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TITLE THE
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 reprqduced 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
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printer. A process to deal with the above-said problem
is called a color gamut compression piocess.

A color management system has major functions, such
as a function of performing the color gamut compression
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
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.

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
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

aforesaid method.
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(1) A real color gamut of a printer has a three
dimensional solid which is too complicated to express
with a hexahedron, thus preciseness of checking the
color gamut is low.

(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
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
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
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

and a color gamut of a printer, and which reproduce
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colors designated by the input image data more
faithfully.

In one aspect, the present invention provides
apparatus, where the color gamut is defined by a solid
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
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
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
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

an apparatus comprising storage means for

storing information on a defined color gamut expressed
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by combinations of color gamut data on the basis of a
second and a third axes extending to both the positive
and hegative directions ona plane perpendicular to a
first axis of a three dimensional space where a color
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

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
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
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

drawings, in which like reference characters designate
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the same or similar parts throughout the figures

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

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, showing
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 ;
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Fig. 6 is an example of a threg'dimensional LUT
(look up table) used for color gamut compression
according to the embodiment;

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

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
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
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

embodiment;
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Fig. 12 shows an example of a in a case where the
gamut of a monitor'or a printer is defined by an area
constructed with rectangular lattices according to the
first embodiment;

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
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
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
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;
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Fig. 18 is a color gamut data table in a case where
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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Fig. 24 shows an address table storing a top
address of the color 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 perpendicular 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;
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Fig. 29 is a flowchart of checking the color gamut
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
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
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.

DETAILED QESQEJ_ZEIIIQN QF THE PREFERRED EhﬂBQDithN!l‘_s

Preferred embodiment of the'present invention will
be described in aetail in accordance with the
accompanying drawings.

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
reproduction process is performed in consideration with

characteristics of those three devices. The process is
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composed of following four color space conversion
processes, shown by arrows in Fig. 31.

1. Conversion from a color space of the scanner to a
color space of the monitor

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
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
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
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
from the color space of the monitor to the color space

of the printer, as described above in 3.
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Fig. 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.
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A process to apply a color reproduction to input
color image data and to output the processed image to
the color printer 3 by the host computer 2 having
aforesaid constitution, more specifically by the color
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
from another device, such as the scanner, then the -
process moves to step S11. Note-that the input color
image data to be proéessed in the present embodiment
depends on an input device, such as a scanner, and the ~
data is RGB déta defined .based on colorimetry (values of
chromaticity of R, G, B, aﬁd white are definite).

The regd RGB data is converted into daté'in DIE
1931 standard colorimetric system (indicated as fXYi
data”,-hereinafter) which is défined by CIE (Commission
Internationale de l’Eclairage) by é color converter 29
at step S1l1l, 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

for a printer, and the process moves to step S14.
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At step S14, 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
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,
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
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, j, = 1, 2, 3) in Fig. 4 are constants defined

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,
including color gamut compression, to convert the L*a*b*

data including colors beyond the color gamut of a
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printer to the CMY data which is within the color gamut
of the printer.

There are several methods of color gamut
compression.

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

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

.1ighteét and the_darkest colors which can be expressed

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
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.
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Third method is to maintain chromaticity of the
colors outside of the common color gamut of the image
data and the output device, and to compress them.

Further, there is a method which uses a three
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
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
CMY 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*
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
displacement from the left lower front point to the

point P is xf, Yf. Zf, then the coordinate points-are
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shown in Fig. 7. Here, if 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
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, yi, 2i) X xf (1 - y£) (1 - zf)
+ U(xi, vi + 1, zi) X (1 - xf) Yf (1 - zf)
+ U(xi, yi, zi + 1) X (1 - xf)(1 - yf) zf

+ U(xi, yi +1, 23 + 1) X (1 - xf) vf 2f

+

Ulxi + 1, vi, zi + 1) X xf (1 - yf) zf
+ U(xi + 1, yi + 1, zji) X kf Yf (1 - z¥f)
+U(xi + 1, yi + 1, zi + 1) X xf yf 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
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,
especially, the color reproduction processor 2a, will be

deédribed below with reference to a flowchart in Fig. 8.
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The host computer 2 reads a set of input color
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
data defined based on colorimetry (values of

chromaticity of R, G, B, and white are 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,
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
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 -
left, 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
RGB data are RGB data defined based on colorimepry

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

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
like) 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 .
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
color monitor 1 so as to be in a color space oﬁ an

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



10

15

20

25

21

color printer 3, is ih a color gamut of the output
device, 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
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
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

converter 29, then the process moves to step S32. At

'step 832, the XYZ data is further converted into L*a*b*

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.
At step S34, whether the flag set at step S33 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
proceséing any further, the process moves to spep S35,

ana the checked color is displéyed on the color ménitor
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1 without being processed, then the process is
completed.

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

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
outside of the color gamut, the checked color is
disp}ayed 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
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
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
check. The feature will be described in accordance with

foilowing four embodiments.
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It should be noted that values of AL*, Aa*, and Ab*

can be the minimum value which L*, dispersion data, can

take as a predetermined interval.

(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'bgsed on the defined area
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
shown in Fig. 12. In this embodiment, tables are stored
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) . ’

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

S100, and the process proceeds to step S101. At step
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8101, a constant n is set to 1 and L1 is set to L*pin,
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,
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,
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
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
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

aforesaid process in Fig. 5. Note that Xn, ¥Yn, and Zn
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are the value depending on type of CIE standard light
source to be used.

At step S33 in Fig. 9, L*a*b* data of the color to
be checked which is obtained at step S32, is checked
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

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,
although the range differs from the range of a printer,

the range can be designated by using the three

' dimensional lattices which are produced when the color

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

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

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

embodiment) areas. Lengths of sides of each rectangular

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



10

15

20

235

26

the area surrounded by a closed bold line indicates a
range of lattices including the color gamut of a ménitor
or a printer in the sliced two dimensional plane
perpendicular to L*.

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.

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
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.
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,

thereat a flag is set OFF and the process is completed.
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If b* is not larger than bnmax. then the process
proceeds to step S110, and the process is completed
after a flag is set ON.

Accordingly, a color gamut is easily checked based

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
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
b*min and b*max. 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
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,
information on the range of a* in each lattice within a

range between b*pin and b*pmax is stored. Note that, as
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shown in Fig. 15, for example, there can be two a*
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.
Constants in Fig. 17, i3, i2, ..., inp 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. |

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
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-
is set to 1 and L1 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

process proceeds to step S204. At step S204, n and
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pointer are incremented by 1, and the process goes back
to step 8202.

Whereas, if L*, read at step S202, and L1 have the
same value, the process proceeds to step S205, thereat
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
bmin. If b* is.smaller than bpin., 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

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
8210, thereat the constant m is set to 1 and bl is set

to b*pin, and the process moves to S211. At step S211,

‘bm+1 is set to bm + Ab, .and the 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

process proceeds to step S213, thereat m and pointer are



10

15

20

25

30

incremented by 1, then the process goes back to step
S211.

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

Whereas, if it is determined at step S215 that a*
is'ﬁot smallerxr tﬁ;n 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.

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 havé the
same value, then the process moves to step S219, where a
flag is set ON, and the process is completed.

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
easily checked by using information tables in Figs. 16

and 17 representing a color gamuts.
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(Third Embodiment)

According to a third embodiment, a gamut of a
monitor or a printer is defined by bit map tables
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, (amin.
bmax)., in Fig. 22. 1In 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

represénted as in PFig. 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
gamut aata 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.

Figs. 25 and 26 are flowcharts for checking the

color gamut on the basis of information tables

.
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representing the color gamut data tables in Figs. 23 and
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
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
L*min, and the process moves to step 8302. 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
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
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

Aa is set to a constant p, and a value obtained by
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dividing (b*max - b*) by Ab is set to a coﬁstant d, then
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

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

basis of the information on the area.
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Fig. 27 shows an example of a gamut in L*pin which
is expressed with the 20 coordinate points in this
example. Since the size of the surrounded area changes
depending on a value of L*, an example of a color gamut
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
(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.

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.
be 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
S401. 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
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step S402, the read Value of L* is compared with Li. If
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
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
pointer designates, then the process moves to step S$406.
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
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
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.

Whereas, if a* and b* are included in thg closed

area surrounded by coordinate points, (aj.l,'bj.li,
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(aj.2, bj.2), ..., (2j-k. bj.k). fetched at step S411,
the process proceeds to step S413, thereat the flag is
set ON, and the process is completed.

As described above, in the fourth embodiment, the
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 gamut easily

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
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.

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
adding method can be added to the aforesaid mephod of

cheéking a color gamut.
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Furthermore, the present invention is not limited
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
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
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
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
scope of the present invention, the following claims are

made.
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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.

L
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3. 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\
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9. A method according to claim 4, wherein the

40

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.

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.

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

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

space is displayed on a display of a color monitor.

14. An image proceSSLng method comprising steps of:

|I|I|I|l 0 ) A lI i
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defining a color gamut of a color reproduction

41

device by a solid in a three dimensional space;
dividing the three dimensional space into a
plurality of unit spaces; and
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
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
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
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,
wherein said image processing means converts the input
image data so that the data is within the determined

color gamut.

IIIIIIII IIIIII L
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17. 1Image processing apparatus according to claim 15,

42

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.

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.

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.

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.

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 I
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dimensional vector data.

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

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*

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.

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
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
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
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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
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,

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

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
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
processing the color image data in accordance with the

results of the comparison.

llIIlIII |||I|| IIIlI IIIII || i
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30. Apparatus for processing an image, comprising means

-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
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

accordance with the results of the comparison.
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