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57 ABSTRACT

A method and apparatus for producing a color conversion
profile for use in a color inkjet printer, a color laser printer, or
the like. In one embodiment, a spectral printing model con-
verter is used to sample ink amount data to spectral reflec-
tance Rsmp(A). Using this spectral reflectance Rsmp(}.),
colorimetric values CV1, CV2 under two different viewing
conditions are calculated, and an evaluation index EI that
includes an index of color difference between the colorimet-
ric values CV1, CV2 is calculated. I another embodiment, an
evaluation index EI that includes an index of color difference
between sample color represented by sample ink amount data
and reference color obtained from a reference color patch is
calculated. Sample ink amount data having the best evalua-
tion index EI is then selected as a representative sample.

Int. Cl. Profiles are created from the plurality of selected representa-
GO6F 15/00 (2006.01) tive samples.
US.CL ... 358/1.9;358/3.23; 358/518;
382/167 6 Claims, 16 Drawing Sheets
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Fig.2

L First Embodiment Start j

v /ST

Prepare spectral printing model (forward model converter)

\ i

Prepare a large number of virtual samples in ink space

Calculate CIELAB values of virtual samples using the spectral
printing model

v /-S4

Divide the CIELAB space into a plurality of cells and sort all
the samples into the different cells

v 58

Define evaluation index :
Color Inconstancy Index + a

‘ [~ ®

Calculate evaluation index for each sample and select the best
sample in each cell

, il

Create a preliminary ink profile for finer cells using non-niform
interpolation based on selected samples for coarse cells

y /S8

Create a final ink profile by uniform interpolation based on
previous lookup table

/'59

Gamut map to produce printer lookup table
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Fig.10
Second Embodiment
Start

l Ve S21

Prepare spectral printing mode! {forward model converter)

: Vi

Prepare a plurality of reference calors {comparative colors)

¥ Ve 523

Measure spectral reflectance of reference colors and
calculate their CIELAB values

Ve S24

Prepare a plurality of virtual samples for each of the
reference colors

o S25

Calculate CIELAB values of virtual samples using the
spectral printing modei

Define evaluation index :
Metameric Index + a

Calculate evaluation index for each sample and select the
best sample for each refererice color

J Ve S28

Create a lookup table based on selected samples for each
reference color

( Em |




US 7,605,943 B2

Sheet 11 of 16

Oct. 20, 2009

U.S. Patent

(0sQ)
onen ,q,e.1 [ . . . .
* N . . 105592014 - . .
Y | . . Buiddeyy 1nuies > . .
5.5.&_“;;5_.5 | | D0MAWD | 444841 0oL — 9ONAWD | 99¥s
0990 OHOATIND 2pL -/ 9lloId | osL — LN Jewud
ejeq 9jdwes .
penoiddy .
i 101RJ3UdY) 3[Lj0Id .
oL — «0+8,1 | g9¥s
791 — @luoid G9YS
S\
N (BUnIN0J BNISINIDY)
ov_o\ oN Jaiyipow ejep ajdwes J
1 oz
vel —~ «— 9
Zno| (L) _sa_zm_ao «— O
J10jo9 annesedwo
wawabpng Jojenoed [ 1990 33 9 4|_ Puenuoy [ M
eLIBIUD 13 Xopuj uonenjeAai A,_I Acmﬂ_v 103jN2[ED All_ A< vQEmN— |9POIN piemio] je—— A
gzL — IAD|  JojoD aiduwes —
002 ~ J0)eI2UAC) Xapuj uonenjeAl acl ~/ — O
eogL — _/ ooL —/ ]
0ct INIWA0 I L1761

Sample ink amount data



U.S. Patent Oct. 20, 2009 Sheet 12 of 16 US 7,605,943 B2

Fig.12

Third Embodiment
Start
s S31

Prepare spectral printing model (forward model converter)

Divide CIELAB space into a plurality of cells

] o S33

Define evaluation index :
Color Inconstancy Index + a

| /-534
Set initial sample ink amount for a cell
of interest
i /-535
Calculate evaluation index for the €
sample
— S31
Modify sample ink amount
S36
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Meet the criteria?
S38
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Create a lookup table based on approved samples
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Fig.13(A)

Spectral Neugebauer model
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Fig.14(A)

Cell division in
Cellular Yule-Nielsen Spectral Neugebauer Model
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Selected digital counts and area coverages of every ink
for Cellular Yule-Nielsen Spectral Neugebauer Model

Digital counts of ink amount
Cyan 0 50 168 255
Magenta 0 56 173 255
Yellow 0 49 162 255
Black 0 56 126 255
Green 0 43 182 255
Orange 0 64 186 255
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PRODUCTION OF A COLOR CONVERSION
PROFILE UTILIZING COMPARISON OF
SPECTRAL REFLECTANCE DATA AND
COMPARATIVE COLORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Priority is claimed from Provisional Patent Application
No. 60/517,236, filed Nov. 3, 2003, the disclosure which is
hereby incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for
producing a color conversion profile for use in a color ink jet
printer, a color laser printer, or the like, as well as a printer
using such a color conversion profile.

BACKGROUND OF THE INVENTION

In recent years, the use of color ink-jet printer and color
laser printers has become widespread. A color printer uses a
color conversion lookup table to convert input color image
data into corresponding amounts of inks of plural colors. In
the conventional method for creating a color conversion
lookup table, (i) a plurality of sample color patches are
printed, (ii) colors of the color patches are measured to obtain
their colorimetric values, and (ii) a lookup table that repre-
sents correspondence relationships between color patch colo-
rimetric values and the amounts of ink used to print the color
patches is created.

However, colorimetric values are dependent upon viewing
conditions during color measurement. Accordingly, where a
color conversion lookup table has been created so as to give a
printout having good color reproduction under a certain view-
ing condition, it will not necessarily be the case that printouts
created using that color conversion lookup table will afford
good color reproduction under other viewing conditions.
Accordingly, there has for some time existed a need for a
color conversion lookup table which enables good color
reproduction under various viewing conditions. There has
also been a need, when creating a reproduction of a painting
or drawing for example, to create a color conversion lookup
table that can reproduce as faithfully as possible the color
appearance of the original. Such requirements are not limited
justto color conversion lookup tables, but are generally desir-
able in all manner of profiles used for color conversion.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method and
apparatus for producing a color conversion profile capable of
achieving good color reproduction under various viewing
conditions. The invention also provides a method and appa-
ratus for producing a color conversion profile for reproducing
as faithfully as possible the color appearance of an original.

More specifically, the invention provides a method of pro-
ducing a profile defining correspondence between colorimet-
ric value data and ink amount data representing a set of ink
amounts of plural inks usable by a printer. The method com-
prises: (a) providing a spectral printing model converter con-
figured to convert ink amount data to spectral reflectance of a
color patch to be printed according to the ink amount data; (b)
providing a plurality of sample ink amount data each repre-
senting a set of ink amounts of plural inks; (c) converting each
sample ink amount data into spectral reflectance of a sample
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patch to be printed with the ink amounts represented by the
sample ink amount data using the spectral printing model
converter; (d) calculating an evaluation index for each sample
ink amount data, the evaluation index including a color dif-
ference index representing a color difference between a
sample color which is calculated from the spectral reflectance
and a comparative color which is selected as a basis for
comparison; (e) selecting plural sample ink amount data
based on the evaluation index; and (f) producing a profile
defining correspondence between colorimetric value data and
ink amount data based on the selected plural sample ink
amount data. The plural inks preferably include one or more
spot color inks.

According to this method, by calculating appropriate
evaluation indices it is possible to produce a color profile that
achieves good color reproduction under various viewing con-
ditions, as well as to produce a color profile capable of repro-
ducing as faithfully as possible the color appearance of an
original.

The evaluation index may be one including a color incon-
stancy index, or one including a metamerism index. When an
evaluation index that includes a color inconstancy index is
used, it is possible to produce a color profile that achieves
good color reproduction under various viewing conditions.
On the other hand, when a metamerism index is used, it is
possible to produce a color profile capable of reproducing as
faithfully as possible the color appearance of an original. The
metamerism index represents a color difference evaluation
index CDI representing color difference between two colors.
The color inconstancy index also represents a color difference
evaluation index CDI representing the color difference of a
single sample viewed under two viewing conditions.

The present invention may take the form of any of a number
of different embodiments, for example, a profile production
method and profile production device, a printing method and
printing apparatus using a profile, a computer program for
realizing the functions of such a method or device, a storage
medium having such a computer program recorded thereon,
and a data signal including such a computer program and
embodied in a carrier wave.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the overall system
arrangement in Embodiment 1 of the invention.

FIG. 2 is a flowchart illustrating the process flow in
Embodiment 1.

FIGS. 3(A)-3(C) are graphs showing sample colors in the
CIELAB color space in a working example.

FIG. 4 is a flowchart showing in detail the procedure of
Step S6 in FIG. 2.

FIGS. 5(A)-5(C) illustrate non-uniform interpolation in
Step S7.

FIGS. 6(A) and 6(B) illustrate gamut mapping in Step S8.

FIG. 7 is a graph showing color difference calculations in
a working example and a comparative example.

FIG. 8 is a graph showing color inconstancy index calcu-
lations in a working example and a comparative example.

FIG. 9 is a block diagram showing system arrangement in
Embodiment 2 of the invention.

FIG. 10 is a flowchart illustrating the process flow in
Embodiment 2.

FIG. 11 is a block diagram showing the overall system
arrangement in Embodiment 3 of the invention.

FIG. 12 is a flowchart illustrating process flow in Embodi-
ment 4.
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FIGS. 13(A) and 13(B) illustrate the Spectral Neugebauer
model.

FIGS. 14(A)-14(C) illustrate the Cellular Yule-Nielsen
Spectral Neugebauer model.

FIG. 15 shows cell division grid coordinates in the Cellular 5
Yule-Nielsen Spectral Neugebauer model.

FIG. 16 shows a cellular model.

DETAILED DESCRIPTION

The embodiments of the invention will be described in the
following order.

A. Embodiment 1

B. Embodiment 2

C. Embodiment 3 15

D. Example of Spectral Printing Model

E. Variant Examples

A. EMBODIMENT 1
20

FIG. 1 is a block diagram of a system in accordance with
preferred embodiments of the present invention. The system
comprises a spectral printing model converter 100, an evalu-
ation index generator 120, a selector 130, a profile generator
140, and a gamut mapping processor 160, although the sys-
tem could be comprised of other numbers and types of com-
ponents in other configurations. Spectral printing model con-
verter 100 converts ink amount data into spectral reflectance
Rsmp(A) of a color patch to be printed according to the ink
amount data. The term “color patch” herein is not limited to
chromatic colors, but is used in a broad sense to include
achromatic colors as well. In this embodiment, assuming a
color printer that can use six colors of ink, namely, cyan (C),
magenta (M), yellow (Y), black (K), orange (O), and green
(G), spectral printing model converter 100 has as inputs ejec-
tion amounts of these six inks. The spectral printing model 35
will be described in greater detail in Section D. Hereinafter,
“spectral printing model” will also be referred to as “forward
model”

Evaluation index generator 120 includes a sample color
calculator 122, a comparative color calculator 124, and an 4,
evaluation index calculator 126 although evaluation index
generator 120 can incorporate other types and numbers of
elements in other combinations. Sample color calculator 122
uses the spectral reflectance Rsmp(A) for a sample ink amount
data to calculate a colorimetric value CV1 under a first view-
ing condition. In this embodiment, illuminant D50 is used as
this first viewing condition. A color represented by colorimet-
ric value CV1 obtained under this first viewing condition is
termed a “sample color.”” Comparative color calculator 124
uses the spectral reflectance Rsmp(A) for a sample ink amount
data to calculate a colorimetric value CV2 under a second 39
viewing condition. In this embodiment, illuminant F11 is
used as this second viewing condition. Hereinafter, a color
represented by colorimetric value CV2 obtained under the
second viewing condition is sometimes referred to as a “com-
parative color.” 55

As will be understood from the preceding description, in
Embodiment 1 sample color calculator 122 and comparative
color calculator 124 respectively calculate colorimetric val-
ues CV1, CV2 using the same spectral reflectance Rsmp(}.),
but under different viewing conditions. Using these colori- 60
metric values CV1, CV2, evaluation index calculator 126
calculates an evaluation index EI, for determining the quality
of the sample ink amount data. Specific examples of the
evaluation index EI, will be described hereinbelow.

Selector 130 selects sample ink amount data having a good 65
evaluation index EI,. Profile generator 140 uses the selected
sample ink amount data, together with colorimetric values

25
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(L*a*b* values) of color patches printed using the sample ink
amount data, to create an ink profile 142. The ink profile 142
is in the form of a lookup table indicating correspondence
relationships between colorimetric values (L*a*b* values)
and CMYKOG ink amounts. “Ink profile” may be referred to
as “output device profile” as well. “Profile” herein refers to a
specific embodiment of a set of conversion rules for convert-
ing color space, and is used in a broad sense to include device
profiles and lookup tables of various kinds.

Gamut mapping processor 160 uses the ink profile 142 and
an input device profile 162, which has been prepared in
advance, to create a printer lookup table 180. As the input
device profile 162 there may be used, for example, ofa profile
for converting the sSRGB color space to the L*a*b* color
space. Printer lookup table 180 converts input color image
data (e.g. sSRGB data) to ink amount data.

FIG. 2 is a flowchart illustrating the process flow in
Embodiment 1. In Step S1, a spectral printing model is deter-
mined and a converter 100 is created. In one working
example, the Cellular Yule-Nielsen Spectral Neugebauer
model is used as the spectral printing model. A detailed
description is provided in Section D.

In Step S2, a large number of virtual samples are prepared.
Here, “virtual sample” refers to provisional ink amount data
used in the profile creation process, and to a virtual color
patch to be printed according to this ink amount data. Here-
inbelow, virtual samples are also referred to simply as
“samples”. In the working example, virtual samples (sample
ink amount data) that combines amounts of all six inks were
prepared, setting ink amounts at eleven points at 10% inter-
vals within the range 0-100%. As a result, 11° (=1,771,516
1,771,561) virtual samples were prepared. “100% ink
amount” refers to the amount of ink providing solid coverage
with a single ink.

In Step S3, the sample ink amount data of the virtual
samples is converted to spectral reflectance Rsmp(A) using
spectral printing model converter 100, and colorimetric val-
ues L*a*b* in the CIELAB color system are calculated from
this spectral reflectance Rsmp(A). In the working example,
colorimetric values were calculated using the CIE illuminant
D50 and CIE 1931 2° Standard Observer viewing condition.
Hereinbelow, the color observed when a virtual sample is
viewed under a certain viewing condition is termed “sample
color.” FIGS. 3(A)-3(C) are graphs showing sample colors in
the CIELAB color space in the working example. In FIG.
3(A) the horizontal axis represents the a* axis of the CIELAB
color space, and the vertical axis represents the b* axis. In
FIGS. 3(B)and 3(C), the horizontal axis represents the a* axis
and b*, and the vertical axis represents the L* axis. As will be
understood from the above description, the 11° sample colors
are more densely concentrated where lightness L* is low and
distributed sparsely up to the area of high lightness L*. A
more uniform distribution of sample colors may be achieved
inter alia by setting sample ink amount data to finer intervals
in the range of relatively small ink amount and to coarser
intervals in the range of relatively large ink amount.

In Step S4, the color space of the colorimetric values (here,
the CIELAB color space) is divided into plural cells, and the
plural sample colors are sorted in relation to the cells. In the
working example, the CIELAB color space was divided
equally into 16x16x16 cells.

In Step S5, an evaluation index EI, for use in selecting a
good sample is defined. The evaluation index EI, used in
Embodiment 1 is represented by the following Equation (1).

EL=ACIly=k-CII+o. o)
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Here, CIl is the color inconstancy index, k is a coefficient, and
. is another index.
CII may be represented by the following equation, for
example.

@

o2 e
28, 2S¢ S

Here, AL* denotes a lightness difference, AC* , denotes a
chroma difference, and AH*,, denotes a hue difference
between CV1 and CV2. Incalculating CII, CIELAB values of
CV1 and CV2 have been converted to a common viewing
condition, such as D65, using a chromatic adaptation trans-
form (CAT) as described later with reference to FIG. 4.
Regarding CII, see Billmeyer and Saltzman’s Principles of
Color Technology, 3rd edition, John Wiley & Sons Inc., 2000,
p- 129, and pp. 213-215.

The right-hand term of Equation (2) corresponds to the
color difference AE*,,, ., obtained by the CIE 1994 Color
Difference Equation, with values of the lightness and chroma
variables k;, k-~ setto 2, and the hue variable k,, setto 1. In the
CIE 1994 Color Difference Equation, the denominator coef-
ficients S;, S, S;; of the right-hand term of Equation (2) are
given by Equation (3) below.

S;=1
S=1+0.045C%

$,~140.015C% 3)

It is possible to use another equation as the color difference
equation used for calculating CII.

The CII is defined as the difference in color appearance
observed when a given color patch is viewed under first and
second viewing conditions different from one another.
Accordingly, a sample having a low CII is preferred in terms
of less difference in apparent color when viewed under dif-
ferent viewing conditions.

In the working example, an evaluation index EI, given by
Equation (4) below was used.

o . Tink
T max(CI) 6

“

ElL

Here, max(CII) is the maximum value of CII for all samples.
Tink is the total value of ink amount used by the sample. For
example, where the ink amount for all six types of ink is set to
20%, the value of Tink/6 is 120%/6=0.2. The total ink amount
Tink is used here to minimize total ink so as to result in cost
savings. Accordingly, for a given value of CII, Equation (4)
gives a better (i.e., smaller) evaluation index EI, the smaller
the value of total ink amount Tink. The evaluation index EI,
in Embodiment 1 is not limited to one given by Equation (1)
or Equation (4); any function that includes CII may be used.

In Step S6 in FIG. 2, evaluation index generator 120 cal-
culates an evaluation index EI, for each sample, and selector
130 selects the best sample in each cell of the CIELAB color
space with reference to this evaluation index EI;.

FIG. 4 is a flowchart showing in detail the procedure of
Step S6. In Step S10, one sample in a particular cell is
selected. In Step S11, the spectral reflectance Rsmp(A) of the
sample is obtained using the spectral printing model con-
verter 100. The next Steps S12-S14 are executed by the
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sample color calculator 122 (FIG. 1) of evaluation index
generator 120; Steps S15-S17 are executed by comparative
color calculator 124.

In Step S12, sample color calculator 122, using the spectral
reflectance Rsmp(h), calculates tristimulus values XYZ
under a first viewing condition. In the working example,
tristimulus values XYZ were calculated under the CIE illu-
minant D50, CIE 1931 2° Standard Observer viewing condi-
tion. “Viewing condition” herein refers to a combination of an
illuminant and an observer; unless noted otherwise, the
observer is the CIE 1931 2° Standard Observer. In Step S13,
these tristimulus values XYZ are put through a chromatic
adaptation transform to calculate the corresponding color
under the standard viewing condition. In the working
example, CIECAT02 was used as the chromatic adaptation
transform, using illuminant D50 as the light source for the
standard viewing condition. CIECATO02 is described, for
example, in “The CIECAMO2 Color Appearance Model”,
Nathan Moroncy et al., IS&T/SID Tenth Color Imaging Con-
ference, pp. 23-27, and in “The Performance of CIECAMO02”,
Changjun Li et al., IS&T/SID Tenth Color Imaging Confer-
ence, pp. 28-31. However, it is possible to use a different
chromatic adaptation transform, such as the von Kries chro-
matic adaptation prediction model, as the chromatic adapta-
tion transform. In Step S14, the colorimetric value of the
corresponding color in the CIELAB color system CV1=
(L*a*b*) ps0_.pss 1s calculated. The subscript “D50—-D65”
denotes that this colorimetric value indicates color appear-
ance under illuminant D50 and that it is represented by cor-
responding color under illuminant D65.

Comparative color calculator 124 executes calculations
similar to sample color calculator 122, but under a second
viewing condition. Specifically, in Step S15, it calculates
tristimulus values XYZ under the second viewing condition
using spectral reflectance Rsmp(2.). In the working example,
tristimulus values XYZ were calculated under a viewing con-
dition of the CIE illuminant F11 and CIE 1931 2° Standard
Observer. In Step S16, the tristimulus values XYZ are put
through a chromatic adaptation transform to calculate the
corresponding color under the standard viewing condition. In
Step S17, the colorimetric value of the corresponding color in
the. CIELAB color system CV2=(L*a*b*).,, _, 55 18 calcu-
lated.

Since the colorimetric value of the sample color CV1=
(L*a*b*) ps0_.pes and the colorimetric value of the compara-
tive color CV2=(L*a*b*).,, .5 are the values of corre-
sponding colors under the same standard viewing condition,
the CII (see Equation (2) hereinabove) which represents the
color difference AE between them accurately represents the
difference in color appearance between the sample color and
the comparative color.

The standard viewing condition is not limited to illuminant
D65; viewing conditions under any illuminant can be used.
For example, where illuminant D50 is employed as the stan-
dard viewing condition, Step S13 in FIG. 4 will not be nec-
essary, and in Step S16 a chromatic adaptation transform for
illuminant D50 will be performed. However, color difference
AE calculated using the CIELAB color system gives the most
reliable values when illuminant D65 is being used. For this
reason, use of the illuminant D65 as the standard viewing
condition is preferred.

In Step S18, evaluation index calculator 126 calculates an
evaluation index EI, according to Equation (4) using the two
colorimetric values CV1, CV2.

In Step S19, a determination is made as to whether calcu-
lation of evaluation index EI, for all sample colors included in
the cell has been completed. By repeating Steps S10-S19 in
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this manner, evaluation indices EI, are calculated for all
sample colors in the cell. In Step S20, selector 130 selects,
from among the sample colors of the cell, the sample having
the best evaluation index EI, as the representative sample for
the cell. As a result, a single representative sample is selected
for each cell that contains at least one sample. Hereinafter,
this representative sample is also referred to as a “highly rated
sample.”

Of the plural cells divided up in Step S4, some cells will
contain no sample colors whatsoever. Accordingly, the pro-
cess of FIG. 4 is executed only on cells that contain at least
one sample color, and excludes from the process cells that do
not contain even one sample color.

In Step S7 of FIG. 2, profile generator 140 generates a
preliminary ink profile by performing non-uniform interpo-
lation based on representative samples. The preliminary ink
profile is a color conversion lookup table for converting
CIELAB colorimetric values into ink amounts. The prefix
“preliminary” means that the profile relates to the relatively
coarse cells divided up in Step S4.

FIG. 5(A) illustrates non-uniform interpolation in Step S7.
This figure shows the CIELAB color space; the circles in the
figure indicate positions of representative sample colors, and
the web pattern indicates a fine cell grid. In Step S7, ink
amounts at grid points (web intersection points) are calcu-
lated by means of non-uniform interpolation of ink amounts
for plural representative sample colors. FIGS. 5(B) and 5(C)
respectively show an example of representative sample points
before and after the non-uniform interpolation on the a* b*
color plane at [*=23.8. Non-uniform interpolation may be
carried out using the MATLAB™ (MathWorks Inc.) griddata
function, for example. In the working example, the prelimi-
nary profile was created with input of 64x64x64 grid points of
the CIELAB color space. The non-uniform interpolation may
be executed by means of non-linear interpolation or linear
interpolation. The non-linear interpolation tends to have
higher precision and lower processing speed than the linear
interpolation.

In Step S8, profile generator 140 generates a final ink
profile 142 (FIG. 1) by means of linear interpolation of the
preliminary profile. This final ink profile 142 has as input
finer cell grid points than does the preliminary profile. In the
working example, the final profile was created with input of
256x%256x256 grid points of the CIELAB color space. As
noted, the preliminary profile has as input 64x64x64 grid
points of the CIELAB color space, and it is therefore a simple
matter to produce the final ink profile 142 by means of linear
interpolation. By generating a profile with input of 256x256x
256 grid points of the CIELAB color space as the final ink
profile 142, it is possible to quickly derive ink amounts cor-
responding to all CIELAB input values. Accordingly, the
processing time required to subsequently create the lookup
table can be reduced. However, it would also be possible to
create the printer lookup table 180, described later, using the
preliminary profile rather than final ink profile 142.

In Step S9, gamut mapping processor 160 (FIG. 1) per-
forms gamut mapping on the basis of ink profile 142 and
sRGB profile 162 to create a printer lookup table 180. The
reason for performing gamut mapping is due to a difference
between the gamut of the color space realizable in the printer
(also termed “ink color space™) and the gamut of the color
space realizable in the input color space (in this embodiment,
the sSRGB color space). The gamut of the ink color space is
defined by ink profile 142, while the gamut of the input color
space is defined by sRGB profile 162. Since there are typi-
cally discrepancies between the input color space and the ink
color space, it is necessary to map the gamut of the input color
space to the gamut of the ink color space.
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FIGS. 6(A) and 6(B) show an example of gamut mapping.
Here, a method termed gamut clipping is employed. Specifi-
cally, as shown in FIG. 6(A), colors in the sRGB color space
lying outside the gamut of the ink color space are mapped so
as to reduce chroma while preserving hue. As regards light-
ness L*, for colors within the lightness range of the ink color
space, lightness is preserved as-is. Colors having lightness
greater than the maximum value for lightness [.Lmax of the ink
color space are mapped to the maximum value Lmax. On the
other hand, colors having lightness smaller than the minimum
value for lightness L min are mapped to the minimum value
Lmin. Various methods for gamut mapping are known, and
any of these methods may be employed.

Once gamut mapping has been performed in this way, the
final printer lookup table 180 is complete. The inputs to this
lookup table 180 are sSRGB data and the outputs ink amounts
for six types of ink. By installing such a lookup table 180 in a
printer, or in an associated printer driver resident on a com-
puter, it is possible to produce printouts having minimal color
inconstancy (i.e., little change in color appearance under dif-
ferent viewing conditions). In actual printing, the printer
lookup table 180 converts given color image data (sSRGB
data) to ink amount data, and a halftone processor executes
halftone processing of the ink amount data to produce print
data representing dot formation states of plural inks. A print
head ejects ink droplets in an amount according to the print
data to reproduce a color printout.

FIG. 7 is a graph showing color difference calculations in
the working example and a comparative example. The solid
line indicates the color difference AE between original color
patches and their reproductions printed by the CMYKGO
printer of the working example. The broken line indicates the
color difference AE between original color patches and their
reproductions printed by a CMYKcem printer, as a compara-
tive example. The CMYKcm printer is a six-color printer
manufactured by Seiko-Epson Corporation that, in addition
to the four inks CMYK, uses a light cyan ink ¢ and a light
magenta ink m. The horizontal axis in FIG. 7 gives the origi-
nal color patch number. Here, 44 original color patches are
used. The first 20 color patches are from the Kodak gray scale
and the remaining 24 color patches are from the GretagMac-
beth Color Checker Color Rendition Chart (trade name of
Macbeth Inc.). When reproducing an original color patch in
the printer, first, the spectral reflectance of the original color
patch is measured, and the colorimetric value (CIELAB
value) thereof is calculated. Next, the colorimetric value is
input to the printer driver, and a patch is printed accordingly.
During the test, ink amounts were obtained from colorimetric
values (CIELAB values) using ink profile 142 instead of
printer lookup table 180 (FIG. 1).

According to the results shown in FIG. 7, for substantially
all color patches, there was less color difference between the
original and reproduced patches with the CMYKGO printer
of'the working example than with the CMYKem printer of the
comparative example. The larger color differences for the
CMYKcm printer were due to the fact that the generic color
profile was used for the CMYKcm printer.

FIG. 8 is a graph showing color inconstancy index calcu-
lations in the working example and the comparative example.
The solid line indicates CII of color patches printed by the
CMYKGO printer of the working example, and the dashed
line indicates CII of color patches printed by the CMYKcem
printer of the comparative example. The dotted-and-dashed
line indicates CII of the original patch. The original color
patches and color patches of the working example and com-
parative example are the same as in FIG. 7.
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According to the results shown in FIG. 8, for substantially
all color patches, CII was smaller with the CMYKGO printer
of'the working example than with the CMYKcm printer of the
comparative example. Accordingly, the CMYKGO printer of
the working example is able to produce printouts with less
change in color appearance under different viewing condi-
tions than is the CMYKcm printer of the comparative
example. In the example of FIG. 8, color patches reproduced
by the CMYKGO printer of the working example sometimes
have smaller CII than the original patch. In view of this as
well, it will be appreciated that the CMYKGO printer of the
working example amply achieves the object of small color
inconstancy.

In Embodiment 1 described hereinabove, using an evalua-
tion index EI, that includes a CII (color inconstancy index),
datahaving a high rating value is selected from among sample
ink amount data, and an ink profile is created on the basis of
the selected sample ink amount data. As a result, it is possible
to create a color conversion profile able to produce a printout
having little change in color appearance under different view-
ing conditions.

B. EMBODIMENT 2

FIG. 9 is a block diagram showing the system arrangement
in Embodiment 2 of the invention. The differences from the
system of Embodiment 1 depicted in FIG. 1 include the use of
reference color patches 102 and the use of an index including
a metamerism index (described later) rather than a color
inconstancy index CII as an evaluation index EI.

FIG. 10 is a flowchart illustrating the process flow in
Embodiment 2. In Step S21, a spectral printing model is
determined and a converter 100 is created. This step is iden-
tical to Step S1 in FIG. 2. In Step S22, plural comparative
colors are prepared. In the example of FIG. 9, reference color
patches 102 are prepared by way of originals providing plural
comparative colors; the spectral reflectance Rref()) of these
reference color patches 102 are measured by a spectropho-
tometer, not shown. The reference color patches 102 are
original patches including plural color patches. However,
plural comparative colors could instead be acquired from a
picture, for example, rather than from reference color patches
102. Colors acquired from reference color patches 102 or
from apicture are also termed “reference colors.” In Step S23,
comparative color calculator 124a uses spectral reflectance
Rref(M) of reference colors (comparative colors) to calculate
colorimetric values CV2 under plural viewing conditions. In
this embodiment, three types of illuminant D50, F11, and A
are used as the plural viewing conditions.

In Step S24, a plurality of virtual samples (sample ink
amount data) likely to have a high degree of metamerism with
the comparative color are prepared for each comparative
color. Here, “degree of metamerism” refers to stability of
metamerism of a pair of subject colors (a sample color and a
comparative color) observed under a plurality of different
illuminants (so-called illuminant metamerism). In Step S25,
colorimetric values CV1 are calculated for these virtual
samples. Specifically, in the same manner as in Embodiment
1, ink amount data for each virtual sample is converted to
spectral reflectance Rsmp(A) by spectral printing model con-
verter 100, and this spectral reflectance Rsmp() is used to
calculate colorimetric values CV1 under the same plurality of
viewing conditions as those used for the comparative color.

In Step S26, an evaluation index EI, represented by Equa-
tion (5) below is defined.

EL=AAMI)=k-ave(MI)+a (5)
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Here, the operator ave indicates an operation of taking the
average of the expression inside the parentheses; MI, is the
metamerism index under the i-th viewing condition (i.e.,
under the i-th illuminant); k is a coefficient, and o is another
index.

M], is given by the following equation, for example.

©

= (55 (52 (53]
T2 28¢ Su

This metamerism index represents the color difference
between the sample color and the comparative color under the
i-th illuminant. The color difference is taken after a parameric
correction is applied to match the sample and comparative
color under the reference viewing conditions. The first right-
hand term in Equation (5) can be understood as an index
representing a degree of illuminant metamerism. Regarding
metamerism index; see Billmeyer and Saltzman’s Principles
of Color Technology, 3rd edition, John Wiley & Sons Inc.
2000, p. 127, and pp. 213-215.

As will be apparent from comparison with Equation (2)
given earlier, the same color difference equation as that giving
CII can be used as the equation yielding MI. The difference
between MI and CII is that the former represents the differ-
ence in color of two subject colors observed under the same
viewing condition, whereas the latter represents the differ-
ence in color of one subject color observed under different
viewing conditions. Equations other than Equation (6) can be
used as the color difference equation for calculating M1. Any
other index can be used as the second term o in the right-hand
term of Equation (5), or o may be omitted as well.

In Step S27, evaluation index generator 120q calculates an
evaluation index EI, for each sample, and selector 130 selects
the best sample for each reference color with reference to this
evaluation index EI,. In Step S28, the sample selected for
each reference color is used to generate an ink profile 142 and
a printer lookup table 180. This step S28 is a process substan-
tially identical to that of Steps S7-S9 in FIG. 2. As a lookup
table for faithfully reproducing a picture, it would also be
possible to create a table having, for example, the color num-
bers of the picture colors as input and ink amounts as output.
In this case, the interpolation calculations of Steps S7, S8 and
the gamut mapping of Step S9 may be dispensed with.

In this way, in Embodiment 2, using an evaluation index
EL, that includes a metamerism index MI, data having a high
rating value is selected from among sample ink amount data,
and an ink profile is created on the basis of the selected sample
ink amount data. As a result, it is possible to create a color
conversion profile which, when used in a printer, is capable of
yielding a printout of a color having little color difference
from a reference color under various different viewing con-
ditions.

The quality of a printout reproduced using the profile thus
prepared may be evaluated by means of an index representing
differences between spectral reflectance values, such as
RMS. RMS is the root mean square of the difference between
two spectral reflectance values. The difference between the
two spectral reflectance values is calculated on a predeter-
mined wavelength band-by-wavelength band basis (e.g.,
every 5 nm or 10 nm).

C. EMBODIMENT 3

FIG. 11 is a block diagram showing the system arrange-
ment in Embodiment 3 of the invention. Significant differ-



US 7,605,943 B2

11

ences from the system of Embodiment 1 depicted in FIG. 1
are that selector 130q includes a criteria judgment section
200, and a sample data modifier 210 has been added. In
Embodiment 3, in the event that a certain sample does not
meet predetermined evaluation criteria, the sample data
modifier 210 modifies the sample ink amount data and recal-
culates an evaluation index EI for the modified sample ink
amount data. A color conversion profile is then created using
samples that meet the evaluation criteria.

FIG. 12 is a flowchart illustrating process flow in Embodi-
ment 3. In Step S31, a spectral printing model is prepared.
This Step S31 is the same as Step S1 in FIG. 2. In Step S32,
the CIELAB color space is divided into a plurality of cells.
Here, the same 16x16x16 cell division as used in Step S4 in
Embodiment 1 may be employed.

In Step S33, an evaluation index EI for determining the
quality of a sample is defined. Embodiment 3 employs the
evaluation index EI,=f(CII) of Embodiment 1. However, the
evaluation index EI,=f(MI) of Embodiment 2 can be used
instead.

Steps S34 to S37 are a recursive routine for selecting one
representative sample for each cell. In Step S34, one cell in
the CIELAB color space is selected as the target for process-
ing (target cell), and initial sample ink amount data is set for
the target cell. For this initial sample ink amount data, the
colorimetric value (LL*a*b* value) of the sample color to be
printed according to the ink amount data is within the target
cell. The colorimetric value of the sample color is calculated
under a first viewing condition (for example, illuminant D50
and CIE 1931 2° Standard Observer). In the event that the
colorimetric value of the set initial sample ink amount data is
not inside the target cell, the initial sample ink amount data is
modified until the measured value is within the target cell.

Depending on the cell, in some instances, there may be no
ink amount data that gives a colorimetric value within the cell.
For example, the color of a cell having high lightness or low
lightness and high chroma may not be reproducible. In such
an instance, the cell is excluded from target processing so as
to be excluded from subsequent processing.

In Step S35, evaluation index generator 120 calculates an
evaluation index EI for the initial sample ink amount data.
This evaluation index EI may be calculated according to
Equation (4) given earlier, for example. In Step S36, criteria
judgment section 200 judges whether the evaluation index El
meets predetermined evaluation criteria. Evaluation criteria
may be given by the following Equation (7), for example.

EI=8 @]

Here, § is the upper permissible limit for evaluation index EI.

Where Equation (7) is used, criteria is judged to be met
when evaluation index EI does not exceed the upper permis-
sible limit 3. Alternatively, rather than using a single evalua-
tion index El, a plurality of evaluation indices could be cal-
culated for a single set of sample ink amount data, and the
sample ink amount data judged to meet the evaluation criteria
when all of the evaluation indices meet the criteria.

In the event that initial sample ink amount data does not
meet evaluation criteria, in Step S37, sample data modifier
210 modifies the initial sample ink color data. In preferred
practice, several restrictive conditions such as the following
will be imposed as regards the modified sample ink amount
data.

(Restrictive condition 1): the colorimetric value given by the
sample ink amount data subsequent to modification shall
be within the target cell.
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(Restrictive condition 2): the ink amount represented by
sample ink amount data subsequent to modification shall
meet the ink duty limit.

Restrictive condition 1 is required in order to calculate a
representative sample for a target cell. Restrictive condition 2
ensures that the modified sample ink amount data represents
an ink amount that can be used in actual printing. Ink duty
limit refers to an amount of ink ejectable onto a print medium
per unit of surface area thereof, and is predetermined with
reference to the type of print medium, and also based on
consideration of ink bleed. A typical ink duty limit will
include a maximum value of ink amount for each ink, as well
as a maximum value of total ink amount for all inks. Addi-
tional restrictive conditions besides the aforementioned
Restrictive conditions 1, 2 may be imposed as well.

Once sample ink amount data has been modified in the
above manner, the process of Steps S35, S36 is again executed
using the modified sample ink amount data. In this way, the
processes of Steps S35-S37 are executed recursively, and the
sample meeting the evaluation criteria is selected as the rep-
resentative sample for the target cell. It is conceivable that a
sample meeting the evaluation criteria may be impossible to
obtain even when recursive processes are carried out a pre-
determined number of times for a given target cell. In such an
instance, from among the plurality of samples examined in
relation to the particular target cell, the sample that comes
closest to meeting the evaluation criteria (sample with the
best rating mdex) may be selected as the representative
sample. Alternatively, no representative sample may be
selected for the target cell.

In Step S38, it is determined whether processing has been
completed for all cells, and if not completed the routine
returns to Step S34, and initiates processing for the next cell.
When processing for all cells has been completed in this way,
in Step S39, the selected representative samples are used to
create ink profile 142 and printer lookup table 180. The pro-
cess of Step S39 is the same as that of Steps S7-S9 in FIG. 2.

InEmbodiment 3 described hereinabove, the color space of
predetermined colorimetric values (in the preceding example,
the CIELAB color space) is divided into a plurality of cells, a
representative sample that meets certain evaluation criteria is
searched for using a recursive process on a cell-by-cell basis,
and the representative samples are used to create a profile and
lookup table. Accordingly, the number of cells including no
actual sample can be reduced as compared to Embodiment 1.
As a result, it is possible to obtain a printer lookup table 180
having a wider gamut. It is also possible to obtain a printer
lookup table 180 that is superior in terms of color reproduc-
tion characteristics as well.

D. EXAMPLE OF SPECTRAL PRINTING
MODEL

The cellular Yule-Nielsen spectral Neugebauer model, an
example of a spectral printing model, is now described. This
model is based on the well-known spectral Neugebauer
model and Yule-Nielsen model. The following description
assumes a model that employs the three inks CMY, but the
model can readily be expanded to one using an arbitrary
number of inks. The cellular Yule-Nielsen spectral Neuge-
bauer model is described by Wyble and Berns, Color Res.
Appl., 25, 4-19, 2000, the disclosure of which is incorporated
herein by reference for all purposes.

FIG. 13 illustrates the spectral Neugebauer model. In the
spectral Neugebauer model, the spectral reflectance R(A) of
any printout is given by Equation (8) below.
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RA) = a, Ry(A) + aRe(A) + @ Ry (A) + (3)

ayRy(A) +a,R,(A) + agRy () + ap Ry (A) + ay Ry (A)

a,~(1=)(1=1,)(1=1)
a.~f(1-£) (A1)
=11
a,=(1-f)A-5)f,

a =1/t
ag=f(1=Fulfs
(11
y=f.L,L,

Here, a, is the planar area percentage of the i-th area, and R,(A)
is the spectral reflectance of the i-th area. The subscripts w, ¢,
m, Yy, 1, g, b and k respectively denote an area of no ink (w), an
area of cyan ink only (¢), an area of magenta ink only (m), an
area of yellow ink only (y), an area onto which magenta ink
and yellow ink have been ejected (r), an area onto which
yellow ink and cyan ink have been ejected (g), an area onto
which cyan ink and magenta ink have been ejected (b), and an
area onto which all three inks CMY have been ejected (k). £,
f,, and f, denote the percentage of area covered by ink (termed
“ink area coverage”) when only one of the CMY inks is
ejected. The spectral reflectance R,(A) can be determined by
measuring a color patch with a spectrophotometer.

Ink area coverage {,, T,,, T, is given by the Murray-Davies
model shown in FIG. 13(B). In the Murray-Davies model, ink
area coverage I of cyan ink, for example, is a nonlinear
function of the cyan ink ejection amount d_, and is given by a
one-dimensional lookup table. The reason that ink area cov-
erage is a nonlinear function of ink ejection amount is that
when a small amount of ink is ejected onto a unit of planar
area, there is ample ink spread, whereas when a large amount
is ejected, the ink overlaps so that there is not much increase
in the covered area due to ink spread.

Where the Yule-Nielsen model is applied in relation to
spectral reflectance, Equation (8) above can be rewritten as
Equation (9a) or Equation (9b) below.

R = ayRy (W)Y + a. RV + a4 R ()" + (%a)

a, R, + a4, R (WM™ + agR ()M +
ap Ry + a R ()"
RA) = {a, Ry ()Y + a RV + Ry ()Y + (9b)

ayRy MY + a, R,V + ag R, )V +

apRy ()™ + a Ry (V7Y

Here, n is a predetermined coefficient equal to 1 or greater,
e.g., n=10. Equation (9a) and Equation (9b) are equations
representing the cellular Yule-Nielsen spectral Neugebauer
model.

The cellular Yule-Nielsen spectral Neugebauer model is
obtained by dividing the ink color space of the Yule-Nielsen
spectral Neugebauer model described above into a plurality
of cells.
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FIG. 14(A) shows an example of cell division in the cellu-
lar Yule-Nielsen spectral Neugebauer model. Here, for sim-
plicity, cell division is portrayed in a two-dimensional space
including two axes, namely, for cyan ink area coverage f_and
magenta ink area coverage f,,. The axes f_, f,, may also be
thought of as axes representing ink ejection amounts d_, d,,,.
The white circles denote grid points (termed “nodes™); the
two-dimensional space is divided into nine cells C1-C9.
Spectral reflectances R, R, R5g, R30, Rgps Ry - - - Ry; are
predetermined for the printout (color patch) at each of the 16
nodes.

FIG. 14(B) shows ink area coverage f_(d) corresponding to
this cell division. Here, the ink amount range for a single ink
0-dmax is divided into three intervals; ink area coverage f (d)
is represented by a curve that increases monotonically from 0
to 1 in each interval.

FIG. 14(C) shows calculation of spectral reflectance Rsmp
() for the sample in cell C5 located at center in FIG. 14(A).
Spectral reflectance Rsmp()) is given by Equation (10)
below.

" (10)
Rsmp(A) = [Z a;R;(/\)l/"]

= (an R WY + app R ()™ +

ax Ry )Y + az Ryp(M)7)

an=(1-/)(1-£)
ap=(1-f o
as o1/,

ayp=t.t,

Here, ink area coverages f_, f,, are values given by the graph
in FIG. 14(B) and defined within cell C5. Spectral reflec-
tances R;; (A), R;,(A), R, (M), Ry, (A) at the four apices of cell
C5 are adjusted according to Equation (10) so as to correctly
give sample spectral reflectance Rsmp(R).

By dividing the ink color space into a plurality of cells in
this way, the spectral reflectance Rsmp(\) of a sample can be
calculated more precisely as compared to the case where it is
not so divided. FIG. 15 shows node values for cell division
employed in one working example. As shown in lo this
example, node values for cell division are preferably defined
independently on an ink-by-ink basis.

In the model shown in FIG. 14(A), it is normal that the
spectral reflectance at all nodes cannot be derived through
color patch measurement. The reason is that when a large
amount of ink ejected, bleeding occurs so 15 that it is not
possible to print a color patch of uniform color. FIG. 16 shows
the cellular model. This example pertains to a case where only
two inks, namely, cyan and magenta, are used. Spectral
reflectance R(\) of any color patch printed with the two inks
cyan and magenta is given by Equation (11) below.

RO =0, Ry ()1 +a R ()40, R, 1)+
a R,

an
ay,=(1=/)(1=1)

a.~f1=f)

=SV

a1, 1,
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Let it be assumed that, of the plural parameters included in
Equation (11), the only unknown is spectral reflectance Rb().)
with both cyan ink and magenta ink at 100% ejection amount,
with values for all other parameters being known. Here,
modifying Equation (11) gives Equation (12).

ROV — a, R, (W)™ — a. Re()' - a,, Ry ()M } 12
ap

Rp) = {

As noted, all of the right-hand terms are known. Accord-
ingly, by solving Equation (12) it is possible to calculate the
unknown spectral reflectance R, (A). Regarding estimation of
the spectra of nonprintable colors, see R Balasubramanian,
“Optimization of the spectral Neugebauer model for printer
characterization”, J. Electronic Imaging 8(2), 156-166
(1999), the disclosure of which is incorporated herein by
reference for all purposes.

The spectral reflectance of second-order colors other than
cyan+magenta color can be calculated in the same manner.
Additionally, where a plurality of second-order color spectral
reflectance values are calculated, a plurality of third-order
color spectral reflectance values can be calculated in the same
manner. By sequentially calculating spectral reflectances of
higher order colors in this way, it is possible to calculate the
spectral reflectance at each node in a cellular ink color space.

The spectral printing converter 100 shown in FIG. 1 may be
designed to have spectral reflectance at each node in a cellular
ink color space like that in FIG. 14(A), and one-dimensional
lookup tables indicating ink area coverage values as shown in
FIG. 14(C), these being used to calculate spectral reflectance
Rsmp(\) corresponding to any set of sample ink amount data.

Typically, the spectral reflectance of a printed color patch is
dependent upon ink set and the printing medium. Accord-
ingly, a spectral printing model converter 100 like that in FIG.
1 may be created for each combination of ink set and printing
medium. Likewise, ink profiles 142 and printer lookup tables
180 may be created for each combination of ink set and
printing medium.

E. VARIANT EXAMPLES
E1l. Variant Example 1

In the embodiments described hereinabove, six inks,
namely, CMYKOG, were used, but the ink types are not
limited to these, it being possible to use any plural number of
inks. However, the use of inks having colors, such as orange
ink, green ink, red ink, blue ink or any other spot color ink,
that provides the advantage of a greater degree of freedom as
to the shape of spectral reflectance that can be reproduced is
preferred.

E2. Variant Example 2

In Embodiments 1 and 2 the color space of colorimetric
values is divided into plural cells, and a representative sample
which has the best evaluation index EI within a cell is
selected, whereas in Embodiment 3 a representative sample is
determined by optimizing a sample for each cell until the
evaluation index EI meets evaluation criteria. However, the
method of selecting a plurality of representative samples for
use in creating a color conversion profile is not limited to the
above-described methods; generally, selection of a plurality
of representative samples on the basis of an evaluation index
El is possible. For example, it is possible to select a plurality
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of representative samples without dividing the color space of
measured values into plural cells. Specifically, a plurality of
grid points (nodes) can be defined within the color space of
measured values, and samples meeting predetermined evalu-
ation criteria in proximity to the nodes may be selected as
representative samples for the nodes.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention
being limited only by the terms of the appended claims.

The invention claimed is:

1. A method of producing a profile defining correspon-
dence between colorimetric value data and ink amount data
representing a set of ink amounts of plural inks usable by a
printer, comprising the steps of:

(a) providing a spectral printing model converter config-

ured to convert ink amount data to spectral reflectance of
a color patch to be printed according to the ink amount
data;

(b) providing a plurality of sample ink amount data each
representing a set of ink amounts of plural inks;

(c) converting each sample ink amount data into spectral
reflectance of a virtual sample patch to be printed with
the ink amounts represented by the sample ink amount
data using the spectral printing model converter;

(d) calculating an evaluation index for each sample ink
amount data, the evaluation index including a color dif-
ference index representing a color difference between a
sample color which is calculated from the spectral
reflectance and a comparative color which is selected as
a basis for comparison;

(e) selecting plural sample ink amount data based on the
evaluation index; and

() producing a profile defining correspondence between
colorimetric value data and ink amount data based on the
selected plural sample ink amount data,

wherein the step (d) includes the steps of:

calculating a first colorimetric value of the virtual sample
color patch under a first viewing condition as a colori-
metric value of the sample color;

calculating a second colorimetric value of the virtual
sample color patch under a second viewing condition as
a colorimetric value of the comparative color; and

calculating the color difference index from the first and
second colorimetric values, and

wherein each of steps (¢) through (f) is executed by a profile
producing apparatus.

2. A method according to claim 1, wherein the step of

calculating the color different index includes the steps of:

converting the first and second colorimetric values into first
and second corresponding colorimetric values of corre-
sponding colors for the sample color and the compara-
tive color under a common viewing condition; and

calculating as the color different index a color difference
between the first and second corresponding colorimetric
values.

3. A method according to claim 1, wherein

the step (d) includes calculating a colorimetric value of the
virtual sample color patch in a specific color space with
respect to each sample ink amount data,

and the step (e) includes:

dividing the specific color space into a plurality of cells;

selecting cells each including at least one colorimetric
value for at least one sample ink amount data; and
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selecting one sample ink amount data for each of the
selected cells of the specific color space based on the
evaluation index.

4. A method according to claim 1, wherein

the step (e) includes the steps of:

judging whether the evaluation index of one sample ink
amount data satisfies a predetermined criterion;

when the evaluation index of the sample ink amount data
does not satisfy the predetermined criterion, repeating
(1) modifying the sample ink amount data, and (ii) cal-
culating the evaluation index for the modified sample
ink amount data, until the evaluation index of the modi-
fied sample ink amount data satisfies the predetermined
criterion; and

selecting the sample ink amount data whose evaluation
index satisfies the predetermined criterion.

5. An apparatus for producing a profile defining correspon-
dence between colorimetric value data and ink amount data
representing a set of ink amounts of plural inks usable by a
printer, comprising:

a spectral printing model converter for converting ink
amount data to spectral reflectance of a color patch to be
printed according to the ink amount data, the spectral
printing model converter converting each of a plurality
of sample ink amount data into spectral reflectance of a
virtual sample patch to be printed with the ink amounts
represented by the sample ink amount data;

an evaluation index generator for calculating an evaluation
index for each sample ink amount data, the evaluation
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index including a color difference index representing a
color difference between a sample color which is calcu-
lated from the spectral reflectance and a comparative
color which is selected as a basis for comparison;

a selector for selecting plural sample ink amount data
based on the evaluation index; and

a profile generator for producing a profile defining corre-
spondence between colorimetric value data and ink
amount data based on the selected plural sample ink
amount data,

wherein the evaluation index generator calculates a first
colorimetric value of the virtual sample color patch
under a first viewing condition as a colorimetric value of
the sample color, calculates a second colorimetric value
of the virtual sample color patch under a second viewing
condition as a colorimetric value of the comparative
color, and calculates the color difference index from the
first and second colorimetric values.

6. A printing method comprising the steps of:

preparing a lookup table for converting color image data to
ink amount data, based on a profile which is produced
according to any one of claims 1, 2, 3, and 4;

converting given color image data to ink amount data with
the profile;

halftone processing the ink amount data to produce print
data; and printing an image according to the print data.



