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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, ?led 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 pro?le 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 pro?le. 

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 
just to color conversion lookup tables, but are generally desir 
able in all manner of pro?les used for color conversion. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a method and 
apparatus for producing a color conversion pro?le capable of 
achieving good color reproduction under various vieWing 
conditions. The invention also provides a method and appa 
ratus for producing a color conversion pro?le for reproducing 
as faithfully as possible the color appearance of an original. 
More speci?cally, the invention provides a method of pro 

ducing a pro?le de?ning 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 
?gured to convert ink amount data to spectral re?ectance of a 
colorpatch 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 re?ectance of a sample 
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2 
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 re?ectance 
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 pro?le 
de?ning 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 pro?le that 
achieves good color reproduction under various vieWing con 
ditions, as Well as to produce a color pro?le 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 pro?le 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 pro?le 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 pro?le production 
method and pro?le production device, a printing method and 
printing apparatus using a pro?le, 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 ?owchart illustrating the process ?oW 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 ?oWchart 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 ?oWchart illustrating the process ?oW in 

Embodiment 2. 
FIG. 11 is a block diagram shoWing the overall system 

arrangement in Embodiment 3 of the invention. 
FIG. 12 is a ?oWchart illustrating process ?oW 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 pro?le 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 con?gurations. Spectral printing model con 
ver‘ter 100 converts ink amount data into spectral re?ectance 
Rsmp(7t) 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 ej ec 
tion amounts of these six inks. The spectral printing model 
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 
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 re?ectance Rsmp(7t) for a sample ink amount 
data to calculate a colorimetric value CV1 under a ?rst vieW 
ing condition. In this embodiment, illuminant D50 is used as 
this ?rst vieWing condition. A color represented by colorimet 
ric value CV1 obtained under this ?rst vieWing condition is 
termed a “sample color.” Comparative color calculator 124 
uses the spectral re?ectance Rsmp(7t) for a sample ink amount 
data to calculate a colorimetric value CV2 under a second 
vieWing condition. In this embodiment, illuminant P11 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.” 
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 re?ectance Rsmp(7t), 
but under different vieWing conditions. Using these colori 
metric values CV1, CV2, evaluation index calculator 126 
calculates an evaluation index EIl for determining the quality 
of the sample ink amount data. Speci?c examples of the 
evaluation index EIl Will be described hereinbeloW. 

Selector 130 selects sample ink amount data having a good 
evaluation index EIl. Pro?le generator 140 uses the selected 
sample ink amount data, together With colorimetric values 
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4 
(L*a*b* values) of colorpatches printed using the sample ink 
amount data, to create an ink pro?le 142. The ink pro?le 142 
is in the form of a lookup table indicating correspondence 
relationships betWeen colorimetric values (L*a*b* values) 
and CMYKOG ink amounts. “Ink pro?le” may be referred to 
as “output device pro?le” as Well. “Pro?le” herein refers to a 
speci?c embodiment of a set of conversion rules for convert 
ing color space, and is used in a broad sense to include device 
pro?les and lookup tables of various kinds. 
Gamut mapping processor 160 uses the ink pro?le 142 and 

an input device pro?le 162, Which has been prepared in 
advance, to create a printer lookup table 180. As the input 
device pro?le 162 there may be used, for example, of a pro?le 
for converting the sRGB color space to the L*a*b* color 
space. Printer lookup table 180 converts input color image 
data (eg sRGB data) to ink amount data. 

FIG. 2 is a ?oWchart illustrating the process ?oW 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 pro?le 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, 116 (: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 re?ectance Rsmp(7t) using 
spectral printing model converter 100, and colorimetric val 
ues L*a*b* in the CIELAB color system are calculated from 
this spectral re?ectance Rsmp(7t). In the Working example, 
colorimetric values Were calculated using the CIE illuminant 
D50 and CIE 1931 20 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 1 16 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 ?ner 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 16><16><16 cells. 

In Step S5, an evaluation index EIl for use in selecting a 
good sample is de?ned. The evaluation index EIl used in 
Embodiment 1 is represented by the folloWing Equation (1). 
















