ng nmet hod according to clghn11,

I

(a1-16, b1-16)

(a1-15, b1-15)
(a1-14, b1-14)

(a1-13, b1-13)

and a

col or image data has a val ue
using the color ganut table, wherein
| attice data, each of the
t her_the
f colgia?nage

gamut. 2.

(a1-17, b1-17)
(a1-18, b1-18)

(a1-19, b1-19)
(a1, b14)

(at-2, b12)

(a1-3, b1-3)
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further conprising a notification step of notifying a user of a result of

the determnation in said determ nation step.
i mage processing nethod according
I mage i s displayed
In said determ nation step. 4.

according to claim1,

step, an input

aim 2, wherein,

et

- 39 - 3.

The col or
in said notification
on the result of the determ nation
The col or i mage processing net hod

further conprising an interpol ation step of

perform ng interpolation upon a determnation in said determ nation step.

5. The col or i mage processing nmethod according to claim1,

conpri si ng:
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an input step of inputting the color inmage data; and a conversion step of
converting the color inmage data input in said input step into col or data of
an L*a*b* col or system wherein s%éd/ggternination step det erm nes whet her
the color inmage data converted in %44’ conversi on step is within the color
ganut, by using the color gamut table stored in said storing step. 6.

The col or i mage processi ng net hod according to claim1, further conprising
a color representation step of performng -40- color representation
processi ng based on a result of the determnation in said determ nation
step. '
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7. The col or i mage processing nmethod according to claim1, wherein if it
is determned in said determnation step that the color inmage data is
within the color gamut, a flag is jyped on, and if it is determined in
said determ nation step that the color inmage data is outside the col or
ganmut, the flag is turned off. 8. A col or inmage processing apparatus
conprising: storage neans for storing a col or ganut e or a vi ce; and
determ nation neans for determ ning whether col or Hﬁ&l 2 haga val ue
within a color ganmut of the device, by using the color ganut table, wherein
the col or ganmut table contains a plur aMQWT(%i | atti ce data each of the

plurality of lattice data having a yabue 1T ndreali ng whether the data is
wi thin the col or ganmut or outsideAhe color ganut
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9. The col or i mage processing apparatus according to claim@8, further
conprising notification neans for notifying a user of a result of the
determ nation by said - 41 - de%ggqﬁnation nmeans. 10. The col or i mage
processi ng apparatus according to aim9, wherein said notification neans
di spl ays an input inmage based on the result of the determ nation by said
determ nation neans. 11. The col or image processing apparatus accordi ng
to claim8, further conprising interpolation nmeans for perform ng

i nterpol ati on upon a determ nation by said determ nation thr'sG 33
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12. The col or i mage processing apparatus according to claim@8, further
conprising: input neans for inputting the color inmage data; and conversion
nmeans for converting the col or inagg,%gta i nput by said input neans into
color data of an L*a*b* col or systém “wherein said determ nati on neans

det ermi nes whether the color image data converted by said conversi on _neans
is wthin the color ganut, by using the color gamut table stored by said
storage neans. 13. The col or i mage processing apparatus according to

42 - claim8, further conprising color-representation nmeans for




performing col or representation proqesSi,ng based o

determ nation by said determ nation neans. . 14.
apparatus according to claim8, wherein if said d
determnes’that the color inage data is within th

determination neans turns a flag on, and if said delleDriwia 'pri

deternines that the color image data is outside t eﬂcgbmacganﬂgﬁ?e%f‘dm baged .7,

- determ nation-neans turns the flag off. 15. A conput er progr

conprising a conputer usable medium havi ng conput gr Dﬁ%ﬁa@ke&ﬁﬁﬁﬂﬁgﬂ&d’% :

means enbodied in said nmedium said product incluldirmg—s+e+

—

odfdiaged =..
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procedure codes for storing a color gamnggtable of a device; and

determ nati on process procedure codes for determ ning whether col or

data has a value within a color ganme ?1fd
- nded Claims
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the device, by using the color gamut table, wherein the color gamut table
contains a plurality of lattice data each of the plurality of lattice data
havi ng a val ue indicating whether the data is within the col or ganut or
out si de the col or ganut. 43 di mensi onal vector data. 23. |Image
processi ng apparatus according to any one of clains 15 to 22, wherein the
col or reproduction device 5 Is a printer. 24. |Imge processing apparatus
according to any one of clainms 15 to 23, wherein the col or ganmut by said

deterni nation neans is defined in a thrgee dimensional L*

3. The color image processing method according to claim 2,
wherein, in said notification step, an imput image is
displayed based on the result of the determination in said
determination step.

4. The color image processing method according to claim 1,
further comprising an interpolation step of performing
interpolation upon a determination in said determination

step.

5.  The color image processing method according to claim 1,
further comprising:
-an input step of inputting the color image data; and
a conversion step of converti&g the color imgge aata
: input in said input step into color data of an L*a*b* color
system, |
. wherein said determination step determines whether the
‘color image data converted in said conversion stqp is within
the color gamut, by using the color gamut table stored in

sa;d storzng step.

6. The color image pProcessing method according to claim i,

further comprising a color representation step of performing

* c L L] H *



10 a* b* color space. 25. Inmmage processing apparatus according to any one
of claims 15 tqQ 23,  wherein the col or space of the input color inmage data
is RGB data. 15 26. |Inmage processing apparatus according to any one of
clainms 15 to 25, wherein, regarding the determ ned result of the color
ganut of the color reproduction device by said determ nation neans, the
solid of the three 20 di nensi onal space is displayed on a display of a
color nonitor..27. An inmage processing ggparatus conprising: storage neans

for storing information on a color 25 gamut of a color reproduction
readln the information, stored in said

devi ce; and gﬁﬁﬂ#n%ﬁggc%§Qﬁa pmg; $3ing baged on a result of the

st orage nean
determination in said determination step.

7. The color image processing method according to claim 1,
whgrein if it is détermined in said determination step that
the color image data is within the color gamut, a flag is
turned on, and if it is determined in said determination
step that the color image data is outside the color gamut,

the flag is turned off.

8. A colox image processing apparatﬁs comprising:

storage means for storing a color gamut table for a
device; and

determination means for determining whether color
image data has a value within a color gamut.of the device,

. by using the color gamut table,
- wherein the color gamut table contains a plurality of

lattice data each of the Plurality of lattice data having a
value indicating whether the data is within the color gamut

o or outside the color gamut .

9. The color image Processing apparatus according to

claim 8, further compriszng notiflcation means for notlﬁyxng

a user of a result of the determination by said
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44 reproduction device, wherein the color gamut is determ ned by
conbi nations of a color ganut data on the basis of a second and a third
axes extending to both the positive 5 and negative directions on a pl ane
perpendicular to a first axis of the three dinensional space and

coordi nates of the first axis. 28. A nmethod of storing and/or displaying a
col or ganut, 10 whi ch conprises defining the color gamut as a three

di mensi onal volune and representing theggolor ganmut as a conbi nati on of two
di nensi onal col or ganut data systens each extending at a given angle to an

axis of the tdyt:%@mmation means.

10. The color image processing apparatus according to
claim 9, wherein said notification means displays an input
image based on the result of the determination by said

detemmation means.

11. The color image Processing apparatus according to
claim 8, further comprising interpolation means for
performing interpolation upon a determination by said

determination means.

12. The color image Processing. apparatus aécording_to
clgim 8, further comprising: |
input means for inputting the color image data; and
conversion means for converting the color image data
‘input by said input means into color data of an L*a*b* color
. system,
wherein said detezminatzan means determines whether
-" the color image data converted by said conversion.means is
within. the_color gamut, by using the color gamut table

stored by said storage means.

_13. The color image processfng-appahatus.according to
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di nensi onal . vol une and a coordinate al ong the said axis 15 for each data
surface? 29. A.nethod of processing an inmage, conprising storing
is defined as a three

i nformati on on a col or garmut so that the col or ganut
IS represented as a comnbi nation

di mensi onal vol une and the col or gamut 20
of two di mensional col or ganut data surfaces each extending at a given

angle to an axis of the three dinensional volune and a coordinate al ong the
color image data with the stored

said axis for each data surface, corrparwg
col or ganut and 25 processi ng the colof“inmge data in accordance with the

results of th ri
QIEW £2%¢8her compr:.sing color-representation means for
performing color representation processing based on a resuly

of the detexrmination by said determination means.

14.  The color image Processing apparatus according to
claim 8, wherein if saiq determination means determines that
the color image data ig within the color gamut said.
determination means turns a flag on, and if sa:Ld
determination means determines that the color image data is
outside the color gamut, said determination means tu:fns the
flag off.

15. A computer program product comprising a computer
usable medium bhaving computer readable program code means
embodied in said medium, sé.id product including:

storing Process procedure codes for storing a color
gamut table of a device; and

. determination processg brocedure codes for determining
whether color image data has a value within a color gamut of
K the device, by using the color gamut table,

wherein the color gamut table contains a plurality of.
lattice data each of the p].ura.lity of lattice data having a
value indicating whether the data is within the color gamut

or outside the color gamut.
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30. par at'us for processing an inmage, conprising neans o
infofﬁgtion on a color ganut so that the color ganutREpLAEgNﬁyndgmﬁEasthﬂke
di mensi onal volune and is represented as a conbln%j ‘ng; @gn&;gﬁgh ,,,,,
i

color 5 gamut data surfaces each extending at a
the three dinensional volume and a coordinate al g For osaah.
data surface, neans for conparing col or 4%ng daj i Bﬁ?g g

ganut and neans for processing the col or inmage. dh 4@@ fﬁ at ancd

O

e et o the comarteen - | DATE OF RECEIPT...‘?.?.).??.m...
ABSTRACT  REPLACEMENT SHEET

A COLOR GAMUT DISPLAYING METHOD,
AN IMAGE PROCESSING METHOD,

AND APPARATUS UTILIZING THESE METHODS

L '~ The host compnter 2 defines a color gamut as a
solid of a three dlmen51ona1 space to represent a color
reproductlon area of a color reproductlon dev1ce, and
1nstructs to dlsplay the color gamut 1n accordance w1th'
comblnatlons of information on the colorxr reproductlon
area on the ba51s of a second and a thlrd axes extendlng.
to both the pos1t1ve and negatlve dlrectlons 1n a plane'

_perpendlcular to a f1rst ax1s of the deflned three '
'dlmen51ona1 space and coordlnates of the flrst axls.
For example, the 1nformatlon on the color reproductlon
area in the plane perpendlcular to the first axis can be
represented by a two dlmen51ona1 area, a two dimensional
coordinate area, hlt map data, or two dimensional vector
data, thereby the color gamut for realizing a color

gamut checking function is easily confirmed.



