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ESTIMATING COLOR OF COLORANT ON SUBSTRATE

FIELD OF THE INVENTION
This invention relates to estimatiﬁg an output colorimetric value of
an N-color printing system. -
'BACKGROUND OF THE INVENTION

A. Individual Spot Colors (Solids and Tints)

Workflows and p}oofmg systems such as Prinergy™/Evo, Veris™,
and InSite™, known in the art, t§pically provide a means to support spot colors,
i.e., extra printing inks beyond the normal cyan, magenta, yellow, and black
(“CMYK?”) process colors. (Prinergy and Veris are Trademarks of Eastman
Kodak Company, Rochester, New York). A standard list of color names and their
solid L*a*b* measurements, such as the Pantone™ library, have been provided as
a way to identify spot colors. (Pantone is a Trademark of Pantone, Inc., a
Corporation of Delaware located at 590 Commerce Boulevard, Carlstadt, New
Jersey 07072-3098.) Colors not included in these standard lists can be identified
by users capable of providing CIELAB or spectral measurements of such colors.
Conventional historical proofing systems, such as the Rainbow™ Desktop
Proofing System, provided users with the ability to add CIELAB measurements of
not only solid spot colors, but tinted (i.e. less than 100% density) spot colors also.
(Rainbow is a Trademark of Kodak Polychrome Graphics, an LLC of Delaware
located at 401 Merritt #7 Norwald, Connecticut 06851.) These conventional
proofing systems could perform simple spline interpolations in order to simulate
the printed appearance of such tinted spot colors.

Spot color processing is typically performed by raster image
processing (“RIPing”) an EPS or PDF file, known in the art, containing red-green-
blue (“RGB”) or CMYK images as well as vector objects containing spot colors.
If the destination is a press with only CMYK inks, the vector objects are
converted to CMYK approximations, which are-often embedded in the file with
the spot color names. If the destination press actually supports the requested spot
color inks, the file is RIPed into a separate bit map plane for C_M,Y, and K, as

well as a separate bit map plane for each destination spot color.
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However, these conventional workflows and proofing systems have
limitations when spot colors are used. One shortcoming is that although good
color management infrastructure exists for handling CMYK, the same is not true
for spot colors. For example, if a file prepared for standard SWOP requires
conversion for printing on newsprint, CMYK images can be converted using a
specific source and destination profile. However, it is difficult to convert spot
colors properly since such a conversion requires the equivalent of a unique profile
for each spot color for both source and destination.

Another shortcoming is that in the conventional workflows and
proofing systems, accurately proofing or estimating the appearance of spot colors
after printing is challenging both in terms of infrastructure and measurements
required. In particular, the number of calculations involved in the estimating and
the size of the look-up-tables (LUTs) needed for the calculations increase
exponentially with every additional color added to the mix. For example, if four
colors, C, M, Y, K, are printed, the number of calculations and the size of the
LUTs are derived from a number raised to an exponent of four, whereas if five
colors, C, M, Y, K, plus one spot color are printed, the number of calculations and
the size of the LUTs are derived from a number raised to an exponent of five.
This shortcoming is compounded when using a single database of spot color
values for use in many different print conditions that differ in dot gain, substrate
color, etc.

Yet another shortcoming is that even expensive contract proofing
systems cannot print sharp, well-defined dots as compared with actual print jobs
on a press that often result in very soft-edged dots, which may in fact demonstrate
a slight smearing of the dots, which reduces their ink film thickness and which
may also stain the non-imaged region adjacent to the dot. (Accordingly,
“smearing” and “‘staining” effects often are referred to interchangeably herein.')
By viewing such print jobs under a magnifying glass, one can often detect that the
density of dots is somewhat less than that of solid. As illustrated with FIGS. 5 and
6, one can also detect that the “holes” of the halftone screen (i.e. areas where

substrate is visible in between the colorant dots) are stained by the ink used to
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print the dots. Hence, the maximum density Dmax of the dots is reduced whereas
the minimum density Dmin of the adjacent substrate holes is increased by ink
stain, both due to the phenomenon of dot or ink smearing. Visually, this
phenomenon results in spot color tints that are potentially “cleaner” (i.e., higher
L* for a given C*) as well as potentially shifted in hue on the print job from the
press as compared to the halftone proof.

Accordingly, a need in the art exists for improved color
management and proofing techniques pertaining to the use of spot colors.

B. Mixing of Colors

For many years, algorithms and applications have existed for
estimating the result of printing and mixing halftone dots, as well as for mixing
paints, dyes, etc. Generally, these calculations have been spectrally-based,
meaning that full spectral information (as opposed to tristimulous data) was
required regarding both colorants and substrates in order to estimate how they
would add together to create a resulting color.

These methods have been used to create characterizations of N
color printing systems where the ink sets are fixed. For CMYK, or N=4 systems,
very accurate characterizations and corresponding ICC profiles have been
generated by many products such as Kodak Profile Wizard and Gretag
ProfileMaker using standard four-color charts such as I1T8.7/4:2005 which has
1617 patches. For larger values of N, such as seven-color ink systems, products
are now available to create seven-color ICC profiles using custom charts. The
challenge with such characterizations is that the sampling of the seven color space
is extremely sparse with higher dimensionality and that the sampling of the
multidimensional grid of the ICC profile is also very sparse (typically a grid
sampling of three or four per dimension rather than 17). This sparse sampling of
both characterization data and of the corresponding profile can lead to
inaccuracies in both proofing and color conversions.

For N-color printing systems where the color set is not fixed, the
existing problem facing users of spot colors is far more complicated. There may
be hundreds or thousands of spot colors in the spot color database. In order to

achieve comparable quality to an ICC profile built from CMYK charts, an
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astronomical number of color combinations and measurements would have to be
performed.

One conventional scheme for modeling N-color printing systems
was introduced by Vigianno in 1990 with the work, “Modeling the Color of Mullti-
Color Halftones”, TAGA Proceedings, p.44-62, Technical Association of the
Graphic Arts, 1990. This work defined new spectral Neugebauer equations,

which combined spectral Neugebauer:

jkdm=1

RAY= Y RA) i Wi

Jkdm=0
for
j=0,1=>C=0,1.0 Eq.1
k=0,1=>M=0,1.0
[=0,1=>M=0,1.0
m=0,1=>K=0,1.0

with a dot gain correction:

a,=a,+24 [a,(1-a;)]"” Eq. 2
with the Yule-Nielson correction:

R=[(1-k)R) +kR; ] Eq.3

The modified expression for R is substituted in the summation over
all the R’s in equation 1. These equations provide a way to estimate the resulting
appearance of mixed or overprinted halftone dots of different colors.

Estimating the resulting appearance of mixed solid inks of varying
thicknesses was addressed by Kubelka-Munk in, “Modeling Ink-Jet Printing: Does
Kubelka-Munk Theory Apply?”, L. Yang Proc. IS&T NIP18 Conf. 482-485, Sep.
29-Oct. 4, 2002, San Diego, California, USA. The Kubelka-Munk equation

defines reflectance for multiple colorants on a substrate, where the colorants have
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both an absorption coefficient (k) and a scattering coefficient (s) as a function of

wavelength A.
(R_-=R)e """ _R 1-RR.)
R(4,2)= e £ Eq. 4
R.(R,—R)e ™" _(1-RR.)
where
R =1+M— M 2+2M Eq. 5
) s(A) s(A) s(A) '

The conventional calculations, discussed above, are useful when
full spectral data is known for each of the colors being mixed and if one has
information characterizing k(A) and s(A). However, one often does not have full
spectral data particularly in an ICC workflow (which is inherently L*a*b*
centric). Often one only has a generic set of measured color data printed on one
substrate stock for the colors being mixed, such as measured CIELAB data.
Accordingly, a need in the art exists for an accurate way to estimate the resulting
appearance or color of individual spot colors on various substrate stocks without
having to physically measure the appearance of each of the colors to be mixed on
such various substrate stocks. The need likewise exists to estimate a reasonable
estimate of the solid overprints of spot colors even when only the generic data
above is available.

Furthermore, even if one has spectral data for each individual
colorant, typically one does not have a definition for k(4) and s(4). Conventional
methods typically involve printing each colorant against (at least) a black
background as well as white, measuring the spectra of each in order to infer these
functions of A. Indeed, if such data is available, inferring the above expressions is
relatively easy. However, obtaining such measurements may not be practical.

A reason why existing methods of profiling spot colors have been
limited in quality or unreasonably complex to implement, is because there has

been lacking a good fundamental model that describes the printing processes

PCT/US2007/023241
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being used. If a truly valid médel can be constructed, typically one can estimate
the behavior of a process using a very small number of parameters that each have
an associated physical correlation to the system being characterized. In the event
that certain properties must be characterized with a function of wavelength (for
example the combined effects of for k(A) and s(4), or other wavelength effects
such as internal reflection between colorant layers which is dependent on the
index of refraction n(4)) one can still ascertain this information via least squares
fit to actual data using the accurate physical model.

Such a model would be of value because static N-color profiles
(profiles of fixed colorant sets) can be more effectively created using less
measurement with maximum accuracy. Even if overprints are only estimated
imperfectly by the proposed model, it can be easily corrected empirically using

inter-channel correction factors in order to achieve a high degree of accuracy.

"This is due to the fact that the Neugebauer primaries (i.. the various possible

combinations of solid colorants) are well-defined and are available for
measurement in the form of test charts.

Accordingly, a need in the art exists for a good fundamental model
and implementations thereof that describes the printing processes being used.

SUMMARY OF THE INVENTION

The above-described problems are addressed and a technical
solution is achieved in the art by a system and a method for estimating a resulting
color value of (a) a colorant when deposited on a substrate and (b) a plurality of
colorants when mixed on a substrate according to various embodiments of the
present invention. (The terms “mix”, “mixed”, or “mixing” are intended to
include any mixing of colorants, including the overprinting of colorants on a
substrate.)

Embodiments of the present invention include computer-based
systems and computer-implemented methods that use channel-independent
information that quantifies key properties of each channel as characterized by a
mathematical model that is based on the physics of the printing system. This
model is capable of characterizing not only the behavior of individual colorants

when they are printed but also the interactions between the colorants and their
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effects upon one another when mixed and estimates accurately the final measured
result for any combination of device code values (e.g., CMYK or CMYK+Spot
values) for the set of colorants printed. In the case where a complete measured
data set is available for a specific set of N colors, inter-channel or inter-colorant
corrections specific to that data set can be applied in the above systems and
methods in order to achieve optimal accuracy even if the data set is somewhat
sparsely sampled, which is commonly the case for a specific set of N colorants,
especially when N >= 5.

In the case of a single colorant, which may or may not be a spot
colorant, deposited on a substrate (without mixing with other colorants), according
to an embodiment of the present invention, computer-based systems and
computer-implemented methods that estimate a resulting color value of the
colorant when deposited on the substrate are provided. According to an
embodiment of the present invention, the estimation of the resulting color value is
based at least upon smear information associated with the colorant, as well as
color information associated with the colorant and the substrate. The smear
information, according to an embodiment of the present invention, describes
smear characteristics associated with the colorant, such as an amount of spreading
of a printed dot of the colorant. The color information describes a color value of
the colorant and a color value of the substrate. The color values may be device-
dependent color values or device-independent color values, such as CIELAB color
values. In this regard, the estimated resulting color value may be in device-
dependent or device-independent form.

According to an embodiment of the present invention, the
estimation of the resulting color value of the colorant deposited on the substrate
additionally 1s based at least upon dot size increase information associated with
the colorant. According to an embodiment of the present invention, the dot size
increase information describes an amount of growth of a printed dot of the
colorant.

According to an embodiment of the present invention, tint of the
colorant when deposited on the substrate may additionally be considered. Tint of

the colorant refers to an amount of printed coverage of the colorant on the
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substrate, where, for example, full tint refers to 100% coverage (i.e., printing of
the colorant in a solid manner on a region of the substrate), no tint refers to 0%
coverage (i.e., no printing of the colorant on a region of the substrate), and half
fint refers to 50% coverage (i.e., printing of the colorant on a region of the
substrate in a manner that covers 50% of such region, such as by a 50%
checkerboard pattern). In this case, the estimation of the resulting color value of
the colorant deposited on the substrate is additionally based at least upon tint
information describing an amount of tint of the colorant. According to an
embodiment of the present invention, tint (or density) adjustment information
describing a change in tint of the colorant from that considered as part of the
estimation is utilized to modify the estimation based at least upon such tint
adjustment information.

According to an embodiment of the present invention pertaining to
a single colorant deposited on a substrate (without mixing), the estimation of the
resulting color value of the colorant deposited on the substrate is based upon all of
the above factors. According to other embodiments of the invention, however,
consideration of subsets of these factors are utilized in the estimation.

According to one embodiment of thé present invention, a non-
continuous version of Bier’s law in three dimensions pertaining to the red, green,
and blue areas of the visible spectrum can be used as part of the estimation of the
resulting color value of the colorant when deposited on a substrate.

Further in regard to a single colorant deposited on a substrate,
according to an embodiment of the present invention, measurement information
describing a color measurement of a deposition of the spot colorant is used to
update the color value of the colorant to be reproduced, the smear information, or
both, based at least upon the measurement information.

In the case of mixing or mixing colorants, according to an
embodiment of the present invention, accurate estimations are obtained with one
or more computers utilizing a physical model that accounts for trap and optionally
opacity. According to an embodiment of the invention, the model may be based at
least upon the Kubelka-Munk model. Additionally, the physical model, according

to an embodiment of the invention, combines the imaging properties of primarily
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continuous tone systems, such as the Kubelka-Munk model, with the properties of
primarily halftone systems, such as the Neugebauer model. According to an
embodiment of the present invention, this model describes systems that are
approximately 50% - 70% continuous tone-like and 30% - 50% halftone-like, such
as ink jet and gravure systems, as well as systems that are only 10% - 20%
continuous tone-like and 80%-90% halftone-like such as offset printiﬁg systems.

In this regard, according to an embodiment of the present
invention, computer-based systems and computer-implemented methods estimate
a resulting color value of a plurality of colorants when mixed on a substrate.
According to an embodiment of the present invention, the estimation of the
resulting color value is based at least upon trap information, color information,
and laydown sequence information. The trap information, according to an
embodiment of the present invention, describes trap characteristics, such as an
adhesiveness, associated with each of the plurality of colorants. According to an
embodiment of the present invention, the estimating of the resulting color value
includes calculating and utilizing a trap parameter describing a least amount of
adhesiveness exhibited by the plurality of colorants. The color information,
according to an embodiment of the present invention, describes at least a color
value for each of the plurality of colorants and a color value of the substrate. The
color values may be device-dependent color values or device-independent color
values, such as CIELAB color values. In this regard, the estimated resulting color
value may be in device-dependent or device-independent form. The laydown
sequence information, according to an embodiment of the present invention,
describes a mixing sequence of the plurality of colorants. The plurality of
colorants, according to an embodiment of the present invention, may include cyan,
magenta, yellow, and black colorants, and may also include one or more spot
colorants.

Also in the case of mixing colorants, according to an embodiment
of the present invention, the estimation of the resulting color value additionally 1s
based at least upon opacity information describing opacity characteristics

associated with each of the plurality of colorants. According to an embodiment of
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the present invention, the opacity information describes an amount of light that
passes through each of the plurality of colorants.

Further in the case of mixing colorants, according to an
embodiment of the present invention, tint of the colorants when deposited on the
substrate may additionally be considered. In this regard, the estimation of the
resulting color value is additionally based at least upon tint information describing
an amount of tint of at least one of the colorants. According to an embodiment of
the present invention, tint (or density) adjustment information describing a change
in tint of at least one of the colorants from that considered as part of the estimation
is utilized to modify the estimation based at least upon such tint aajustment
information. ‘

According to an embodiment of the present invention pertaining to
mixing colorants on a substrate, the estimation of the resulting color value of a
plurality of colorants when mixed on a substrate of the colorant deposited on the
substrate is based upon all of the above factors. According to other embodiments
of the invention, however, consideration of subsets of these factors are utilized in
the estimation.

According to an embodiment of the present invention a Kubelka-
Munk model, can be used as part of the estimation of the resulting color value of
the colorants when mixed on a substrate.

Further in regard to mixing colorants on a substrate, according to
an embodiment of the present invention, measurement information describing a
color measurement of a mixing of the plurality of colorants is used to update (a)
the color value for one or more of the plurality of colorants, (b) the trap
information, (c) the opacity information, or combinations of (a), (b), and (c),
based at least upon the measurement information.

In addition to the embodiments described above, further
embodiments will become apparent by reference to the drawings and by study of
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

10
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The present invention will be more readily understood from the
detailed description of exemplary embodiments presented below considered in
conjunction with the attached drawings, of which:

FIG. 1 illustrates a computer-based system for executing the
processes described herein, according to an embodiment of the present invention;

FIG. 2 illustrates a computer-based system for executing a method
for estimating a resulting color value of a colorant when deposited on a substrate,
according to an embodiment of the present invention;

FIG. 3 illustrates a computer-based system for executing a method
for estimating a resulting color value of a plurality of colorants when solidly
printed and mixed on a substrate, according to an embodiment of the present
invention;

FIG. 4 illustrates a system for executing a method for estimating a
resulting color value of a plurality of colorants mixed on a substrate, regardless of
whether the colorants are individually printed in a solid or a tinted manner,
according to an embodiment of the present invention;

FIG. 5 illustrates printed dots not subject to smearing or staining
effects; and

FIG. 6 illustrates printed dots subject fo smearing and staining
effects.

It is to be understood that the attached drawings aré for purposes of
illustrating the concepts of the invention and may not be to scale.

DETAILED DESCRIPTION

This invention relates to estimating a resulting colorimetric value
of an N-color printing system. Such systems often are comprised of four process
colors: cyan, magenta, yellow, and black (“CMYK?), plus (N-4) specialty inks
commonly known as spot colors. According to embodiments of the present
invention, the estimations are based upon color information, such as original color
measurement values of the N colorants and the substrate on which the N colorants
are to be printed. Estimations for the resulting colorimetric values may be made
as a function of changes in substrate measurement data and in the relative

densities of the colorants for solid colorants, printed both individually and as

11



WO 2008/060402 PCT/US2007/023241

10

15

20

25

30

overprints. Estimations also may be made as a function of both solid and non-solid
input device values, also known as tint values. According to embodiments of the
present invention, these estimations may be based at least upon one or more of:
trap information, such as an estimated function for trap efficiency; opacity
information, such as an estimated function for opacity; dot growth information,
such as an estimated function for dot growth; smear information, such as an
estimated function for dot smear; and, in the case of mixed (e.g., overprinted)
colors, laydown sequence.

In the case of N-colorant systems that frequently alter the selection
of spot colors, accurate estimations may be made based on individual colorant
information that is not dependent on other colorants or a specific set of N
colorants. In the case of a fixed set of N colorants, even greater accuracy may be
achieved by adding a correction to account for each inter-colorant interaction.

The above estimative accuracy may be achieved, according to embodiments of the
present invention, by modifying the Kubelka-Munk equations to account for both
trap and opacity, and by combining the Kubelka-Munk equations with
Neugebauer-based equations to form a hybrid imaging model. This hybnd
imaging model accounts for most of the halftone and continuous tone properties of
an imaging system, and can be modified for use with ink jet and gravure systems,
as well as for nearly perfect halftone imaging systems such as halftone proofing
systems and high quality offset printing presses.

An advantage of the present invention is that it is able to achieve
both high accuracy of characterization as well as accurate profiling by performing
fast, floating point calculations by utilizing an accurate mathematical model of the
N-color printing system rather than by relying on multidimensional grids. Since
the mathematical model is based on the actual physics of the printing system, a
minimal number of parameters and characterization information is used to
perform estimations of L*a*b* or spectra for a given set of N-color input color
values. This in turn enables the construction of accurate physical models based on
a minimal number of measurements, which means the data of existing sparsely
sampled color charts is adequate for constructing an accurate estimative model for

the printing system.

12
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Another advantage of the present invention is that it accounts for
trap when estimating a resulting appearance of mixed colors. Trap is typically
characterized as a percentage or fraction between 0% - 100%. Trap indicates how
much (relative to printing on a substrate) a colorant sticks to an underlying
colorant that has been previously printed. Thus, a trap of 66% for colorant A
printing on colorant B implies that if the original density thickness for colorant A
1s 1.5 printing on a substrate, the density will be reduced to 1.0 when printing on
B. Thus, even if one prints a colorant on black ink or a black substrate, there is no
guarantee that the ink thickness is the same as that of printing on a substrate.

Various embodiments of the present invention, described herein,
involve inventive data processing techniques that may be executed by a computer
system. 101, shown, for example, in FIG. 1. The computer system 101 may
include one or more computers communicatively connected. The data required to
execute the below-described data processing techniques rriay be provided to the
computer from an input source 102 communicatively connected to the computer
system 101. Although one skilled in the art will appreciate that the invention is
not limited to any particular input source 102, such input source may include one
or more user-interfaces, such as keyboards, mice, etc., other computers, or
computer accessible memories that may have data stored therein or thereon.

To facilitate executing the data processing techniques described
herein, the computer system 101 may have a data storage system 104
communicatively connected to it. The data storage system 104 may include one
or more computer accessible memories. The output(s) generated by the computer
system 101 as a result of executing the data processing techniques described
below may be transmitted to an output source 103 communicatively connected to
the computer system 101. Although one skilled in the art will appreciate that the
invention is not limited to any particular output source 103, such output source
103 may include one or more display devices, other computers, or computer
accessible memories that may have data stored therein or thereon.

The data-storage system 104 may be a distributed data-storage

system including multiple computer-accessible memories communicatively
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connected via a plurality of computers and/or devices. On the other hand, the data
storage system 104 need not be a distributed data-storage system and,
consequently, may include one or more computer-accessible memories located
within a single computer or device.

The phrase “computer-accessible memory” is intended to include
any computer-accessible data storage device, whether volatile or nonvolatile,
electronic, magnetic, optical, or otherwise, including but not limited to, floppy
disks, hard disks, Compact Discs, DVDs, flash memories, ROMs, and RAMs.

The phrase “computer-accessible memory system” is intended to
include one or more computer-accessible memories communicatively connected.

The term “computer” is intended to include any data processing
device, such as a desktop computer, a laptop computer, a mainframe computer, a
personal digital assistant, a Blackberry, and/or any other device for processing
data, and/or managing data, and/or handling data, whether implemented with
electrical and/or magnetic and/or optical and/or biological components, and/or
otherwise.

The phrase “communicatively connected” is intended to include
any type of connection, whether wired, wireless, or both, between devices, and/or
computers, and/or programs in which data may be communicated. Further, the
phrase “communicatively connected” is intended to include a connection between
devices and/or programs within a single computer, a connection between devices
and/or programs located in different computers, and a connection between devices
not located in computers at all. In this regard, although the data storage system
104 is shown separately from the computer system 101, one skilled in the art will
appreciate that the data storage system 104 may be stored completely or partially
within the computer system 101.

The data processing techniques, according to various embodiments

of the present invention, will now be described.

1. Estimating a Resulting Color Value of a Colorant When

Deposited on a Substrate:
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Several embodiments of the present invention include accurately

estimating the color value of a colorant, which may or may not be a spot colorant,

when printed on a substrate. In particular, these embodiments of the invention

involve estimating the resulting color value based at least upon color information,
smear information, and, optionally, dot size increase information and/or tint
information. The color information describes a color value of the colorant and a
color value of the substrate. The color values may be device-dependent color
values or device-independent color values, such as CIELAB color values. In this
regard, the estimated resulting color value may be in device-dependent or device-
independent form. The smear information, according to an embodiment of the
present invention, describes smear characteristics associated with the colorant,
such as an amount of spreading of a printed dot of the colorant. The dot size
increase information, according to an embodiment of the present invention, is
associated with the colorant and describes an amount of growth of a printed dot of
the colorant. The tint information, according to an embodiment of the present
invention, describes an amount of tint of the colorant. Optionally, the value of the
substrate can be modified to match the substrate of a particular print condition
being simulated or profiled, and the relative density of the colorant can be
adjusted.

According to an embodiment of the present invention, the
estimating of the resulting color value includes utilizing a simplified version of the
Kubelka-Munk equation (equation 4, above), in which scattering is assumed to
approach zero. This assumption implies that, for a first order approximation, the
colorants only absorb light, meaning that they are perfectly transparent (i.e. not
opaque). This assumption also implies that the ratio of absorption to scattering
k(A)/s(A) is nearly infinite, resulting in the following expression (also known as

Bier’s Law):

R(A,2)=R (A)e """ Eq. 6
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Equation 6, above, is a continuous function based on an infinite set
of possible values of A. In other words, calculation of the function R(A) requires
full spectral information. Since the ICC-based standards used in the graphic arts
are generally based on CIE systems that are inherently based on red, green, blue
(or p,B, v in CIE cone response terminology), the single continuous function of A,
R(A) can optionally be replaced with a function of three dimensions that estimates

reflection for the red, green, and blue areas of the visible spectrum:
—k;z
R(2)=R,e Eq. 7

where j=0,1,2 denotes red, green, and blue portions of the
spectrum. This 3-D reflectance vector can be denoted as R(z), and can be
computed without full spectral information. However, it should be noted that éll
calculations described herein in which references are made to RGB reflectance are
equally applicable if instead one prefers to utilize a full spectrum of information
measured for the colorants being modeled. In particular, the three values of j,
above, can be regarded as representing three broad samplings of the visible
spectrum. Alternatively, the above vector (Eq. 7) can represent a plurality of,
such as thirty-two or more, narrow samplings of the spectrum. Intermediate
granularity of samplings can be used to trade-off speed and accuracy. The
resulting samplings can be directly converted to XYZ using the CIE observer
functions. An advantage of using three broad samples of the spectrum is the
speed of performing 3 calculations for the RGB portions of the spectrum rather
than 32 calculations for the whole spectrum and the direct correlation of 3 channel
calculations to the tristimulous approach used in ICC profiles. However, it is to
be understood that the invention is not limited to the three-vector approach, the
thirty-two or more vector approach, or any particular N-vector approach.

The RGB reflectance values above can be directly computed from
the measured XYZ values of a substrate, colorant+substrate, etc. via matrix
conversion. Note that for purposes of evaluating color data and for comparing the

results of this invention with actual measured results, commonly used uniform
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device independent color metrics such as CIELAB will preferably be used.
Measured values of CIELAB (L*a*b*) can be converted to and from CIEXYZ
using the well-known equations for XYZ->L*a*b* and L*a*b*->XYZ.
Assuming measurement CIELAB data has already been converted to XYZ,

5  conversions to and from RGB may be performed via matrices that are well-known

in the art:
X R
YI=MG Eq. 8
Z B
X
10 Gl=M"Y Eq.9
B VA
X, X, X,
M=\Y Y, T, Eq. 10
zZ, 7, Z,
15 If a set of RGB values (Ry;) is given for a particular spot colorant

and values (Ry)) are given for the substrate upon which the particular spot colorant
is printed, the impact of smearing or reduction of ink film thickness by amount &

may be estimated as follows:

20
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Eq. 11

Likewise, if there is a corresponding staining of the substrate in the

5 adjacent holes of the halftone screen as a result of the smearing of ink from the

dot, resulting in a Dmin thickness 3 of the colorant upon the substrate, the

resulting RGB values of the substrate (Ry;’) are:

' —_ _kj‘-()é
R (8)=R,e

10 2 FMT

Eq. 12

where, as before, j denotes the red, green, or blue part of the visible

spectrum. If the RGB values for printing on white coated paper stock are

extracted from a generic database, and if the actual print condition for CMYK is

15  on adifferent colored substrate with RGB values Ryj, the new values of RGB for

the reduced spot colorant and corresponding stained substrate holes adjacent to the

dots are as follows:

20
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Rj(é)=Rg.j[%]' Eq. 13
&
and
Ry,
Rg.j = Rg,j.l:—l—z—’}& Eq. 14
1]
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15

20

25

The estimated value of RGB for a tinted spot colorant of tint value
x (i.e., the RGB vector function R(x,8)) may be derived from R(8)and —R;(é)

above using standard Neugebauer as follows:
R(x,8,4,)= R(O)g(x,8,)+ R (9)(1-g(x,4,)) Eq. 15
where g(x,4,) is a dot size function (tint value x plus dot gain):
gxA)=x+4Ax(1-x) Eq. 16

and Ay is the estimated value of dot gain.

Before comparing this model with measured data, a reasonable
estimate for how the smearing parameter o varies with dot size g(x,4g) is
proposed using simple boundary considerations. By definition, at maximum dot
value g(x,4,)->1.0 there is no smearing, since this is where the spot colorant is
measured. Hence, &(x)=6(1.0)=0. At small tint values g(x, 4,)->0, the dots are
clearly visible, albeit with an ink film thickness reduced by maximum amount .
Hence, if a linear reduction ranging from 0-> & as g(x,4,) varies from 1.0 -> 0 is

assumed as a first order approximation, d(x) is:

o(x,4,)=6,(1-g(x,4,)) Eq. 17
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In the same way, the expression for d(x) is estimated for the degree
of staining by the colorant upon the adjacent substrate holes will be maximum for
small substrate holes surrounded by lots of ink (d(x) -> & as g(x,4,) ->1.0). Itis
also estimated that the degree of staining by the colorant will be fairly small for

5  white paper substrates surrounding small colorant dots since there is little ink

available to smear ink (J(x) -> 0 as g(x, 4,)->0):
O(x,A,)=0,8(x,4,) Eq. 18

10 Therefore, an expression for estimating the RGB values for a tinted

spot colorant, according to an embodiment of the present invention is as follows:

—R 1=6g(1-g(x.A, ) _R hg(x4,)
_R.('xa(SO’Ag):Rg'I:-‘jé_ojr g('xaAg)-i'jeg'|:7o':|d (lﬂg(x7Ag)) Eq 19

4 g

15 where the notation R¢/R; is used to indicate dividing each vector component Ry;
by vector componént Rgi where 1 =0,1,2 indicates R, G, and B.
Finally, adjustments to density AD can be reflected in the above
equations by including the relative density change AD/Dg where AD i1s the change

in density and Dy is the original density of the colorant:

20

ko

R(x.80.84.0D)=R g[

~ Yi-8(l-glxA, )N1+ADID,)
} (1-g(x.0g)) Eq.20

- :rng(x.Ag)(HAD/D,, )

-~ | Ro
g(xAg)+ Rgl:=_
Re

Rg
Thus, information that is used for estimating single colorants,
which may be spot colorants, are the original RGB values for the colorant and the
25  substrate (derived from measurement as explained below), the dot smear 8y and
the dot gain (or dot growth) value A,. Accordingly, an embodiment of the
invention estimates a resulting color value of a colorant deposited on a substrate
based at least upon color information, smear information, and dot size increase

information. According to this embodiment, the color information includes the
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original RGB values for the colorant and the original RGB values for the
substrate. Also according to the embodiment, the smear information includes the
dot smear o, and the dot size increase information includes the dot gain (or dot
growth) factor A,. Tint information may also be considered as part of the
estimation, which may be represented by g(x,4,), according to an embodiment of
the present invention. Optionally, different substrate RGB values can be included
as well as changes to density of the colorants.

FIG. 2 illustrates, according to an embodiment of the invention, a
computer-based system 200 that executes equation 20, above, to estimate the color
value of a colorant, which may or may not be a spot colorant, when printed on a
substrate. In particular, FIG. 2 illustrates a database 202 that may have stored
therein initial information for a plurality of colorants that may be printed on a
substrate. The database 202 may be included in the déta storage system 104 in
FIG. 1. Imtial information for various substrates may also be stored in the
database 202. The initial information may include color information for each of
the colorants and the substrate(s). The color information may include color
values, such as values of reflectance R¢=(R,G,B) for each of the colorants and the
substrate(s). The initial information also may include smear information, such as
the dot smear factor §; and dot growth information, such as the dot growth factor
Ag. Tint information may also be stored in the initial information in the database
202 for each of the colorants. The initial information may be received from the
input source 102.

The values of Ry=(R,G,B) may be computed directly from
reflectance XYZ measurements of the substrate and each of the colorants
converted to RGB via the XYZ->RGB matrix described in equation 9 above. The
initial values of the factors § and A, can be based on an average of many colorants
previously calculated, or, in the case of spot colorants, based on computed
parameters for CMYK, where the initial estimate is based on the CMYK colorant
most similar to the spot colorant being initialized. One could use an average
value of the relevant CMYK parameters. Alternatively, relevant parameters could

be measured once using a small set of basis inks (a set of size generally less than
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15 or 20) and the estimates generated by relative weighting of these parameters in
proportion to the percentage of each basis ink used to generate the other colorants.

The calculation module 201 receives information stored in the
database 202, such as the color information, the smear information, and optionally
the tint information and/or the dot size increase information for a particular
colorant 205 to be deposited on a substrate. The calculation module 201 also
receives the color information for the substrate being used from the database 202.
Based at least upon the information received from the database 202, the
calculation module estimates a resulting color value 206 of the colorant when
deposited on the substrate.

With the database 202 above, as well as the more complex
databases described in Sections II and I below, a basic assumption can be made.
The basic assumption is that there exists a generic set of L¥a*b* and/or spectral
measurement values for solid spot colorants printed on a particular substrate (for
example a Pantone set of spot colorants). It is also assumed that there exists
characterization data and/or an ICC profile that describes the printing systems
when printing CMYK colorants. If these two assumptions are correct, then the
extensive data or characterization pertaining to the CMYK printing characteristics
can be used to generate an initial estimate for the properties of each of the spot
colorants, in this one embodiment of the invention, the values of 8 and A for each
colorant.

Optimization module 203, which also may be a part of the
computer system 101 in FIG. 1, compares measurement information 204
describing a color,measurement of a deposition of the colorant on the substrate to
the estimated resulting color value 206. The measurement information 204 may
be recetved by the optimization module 203 from the input source 102 shown in
FIG. 1. The optimization module 203 then updates the color information, such as
the values of R¢=(R,G,B) for the colorant and the substrate; the smear
information, such as the factor d for the colorant; and optionally the dot size
increase factor A for the colorant based at least upon the measurement information
204. For example, optimization module 203 may utilize a least squares fit to

determine improved values of 8 and A in order to reduce or minimize the error
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between estimation 206 and measurement 204. Database 202 may be updated as
more accurate values of the colorant/substrate parameters are calculated. As the
database 202 is updated and improved, the estimations for RGB and therefore
XYZ as a function of tint input value for the corresponding spot colorants will
improve as well. According to this embodiment, error information describing an
error between the estimated resulting color value 206 and a measured color value
from measurement information 204, reports an error of a same or substantially a
same magnitude as expected error due to noise in measurement data from the
measurement information 204. (Note that the RGB value of the original substrate
and of the new substrate for the particular printing system are designated as the
RGB vectors Rq and Ry to correspond to the vectors indicated in equation 20
above.)

The database 202 above, as well as the more complex subsequent
databases described in Sections II and I1I below, may be used to keep track of
factor/parameter status. If the current estimates of characteristics for a particular
colorant is based on no direct measurement of that colorant, the database may
indicate so to the user. This indicator can either be in the form of an expected
error (for example S or 10 AE) or in the form of a warning flag, etc. If the
characteristics for a colorant are based on actual historical measurement (in the
case of the above database, measurements of for example tint values for the spot
colorant on the actual substrate used for the print process) then the expected error
can be much lower. In the case of estimations for individual solid and tinted
colorants, this would be approximately 1 AE. As the estimations become more
complex, such as mixed colorants or mixed spot colorants that are both solids and
tints (described in later sections), the expected error for estimation will be higher
than that of the simple case of individual spot colorants, but much lower than
attempting to make estimations without the use of the physical mathematical
models in this invention. In the unique case where the database identifies that
groups or sub-groups of spot colorant inks have been printed before and
measured, the models described in this disclosure can be empirically corrected to
achieve the greatest accuracy for use in the job, typically very close to the noise of

the measurement data itself, i.e. typically 1 AE. This estimated AE error can be a
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specific field in the database for each spot colorant. Other embodiments could be
to assign a +/- value of uncertainty to each of the parameters for a spot colorant.
With regards to the matrix used to convert between XYZ and RGB
(equations 8 and 9), any reasonable RGB working space can be used that contains
the gamut of colorants: for CMYK inks, for example, AdobeRGB with white
point set to D50 illumination can be used. The matrix and inverse matrix for

AdobeRGB at D50 (a.k.a. SMPTE_240_D50) are:

6454 181 .1378
M =|.3328 .6121 .0551
0303 .0690 .7257
Eq. 21
1.8243 -0.5049 -3080
M~ =[-09934 19227 0.0426
0.0184 -0.1617 1.387

Note that a simpler although less accurate option is to use no
matrix at all to convert from XYZ->RGB and RGB->XYZ which is equivalent to
using an identity matrix for M. The manner in which colorants are modified due
to density adjustment will be slightly less accurate but may be adequate for certain

proofing applications.

Results and Analysis:

A study demonstrating the above calculations, using equations 8, 9,
and 20, was performed where a single value of dot smearing/staining 8,=0.09 for
the CMYK channels was manually determined to obtain a good (i.e. 1 delta E)
alignment of plots of measured vs. estimated L*a*b* for the individual CMYK
channels of the SWOPTROO01 data (available through www.SWOP.org). This
value of smearing/staining combined with the following values of dot gain or dot
growth “A” resulted in an average total error of 1.1 delta E and a maximum error

of 2.5 delta E between data and estimation:
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Ac=0.137
Aw=0.107 Eq. 22
Ay=0.087
Ax=0.157

Note that these values are lower than the dot gain measured with a
densitometer (typically 20%), because the measured dot gain is now a
combination of increased dot size and increased dot smearing and staining. The
staining of the holes in particular has a significant impact on the measured dot
gain, since this is equivalent to a halo surrounding the colorant dot.

In order to get a better correlation between typical measured dot
gain as measured with a densitometer by the user and the dot gain defined above,
a new parameter “total dot gain” can defined that combines both increase to dot

size (A) and increased effective dot size due to smearing (&):

A=A +0.78, Eq. 23
Ag=Ag - 0.750

Equation 23 results in values displayed to the user of dot gain D

that are similar to values expected by the user:

Ac=0.20 Eq. 24
A=0.17
Ay=0.15
Ax=0.22

11. Estimating a Resulting Color Value of a Plurality of

Colorants when Solidly Printed and Mixed on a Substrate

Several embodiments of the present invention include accurately

estimating the resulting color value of a plurality of colorants when solidly printed
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and mixed on a substrate. (The mixing of any arbitrary tint values x; for colorants
k=0,...,n-1, with high accuracy is described in section 11l below.) In particular,
these embodiments of the invention involve estimating the resulting color value
based at least upon color information, laydown sequence information, trap
information, and, optionally, opacity information. The color information,
according to an embodiment of the present invention, describes at least a color
value for each of the plurality of colorants and a color value of the substrate. The
color values may be device-dependent color values or device-independent color
values, such as CIELAB color values. In this regard, the estimated resulting color
value may be in device-dependent or device-independent form. The laydown
sequence information, according to an embodiment of the present invention,
describes a mixing sequence of the plurality of colorants. The trap information,
according to an embodiment of the present invention, describes trap
characteristics, such as an adhesiveness, associated with each of the plurality of
colorants. According to an embodiment of the present invention, the estimating of
the resulting color value includes calculating and utilizing a trap parameter
describing a least amount of adhesiveness exhibited by the plurality of colorants.
According to an embodiment of the present invention, the opacity information
describes opacity characteristics associated with each of the plurality of colorants.
According to an embodiment of the present invention, the opacity information
describes an amount of light that passes through each of the plurality of colorants.
The plurality of colorants, according to an embodiment of the present invention,
may include cyan, magenta, yellow, and black colorants, and may also include one
or more spot colorants.

According to an embodiment of the present invention, if solhidly
printed colorants, which may be spot colorants, from a generic database are
mixed, the resulting RGB estimation 206 using a different substrate of the current

colorant target is:

R.=R kHﬁ Eq. 25
j gy R q.
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where k =0, ..., n-1 denotes the colorant index for n colorants. Note that this
expression is for all tint values =100%, where there is no tint mixing and no
smearing. The approach described above in equation 25 either with or without
matrix M can be used to estimate the Neugebauer reflectances in equation 1 in
order to have an approximate mixing model for both solids and tints. 1f no matrix
M is used, the reflectance values R= (R,G,B) reduce to becoming the original
measured data R= (X,Y,Z). If the full spectral data are used, j=0,1,...,ns -1 can be
used where ng is the number of spectral samples (typically 32).

According to an embodiment of the present invention, the Kubelka-
Munk equation (Eq. 4) is simplified. It can optionally be modified for use with
broadly sampled spectral data, such as within a tristimulous non-spectral color
management workflow like the ICC, known in the art. The dimensionality N=3
can be extended to N=32 or higher if the results of full spectral calculations are to
be simulated. However, reasonable accuracy combined with rapid calculations
can be obtained even with N=3. One skilled in the art will appreciate that the
invention, however, is not limited to any particular values of N as long as N is 3 or
greater.

In particular, consider estimates for reflectance, which are based on
the red, green, and blue portion of the visible spectrum (j=0,1,2) for a thickness of
ink z. An embodiment of the present invention defines a normalized value of z to
be z’=z/ zy where z is the thickness of solid ink printing on the substrate. This
implies that z’=1.0 is the original thickness of a colorant on the substrate, z’=.75 is
75% of the original thickness (for example, when printing on another ink with a
value of trap equal to 75%) , and z’=1.1 is 110% of the original thickness (for
example, if the adhesive properties of a previously printed colorant layer are
higher than the substrate resulting in a thicker layer of ink sticking to the surface
for subsequent colorants). The expression for reflection may be rewritten as

follows:
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: “(VRu=Ri)s 202" -
(R.-R)e"" R_(1-R,R.)

R ~(Z') — J _ 18 I
' —(l/R,-,,—Rj,, )s 202
R (R~ Ry)e —(I-R,R;.) Eq. 26
Rj (Z') e (Rj” ~ ng)e— " _(:"zl'e/“(l - R/SR./""’)
Ri(Ri. =Ry e ™" —(1-R,R;.)
where 0y 1s defined to be:
5 a,=(1/R_—-R,)s;z, . Eq. 27

Solving for oy in terms of measurable quantity Rj(zo), Rj, and

estimates for Ry, for z’=1:

10 o =—1H[Rf (@)= R Ry )= Ry (1= R, R,.) Eq. 28
Ri(20)R; (R, = Ry ) = (R = Ryp)

The above approach greatly simplifies the use of Kubelka-Munk.
Rather than requiring complex direct measurements or calculations to determine
k(L) and s(A), one only requires the easily available measurements defined above
15  and an estimate for R;,. For simplicity, Rj(z9) may be identified as a fixed

measured input value Rjo:

R,0-R_R_)-R_(1-R_R_)
ajoz—lr\{ IIQOR e Eq. 29
joR i (R = R )= (R = Ryg)
20 The reflection can now be estimated as a function of the trap

efficiency B, which is a multiplicative factor for original ink film thickness zy:

‘ ~brojy’
R(Z ’BT):(ij"Rjg)e . ~R(-R,R.) Eq. 30
J ’ -Pra;ez’ :
R.(R.—R)e” ™ —~(1-R,R.)

18 I
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where B = 1.0 for perfect trapping efficiency of the colorant upon
the underlying base plus colorants.

Next a simple estimate for R;.. may be performed. Note that R;.
can be thought of as “Rjuin”, i-€., the minimum reflectance (or maximum
absorption) of an ink regardless of ink film thickness piled onto the substrate. A
reasonable and intuitive initial guess for R;.. is to assume that it has similar
properties as the original measured values for the colorant but scaled by an

opacity factor p.. Hence:

R.=p.R, Eq. 31

~bra;ez
(pooRjO_Rjg)e —mejO(l_RjgpooRjO)
pcoRjO(prjO - R_;g )e—"B"aﬂ’z - (1 - R_/gpoeRjO)

R\ Brop.)= Eq. 32

An advantage of this assumption is that in the example where the
opacity factor p..=.999, the estimated RGB values of opaque colorant “A”
(p==-999) overprinting on the substrate plus colorant “B” will be equal to the
RGB values of colorant “A” that were originally observed. In the other extreme
where the opacity factor p..=.0001, the expression for Kubelka-Munk reduces to
Bier’s law as indicated in equation 6 above. Optionally, the values of Rj.=p.R;
can be used as an initial estimate for R;.. which can be improved via least squares
fit in a similar manner to the following description for determining optimal values
of trap, smear, dot gain, etc. Note that the values of alpha‘in equation 29 must be
recalculated whenever new values of R;.. are estimated.

In the event that this starting point estimate for opacity does not
result in good agreement with data, the opacity characterization p..can be
implemented as a function of A (if spectral data is used) or as a discrete vector of
values of size ng where n; is the sample size of the spectra, either ng = 3 in the case
of the above RGB tristimulous approach up to (for example) ny = 32 for discrete

spectral data from typical spectrophotometers.
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It may now be observed that the trap parameter Bris a
characteristic of the surface upon which the colorant is printing, either the
substrate or the substrate with preceding colorant layers printed upon the surface.
By definition, if the colorant is printed upon the substrate, the value of the trap
parameter of the substrate is normalized such that Bt = 1.0. Empirical evidence
indicates that when a colorant is printed on multiple mixed colorants, the value of
the trap parameter Bt is given by the worst case trap efficiency of the underlying
colorants. For example, when examining the SWOP TRO001 data set, it appears
that whereas the trap efficiency of CMY colorants is approximately 75%, the
efficiency of K is about 45%. When three colorants are printed (CMY) together,
the effective trap appears to remain approximately 75%. However, when either
one, two, or three CMY colorants are printing on K, the effective trap appears
consistently to be 45% -- i.e. the “stickiness” or adhesion properties are dominated
by the underlying K layer.

In summary, it has been determined that in many print conditions
(such as SWOP printing as documented in the CIELAB data of the TR001 data
set) the trap efficiency for mixed colorants which precede the colorant being
printed is given by the lowest trap efficiency of the mixed colorants. Accordingly,
a single trap value B can be determined for the group of preceding colorants. This
value is equal to the By of the least efficient (lowest Br) of the mixed colorants,
and may be used to calculate the relative thickness of the next colorant printed.
Note that this assumption can be modified such that the value of trap is
determined by the characteristic trap value of the previously printed colorant layer
rather than by the minimum of the group if this observation does not hold for all
systems.

Next, the K-M expression above may be updated for multiple

(135
1

colorants N plus the substrate. The index *“i” indicates the colorant number
beginning with the substrate (1=0) and proceeding with the first layer of colorant

(i=1) and so forth. Thus, the index “i” ranges from i=0 to i=N:
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_ (PuRijo— Ry )e_ﬁraij‘)f = Pilo(1= Riiyy P Rij0)

R,(Z, R, "ﬂrapi-») = R Eq. 33
’ ! Pin;jo(p;mR,yo - R(,'-])j)e G _(] - R(i—l)jpiooRijO)
where
ﬁr = min(ﬁ(i—l)T’ﬁ(i—Z)T) Eq. 34
and where the calculation for each vector o; above is given by:
oy =~ lr{ Rio(1- ZRijimRijO)_ PinRijo (1= Ry PiceRij0) Eq. 35
Piijo(PicsRijo = Ro )= (PiosRijo — Ro)

The above expressions are for i>1. Fori=l, i.e., the first layer of
colorant laid down, f,=1.0 by definition, because trap is always defined to be the

efficiency with which colorants adhere to one another relative to how well they

- adhere to the substrate. Note that in the generalized expression, i=0 is now

[Y P2

associated with substrate rather than using the subscript “g”. The vector Ry refers
to substrate reflectance values. The original values of Ry are always used in
equation 35 above. In the event of new substrate values defined by Ry, the vector
R’y is substituted for Ry in equation 33 above. Note the convention as well that
for each colorant, R; refers to the original solid spot reflectance, R”() is the new

«:
i

reflectance of layer “i”” as a function of previous layers and possibly new
substrate.

The embodiment of FIG. 3 illustrates a computer-based system 300
that executes equations 33, 34, and 35, above, to estimate resulting color value of
mixed colorants, spot or otherwise, when such mixed colorants are printed solidly
on a substrate, i.e., have maximum or approximately maximum tint (this implies
z=1 for all colorants that are printed together, z=0 for those colorants not printed).
Effects associated with tinted (non-solid) colorants, such as dot size gain, dot
smearing, and dot staining are described below in Section II1.

In particular, the embodiment of FIG. 3 illustrates a database 302

that may have stored therein initial information for a plurality of colorants that

may be printed on a substrate. The database 302 may be included in the data
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storage system 104 in FIG. 1. Initial information for various substrates may also
be stored in the database 202. The initial information may include color
information for each of the colorants and substrate(s). The color information may
include color values, such as values of reflectance Ry=(R,G,B) for each of the
colorants and the substrate(s). The initial information also may include trap
information, such as the trap factor B, for each of the colorants; and opacity
information, such as the opacity factor p, for each of the colorants. The initial
information may be received from the input source 102.

The values of Ry=(R,G,B) may be computed directly from
reflectance XYZ measurements of the substrate and each of the colorants
converted to RGB via the XYZ->RGB matrix described in equation 9 above. The
initial values of the factors Bt and p can be based on an average of many colorants
previously calculated, or, in the case of spot colorants, based on computed
parameters for CMYK, where the initial estimate is based on the CMYK colorant
most similar to the spot colorant being initialized. One could use an average value
of the relevant CMYK parameters. Alternatively, relevant parameters could be
measured once using a small set of basis inks (a set of size generally less than 15
or 20) and the estimates generated by relative weighting of these parameters in
proportion to the percentage of each basis ink used to generate the other colorants.

The calculation module 301 receives information stored in the
database 302, such as the color information, the trap information, and optionally
the opacity information particular to the set of colorants 305 to be mixed on a
substrate. The calculation module 301 also receives the color information for the
substrate being used from the database 302. Based at least upon the information
received from the database 302, the calculation module estimates a resulting color
value 306 of the colorants when mixed on the substrate.

Optimization module 303, which also may be a part of the
computer system 101 in FIG. 1, compares measurement information 304
describing a color measurement of a mixing of the colorants on the substrate to the
estimated resulting color value 206. The measurement information 304 may be
received by the optimization module 303 from the input source 102 shown in FIG.

1. The optimization module 303 then updates the color information, such as the
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values of R¢=(R,G,B) for one or more of the colorants and the substrate; the trap
information, such as the factor Bt for one or more of the colorants; and optionally
the opacity information, such as the factor p for one or more of the colorants
based at least upon the measurement information 204.

For example, optimization module 303 may utilize a least squares
fit to determine improved values of Bt and p in order to reduce or minimize the
error between estimation 306 and measurement 304. Database 302 may be
updated as more accurate values of the colorants/substrate factors are calculated.
As the database 302 is updated and improved, the estimations for RGB and
therefore XYZ will improve as well.

Typically, if multiple example measurements are received by the
optimization module, a good estimate of expected error can be made. For
example, if data exists for colorant A printing on colorant B, and colorant C
printing on colorant B, a reasonable estimate for the trap parameter can be
determined for colorant B. Often, the trap estimate will result in an error between
estimation and measurement between A printing on B and C printing on B. This
error can be used as an estimate for the estimative accuracy of calculating L*a*b*
with colorant B in a set of inks. In the event that a job actually contains the spot
colorants A, B, and C, the actual historical overprint data can be used directly to
ensure an accurate estimation of L*a*b* for that job. The data can be used by
performing empirical corrections to the overprint results of the Kublka-Munk
model using the estimated values of trap, opacity, etc. for A, B, and C. Note that
the database keeps track of expected AE for each spot colorant. According to an
embodiment, error information describing an error between the estimated resulting
color value 306 and a measured color value from measurement information 304,
reports an error of a same or substantially a same magnitude as expected error due
to noise in measurement data from the measurement information 304.

As preferred values of trap information and, optionally, opacity
information, such as the trap factor Bt and the opacity factor p, respectively, are
calculated for each colorant A, B, C, etc. based on actual measured data 304, new

combinations of colorants A, B, C, etc., which were not included in the
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measurement data 304, cén be estimated based on equations 33, 34, and 35 and on
the updated values of R, trap B, and opacity p for each colorant. For example,
the optimization module 303 may use a first set of measurement data containing
combinations of colorants A, B, C, and D to calculate R, trap Br, and opacity p for
each of A, B, C, and D. The optimization mbdu]e 303 may then calculate R, trap
B, and opacity p for a second data set containing colorants E, F, G, and H,
updating database 302 each time. Having performed this initial optimization,
calculation module 301 may then accurately estimate the values of R’ (and
subsequently XYZ and L*a*b*) of other combinations not previously measured
suchas A and E,or Band F, or A, D, E, and G, utilizing values of L*a*b.*, trap
Br, and opacity p for each colorant from database 302. By “combinations” is
meant overprinting colorant A on colorant E, etc.

It should be noted that common practice in the industry is to define
and measure “trap” for a pair of colorants by comparing the actual vs. expected
density readings using red, green, and blue filters. The expected result of adding
two colorants is the sum of the individual density readings. The actual result is
generally lower than the sum of the individual readings. This characterization of
“trap” is specific for that pair of colorants and is not incorporated into a estimative
method for combining any pairs of colorants in any order. Likewise, “opacity” 1s
indicated by comparing the expected vs. measured densities of a colorant printing
on black — density values of non-opaque colorants printing on black will result in
density measurements lower than the measured density of the black rather than
higher.

By contrast to the above, an embodiment of the present invention
determines, via least square fit, the values of trap and opacity defined explicitly in
a closed form mathematical expression and is able to utilize conventional
measurement chart data such as 1T8.3/7, known in the art, to estimate these
values. This embodiment is able to use all the overprint chart data and is not
limited to colorants printed on black in order to estimate opacity. Likewise, this
embodiment determines a general trap parameter for each colorant that applies to

all combinations of that colorant with other colorants. The optimization module

34



WO 2008/060402 PCT/US2007/023241

10

15

20

25

30

301 may utilize all different combinations of colorants printed together to
determine the optimal values of trap for each colorant. This approach is more
effective than the typical procedure mentioned above of printing on black: when
printing on black, it is difficult to separate the impact of opacity and the impact of
trap. By performing a least squares analysis of all available overprint data, one
can generally ascertain a highly reliable estimate for trap, opacity, or other

significant properties of the colorants.

II1. Estimating a Resulting Color Value of a Plurality of

Colorants Mixed on a Substrate, Regardless of Whether the

Colorants are Individually Printed in a Solid or a Tinted

Manner

According to these embodiments of the present invention, dot size
increase and colorant smearing effects are incorporated into equation 33 to
account for both solidly printed and non-solidly-printed (“‘tinted”) colorants.
Normally, the Neugebauer equations inherently assume that the Neugebauer
primaries are independent of tint value for each of the coloyants.
Microdensitometry using RGB filters as well as visual assessment using a
microscope clearly indicates two realities regarding real printing of dots on the
substrate: the density of dots may be different than the density of the solids, the
minimum density Dy, of the substrate surrounding dots may not be as low as the
minimum density D, of the substrate with no dots (i.e. there can be a staining
phenomenon occurring), and finally this staining affects not only the adjacent
substrate region but also the adjacent dots of the other colorants. Thus, this
implies that the Neugebauer primaries are functions of each dot value for each
colorant. This staining can be simulated by creating large halftones with
PhotoShop, converted to RGB, and then adjusted to simulate these two effects, as
shown in FIGS. § and 6.

Now, changes in relative ink film thickness §; may be incorporated

into the K-M reflection equation 33:
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Eq. 36

The above reflection expression of equation 36 is referred to herein
as the Neugebauer primary for colorant “i” printing on surface colorant *i-1”,
which in turn is calculated from colorant “i-2”, etc. Note that for all the
Neugebauer primaries, all the N ink colorants may be regarded as printing

(1944
1

together with either thickness z;’ = 1 or thickness z;" = 0 for each colorant “i”. In
the case where z;” = 1, the impact of the colorant is reduced by the effect of “dot
smear” §;. In the case where z;” = 0, the reflection expression above is impacted
by “dot stain” §;, i.e. the small ink film thickness staining the surrounding holes
adjacent to the dots of colorant “i”. In either case, it is assumed that the delta
correction varies linearly with dot size. This means that the magnitude of stain 6;
increases with the quantity of ink surrounding the “hole” or non-ink area, and the
magnitude of dot smear 0; increases linearly as the dot size gets smaller.

This latter assumption above regarding the magnitude of dot smear
increasing linearly as dot size decreases may be made because the probability of
smearing is high when the relative area of dot is low, and the probability of
smearing is low when relative area of dot 1s high. These relationships hold
because there is more empty space to which the ink can migrate in the case of a
small dot surrounded by the substrate. There is less empty space to which the ink
can migrate when the ink is near 100% tint. Likewise, the impact of staining on
the surrounding area is low if the dot is small because the reservoir of ink from
which siaining can occur is small. The impact of staining is high when there is a
significant reservoir of ink surrounding the hole in the case of ink near 100%.
Thus, a first order approximation is to allow staining and smearing to vary linearly
with dot size, which appears to be an adequate starting point based on the results
of fits of the mathematical model to measurement data. Other possible functions

may include the ratio of dot area to circumference, which would vary as the
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square root of dot size. One skilled in the art, however, will appreciate that the
invention is not limited to any particular approximation function for the
phenomenon of staining/smearing, or more broadly for the continuous tone
properties of a particular system.

Assuming a linear relationship of §; and dot size, the above
expression for calculating the Neugebauer primaries can have two possible values
of z’: z7 =1 and z;" = 0. The correction §; to account for ink migration from the
dots to the surrounding area likewise has two expressions, according to an
embodiment of the present invention: one for dot smear when z;” = 1 and one for

dot staining of the surrounding area when z;" = 0:

6, =0d,(x,4,)
=-G,(1-g(x,A,)) forz'=1and Eq. 37
= iOg(x>A,') . for Zi':O

g(x,A;) is the expression for dot size increase (similar to “dot gain”):

g(x,A)=x+4Ax(1-x) Eq. 38

Note that in this model, the concept of “dot gain” is generalized to
be any change in the physical dot size in relation to the original dot value x. Thus,
the g(x) expression above is a simplified mode! assuming linear films or plates
and assuming some spreading in dot area during printing. In the event of complex
LUTs being deployed such that the films or plates are not linear, the g(x,4;)
function may be modified to account for these non-linearities. It should be noted
that the term “dot size increase” is being used rather than “dot gain” because “dot
gain” (as commonly measured via instrument) is a combination of dot size
increase as well as dot smear. The fact that “dot gain” measures differently for the
same dot using different RGB filters is a direct result of the impact of dot smear.
If all “dot gains” were due to dot size increase, the values measured by RGB

filters would always be the same.
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Note that in the case of 8; =0 (no smear) for colorant “i” there is no
impact from colorant ““i” on the reflection expression when z;’” = 0, thus R;; =
Rgi.1yj- Also note that since d(x,A;) is a function of input dot value “x”, the
reflection for each Neugebauer primary is a function of input dot value “x” by
virtue of the “dot smear” or “dot stain” correction §;(x,A;).

The above expression for R can be identified and calculated
iteratively for an unlimited number of separations by defining the input parameter
p for “‘permutation number”. The permutations referred to are the possible
combinations of solid colorants either printing or not printing in combination with
each other, i.e. the permutations of Neugebauer primaries for N color separations.
The number of permutations N, for number of separations N; ranging all the way

from the no-colorant Neugebauer primary (substrate) to the all-colorant

Neugebauer primary (solid N-color black for N= N;) is given by:

=N, -1
N, _ i
N =2 =1+ )2 Eq. 39

i=0

The formalism above is designed to show that a convenient way to
uniquely identify each permutation p is via binary notation. The binary value
“0000” (in the example of CMYK) would refer to each separation being “off”
whereas the maximum binary value “1111”” would identify the permutation where
all separations are “on”.

Thus, permutation number p ranges in value from 0 to N-1.

“0™ separation

However, since the Kubelka-Munk expressions begin with a
which is always “on”, namely the substrate, the number of permutations should be
increased accordingly by increasing the value of Ny by 1. However, since the
substrate (s=0) is always ‘“on”, the actual number of permutations is actually given
by 2" rather than 2™*"). This apparent discrepancy is resolved by using the value
of 2" a5 the number of permutations, by discarding the first permutation p =0
since this would imply substrate “off”” which never occurs, and by always

incrementing the value of p by 2 rather than 1 to ensure that the substrate

separation always remains “on”. Thus, the first permutation (again using CMYK
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as an example) would be “00001” implying all separations “off” and the largest
value of p would be “11111” implying all separations “on”. The permutations
would increment according to the sequence “00001, 00011, 00101, 00111, ...,
11101, 11111,

Thus permutation number p ranges in value from 1 to N in
increments of 2. The individual Demichal factors (defined for example in
Vigianno 1990) used in Neugebauer may now be defined by a function which
returns x if a solid color separation denoted by s is “on” and (7-x) if the solid color

is “‘off” for a particular Neugebauer primary denoted by permutation number p:

f(x,s,p)=x if ((p>>s) & 0x1 ==0x1)
f(x,s,p)=1-x if (p>>s) & 0x1 ==0x0)

s=N

Demiclzal(},p) = l—[f(g(ks,Ax ),s,p)

s=I

Eq. 40

Thus, the expression for a particular Neugebauer primary R(N;,p) is
determined iteratively beginning with s=/, then calculating s=2, up fo s=N, each
time using the preceding calculation for R(s,p) from the expression above. The
variable z; " is replaced with the function f{/,s,p) which indicates that z; " is either
full thickness (z;'=1) or no thickness (z;'=0). For simplicity of writing the
equation, the dependence of R() on the separation values X , Xs.1 , Xs:2 5.+, X1 »
and dot size increase A, A, Asa,..., Ay is implicitly assumed by defining vector

xs and A

—_—

Rj(s,p,xs,xs_l,...,xl,A LA _1,...,A1)=Rj(s,p,xs,A )

s’7s s

where

— Eq. 41
X —(xs,xs_l,...,xl)

As =(AS,AS_1,...,A1)

Accordingly, the full expression for vector R() in terms of its components is:
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Rj(s.p,.\'S,AS)

_ﬁ a.. (f(]ws'p)+5 (X ’A )) - —
T7sj0 58" _pszSjO(]—Rj(s—l,p,x;-l,As-t))

P Us. P+ 0,(x .80

(pstSjO - Rj(s ~1,p,Xs-1,85-1))e

Psenj0 Pyl = R (5= 1P Xt Bt e (=R (s=1.p, Xs1.B5-1)0 00 R i)

Eq. 42

5 According to an embodiment of the invention, these calculated
values for the Neugebauer primaries, Demichal factors, and the expression for dot
size correction g(x,4,) are incorporated into the tristimulous version of the

Neugebauer equation:

p=N -1 . =N,
R = 2 RN, pxy M) ] flg(x,,0,),5,p)
10 | = =i Eq. 43

where X = (X;,X,,X3,...,Xy_ )

Note that for fixed colorant sets of N-colorants, the above
expression can easily be modified to address inaccuracies in estimating overprints.
Unlike the case where one has a large number of spot colorants and limited

15 measurement data, typically measurement data is readily obtained in situations of
a fixed colorant set. Although charts and data sets are less standardized for N>4,
in general they will always include the key boundary information, 1.e. the
Neugebauer primaries. A multiplicative correction vector can be defined for each
Neugebauer primary overprint for either the broad band RGB approach (i.e. a 3-

20  vector), or for the full spectral approach (i.e. an “n-vector” where “n” is the
number of spectral channels). Alternatively a continuous correction function of A
can be defined rather than a discrete function. By means of correcting the
Neugebauer primaries, the accuracy of relative changes in L¥a*b* can be
preserved while ensuring absolute accuracy of L*a*b* at the boundary values.

25  The least square fits to optimize the physical parameters of this invention can be
performed before and/or after the above empirical corrections are applied to

obtain accurate Neugebauer primaries in the special case of fixed colorants.
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It is also to be noted that the above method of fully capturing in
parametric form the behavior of real printing is of value for conventional profiling
of CMYK. This is because relatively few measurements are required to construct
and/or to update a profile. It is also of value because of the accuracy of estimation

5  why modifying color values of the substrate or the densities of the colorants.

Additionally, an optional change-in-density-from-a-previously-
printed-job parameter AD¢/D, may be added to the database 402, described below
and may be calculated either automatically or modified manually. This parameter
may be used by multiplying the exponents in equation 42 by (1.0 + AD¢/ Ds ) in a

10 manner similar to equation 20. In this context, ADy/D; is the relative change in
density for separation number *‘s”.

Once the preferred or optimal values of all the parameters have
been determined from measured data via least squares fit, future evaluations of
R() can be accelerated by discounting any tint values x; of the tint vector x which

15 are 0. This can be performed via the calculation for the number of permutations

Np:

=N
S_AJ

N, =1+ D h(2°,x,)
5=0

where ) Eq. 44
h(2°,x,)=2° forx, >0
h(2°,x,)=0 forx,=0

20 According to an embodiment of the present invention, all iterations
and calculations for separation s are skipped if (N,>>s & 0x1)==0x0. Note that
further acceleration may be gained by replacing the most costly calculation (i.e.

exp(x)) with a LUT with reasonable range for x, i.e.

25 -4<x<)
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It was found that by precalculating a floating point LUT for exp(x)
with a granularity of 0.0001 (i.e. 10,000 increments), there was no discernable
degredation to the estimations of L*¥a*b*.

As described in section I, the values of L¥a*b* can be converted to
XYZ and from there to RGB and back, using the standard equations for CIELAB
to convert from L*a*b* to XYZ and standard matrix conversions from XYZ to
RGB. Note that the matrix used to convert to and from RGB and XYZ can be
characterized conveniently in terms of RGB chromaticities xy and the chromacity

of the white point of the reference illuminant (for example D50):

X X, X,
M=y, ¥ Y,
Eq. 45
Z, 7, Z,

=M(X,,9,, %,V %4 Vs Xpsos Yoso)

The chromaticity values can be optimized using least square fits of
the results of equation 43 to various measured spot colorant data sets.

According to an embodiment of the present invention shown in
FIG. 4, Equation 43, above, may be used as part of a computer-based system 400
to estimate resulting color value of mixed colorants, spot or otherwise, when such
mixed colorants are printed solidly or in a tinted manner on a substrate.

The embodiment of FIG. 4 includes a calculation module 401,
which may be implemented by the computer system 101 in FIG. 1, that calculates
the reflectance values RGB for a given combination of colorants 405 A, B, C, etc.,,
printed on the substrate. Information identifying the colorants 405 or their
attributes may be input to the calculation module 401 via an input source 102
shown in FIG. 1. Each colorant layer, including the substrate, according to an
embodiment of the invention, may have initial color information, such as values of
L*a*b*; initial trap information, such as trap factor Br; and, optionally: (a) smear
information, such as smear factor §; (b) dot growth information, such as dot
growth A;and (c¢) opacity information, such as opacity factor p stored in a
database 402. The database 402 may be included in the data storage system 104
shown in FIG. 1. As an alternative to L*a*b*, according to an embodiment of the

invention, values of args can be computed directly from the reflectance XYZ
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measurements of the substrate and each of the colorants converted to RGB via the
XYZ->RGB matrix described above, and stored. Note that the values of orgg are
highly dependent on choice of XYZ->RGB matrix. It may therefore be preferable
to calculate the values of args dynamically from the original CIELAB or similar
data. As discussed in the above sections, the initial values of the other parameters
can be based on an average of many colorants previously calculated, or based on
the computed parameters for CMYK, where the initial estimate is based on the
CMYK colorant most similar to the colorant being initialized.

According to an embodiment of the present invention, an
optimization module 403 compares a set of measurement information 404 to the
resulting color values estimated from calculation module 401. The measurement
information 404 may be input to the optimization module 403 via an input source
102, shown in FIG. 1. Further, the measurement information 404 may include
various combinations of colorants 405 A, B, C, etc. The optimization module 401
may determine preferred or updated values of dot smear 9, dot growth A, trap Br,
and opacity p for each colorant 405, according to an embodiment of the invention.
The optimization module 403, according to an embodiment of the present
invention, may utilize a least squares fit to determine the updated values of dot
smear O, dot growth A, trap B, and opacity p for each colorant 405 in order to
minimize the error between estimation and measurement. Database 402 may be
updated as more accurate values of the colorant parameters are calculated.

Optimization module 403 also may generate new estimates for AE;.

Results and Analysis:

A study demonstrating the calculations described above with
reference to FIG. 4 was performed using SWOP TR0O1 data. A least squares fit
was performed simultaneously on the independent channel parameters dot smear
factor, dot growth factor, trap, opacity, and RGB working space chromaticities
(XrYr XgYe, Xb,Yp) for the channels CMYK of the TR0O01 data set. The first 200

values of the TR0O1 set were used as training data, the entire set was used as test
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validation data. With the following set of parameters, the average error between

estimation and theory is 1.6 AE, max 4.7 AE:

Table 1

Dot_Size_Increases
C M Y K
0.10031 0.0752591 0.0603541 0.1704
SmearFactors
C M Y K
0.149189 0.172752 0.209429 0.0434729
Traps
C M Y K
0.786224 1.01007 0.75 0.345693
Opacities
C M Y K
0.001 0.00374522 [0.112346 0.433172
RGB_xy

X Y
R 0.674515 0.293735
G 0.200429 0.845835
B 0.117618 0.0293126

Note that the value of 0.75 for yellow trap is the default initialized
value. This value remained 0.75 because yellow was the 4™ colorant down —
hence there was no overprint data to determine a different value.

As the sample set of data grows for different inks, the optimal
values of RGB working space xy’s may be adjusted thereby affecting the
estimated value of trap for the colorants. Once the sample set has reached an
adequate size, the values of RGB chromaticity should become frozen as a standard
and the least squares fit should be performed on the values of dot size increase,
smear factor, trap, and opacity only for each of all the inks.

Also note that since the values of RGB may be regarded as broad
band estimates of the total spectrum for each colorant, N channels with N>3 can

be used for greater accuracy, up to and including the full set of spectral
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measurements N=32 (for example). Least square fit optimizations can be
performed to determine the optimal correlation of the N channels for each colorant
and the value of XYZ for the colorant solid. Alternative approaches might be to
broaden the spectral sampling of each colorant to correspond to N channels, then
adjust the result as necessary to achieve a good mapping of the N channels to
XYZ and back.

Further note that the errors quoted above are at their maximum at
the Neugebauer primaries. This is because no attempt was made to perform an
empirical correction to the estimate of the reflectance values for each mix
combination, i.e. the above calculation was performed using characterizations of
each separate channel or colorant only. It should be obvious to those of average
skill in the art that given a set of actual measured overprint CIELAB or spectral
data, one can correct the estimates of the Neugebauer primaries empirically to
ensure and exact match between the model and the data. If this is performed, the
accuracy of the resulting model will be very close to the noise of the measured
data, i.e. average error between theory and measurement of 0.5 AE, max of 1 or 2
AE.

Determining laydown sequence:

In subsequent studies of measured data, it was found that the
laydown sequence documented either during the creation of a pre-press digital
proof or during a print run might be incorrect. In fact, it should not always be
assumed that CMYK will be printed together in conjunction with extra spot
colorants. This possibility dictates the need for automated determination of
laydown sequence after the fact. This was successfully performed by performing
a least squares fit on pairs of colorants. A “bubble algorithm” was used, whereby
the default laydown sequence was assumed to be the sequence as indicated in the
measurement data file (measurement data files such as CGATS typically indicate
the device code values in columns which are labeled, for example,
CMYK_C,CMYK_M, RED, VIOLET, etc.). Assuming colorants in sequence
ABC..., a least squares fit is first performed on the trap and opacity parameters
for colorant combination A+B, then B+A. If the error is lowest for the original

order, A+B, the relative ordering between A and B remains the same, otherwise,
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the order is changed to BAC.... The next pair is likewise either left the same or
swapped with regard to laydown sequence.

After each pair has been processed in this manner, the above
process begins again starting at the beginning. If at least one swap is required,‘ the
entire process will be repeated. If no swaps occur, the laydown optimization
process is “done”. Once the optimal laydown sequence is determined, the overall
parameter optimizations described in previous sections for all the parameters can

be performed.

Mixing Spot and CMYK:

As demonstrated above, embodiments of the present invention can
be used to create a reasonable description of a CMYK printing process as captured
in the SWOP TROO1 data set. To the extent that accurate channel parameters have
been determined, one skilled in the art will appreciate that the present invention
may be used to estimate a resulting appearance of a mixture of spot colorant solids
and tints with one another. Further, an embodiment of the present invention
estimates a resulting appearance of a mixture of spot colorants with CMYK
colorants, which can be difficult if, as is now often the case, the CMYK process
has already been carefully captured in the form of a CMYK ICC profile or an
equivalent thereof.

To elaborate, in many workflows involving proofing, significant
effort may have been done to optimize the CMYK profile. Since there is often
noise in the CMYK measurements used to build the ICC profile, as well as
imperfections in the algorithms used to create the profile, it is common practice
for the user to modify or edit the CMYK profile in order to achieve an acceptable
proof (e.g. an ink jet simulation) or an acceptable conversion (e.g. SWOP to |
GraCol or SNAP).

Thus, in light of the all too common situation described above, it is
desirable to leave existing CMYK simulations unchanged while at the same time
calculate an accurate estimation for L*a*b* of spot colorants mixing with these
existing CMYK colorants. According to an embodiment of the present invention,

a straightforward solution to achieve both requirements is provided. In particular,
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-F:(;'I) is defined to be the interpolated estimation function for the ICC profile,

where the input vector x; denotes (C,M,Y,K) and output vector F denotes

L*a*b*which has been converted to the vector (R,G,B) using the RGB Working
space optimized for the spot colorants. Likewise, }_7;(}2) 1s defined to be the

estimation vector function for CMYK+S5+S6+...Sns from the KMN (Kubelka-

Munk-Neugebauer) method above where:
x2=(C,M,Y K, 55,5,5,-Sy.) Eq. 46

The mixture function F+5() defining the profile-based CMYK
characterization and the KMN together is:

F o (x)=F,()+(E(x)-F(x) Eq. 47

pts

—_—

Note that as the spot colorants converge to value 0, F,, (x2)-

>f’;(:\t1 ). Also note that the ADy/Ds parameter discussed above in connection with

Equation 42 can be used, for example, in cases where the known density is lower.
If there 1s no available data for spot colorants for a specific type of printing such
as newsprint, but it is known that in general that the density of colorants is about
30% lower for the same inks printing on newsprint vs. SWOP, then the database
402 can multiply the exponents in equation 42 for the corresponding spot
colorants by (0.7 = 1.0 — 0.3) when utilizing equation 42 in the Spot Colorant Calc
module. Note that this adjustment can be used to estimate the impact of higher or
lower densities for proofing CMYK as well, for example in the case of proofing
adjacent to a printing press. The same is true for any fixed N-colorant printing

system. This can be accomplished by means of the expression:

F . ()=F,(x)+(E (x,AD/D)~F,(x,0)) Eq. 48
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where the vector AD/D indicates the relative changes in densities
for each of color separations utilized in equation 42 as described above, and the

vector X, is the N-vector of device code values for the N-Colorant system.
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PARTS LIST

101 computer system
102 input source
103 output source
104  data storage system
200  computer-based system
201  calculation module
202  database
203  optimization module
204  measurement information
205  colorant
206  estimated resulting color value )
300  computer-based system
- 301 calculation module
302  database
303  optimization module
304  measurement information
306  color value
400  computer-based system
401  calculation module
402  database
403  optimization module
404  measurement information

405  colorant
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CLAIMS:

1. A computer-implemented method for estimating a resulting
color value of a colorant when deposited on a substrate, the method comprising
the steps of:

receiving color information describing at least a color value of the
colorant and a color value of the substrate;

receiving smear information describing smear characteristics
associated with the colorant; and

estimating the resulting color value based at least upon the color

information and the smear information.

2. The computer-implemented method of Claim 1, wherein the
color value of the colorant is a device-dependent color value or a device-

independent color value.

3. The computer-implemented method of Claim 1, wherein the
color value of the substrate is a device-dependent color value or a device-

independent color value.

4. The computer-implemented method of Claim 1, wherein the
resulting color value is a device-dependent color value or a device-independent

color value.

5. The computer-implemented method of Claim 1, wherein the
smear information specifies a characteristic pertaining to a spreading of a printed

dot of the colorant.
6. The computer-implemented method of Claim 1, wherein the

colorant 1s a spot colorant other than regular cyan, magenta, yellow, and black

process colorants.
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7. The computer-implemented method of Claim 1, further
comprising the step of receiving tint information describing an amount of tint of
the colorant, wherein the estimating step estimates the resulting color value based
at least upon the color information, the smear information, and the tint

information.

8. The computer-implemented method of Claim 1, further
comprising the step of receiving dot size increase information describing dot size
increase characteristics associated with the colorant, wherein the estimating step
estimates the resulting color value based at least upon the color information, the

smear information, and the dot size increase information.

9. The computer-implemented method of Claim 7, further
comprising the step of receiving dot size increase information describing dot size
increase characteristics associated with the colorant, wherein the estimating step
estimates the resulting color value based at least upon the color information, the

smear information, the tint information, and the dot size increase information.

10. The method of Claim 9, wherein the dot size increase

information specifies an amount of growth of a printed dot of the colorant.

11. The computer-implemented method of Claim 7, wherein the

estimating step utilizes a model that characterizes halftone behavior.
12. The computer-implemented method of Claim 7, wherein the
estimating step utilizes a model that characterizes both halftone and contone

behavior.

13. The computer-implemented method of Claim 12, wherein the

model utilizes a combination of Neugebauer and Kubelka-Munk models.
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14. The computer-implemented method of Claim 13, wherein the

Kubelka-Munk model is simplified into Bier’s law.

15. The computer-implemented method of Claim 1, further
comprising adjusting an amount of the colorant to be deposited based at least upon

the smear information, the estimated resulting color value, or both.

16. The computer-implemented method of Claim 1, further
comprising the steps of:

receiving measurement information describing a color
measurement of a deposition of the colorant; and

updating the color value of the colorant, the smear information, or

both, based at least upon the measurement information.

17. The computer-implemented method of Claim 7, further
comprising the steps of:

receiving measurement information describing a color
measurement of a deposition of the colorant; and

updating the color value of the colorant, the smear information, or

both, based at least upon the measurement information.

18. The computer-implemented method of Claim 8§, further
comprising the steps of:

receiving measurement information describing a color
measurement of a deposition of the colorant; and

updating the color value of the colorant to be reproduced, the smear
information, the dot size increase information, or combinations thereof, based at

least upon the measurement information.
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19. The computer-implemented method of Claim 1, further
comprising: receiving error information describing an error between the estimated
resulting color value and a measured color value, the measured color value
obtained from a measurement taken from a deposition of the colorant, wherein the
error information reports an error of a same magnitude as expected error due to

noise in measurement data from the measurement.

20. A computer-accessible memory system retaining computer
instructions that, when executed, or installed and executed, cause one or more
computers to perform a method for estimating a resulting color value of a spot
colorant when deposited on a substrate, the method comprising the steps of:

receiving color information describing at least a color value of the
spot colorant and a color value of the substrate;

receiving smear information describing smear characteristics
associated with the spot colorant; and

estimating the resulting color value based at least upon the color

information and the smear information.

21. The computer-accessible memory system of Claim 20, wherein
the method further comprises the step of receiving tint information describing an
amount of tint of the spot colorant, wherein the estimating step estimates the
resulting color value of the spot colorant based at least upon the color information,

the smear information, and the tint information.

22. The computer-accessible memory system of Claim 21, wherein
the method further comprises the step of receiving dot size increase information
describing dot size increase characteristics associated with the spot colorant,
wherein the estimating step estimates the resulting color value of the spot colorant
based at least upon the color information, the smear information, the tint

information, and the dot size increase information.
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23. The computer-accessible memory system of Claim 20, wherein
the estimating step utilizes a model that characterizes both halftone and contone

behavior.

24. The computer-accessible memory system of Claim 22, wherein
the method further comprises the steps of:

receiving measurement information describing a color
measurement of a deposition of the spot colorant; and

updating the color value of the colorant to be reproduced, the smear

information, or both, based at least upon the measurement information.

25. The computer-accessible memory system of Claim 20, wherein
the method further comprises the step of receiving error information describing an
error betweeh the estimated resulting color value and a measured color value, the
measured color value obtained from a measurement taken from a deposition of the
spot colorant, wherein the error information reports an error of a same magnitude

as expected error due to noise in measurement data from the measurement.
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