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Abstract 
In this paper, we present a novel method to estimate color 

overprints from primary color spectra only. The method consists in 
building a mapping between primary color spectra and their 
combinations, based on a training set. The mapping is data-driven, 
without relying on assumptions based on classic theoretical 
models. By using this method, the number of prints and 
measurements for printer characterization is greatly reduced, 
which is of particular importance if there are many ink candidates 
to be combined. We tested the method on recently released Latex-
based ink-jet ink, for different pigment and latex loads. The mean 
simulation accuracy error was below 2 dE, and gamut estimation 
error below 2% error. For pigment kinds, mean accuracy was 
about 5 dE, and gamut estimation error about 6%. In all cases, 
this new method outperforms other overprint estimation methods, 
such as Kubelka-Munk. 

 

Introduction 
To find the ink formulation that meets a demanding list of 

requirements, numerous variables and their resulting attributes 
need to be screened. Tests typically involve physical preparation of 
ink candidates, printing with prototypes and measuring and 
evaluating the results. Completing all of this process requires time 
and manpower, which increases exponentially with the number of 
ink candidates, as their interaction needs also to be characterized. 
In this paper, we will focus on how to simulate color gamut from a 
reduced number of tests. 

We aim at a model that allows to predict the color of ink 
combinations (also known as overprints, or secondary colors), 
from primary ink colors. Reasons are manifold. This model helps 
reducing testing resources and eases screening, as it might be 
challenging to obtain color charts in a reliable way for a large 
number of candidates (e.g. around 15). Also, since many initial 
tests are performed with primary colors, ink developers are 
interested in obtaining color gamut information from this already 
available data. In addition, having a model to predict color gamut 
from primary inks can be reversed to optimize critical parameters, 
such as pigment load. Finally, such a tool would also help in the 
creation of color profiles for multi-ink systems. 

There are several techniques in the literature to estimate 
overprint colors, although they are rarely specific to ink jet 
printing. The Kubelka-Munk model [Haa92] has been widely used 
to predict the combination of inks, especially for paints, plastics 
and textiles. Van de Capelle and Meireson [Van97] proposed a 
method for film-based proofing systems, which consisted in 
measuring the spectra of each primary and only a secondary for 
each primary, in particular, each color on top of black ink at two 
different shades (e.g. 50% and 100%). A variation of the 

Hoffmann-Schmelzer model is proposed by Hasler et al. [Has04]. 
This method permits to estimate the color output of a printer if an 
ink or the substrate changes, without the need to measure color 
charts again. The model is adapted to the packaging industry (e.g. 
offset, flexo, gravure) but, according to the authors, not to ink-jet.  
The Neugebauer model and its numerous extensions [Rol93] are 
very popular to estimate the color of halftone prints, but those 
models take the overprints as inputs and do not provide means to 
estimate them. 

We propose a model build exclusively from measurement 
data. The study and application of models found in the literature 
with our data showed some limitations, most particularly that 
apparently the same law does not hold for the different overprints. 
For example, the relationship between magenta and cyan to form 
blue does not hold between cyan and yellow to form green. Thus, 
theory-based methods need in any case some sort of calibration to 
take into consideration these deviations. We followed this rationale 
further and built the model solely by generalizing the primary–
overprint relationships present in a training set. As it will be 
further clarified, our method makes an assumption on the 
invariability of the relationship as a function of wavelength. 

This paper is organized as follows. In Section “Proposed 
Solution”, we describe the technical problem that is tackled and 
the proposed method. In Section “Results”, we present the results 
of this method with Latex-based inks, and compare them to other 
techniques proposed in the literature. Finally, conclusions and next 
steps are discussed in last section. 

 

Proposed Solution 

Objective 
We want to predict the color resulting from printing two inks 

– one on top of the other – on paper. We are looking for a 
relationship between the reflectance spectra of primary inks and 
their respective combinations, which we call overprints. 

Similar problems have been tackled in the literature, 
especially in the areas of paints and paint films [Haa92]. In the 
case of ink mixtures, the resulting color spectra corresponds to 
approximately a multiplicative relationship. Notably the Kubelka-
Munk theory, developed for ink films, accurately estimates 
reflective spectra of ink films and its application is common in the 
paint industry. Kubelka-Munk has shown also good results for 
predicting ink mixtures on paper [Wyb00]. However, modeling ink 
as delivered by ink jet on paper is more challenging, as the number 
of variables increases, such as: mechanical dot gain, optical dot 
gain (internal light scattering), pigment interaction, heating, 
humidity – to name a few. In addition, the actual way in which a 
halftoning algorithm places dots on the media also affects the final 
color. In short, the greater the number of variables (including ones 
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depending on the physics of the print), the lesser the accuracy of 
theoretical models. 

Cited models aim at finding the relationship between 
primaries and overprints through an analytical relationship. 
Actually, from a practical point of view, the ideal method would 
be to estimate the gamut uniquely from primary color data, 
without printing any overprints. However, initial results showed 
poor performance with such techniques (>20dE76). In some 
methods, certain parameters are fitted based on a training set. The 
study of actual data shows that this aimed relationship is not 
necessarily constant across different inks, reinforcing the fact that 
overprint phenomena are difficult to model precisely. 

Method 
We propose to build the relationship function entirely from 

experimental data. A training set provides sparse ‘ground truth’ 
relationships, and interpolation is used to generate a continuous 
function from those. The main implicit assumption is that if the 
primaries have a certain pair of reflectances in a given wavelength 
band then the secondary will have the same reflectance regardless 
of what the wavelength band is.  This is the key idea of our 
method. 

In the evaluation of different ink candidates, for example, one 
set of candidates could be used as the training set – these need to 
be physically printed and measured – and the others estimated 
using this method. Similarly, when the different candidates 
correspond to a variation in one of the components of the ink (e.g. 
pigment loading), the training set can be composed of the most 
extreme values in the variation, and intermediate points can be 
estimated using this method. 

The problem of interpolating from scattered data points has 
been well documented in the literature. A general framework is 
that of Radial Basis Functions (RBF), and a particular case is bi-
harmonic interpolation [San87]. This is one of the simplest RBFs 
implementations and provides a minimal-curvature interpolation 
by minimizing the bi-harmonic operator [Weiss]. Note also, that it 
is easily available in mathematical software packages (e.g. 
Matlab). To guarantee the convergence of the surface, it usually 
helps to apply a smoothing kernel before fitting the curve. The size 
of the kernel depends on the amount of data in the training set and 
its disparity. 

The built relationship is a 3D mapping fn: [0,1]x[0,1]�[0,1], 
for each overprint. The input intervals correspond to the 
normalized reflectance of the primary inks, and the output 
corresponds to the normalized reflectance of the overprint. To 
compute the overprint of a particular cyan and a particular 
magenta candidate, we would map though fblue each of the values 
of their reflectance spectra. To give a specific example, assume the 
reflectance of cyan at 500 nm is 0.45, and magenta’s is 0.12. 
Following our mapping, the overprint’s reflectance would be fblue 
(0.45, 0.12). This process would be repeated for all wavelengths in 
order to obtain the complete reflectance curve. 

Figure 1 shows such a mapping for pigmented inks, 
specifically for the combination of cyan and magenta (blue). On 
the surface displayed on the right, the blue dots correspond to the 
samples of the training set, and the colored surface is the estimated 
response. The input axes (labeled as ‘component 1’ and 
‘component 2’) correspond to the normalized reflectance of the 
primary inks, and the output axis (labeled as ‘secondary’) 

corresponds to the estimated spectral reflectance of the overprint. 
This surface has been obtained from the training data set shown at 
Figure 1.a. 

 
 

1.a). training set example 

1.b).Mapping built from the training set 1.a 

Figure 1. The relationship between two primaries and a secondary is built 
from a training set. For each wavelength, a pair of input points is related to 
an output point. Thus, the relationship does not depend on wavelength. 

As mentioned, the built mapping is specific for each 
secondary. Also, steps that take place in the printer pipeline, and 
especially the ink limiting, need to be considered. For example, if 
the actual values of 100% cyan and 100% magenta are clipped 
inside the pipeline to 70% and 80% respectively, then these latter 
ones are the spectra that should be used – both in training and 
evaluation sets. 
 

Results 

The method was tested in two scenarios: with varying loadings of 
pigment and latex and with different pigment kinds. In both cases 
the objective was to optimize the gamut volume while maintaining 
other attributes. 

 

90 ©2008 Society for Imaging Science and Technology



 

 

Different Pigment and Latex Loadings 

For different loadings, three test points for latex and three test 
points for pigment were included for each primary color (CMYK). 
The total number of primaries was 9 (3 pigment x 3 latex loadings) 
times 4 (colors), that is, a total of 36 candidates. The total number 
of potential secondary colors was a 486 combinations, per media, a 
prohibitive figure even for evaluating this method.. The 36 
candidates were printed and measured (and labeled as ‘L’, ‘M’ and 
‘H’ for ‘low’, ‘medium’ and ‘high’ loadings), on two different 
media, Avery MPI3000 calenderer permanent glossy (Vinyl) and 
Normandy Pro PVC Scrim Banner (Banner). Building the 
mapping from the corner cases only (‘LL’, ‘LH’, ‘HL’, ‘HH’), one 
mapping for each secondary color and media, secondary colors for 
all other conditions were predicted, with an average accuracy error 
of 1.90 dE76, and a 95 percentile of 3.72 dE76 — as shown in 
Table 1. This represents considerably better performance 
compared to the alternative methods, which typically are above 10 
dE76. Please notice that even the combinations that are included in 
the training set are not zero, due to smoothing interpolator used 
and measurement errors. Also, these results do not conclude that 
the same accuracy would be obtained for all potential 486 
overprints (as we could not measure them), but as these are within 
the range of combinations screened in this experiments, deviations 
should be minimal. 

Table 1: Color estimation error (dE76) for 
different pigment/latex loadings. Labels ‘L’, 
‘M’ and ‘H’ stand for ‘low, ‘medium’ and ‘high’ 
loadings. 
Pigment 
- Latex 
loading 

Red Green Blue 

L M H L M H L M H 

  V
in

yl
 L 1.8 0.4 0.7 0.5 2.4 1.3 2.7 2.5 0.8 

M 1.9 1.1 2.4 0.7 1.2 1.5 0.6 3.0 3.3 
H 1.1 1.9 2.3 0.9 1.3 1.0 1.6 1.0 6.2 

  B
an

ne
r 

L 0.9 1.8 1.0 0.9 1.0 0.2 1.2 3.0 3.3 
M 4.7 1.7 3.6 3.6 3.0 1.8 1.3 2.2 2.7 
H 2.3 1.3 2.2 3.2 3.8 1.4 0.2 1.0 0.5 

Averag
e /  95 

prc 

1.88 / 3.82 1.70 / 3.68 2.12 / 3.81 

1.90 / 3.72 

 

Different Pigment kinds 
The test was conducted by printing color patches using the 

pigments from different kinds, as shown in Table 2, and 
comparing the measured and estimated gamut. Estimation of 
secondary colors had an average error of 5.1 dE76, and a 95 
percentile of 11.0 dE76. Tests showed that color gamut was 
estimated with an error of 6%. Kubelka-Munk misestimated color 
gamut by 12% and secondary estimation was biased by an average 
of 12.4 dE76 and 95 percentile of 20.4 dE76. Van de Capelle’s 
method’s error for secondary colors was much larger, and it varied 
with the specified ink order. 

 

Table 2: Ink sets with different pigment kinds 
and loadings. Latex levels are constant. 

 

  1 2 3 4 

C 
Type A, 

Low 
Type A, 

Med 
Type B, 

Low 
Type B, 

Med 

M 
Type A, 

Med 
Type A, 

High 
Type B, 

Med 
Type B, 

High 

Y 
Type B, 

Low 
Type B, 

High 
Type B, 

Low 
Type B, 

High 

K 
Type B, 

Low 
Type B, 

Med 
Type B, 

Low 
Type B, 

Med 
 
Figure 2 shows an example of the estimated and the predicted 

spectra by the three compared techniques. 
 

 

2.a) Kubleka-Munk 

 
.b) Van de Capelle 

 
2.c) Proposed Method 

Figure2: Example of overprint estimation with a) Kubelka-Munk, 
b) Van de Capelle and 3) the proposed method. 

16th Color Imaging Conference Final Program and Proceedings 91



 

 

As mentioned, an interesting outcome of this experiment is that 
mappings from measured data vary significantly form color to 
color. In other words, non data-driven models that do not take this 
into account will hardly perform on an acceptable level. 

 

Conclusions 

We presented a method to estimate overprints from primary 
reflectance spectral data. The goal was to be able to estimate color 
attributes as gamut from few samples, thus reducing the needed 
amount of experimentation. The method showed good results, 
estimating colors with little color differences, and in all cases 
outperforming classic color modeling methods such as Kubelka-
Munk. Even within a limited accuracy, relative performance 
among ink candidates might be sufficient for candidate selection. 
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