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(54) Method and system for determining a color formula

(57) The invention relates to a method to determine
a formula for a sample color matching a target color,
based on an obsolete color formula, based on a given
range of tinting bases. According to the proposed meth-
od, a color prediction model is used to calculate a dis-
tance between respective color parameters of a candi-
date color formula and the color parameters of the target
color, and a genetic algorithm is used to obtain the for-
mula for the sample color out of a population of candidate

color formulas, wherein a distance of respective color
parameters of a candidate color formula of the population
of candidate color formulas to the color parameters of
the target color is minimized by the genetic algorithm by
iterative steps of mutation/crossing-over and selection of
candidate color formulas that fit best to a fitness criterion,
until a pre-given stopping criterion is fulfilled which auto-
matically leads to a candidate color formula which is kept
as the sample color formula.
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Description

Technical field

[0001] The present invention generally relates to an
identification of formulas of colors and, more particularly,
to a model-based approach involving a genetic algorithm
used for identification of a color formula for a sample
color matching a target color.

Prior art

[0002] Many kinds of goods such as, for example, ve-
hicles are painted in a wide area of colors. Modern colors
have become more and more complex, since the number
of components used for color composition is steadily in-
creasing.
[0003] In the field of automotive refinish, color is a ma-
jor quality factor. In order to optimize operating costs, a
vehicle repairer has to prepare a paint with a correct or
rather a best matching color as quick as possible. There-
fore, formulas are used for mixing different primary in-
gredients called tinting bases in order to create a defined
paint or a defined color. BASF provides large databases
with colors and corresponding color formulas to its cus-
tomers which have to be updated frequently.
[0004] Many reasons can induce a change in those
color formulas, for example, new tinting bases may be
launched on the market in order to make up for some
pigment limitations. Some tinting bases may have to be
replaced due to production stops or regulatory modifica-
tions. In some cases, it even might be necessary to switch
from one painting line to another one, for example, in
order to respect new regulations, or because it is more
relevant to enter a new market with low cost brands than
with premium ones. Due to an upcoming shortage of pig-
ments, such events are becoming more and more fre-
quent. Every time one or several tinting bases need to
be replaced, databases including these tinting bases
have to be updated in order to ensure a service continuity
towards final customers.
[0005] As the number of concerned color formulas may
be huge, it is not reasonable to perform a manual re-
matching for each color formula when one or several tint-
ing bases have to be replaced. Thus, it is necessary to
develop methods that are able to convert a large number
of color formulas in new color formulas based on new
tinting bases within a short time.
[0006] In the current state of the art, one possible color
matching includes manual identification of tinting bases,
such as, for example, effect pigments, by using a micro-
scope for measuring color values of a standard paint. To
identify a matching paint, i.e. a paint with the same color
and the same or at least comparable characteristics, and
which is made of different components, software is used
to search databases of previous matches based on pre-
vious recollected data. If such a match is found, the re-
spective color formula is mixed, sprayed and compared

to the standard paint. Mostly, further color formula cor-
rections have to be performed manually until the new
paint and the standard paint suitably match together.
[0007] Depending on the case, some methods have
been developed, but all of them have gaps which prevent
them from being used as routine methods for all events
that can occur with respect to changes in color formulas.
When it is about changing from one paint line to another
one, if large databases linking the color formulas and
colors are existing for both paint lines, data mining and
other statistical prediction models can be used to convert
a color formula from a paint line to another one. However,
the size of a database should be quite large, because of
the complexity of the models that are necessary to reach
a good prediction capability. Further, this kind of meth-
odology cannot be applied when it is necessary to intro-
duce a new tinting base, i.e. when an example that is not
present in the learning database occurs. Further, when
it is about replacing a tinting base by a new one, a study
is generally led to compare the behaviour of both tinting
bases when they are mixed with reference tinting bases
such as black, white or aluminum. It is sometimes pos-
sible to define a coefficient to apply to the old color for-
mula to get a new one with a new pigment with the same
color. This coefficient may depend on the old tinting base
concentration and an additional tinting base may also be
required. In some cases, it is not possible to determine
such a coefficient and a manual matching of all the color
formulas has then to be considered.
[0008] These manual corrections are often time-con-
suming and ineffective. Years of training are required for
a technician to learn how to perform these corrections.
Therefore, software has been developed to support the
technician by using neural network models for color
matching as described, for example, in US 6,804,390
and US 6,714,924, respectively. Therein, neural net-
works are used for identification of matching formulas by
using specific color values of a standard color. Since neu-
ral network models have to be trained on a specific data
set, which should not be changed afterwards, these
methods are limited in their ability to adapt to a change
in underlying data.
[0009] Thus, it was an object of the present invention
to provide a method that can also be applied efficiently
when new tinting bases are to be introduced.

Summary of the invention

[0010] In accordance with the teachings of the present
invention, a method is provided to determine based on
a given range of tinting bases a formula for a sample
color matching a target color which is based on an ob-
solete color formula, the method comprising at least the
following steps:

a) determining at least one intrinsic feature of the
obsolete color formula based on at least one physical
property;
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b1) setting up a color prediction model for predicting
color parameters of the at least one target color,
based on a database between color parameters and
formula intrinsic features and a mathematical model;
b2) linking the at least one determined intrinsic fea-
ture of the obsolete color formula via the mathemat-
ical model to defined color parameters of the color
prediction model, thus obtaining color parameters of
the at least one target color;
c) using the color prediction model to calculate a dis-
tance between respective color parameters of a can-
didate color and the color parameters of the at least
one target color;
d) using a genetic algorithm to obtain the sample
color formula out of a population of candidate color
formulas, wherein a distance of respective color pa-
rameters of a candidate color formula of the popu-
lation of candidate color formulas to the color param-
eters of the target color is minimized by the genetic
algorithm by iterative steps of mutation/crossing over
and selection of candidate color formulas that fit best
to a fitness criterion, until a pre-given stopping crite-
rion is fulfilled which automatically leads to a candi-
date color formula which is kept as the formula for
the sample color.

[0011] Within the scope of the present disclosure, the
terms "sample color formula", "converted color formula"
and "formula for a/the sample color" are used synony-
mously.
[0012] Further measurements, i.e. distance measure-
ments between colors are to be understood as respective
measurements between the respective color parameters
of the respective color formulas of the respective colors.
[0013] The proposed method provides an efficient pos-
sibility to assist a technician with the task to find a new
color formula for a paint, i.e. a color which shows the
same or almost the same characteristics as a specific
target color, but which is based on different components
or tinting bases. Thereby, first a color prediction model
(CPM) is set up by using general or intrinsic features of
different color formulas and a mathematical model to con-
vert these intrinsic features into color parameters that are
suitable for calculating respective distances between dif-
ferent color formulas of different colors. As the respective
color formulas of some of those colors are known while
others are unknown, a successive approach to an un-
known color formula is possible by evaluating succes-
sively distances between respective colors, i.e. color for-
mulas via the respective color parameters using the color
prediction model. These intrinsic features should be cho-
sen with respect to the fact that they can be extracted
unaltered from a color formula even if a new ingredient
is proposed for mixing the paint according to the respec-
tive color formula. Good candidates for such intrinsic fea-
tures may be physical variables such as scattering coef-
ficient or absorption coefficient. A combination or a cal-
culation based on these physical variables could be suit-

able as well.
[0014] As soon as the CPM is set up, it can be used
to evaluate relative distances between the obsolete color
formula and other colors or color formulas. A successive
approach to the target color can then be obtained by per-
forming steps of mutation/crossing-over and selection for
a population of candidate color formulas, wherein each
candidate color formula is evaluated by determining the
distance of its respective color parameters to those of
the target color derived via the color prediction model.
[0015] In the context of the present invention the ob-
solete color formula is to be understood as the color for-
mula for the target color. Due to given circumstances,
such as new ingredients, this target color formula has to
be replaced by a new color formula, i.e. the desired sam-
ple color formula.
[0016] In the context of the present invention the sam-
ple color formula is a formula that can be used to create,
i.e. to mix a color that matches the target color in its color
parameters at its best.
[0017] In the context of the present invention, a candi-
date color formula is a formula that is used by a genetic
algorithm to obtain a formula for a sample color out of at
least one population of candidate color formulas by using
the steps of mutation/crossing-over and selection, as fur-
ther described below.
[0018] According to a further embodiment of the
present method, the intrinsic features may be a scattering
coefficient and/or an absorption coefficient.
[0019] Based on these intrinsic features, a respective
CPM is built by using a mathematical model, such as the
Kubelka-Munk two flux model, for example.
[0020] According to a further embodiment of the
present invention, a statistical method is applied to a da-
tabase linking color parameters and color formulas, thus
serving as the color prediction model. The statistical
method may be linear regression, PLS regression, su-
pervised learning methods, k-nearest neighbours and
unsupervised learning methods.
[0021] As soon as the CPM is built, it can be used to
calculate, i.e. to predict relevant color parameters for dif-
ferent color formulas with respective different instrinsic
features. Thus, the CPM provides appropriate color pa-
rameters for respective values of the intrinsic features
and thereby for each color formula appropriate color pa-
rameters.
[0022] According to another embodiment of the
present invention, reflectance curve values measured by
a spectrocolorimeter are used as color parameters.
[0023] Even though a wide area of color parameters
could be used, reflectance curve values are very com-
mon for describing a color and to deal with effects of
colors such as, for example, to decide what color balanc-
ing should be done for taking a photo. Thus, the color
parameters should be able to describe a difference be-
tween different colors or color formulas in a mathematical
way. To overcome the limitations of chromaticity dia-
grams, the International Commission on Illumination CIE
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recommended two alternate uniform color scales, name-
ly (L,a,b) or CIELAB and CIELCH (L,C,h°). When a color
is expressed in CIELAB, "L" defines lightness, "a" de-
notes the red/green value and "b" the yellow/blue value.
While CIELAB uses Cartesian coordinates to calculate
a color in a color space, CIELCH uses polar coordinates,
wherein "L" defines lightness, "C" specifies chroma and
"h°" denotes the hue angle, an angular measurement.
[0024] As soon as the CPM provides results of a cal-
culation of color parameters of a candidate color formula,
it becomes possible to calculate a relative distance of the
color parameters of this candidate color formula to the
color parameters of the obsolete color formula. Since the
color parameters are derived from the intrinsic features,
this relative distance is also an expression of a difference
of the obsolete color formula and the candidate color for-
mula according to general features. Using CPM, every
formula, such as a candidate color formula can be trans-
formed in a set of color parameters whose relative dis-
tance to the respective color parameters of the obsolete
color formula can be calculated.
[0025] Based on the relative distance of the color pa-
rameters of a candidate color formula to those of the ob-
solete color formula, an objective criterion in form of a
threshold can be used to decide whether a candidate
color formula is close enough to the obsolete color for-
mula and, therefore, suitable for being used as a con-
verted color formula, i.e. the formula for the sample color
matching the target color in a respective paint, or if the
relative distance of a candidate color formula is too large
and the candidate color formula, therefore, is not suitable
for replacing the obsolete color formula. Thus, finding a
satisfying sample color formula becomes a task that can
be solved by a machine learning approach such as, for
example, a genetic algorithm or a so-called optimization
under constraint problem.
[0026] Since a genetic algorithm is an unsupervised
method, no time-consuming training on a specific dataset
is needed at all. Thus, these kinds of algorithms are not
limited to a structure of a set of training data, which en-
ables the use of new ingredients such as new tinting bas-
es at any time without need to update the underlying al-
gorithm.
[0027] Of course, it is also possible to avoid ingredients
that are not available anymore. Finding a formula for a
sample color that matches the target color by using a
genetic algorithm is then about finding a formula within
a minimal relative distance to the obsolete color formula.
[0028] In order to solve the mentioned optimization un-
der constraint problem by finding a suitable sample color
formula via a genetic algorithm, first a population of can-
didate color formulas has to be proposed. A population
of candidate color formulas consists of at least one can-
didate color formula.
[0029] In an embodiment of the present invention, a
starting population of candidate color formulas is pro-
posed randomly.
[0030] Randomized proposals of candidate color for-

mulas can be conducted automatically without any need
of a technician or a supervisor. Since such a randomized
approach may start at a candidate color formula with a
very large distance to the obsolete color formula, the re-
spective process and, therefore, computational time may
become long.
[0031] In another embodiment of the present invention,
the starting population of candidate color formulas is pro-
posed based on expert knowledge.
[0032] If, for example, the technician provides a correct
pigmentation, the task could be solved much faster than
by proposing a randomized candidate color formula,
since the respective distance between the candidate
color formulas of the starting population and the obsolete
color formula are already minimized by the expert knowl-
edge.
[0033] Based on the starting population of candidate
color formulas which are proposed by a technician, by
an algorithm, or by any other suitable method, the genetic
algorithm generates a population of modified candidate
color formulas by changing respective amounts and num-
bers of at least one ingredient comprised by each can-
didate color formula such as, for example, a tinting base.
Each member of this population of candidate color for-
mulas is evaluated by the relative distance of its color
parameters to the color parameters of the obsolete color
formula which is calculated by using the CPM. Best can-
didate color formulas are selected according to a fitness
criterion and used to create a second population of can-
didate color formulas by crossing-over and/or mutation.
The steps of mutation and crossing-over are used to
change the number and amount of ingredients of each
candidate color formula and to share or exchange com-
ponents of candidate color formulas within a population
of candidate color formulas, respectively. After execution
of mutation and crossing-over, each member of a popu-
lation of candidate color formulas is evaluated by a se-
lection step, according to a fitness criterion which has to
be provided by e.g. a technician with respect to the re-
spective distance of the candidate color formulas to the
obsolete color formula. This procedure may be executed
in iterative steps n-times, until either a candidate color
formula matches the target color and, therefore, be-
comes the sample color formula, i.e. the converted color
formula, or another stopping criterion is fulfilled.
[0034] This stopping criterion is given, for example, by
a distance threshold wherein, if respective color param-
eters of a candidate color formula are closer to the color
parameters of the obsolete color formula than the dis-
tance threshold, the corresponding candidate color for-
mula is kept as the sample color formula, i.e. the con-
verted color formula.
[0035] This threshold may be set by the technician or
by the genetic algorithm itself. Since this threshold affects
a quality of a matching between a candidate color formula
and a obsolete color formula in their physical character-
istics, it should be chosen with care.
[0036] The evaluation and selection steps are iterated
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n-times by the genetic algorithm. By iterations of muta-
tion/crossing-over and selection, single features of dis-
tinct candidate color formulas may be composed in one
candidate color formula which may lead to a decreased
relative distance to the obsolete color formula. Thus,
more iterations within the genetic algorithm will help to
achieve a more precise matching of the obsolete color
formula and the finally resulting converted color formula
or sample color, respectively.
[0037] In another embodiment of the present method,
the genetic algorithm stops as soon as a settled maxi-
mum number of iterations is executed such that if after
this number of iterations none of the candidate color for-
mulas has a distance to the obsolete color formula below
a pre-defined distance threshold, the candidate color for-
mula with the smallest distance to the obsolete target
color formula is kept as the color formula for the sample
color.
[0038] In the context of the present invention the dis-
tance between a candidate color formula and the obso-
lete target color formula means a distance of their re-
spective color parameters according to the CPM.
[0039] As the evaluation may depend strongly on the
proposed starting population of candidate color formulas,
repeating the whole process several times based on dif-
ferent proposed candidate color formulas may increase
the probability to find a formula with a good fitness, i.e.
with an ability for minimizing a relative distance to the
obsolete color formula.
[0040] It is also possible to propose a population of
candidate color formulas by, for example, a computer-
readable medium which can be used by the genetic al-
gorithm to load a starting population.
[0041] The present method can be used for, but is not
limited to color formula correction matching from scratch,
i.e. without any pre-knowledge, pigment identification,
selection of targets for color tools, searching existing for-
mulas for the closest match to a target color, identification
of formula mistakes, development of color tolerances and
enhancing conversion routines.
[0042] The present invention further refers to a color
matching system for determining a sample color formula,
wherein the apparatus comprises at least means for cal-
culation of at least a color prediction model and a genetic
algorithm as used by the proposed method.
[0043] In an embodiment of the present invention, the
color matching system may comprise a computing unit
to compute the color prediction model and the genetic
algorithm. The computing unit may also be used for en-
tering pre-knowledge by an expert such as a list of tinting
bases that can be used by the genetic algorithm to build
a population of candidate color formulas.
[0044] In another embodiment of the present invention,
the color matching system may also be used for a con-
version of a known obsolete color formula into a sample
color formula leading to the same or almost the same
color but which is mixed based on different ingredients,
i.e. different tinting bases, compared to the obsolete tar-

get color formula.
[0045] In another embodiment of the present invention,
the color matching system further comprises: an input
device for entering an initial color formula or a color, such
as for example a scanner; and means for mixing a paint
according to the entered color formula, wherein the mix-
ing means are connected to a respective compartment
of a number of tinting bases.
[0046] A direct connection of the computing unit of the
color matching system to means for mixing a paint and
an associated connection to a respective compartment
enables a user of the color matching system to apply a
painting sample, i.e. a target color or target color formula
at an input device such as a scanner or a similar device
which analyses the sample and sends respective color
parameters to the computing unit which then calculates
according to the proposed method a sample color formu-
la for a sample color which matches the target color at
its best within the bounds of pre-given constraints. After
the calculation of the matching sample color formula is
done, the sample color formula is sent to the means for
mixing a respective paint. These paint mixing means col-
lect tinting bases from a respective compartment accord-
ing to the formula of the sample color obtained by the
genetic algorithm and mix them up to a paint of the sample
color matching the target color. The paint is now ready
to be used by a technician.
[0047] Additional advantages and aspects of the
present invention will become apparent from the subse-
quent description and the appended claims, taken in con-
junction with the accompanying drawings.

Brief description of the drawings

[0048]

Figure 1 shows a flow chart of an embodiment of the
proposed method.

Figure 2 shows another flow chart of another embod-
iment of the method according to the present
invention.

Figure 3 shows a possible assembly of an embodi-
ment of the color matching system according
to the invention.

[0049] The invention is diagrammatically illustrated in
the drawings by means of embodiments by way of ex-
ample, and is hereinafter explained in detail with refer-
ence to the drawings. It is to be understood that the de-
scription is in no way limiting on the scope of the present
invention and is merely an illustration of embodiments of
the invention.

Description of embodiments

[0050] Figure 1 shows a scheme for determination of
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a sample color formula composed of a defined set of
ingredients, i.e. tinting bases, which matches a target
color based on an obsolete target color formula.
[0051] The target color formula, i.e. the obsolete color
formula, has to be provided by a standard method like
for example a database.
[0052] In step 1, intrinsic features have to be specified
by a technician, for example. Good candidates for such
intrinsic features are physical variables such as scatter-
ing coefficient and/or absorption coefficient. These intrin-
sic features can be calculated or extracted from a color
formula even if one or more new ingredients, such as
tinting bases, are proposed. Any combination of these
coefficients could also be considered.
[0053] In step 2, a color prediction model (CPM) is set
up based on the previously defined and determined in-
trinsic features. This CPM is used to predict color param-
eters from the intrinsic features. Thus, the CPM uses a
color formula and a mathematical model to obtain color
parameters in form of uniform color scale values out of
the intrinsic features according to a three dimensional
CIELAB value, wherein "L" defines lightness, "a" denotes
the red/green value and "b" the yellow/blue value.
[0054] As soon as the CPM has calculated the color
parameters of the obsolete color formula, a position of
the obsolete color formula in a three dimensional color
space (CIELAB) is known. Starting from this position, a
distance can be calculated to any other color formula, i.
e. their respective colors in CIELAB. Thus, relative dis-
tances between any color formulas can be calculated for
the three dimensions lightness, red/green value and yel-
low/blue value.
[0055] Since CPM can be used to calculate the dis-
tance of a candidate color formula to the obsolete color
formula, an objective measurement of a matching be-
tween the color of the respective candidate color formula
and the obsolete color formula becomes possible in the
three dimensions mentioned before.
[0056] In step 3, a starting population of candidate
color formulas is chosen and for each candidate color
formula, its respective distance to the target color or the
obsolete color formula is calculated. Thus, the candidate
color formulas can be evaluated for being relatively good
or bad matching, which enables an improvement towards
the goal of matching color parameters, for example, by
changing the respective color formula of the candidate
color formulas successively.
[0057] In step 4, a machine learning approach is used
to perform an automatic modification of respective can-
didate color formulas based on a genetic approach. So-
called genetic algorithms create a population of candi-
date color formulas based on a provided pre-knowledge
of the target color provided by a technician, for example.
This pre-knowledge may be a correct pigmentation of the
obsolete color formula. Starting from this pre-knowledge,
the genetic algorithm modifies the candidate color for-
mulas that fit best to a fitness criterion, i.e. the candidate
color formulas showing the smallest distance to the ob-

solete color formula, derived by steps of mutation and
crossing-over, hence, by exchanging information be-
tween individual candidate color formulas in order to find
a matching sample color. As soon as a sample color is
found that has a distance close enough, i.e. within a pre-
defined tolerance or a distance threshold, to the color
parameters of the obsolete color formula, the algorithm
is finished and the respective candidate color formula
matching best the target color is found as the converted
color formula. Since the setting up of a starting population
of candidate color formulas can be limited in its ingredi-
ents, this process can be used to obtain a sample color
formula that matches a target color by using a pre-defined
set of ingredients, wherein special ingredients which are
comprised by the obsolete color formula may be missing.
[0058] In Figure 2, starting from an obsolete (old) color
formula 200 which has to be converted, a CPM is set up
to gain color parameters of a target color 203 of the ob-
solete (old) color formula 200, as indicated by arrow 201.
Further, based on expert knowledge 204 derived by a
technician, a starting color formula 205, i.e. a first candi-
date color formula, is created which serves as a starting
point to gain a candidate color 211, i.e. respective color
parameters, via the CPM, as indicated by arrow 207. In
a matching procedure 213 based on a genetic algorithm,
a matching of target color 203 and candidate color 211
is performed. If target color 203 and candidate color 211
match in a suitable way, i.e. their relative distance is with-
in pre-defined conditions, a converted color formula 215
is found. Otherwise a new matching between target color
203 and a new candidate color 211 has to be performed
based on a new candidate color formula out of a set of
candidate color formulas 217, as indicated by arrow 219,
derived by the genetic algorithm by another iterative step
of selection via a fitness criterion and mutation/crossing-
over to change a number and an amount of ingredients
of each candidate color formula of the set of candidate
color formulas 217.
[0059] Figure 3 shows an automatic color matching
system, wherein a technician only has to provide a target
color of an obsolete target color formula on a scanner 21
in order to finally create a matching sample color out of
a pre-defined set of ingredients stored in a respective
compartment 29.
[0060] As soon as a calculation unit 25, which is used
to perform the genetic algorithm, calculates the convert-
ed color formula, as described above, particularly in the
context of Figure 2, the paint mixing means start to mix
a paint according to the converted color formula that
matches the target color, by acquiring tinting bases from
compartment 29.
[0061] The technician only needs to update the com-
partment 29 and/or its database, respectively, without
any need for experimentation or time-consuming manual
rematching of color formulas. Since the genetic algorithm
is based on iterative steps, this manually rematching can
be simulated and performed automatically.
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Claims

1. Method to determine a formula for a sample color
matching a target color, based on an obsolete color
formula, based on a given range of tinting bases, the
method comprising at least the following steps:

a) determining at least one intrinsic feature of
the obsolete color formula based on at least one
physical property of the target color;
b) linking the at least one determined intrinsic
feature of the obsolete color formula via a math-
ematical model to defined color parameters of
a color prediction model, thus obtaining color
parameters of the target color, the color predic-
tion model being set up based on a given data-
base between color parameters and formula in-
trinsic features and the mathematical model;
c) using the color prediction model to calculate
a distance between respective color parameters
of a candidate color formula and the color pa-
rameters of the target color;
d) using a genetic algorithm to obtain the formula
for the sample color out of a population of can-
didate color formulas by repeating step c),
wherein a distance of respective color parame-
ters of a candidate color formula of the popula-
tion of candidate color formulas to the color pa-
rameters of the target color is minimized by the
genetic algorithm by iterative steps of muta-
tion/crossing-over and selection of candidate
color formulas that fit best to a fitness criterion,
until a pre-given stopping criterion is fulfilled
which automatically leads to a candidate color
formula which is kept as the sample color for-
mula.

2. Method according to claim 1, wherein the population
of candidate color formulas is generated randomly.

3. Method according to claim 1, wherein the population
of candidate color formulas is generated with respect
to provided expert knowledge.

4. Method according to any one of the preceding
claims, wherein the stopping criterion is given by a
distance threshold wherein, if respective color pa-
rameters of a candidate color formula are closer to
the color parameters of the target color than the dis-
tance threshold, the corresponding candidate color
formula is kept as the sample color formula.

5. Method according to any one of the preceding
claims, wherein the stopping criterion is given by a
settled maximum number of iterations such that, if
after this number of iterations none of the candidate
color formulas has a distance below a pre-defined
distance threshold, the candidate color formula with

the smallest distance is kept as the sample color
formula.

6. Method according to any one of the preceding
claims, wherein the mathematical model is based on
Kubelka-Munk two flux model.

7. The method according to any one of the preceding
claims wherein a statistical method is applied to the
database linking color parameters and color formu-
las, thus serving as the color prediction model.

8. The method according to claim 7 wherein the statis-
tical method is chosen from a list comprising at least
linear regression, PLS regression, supervised learn-
ing methods and k-nearest neighbors.

9. Method according to any one of the preceding
claims, wherein a scattering coefficient and/or an ab-
sorption coefficient are chosen as the at least one
intrinsic feature of the target color.

10. Method according to claim 9, wherein any combina-
tion or calculation based on the scattering coefficient
and/or the absorption coefficient can be considered
as the at least one intrinsic feature of the target color.

11. Method according to any one of preceding claims,
wherein reflectance curve values measured by a
spectrocolorimeter are used as color parameters.

12. Method according to any one of the preceding
claims, wherein each candidate color formula of the
population of candidate color formulas derived by
the genetic algorithm is evaluated by the distance of
its color parameters to the color parameters of the
obsolete color formula through the color prediction
model.

13. Method according to claim 12, wherein the evalua-
tion is iterated n-times.

14. A computer program for performing a method ac-
cording to any one of claims 1 to 13, wherein the
computer program is stored on a computer-readable
medium.

15. A color matching system for determining a sample
color formula, wherein the system comprises at least
calculation means for providing a color prediction
model and a genetic algorithm as used by the method
according to any one of claims 1 to 13.
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