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(57) ABSTRACT 

A method is provided for constructing a look up table for 
characterizing a printing device, and a System therefore, 
wherein the look up table is an inverse look up table for 
obtaining for the printing device colorant values in a colo 
rant Space as a function of given color values in a color 
Space. The method includes: (a) Selecting an axis in the color 
Space; (b) Selecting a path in the color space; (c) determining 
color Separation values in the colorant Space for a plurality 
of points on the path; (d) analyzing the color separation 
values for a specific colorant; (e) determining a particular 
point on the path based on the analysis, (f) projecting the 
particular point on the axis, thus obtaining a projected point; 
and (f) adding the projected point to the look up table as a 
Sampling point. 
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SYSTEMAND METHOD FOR CHARACTERIZING 
A PRINTING DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of image 
rendering by means of printing devices, particularly multi 
color output devices, the invention especially concerns 
characterization of these devices. 

BACKGROUND OF THE INVENTION AND 
DEFINITION OF TERMS 

0002 Today, more and more printing systems are devel 
oped for the reproduction of color images. Several printing 
technologies are used Such as conventional photography, 
electrophotography, thermal transfer, dye Sublimation and 
inkjet Systems to name a few. 
0.003 All these systems can be described as multidimen 
sional color printers with n colorants, such as the CMYK 
(cyan, magenta, yellow and black) inks of an inkjet system. 
In this document it is assumed that the colorant values range 
from 0% (no colorant laid down on the receiving substrate 
Such as paper) to 100% (maximum amount of colorant laid 
down on the receiving Substrate). 
0004. With colorant space is meant an n-dimensional 
space with n the number of independent variables with 
which the printer can be addressed. In the case of an offset 
printing press the dimension of the space corresponds to the 
number of inks of the printer. When CMYK inks are used, 
the dimension of the colorant Space is normally four. 
0005 The colorant gamut is defined by the possible 
combinations of the colorant values, normally ranging from 
0% to 100%. If there are no colorant limitations, the colorant 
gamut is a n-dimensional cube. 
0006 With color space is meant a space that represents a 
number of quantities of an object that characterize its color. 
In most practical situations, colors will be represented in a 
3-dimensional space such as the CIE XYZ space. However, 
also other characteristics can be used Such as multi-spectral 
values based on filters that are not necessarily based on a 
linear transformation of the color matching functions to 
represent color. 
0007. A printer model is a mathematical relation that 
expresses color values as a function of colorants for a given 
printer. The variables for the colorants are denoted as cc, 
. . . ,c, with n the dimension of the colorant space. An n-ink 
proceSS is completely characterized by its colorant gamut 
with a number of colorant limitations and the printer model. 
Because of this close relationship between an n-ink proceSS 
and the printer model, the operations typical for a printer 
model are also defined for the n-ink process. 
0008. The printer model is often based on a printer target. 
Such a target consists of a number of uniform color patches, 
defined in the colorant Space of the printing device. The 
printer target is printed and measured, and based on the 
values of the patches in colorant Space and the measured 
values, the printer model is made. A printer target is nor 
mally based on a number of Sampling points along the 
different colorant axes. Based on the Sampling points a 
regular grid can be constructed in colorant Space of which a 
number of grid points are contained by the printer target. 
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Hence a target can be said to be complete or incomplete (see 
EP-A-1 146 726 for complete and incomplete printer tar 
gets). 
0009 Creating the printer model is also called character 
izing the printer; this is an important Step in the consistent 
reproduction of images. Before a printer is characterized, it 
is first calibrated, i.e. put in a Standard State. When the 
printer model is created, it can be inverted in order to obtain 
a so-called characterization transformation (or inverse 
printer model). The characterization transformation trans 
forms given colors from color space (typically CIELAB) to 
the colorant Space of the printing device, whereas the printer 
model transforms given colorant values in the colorant Space 
of the printer to color values in color Space. 
0010. The calculation of the correct amounts of colorant 
for the rendering of color images on a printer is also called 
the color Separation problem. Most of the color Separation 
Strategies known in the art comprise the following Steps. 
0011. In a first step, the relation between the amounts of 
colorants and the resulting colors on a printer is character 
ized. This is done by first printing a Set of colorant combi 
nations that spans the dynamic range of the printer and 
measuring the resulting colors. An example of Such a Set is 
the ANSI IT8.7/3 reference target. 
0012. In a second step this relation is mathematically 
modeled, to obtain the printer model. The printer model 
usually consists of Some form of an analytical expression 
that predicts color for a given combination of colorant 
amountS. 

0013 In a third step the printer model is inverted. This is 
necessary Since the color Separation problem is involved 
with finding a set of colorants that renders a given color and 
not vice versa. 

0014 Different types of printer models can be used, 
ranging from analytical models simulating the printing pro 
ceSS, Over polynomials approximating the global behavior of 
the printer, to localized approximations of the printer in the 
colorant domain. 

0015. An important advantage of localized models is that 
a simple mathematical expression is used to represent the 
printer behavior. For Such an approach, in most cases the 
colorant cube is divided into cells that are all modeled 
Separately. A disadvantage is that, at boundaries of neigh 
boring cells, the model is not continuous for the first 
derivative and hence Sometimes slope discontinuities in the 
modeling can be seen. 
0016. In characterizing printing devices, in most cases 
multi-dimensional Look Up Tables (LUTs) are used. A 
typical example of Such a characterization System is repre 
sented by the ICC profile format (ICC stands for Interna 
tional Color Consortium). For printers, both the forward and 
the inverse relation is needed. The forward relation, embod 
ied in the forward LUT, predicts the color values in function 
of given colorant values, i.e. it represents the printer model. 
The inverse relation, embodied in the inverse LUT, gives the 
colorant values required to obtain given color values, i.e. it 
represents the characterization transformation of the printer. 
0017. A LUT is often characterized by a number of 
Sampling points (or Sampling values) per axis. Based on 
these Sampling points, usually a regular grid is constructed. 
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However, it is also possible to construct LUTs with non 
regular grids. Also in this case the LUTS can be character 
ized by Sampling points per axis but not all combinations of 
the Sampling points of the different axes result in grid points. 
We refer to patent application EP-A-1 146 726 for more 
information on grids, printer models, complete and incom 
plete printer targets, and related terms, and to patent appli 
cation EP-A-1 083 739 for more information on calibration, 
characterization, and other relevant terms. 
0.018. In known systems, the sampling points of a LUT 
are chosen at predetermined values, e.g., for Sampling points 
along a colorant axis c, at colorant values c=0%, 25%, 50%, 
75% and 100%. 

0.019 Several printers have, for one or more of the 
colorants, multi-density inks, i.e. two or more inks that have 
a different density and a similar hue, e.g. light cyan and 
heavy cyan. By means of multi-density inks, the apparent 
Visual resolution of the printed images can be increased. 
Multi-density inks can be used in several ways; however, if 
the calibration is based on 1-ink processes, the relation 
between the multi-density inks is fixed. If there is a light and 
heavy ink for cyan for example, a relation is given that 
converts a global cyan value to a light and a heavy cyan 
value. Hence the printer is still considered as a CMYK 
device, but internally the global ink values can be converted 
to multi-density ink values. The relation between a global 
ink value for a particular colorant and the multi-density ink 
values is given by an ink Splitting table, also called ink 
mixing table. 
0020. There is still a need for an improved method for 
characterizing a printing device. 

SUMMARY OF THE INVENTION 

0021. The present invention is a method for characteriz 
ing a printing device as claimed in independent claim 1, and 
a system therefore as claimed in claim 13. Preferred embodi 
ments of the invention are set out in the dependent claims. 
Preferably, a method in accordance with the invention is 
implemented by a computer program as claimed in claim 15. 
0022. The present invention concerns the selection of 
Sampling points for an inverse look up table for the char 
acterization of a printing device. In a preferred embodiment 
of the invention, color Separation values for a plurality of 
points on a path in color Space are analyzed and, based on 
the analysis, a particular point on the path is determined. A 
projection of this particular point on an axis in color Space 
is taken as a Sampling point of the inverse look up table. 
0023 Advantageously, the particular point is a point 
where the printing device has a peculiar behavior, Such as a 
Slope discontinuity of the color Separation values. 
0024. The axis in color space may be L* in CIELAB 
Space. 

0.025 In one embodiment of the invention, the path in 
color Space coincides with the axis, i.e. the particular point 
is directly determined on the axis in color Space. 
0026. An advantage of the invention is that it allows a 
Smooth representation of color changes in the reproduced 
images. 
0027) Further advantages and embodiments of the 
present invention will become apparent from the following 
description and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The invention is described with reference to the 
following drawings without the intention to limit the inven 
tion thereto, and in which: 

0029) 
0030 FIG. 2 shows color separation curves for the color 
values of the path of FIG. 1; 
0031 FIG. 3 shows a color separation curve for the L* 
axis in CIELAB space; 
0032 FIG. 4 shows an ink mixing table; 
0033 FIG. 5 represents a graph of CIE lightness L* for 
the ink mixing table of FIG. 4. 

FIG. 1 shows an embodiment of the invention; 

DETAILED DESCRIPTION OF THE 
INVENTION 

0034 FIG. 1 shows a path 55 in a color space 50. In the 
embodiment of FIG. 1, the color space is CIELAB. Points 
56-60 are located on path 55 at respectively coordinates 
p=0%, 25%, 50%, 75% and 100%. In a particular embodi 
ment, path 55 represents a specific Pantone TM color; in that 
case, point 57 is the location in CIELAB of the point that 
corresponds to 25% of this specific Pantone color. 
0035 FIG.2 represents color separation curves 75-78 for 
path 55. In the shown embodiment, the colorant space is 
CMYK, and curves 75-78 are the color separation curves in 
respectively C, M, Y and K. These color separation curves 
may be determined as follows. For example for point 57, 
with p=25%, the coordinates in color space 55 are taken and 
the corresponding colorant values are computed via the 
inverse printer model. The thus obtained colorant values c, 
cM, cy, cK, for respectively C, M, Y and K, are put in ordinate 
for the abscissa value p=25%. This is repeated for a number 
of points along path 55. 

0036). In order to select a sampling point for the inverse 
look up table for characterizing the printing device, color 
Separation values, as represented by the curves in FIG. 2, 
may be used as follows. In a first embodiment, a predeter 
mined colorant value is taken, e.g. colorant value 71 in FIG. 
2, which is c=40%. The point on path 55 that has this 
predetermined colorant value 71 is determined, i.e. point 63, 
See FIG.2, by means of color separation curve 75. As shown 
in FIG.3, point 63 is then projected on an axis in color space 
50, e.g. axis 51 which represents L*, thus obtaining pro 
jected point 83. The L*-value of point 83 is taken as a 
Sampling point along the L* axis. In general, Such a point 63 
having a predetermined colorant value 71 may also be 
determined without using the color separation curves 75-78; 
this will be illustrated further below. In a second embodi 
ment, the color separation values (as shown in FIG. 2) are 
analyzed for at least one colorant. Based on the analysis, a 
point on path 55 is determined, such as point 64 (see FIG. 
2) that corresponds to a local extremum 74 (in this case a 
local maximum) of separation curve 78 for K. As shown in 
FIG. 3, this point 64 is again projected on an axis in color 
Space, resulting in projected point 84, which also yields a 
Sampling point along the L* axis. 
0037. An advantage of the invention is that points where 
the printing device has a peculiar behavior can be Selected 
as Sampling points, which results in better quality of the 
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reproduced images, Such as a Smooth representation of color 
changes. This Selection of Sampling points is opposed to the 
prior art, where predetermined Sampling points are used. 
0.038. The effects of the invention can easily be shown for 
the reproduction of neutral colors, i.e. white, grays and 
blacks, and this especially for low GCR (Gray Component 
Replacement) values. Low GCR means that the gray values 
are made with almost a minimal amount of black, i.e., for a 
CMYK printing device, mainly with CMY. If a minimal 
amount of black is used for reproducing gray values, the 
gray values are reproduced in a very unstable way. This 
means that a Small change of the colorant values has a 
maximal effect on the required color. If however, a maximal 
amount of black is used (high GCR), the grays are repro 
duced in a very stable way. This effect can be easily Seen as 
changes in the CMY values often induce a small color shift 
of the neutrals and this shift changes in most cases Smoothly 
from a dark gray to a light gray. Errors in the neutral colors 
are easily noticed as the human visual System is very 
Sensitive for neutrals. Moreover, the neutral colors are 
difficult to reproduce. Therefore, Sampling points along a 
path corresponding to a neutral color, e.g. Sampling points 
along the L* axis in CIELAB Space, are very important. In 
CIELAB space, colors for which a and b* are Zero are 
considered to be neutral. For neutrals, the lightness compo 
nent L* varies from 0 to 100, wherein 0 corresponds to black 
and 100 to pure white. In CIELAB, it is thus important to 
choose a proper Sampling along the lightness axis. 
0.039 This importance is emphasized by the embodiment 
of FIG. 1, wherein points 63 and 64 are projected onto the 
L* axis. Moreover, in a specific embodiment of the inven 
tion, the path 55 in color space 50 on which a particular point 
63, 64 is determined, and the axis 51 on which the particular 
point 63, 64 is projected, coincide with each other. In other 
words, the particular point 63, 64 is then determined directly 
onto the axis in color Space. In CIELAB Space, this axis is 
preferably the L* axis. 
0040. If the sampling points are directly determined onto 
the L* axis, this allows accurate rendering of a color Vignette 
(showing gradual color changes) for neutrals. In case the 
Sampling points are determined by the intermediate of a path 
55 representing a specific Pantone color, as discussed above 
with reference to FIG. 1, this allows accurate rendering of 
a color vignette of this specific Pantone TM color. 
0041 FIG. 3 shows a color separation curve 79 for the 
L* axis in CIELAB space. Curve 79 gives the relation 
between a Single colorant value, c, in ordinate, and L* in 
abscissa. If the colorant Space is CMYK, then c is either c, 
cM, c or ck. AS mentioned before, it is advantageous to 
Select points where the printing device has a peculiar behav 
ior as Sampling points. For the Separation curve 79 of 
neutrals, shown in FIG. 3, such points are points 91-95. The 
L* values corresponding to these points, Such as L*=L for 
point 95, are then taken as Sampling values along the L* 
axis. AS mentioned already above, the Sampling points may 
be determined in two different ways. In the first embodiment 
mentioned above, one Starts from a predetermined colorant 
value, while in the Second embodiment, a color Separation 
curve is analyzed and the Sampling point results from the 
analysis. Both embodiments are discussed now with respect 
to FIG. 3. 

0042. In the first embodiment, a predetermined colorant 
value 72, 73 is taken, Such as c=40% or c=70% in FIG. 3. 
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Such a predetermined colorant value 72, 73 may correspond 
to a printer model boundary point 94, 95 of the printing 
device, i.e. a point at a boundary of a cell of a localized 
printer model, as discussed already above. A predetermined 
colorant value 72, 73 may also correspond to a point that is 
called an ink changing point in this document. Ink changing 
points occur in case of a printing device with multi-density 
inkS, at values for which a multi-density ink changes non 
Smoothly. Ink changing points are discussed further below, 
with reference to FIG. 4. In FIG. 4, c=40% and c=70% are 
ink changing points. Returning to FIG. 3, the L* values of 
points 94 and 95, i.e. L* =L and L*=L, are taken as 
Sampling values along the L* axis. An advantage of taking 
ink changing points and printer model boundary points as 
Sampling points is that the printer behavior at Such points is 
often non-Smooth. For printer model boundary points, it was 
already discussed above that at Such points Sometimes Slope 
discontinuities in the modeling can be seen. The non-Smooth 
behavior at ink changing points is now discussed with 
reference to FIGS. 4 and 5. 

0043. As mentioned already above, if a printing device 
has multi-density inks for at least one of its colorants, and 
the calibration is based on 1-ink processes, customarily an 
ink Splitting table (or ink mixing table) is used. Such an ink 
Splitting table gives the relation between a global ink value 
for the colorant for which multi-density inks are used and the 
multi-density ink values. 

0044 FIG. 4 shows an ink mixing table 40 for a light and 
a heavy multi-density ink of a particular colorant (e.g. cyan). 
FIG. 4 gives the amount of light ink, curve 21, and the 
amount of heavy ink, curve 22, as a function of the global 
colorant value c for the particular colorant, which is indi 
cated along axis 10. In the embodiment of FIG. 4, the 
amount of light ink 21 reaches a maximum at a global 
colorant value of c=40% and then decreases to zero at 
c=70%. The amount of heavy ink 22 on the other hand 
increases from Zero, at c=40%, up to a maximum reached at 
c=100%. The amounts of light and heavy ink are given by 
the ordinate values of curves 21 and 22, i.e. by the values 
along axis 20. In FIG. 4, the maximum amount for the light 
ink is 52% and that for the heavy ink 73%. As is the case in 
the embodiment depicted in FIG. 4, the maximum amounts 
do not have to be 100% but can be lower, in order to 
reproduce colors with less ink. 
0045. The behavior of the ink mixing table of FIG. 4 is 
not smooth at c=40% and c=70%. This behavior in most 
cases induces a non-Smooth change in the color values. In 
FIG. 5 one of the color values, CIE lightness L*, is 
represented for the mixing of the inks represented in FIG. 5. 
FIG. 5 indeed shows a non-smooth change of lightness L* 
for c=40% and c=70%, as indicated by the solid curve 23 
(remark: in FIG. 5, point c=0% of curve 23 has a high value 
of L*, e.g. L*=100 if L* is determined with respect to the 
so-called “white of the paper, while point c=100% of curve 
23 has a low value of L*, e.g. L*=40). If the forward look 
up table of the printing device contains the Sampling points 
16 and 17 at c=40% and c=70%, the coordinates of the 
points 28 are known and hence the printer model can predict 
this non-smooth behavior. If however the forward look up 
table does not contain these sampling points 16, 17, but for 
example only the Sampling points 11-15 at respectively 
c=0%, 25%, 50%, 75% and 100%, only the coordinates of 
the points 27 are known. There is thus no information 
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available of the color behavior at c=40% and 70%, and 
hence the model will not be able to predict the non-smooth 
effects at c=40% and 70%. The L* values predicted by a 
printer model based on Sampling points 11-15 is shown in 
FIG. 5 by the dotted curve 24. The errors made at c=40% 
and 70% are quite serious; they are indicated by the line 
segments 31 and 32, which are the differences between the 
ordinate values of the Solid curve 23 and the dotted curve 24. 

0.046 AS is clear from the explanation above, to model 
the printer properly in case of multi-density inks and the use 
of ink mixing tables, it is advantageous to include the values 
for which a multi-density ink changes non-Smoothly. The 
points that correspond to these values are called ink chang 
ing points in this document. Typical ink changing points 
correspond to values at which an additional ink starts (in 
FIG. 4: c=40% for curve 22 of the heavy ink), at which an 
ink reaches a maximum (c=40% for curve 21 of the light 
ink), becomes constant, or zero (c=70% for curve 21 of the 
light ink). Mathematically speaking, at an ink changing 
point the derivative of the ink mixing table is not continuous 
and hence the ink mixing table has a non-Smooth behavior 
at the ink changing point. 
0047. The above discussion with respect to FIG. 5 is 
related to a forward LUT. However, also for the inverse LUT 
it is advantageous to include one or more, and preferably all 
ink changing points as Sampling points. Using Such an 
inverse LUT results in Smaller errors and better color 
reproduction. 

0048. In FIG.3, points 94 and 95 may be determined by 
Starting from a predetermined colorant value, namely colo 
rant value 73 respectively 72, and by using color Separation 
curve 79. However, points 94 and 95 may also be deter 
mined without using a separation curve, e.g. by means of an 
iterative process. Suppose that the colorant space is CMYK 
and the color Space is CIELAB. A predetermined colorant 
value 72 is given, e.g. c=40% (see also FIG.3). Moreover, 
a GCR value is given. Now, iteratively, by using the printer 
model, the point on the L* axis is determined that has these 
values. By means of an iterative Search Strategy, the colorant 
values c for M and c for Y are varied until point 95 is 
determined, i.e. the result of the iterative process will be 
L*=L and a*=b*=0. 
0049. In the second embodiment discussed already 
above, a color Separation curve is analyzed, or, which 
amounts to the Same thing, color Separation values for a 
plurality of points on a path in color Space are analyzed, and 
a Sampling point results from the analysis. This embodiment 
is discussed now with respect to FIG. 3. 
0050 FIG. 3 shows that the separation curve 79 of 
neutrals has a peculiar behavior at points 91-95. These 
points 91-95 can be found by analyzing curve 79. Points 
91-95 are slope discontinuities, i.e. points where the slope of 
curve 79, or in other words the first derivative of the curve, 
is not continuous. Point 92 is also a local extremum, in this 
case a local minimum. AS mentioned already above, a Slope 
discontinuity may be an ink changing point or a printer 
model boundary point. A slope discontinuity may also 
originate from other Sources, Such as: a non-well behaved 
CMYK process; a sudden change in the GCR behavior in 
case of a CMYK printer; a Sudden change resulting from an 
imperfect printer model. Points 91-93 on curve 79 may be 
caused by a singularity in the CMYK process, where two 
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different curves in CMYK space are mapped onto the same 
point in CIELAB Space. A typical example of an imperfect 
printer model occurs in the case of a cyan, green, yellow 
process. Here, the green can be made by combining cyan 
with yellow, So that there are in Some cases multiple 
Solutions to obtain a given color. 
0051. Using local extrema, slope discontinuities, or both 
to determine Sampling points is important in order to obtain 
accurate color rendering, as is clear from the discussion with 
respect to FIG. 5 above. 
0052 Finding a local extremum by analyzing a color 
Separation curve is Straightforward and will not be dis 
cussed. Finding a Slope discontinuity can be done as follows. 
The color Separation curve is calculated for two hundred 
fifty-six equidistant abscissa values Xi(i=0 to 255 with a step 
of 1, denoted as i=0(1)255, i.e. i=0, 1, 2, ... 255), wherein 
the first value X of these equidistant values corresponds to 
the first point of the color Separation curve, and the last value 
Xss corresponds to the last point of the color Separation 
curve (for example, in FIG. 3, if the first point of curve 79 
would have a value L*=30, and the last point has, as 
indicated, a value L*=100, then x=30, Xss=100, and the 
distance between X and X is 0.27=(100-30)/(256-1)). For 
an abscissa value X, the calculated value is the ordinate 
value yi, So that the curve is now given by two hundred 
fifty-six points (x, y). The vector between two consecutive 
points (X-1, y-1) and (x, yi) is denoted as (X-1, y-1)->(xi, 
y)). The angle theta; is calculated between two consecutive 
Vectors (X-1, y) (x, y) and (x, y) '(x, y) for 
i=1(1)254. Theta is defined as the angle between the exten 
Sion of vector (x, y-1)->(x, y) (which is the line 
Segment starting in (x, y) and having the direction of (X-1, 
y;-)si, y)) and vector (x, y) P(x, y)); theta; is 
positive in counter-clockwise direction and is in the range 
from -180 to 180. A slope discontinuity is now defined as 
a point (x, y) where the absolute value of theta is larger 
than 10. 

0053. In case of a plurality of color separation curves, e.g. 
four color separation curves for respectively C, M, Y and K, 
it is preferred that each of these curves is analyzed. The 
Sampling points resulting from each analysis are then put 
together to form a set of Sampling points (along a path or 
axis, Such as the L* axis). Moreover, additional sampling 
points may be added to this Set, e.g. by each time halving the 
largest interval between two Succeeding Sampling points. In 
this way, a predetermined number of Sampling points may be 
obtained. 

0054) In FIG. 1, points 63 and 64 are projected onto the 
L* axis, axis 51. Points 63 and 64 may also be projected on 
another axis in color Space 50, e.g. on the af axis, axis 52, 
or on the b axis, axis 53, or on both. In this way, sampling 
points along these other axes (e.g. along the at and the b 
axis) may be obtained. 
0055 An example of points on a curve 55 in color space 
50 is the use of a specific Pantone color. Another example is 
related to the use of absolute and relative calorimetric 
values. Suppose that the color space is CIELAB and that the 
receiving Substrate is not white but yellow paper, with 
L*=90, a =0 and b*=5. If the neutral colors are now 
determined relatively with respect to this yellow paper, their 
absolute colorimetic values do not coincide with the L* axis 
but are located on a curve in CIELAB space. 
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0056. The present invention is concerned with selecting 
one or more sampling points for an inverse look up table for 
characterizing a printing device. A Sampling point may be an 
ink changing point or another point, as discussed above. In 
one embodiment of the present invention, a path 55 and an 
axis 51 in a color space 50 are selected. The path and the axis 
may coincide; moreover, they may coincide with the L* axis 
in CIELAB space. 
0057 The invention was discussed especially with 
respect to CMYK inkjet printers, but the present invention 
is not limited to the embodiments discussed above. The 
invention is also applicable to printing devices using other 
printing technologies, Such as electrophotography, thermal 
transfer, dye sublimation. Other colors than CMYK may be 
applied; the printer may have more, or less, than four 
colorants. 

0.058 Having described in detail preferred embodiments 
of the current invention, it will now be apparent to those 
skilled in the art that numerous modifications can be made 
therein without departing from the Scope of the invention as 
defined in the appending claims. 

LIST OF REFERENCE SIGNS 

0059) 10: colorant axis 
0060 11-17: sampling point 
0061) 16: ink changing point 
0062) 17: ink changing point 
0063) 20: ink amount 
0064. 21-24: curve 
0065 27: point 
0.066 28: point 
0067 31: error 
0068] 32: error 
0069 40: ink mixing table 
0070) 50: color space 
0071) 51-53: axis 
0072 55: path 
0073) 56-60; point on path 
0074 63,64: point 
0075) 71-73: colorant value 
0076) 74: local extremum 
0.077) 75-79: color separation curve 
0078 80: ink changing point 
0079) 83.84: projected point 
0080) 91-95: slope discontinuity 

0081) 92: local extremum 
0082) 94.95: ink changing point 

1. A method for constructing a look up table for charac 
terizing a printing device, wherein Said look up table is an 
inverse look up table for obtaining for Said printing device 
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colorant values in a colorant Space as a function of given 
color values in a color Space, the method comprising the 
Steps of 

Selecting an axis in Said color Space; 
Selecting a path in Said color Space; 
determining color Separation values in Said colorant Space 

for a plurality of points on Said path; 
analyzing Said color Separation values for a specific 

colorant; 
determining a particular point on Said path based on Said 

analysis, 
projecting Said particular point on Said axis, thus obtain 

ing a projected point; and 
adding Said projected point to Said look up table as a 

Sampling point. 
2. The method according to claim 1 further comprising the 

Step of: 
determining by Said analysis of Said color Separation 

values a local extremum of Said color Separation values 
for Said Specific colorant. 

3. The method according to claim 1 further comprising the 
Step of: 

determining by Said analysis of Said color Separation 
values a slope discontinuity of Said color Separation 
values for said specific colorant. 

4. The method according to claim 3 wherein Said slope 
discontinuity is an ink changing point of Said printing 
device. 

5. The method according to claim 3 wherein said slope 
discontinuity is a printer model boundary point of Said 
printing device. 

6. The method according to any claim 1 wherein Said path 
corresponds to a neutral color in Said color Space. 

7. The method according to claim 1 wherein said color 
space is CIELAB and said axis is CIE L*. 

8. The method according to claim 1 wherein said path 
coincides with Said axis. 

9. The method according to claim 1 further comprising the 
Steps of 

projecting Said particular point on a Second axis, thus 
obtaining a Second projected point; and 

adding Said Second projected point to Said look up table as 
a another Sampling point. 

10. The method according to claim 9 wherein said second 
axis is selected from the group consisting of CIE at and CIE 
b*. 

11. The method according to any one of the claim 1 
further comprising the Step of 

adding all ink changing points of Said printing device to 
Said look up table as Sampling points. 

12. The method according to claim 1 wherein Said print 
ing device is an inkjet printer. 

13. A System for constructing a look up table for charac 
terizing a printing device, wherein Said look up table is an 
inverse look up table for obtaining for Said printing device 
colorant values in a colorant Space as a function of given 
color values in a color Space, the System comprising: 
means for Selecting an axis in Said color Space; 
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means for Selecting a path in Said color Space; 
means for determining color Separation values in Said 

colorant space for a plurality of points on Said path; 
means for analyzing Said color Separation values for a 

Specific colorant, 
means for determining a particular point on Said path 

based on Said analysis, 
means for projecting Said particular point on Said axis, 

thus obtaining a projected point; and 
means for adding Said projected point to Said look up table 

as a Sampling point. 
14. The System according to claim 13 further comprising 

Said printing device. 
15. A computer program for constructing a look up table 

for characterizing a printing device, wherein Said look up 
table is an inverse look up table for obtaining for Said 
printing device colorant values in a colorant space as a 
function of given color values in a color Space, the computer 
program comprising code for performing the method of: 

Selecting an axis in Said color Space; 
Selecting a path in Said color Space; 
determining color Separation values in Said colorant Space 

for a plurality of points on Said path; 
analyzing Said color Separation values for a specific 

colorant, 

Sep. 15, 2005 

determining a particular point on Said path based on Said 
analysis, 

projecting Said particular point on Said axis, thus obtain 
ing a projected point; and 

adding Said projected point to Said look up table as a 
Sampling point. 

16. A computer readable medium comprising program 
code adapted to carry out the method of 

Selecting an axis in Said color Space; 
Selecting a path in Said color Space; 

determining color Separation values in Said colorant Space 
for a plurality of points on Said path; 

analyzing Said color Separation values for a specific 
colorant; 

determining a particular point on Said path based on Said 
analysis, 

projecting Said particular point on Said axis, thus obtain 
ing a projected point; and 

adding Said projected point to Said look up table as a 
Sampling point. 

17. (canceled) 


