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Abstract—This paper introduces JFCS (Java Fuzzy Color
Space), an open source software for modeling colors on the
basis of fuzzy color spaces, which is able to fill the semantic
gap between the color representation in computers and the
subjective human perception. Fuzzy colors allow introducing
semantics in the description of color by using linguistic labels,
taking into account the fuzzy boundaries between the representation of color terms. The methodology for building fuzzy
color spaces implemented in JFCS was proposed by the
authors in previous works, it is based on the paradigm of conceptual spaces including fuzzy boundaries and considering a
collection of color names and corresponding crisp color representatives. In this sense, the necessary information for modeling fuzzy color spaces can be easily obtained from
non-expert users, since the only information required is a
representative crisp color for each linguistic color term to be
modeled. The software is implemented in Java and it includes
several graphical tools for building different types of spaces
with different characteristics in an easy way. These are needed
to be consistent with the different nature of the colors a user
wants to model. Membership degrees of pixels in images to
each fuzzy color in a certain fuzzy color space can be
obtained. Tools for 3D visualization of fuzzy color spaces, as
well as for describing colors and mapping pixels in images in
term of linguistic labels, are also included in JFCS.
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I. Introduction

©graphic stock

owadays, the visual information handled by multimedia systems is growing significantly, in
part because of the technological advances. These have caused image capture devices to
be increasingly powerful and accessible in today’s society, becoming essential elements of
everyday life. Another significant technological advancement has occurred in the field of
communications, allowing these devices to share pictures and videos. All of this implies an increasing necessity of techniques for automatic image analysis and processing, enabling to efficiently
manipulate such information.
Images need to be represented computationally in order to be processed and analyzed by computers. From the computational point of view, an image is a dataset represented by a matrix of pixels. Each pixel represents color information, considered as a fundamental and representative
characteristic of visual content, and represented by a vector system. However, it is known that
humans use color terms when describing it [1]–[5], although there is no direct correspondence
between the color representation on a computer and the terms that humans use to identify them
(problem known as “semantic gap” [6]).
In this context, color modeling is a complex problem.
Among other reasons, colors are in general imprecise since it
is not possible in general to draw a clear boundary delimiting
colors (for example, the concept “red” is a gradual concept in
the color set, where the boundary between what is red and
not red is fuzzy). They are also subjective, because not everyone distinguishes or names in the same way the colors, and
context-dependent, because the same color can have different
meanings in different areas, even for the same person.
For instance, Figure 1, composed of a linear gradient
between two colors, shows the imprecise nature of color,
because it is not immediate to establish a precise boundary
separating both colors, but the boundary is fuzzy. Further,
there are colors in the gradient, especially in the central area,
for which a human could not tell which of the two color
names (associated with extreme colors) is the right one (possibly more than one, to a certain degree in each case). Indeed,
if those colors have to be named, the answer may be different
depending on the subject and context (e.g., a winemaker
could name them as “vermilion” and “purple”, while a
greengrocer could use terms as “strawberry” and “aubergine”). In addition, in order to illustrate the subjective nature
of color, Figure 2 shows representative values assigned by different users to the color “red” in terms of points in RGB
space, where it can be noted that not every user assigns the
same representative value to the same color.
The examples above show that it is necessary to provide
mechanisms to model the color considering the imprecision,
subjectivity and context dependency. To do this, the most studied and used models (mainly to address the problem of imprecision) are fuzzy models based on the Theory of Fuzzy Sets
proposed by L.A. Zadeh [7]. Several authors agree on the fuzzy
nature of color, starting with the works of Rosch [8], [9], Kay
and McDaniels [10], where linguistic labels, represented by
fuzzy subsets of crisp colors, are used. Each fuzzy set comprises
a portion of the color space with fuzzy boundaries, defining a
fuzzy partition color space, so that each fuzzy subset of colors
corresponds to one of the color terms we use.
However, existing proposals in the literature present some
problems which, in our opinion, are not well solved. Current

may 2016 | IEEE Computational intelligence magazine

17

Figure 1 Image of a gradient between two colors.
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Figure 2 Representative color values of “red” provided by different
users in RGB space.

methods for modeling and learning the concepts of color use
membership functions based on regular forms [11]–[18], or
require tedious experiments and/or a large number of observers [19]–[21]. Furthermore, existing proposals focus on a limited
set of colors, mainly the 11 basic colors determined by Berlin
& Kay [22], but they do not include more sophisticated color
spaces with more colors, or colors suited for a specific problem
or context, including the subjective nature of color. Moreover,
existing proposals only consider models defining a partition,
without considering other types of spaces with different characteristics which are needed to be consistent with the different
nature of the colors.
All these problems could be easily solved if the researchers
published the software and/or source code associated with
their proposals. However, as it is mentioned in a recent survey
of Fuzzy Systems Software [23], this does not occur most of
the times. We can find some fuzzy systems software for solving specific problems in image processing. For example, the
Gestur library [24] to handle gesture recognition, or toolboxes
in Matlab for image segmentation such as FuzzyUPWELL
[25] and Mandelias [26], or IT2FLS [27] for lung image classification. However, regarding to color modeling using fuzzy
logic, no software is available. Only on-line and outdated software tools, mainly focused on image retrieval [11], [12], [16]
or object categorization [17], [18], [28], can be found. In addition, even if software tools aimed at color modeling were provided, laborious experiments and expert skills would be
required for defining a fuzzy color model, that would anyway
suffer from the theoretical drawbacks already mentioned.
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In this sense, the design and development of a software taking
into account all these drawbacks is a challenge in the mentioned color modeling problem.
The aim of this paper is to introduce an open source Java
software, named JFCS (Java Fuzzy Color Space Software), that
provides a suitable solution to the problem of defining appropriate computational models of linguistic color terms, considering different types of spaces with different characteristics.
JFCS updates a preliminary software developed by the authors
[29], which had only few options in the color modeling task,
and was based on an old approach [30], where only partition
fuzzy color spaces could be modeled. The major advantages
and contributions provided by JFCS are:
❏❏ It provides a user-friendly framework to design customized
fuzzy color spaces in order to meet the human intuition
about color without requiring tedious experiments.
❏❏ Different typologies of fuzzy color spaces can be defined
depending on the nature of the color a user wants to model.
The user has to provide just the desired collection of linguistic color terms and a single crisp color that he/she considers as a good representative prototype for each color
term, so it can be used by any non-expert user.
❏❏ Fuzzy color spaces are computed automatically on the basis
of the information provided by the user, in a transparent
way. Also, the fuzzy colors correspond to a formal model
based on the paradigm of conceptual spaces [31], [32]
including fuzzy boundaries.
❏❏ There is a chance to employ existing color naming systems
in the literature, providing a crisp representative color for
each color term, for building fuzzy color spaces automatically, without adding new knowledge.
❏❏ Fuzzy color spaces can be visualized and explored. In addition, the user can load any image and ask the system for the
correspondence (membership degree) of fuzzy colors and
crisp colors coming from pixels in the image.
❏❏ Mapped images can be obtained in order to illustrate visually
the color correspondences between pixels and color terms
modeled by fuzzy colors, where regions corresponding to a
color concept are highlighted.
❏❏ It is portable and can be used on any machine with Java,
independently of the operating system.
To keep this software up-to-date, improving its visibility,
providing complementary material of JFCS and viewing
demonstration videos of use, we have developed an associated website at http://www.jfcssoftware.com. This website also
includes a simple common repository of fuzzy color spaces
which are representative to several contexts from different
users, as a sharing point to researchers in color modeling.
The rest of the paper is organized as follows. Section II
summarizes some preliminary concepts related to the fuzzy
color modeling methodology, proposed in [30], [33], which is
implemented at the core of the engine of JFCS. Section III
presents JFCS, its main features and modules. Some examples
are shown in Section IV. Finally, the main conclusions and
future lines are pointed out in Section V.

II. Fuzzy Modeling of Colors

In this section, formal definitions introduced in [30], [33]
for the concepts of “fuzzy color” and “fuzzy color space”
and different typologies of spaces with their properties are
summarized. In addition, a methodology for constructing
fuzzy color spaces, also proposed in our previous work
according to the paradigm of conceptual spaces [31], [32] is
illustrated.
As we will see, the proposed concepts of “fuzzy color” and
“fuzzy color space” address the vagueness and subjectivity in the
modeling in terms of colors. Furthermore, our methodology
allows us to define fuzzy color spaces which are consistent with
the characteristics of the colors we want to model depending
on the typology of the fuzzy color space.
A. Fuzzy Color

Let us consider the set of crisp colors that can be represented in
a computer using any crisp color space. A fuzzy color is the
computational representation of a color term defined and
named by humans. Formally,
Definition 2.1: A fuzzy color Cu is a linguistic label whose
semantics is represented as a normal fuzzy subset of colors.
Imposing the use of normal membership functions implies
that for each fuzzy color Cu there is at least one crisp color r such
that Cu (r) = 1. As a consequence, no fuzzy color is represented
by the empty set. We require normalization since we expect that
at least one color is fully representative of a color term.
Notice that in Definition 2.1 there is no restriction about
how crisp colors in the support of a fuzzy color are represented in the computer, though all of them will usually be represented using one single designated crisp color space for
convenience.
Since fuzzy colors represent subjective categories, they must be
defined from information provided by human users, either directly
or as a result of some previous studies. Defining fuzzy colors by specifying the membership degrees for each fuzzy color one by one is
clearly not a good choice since the support of a fuzzy color may
contain thousands of crisp colors. We shall explain our approach for
obtaining the representation of fuzzy colors in section II-C.
B. Fuzzy Color Space

We introduce the concept of fuzzy color space as follows:
Definition 2.2: A fuzzy color space is a crisp set of fuzzy colors.
In practical applications it is usual to work with different
color terms, whose number and design depend on the application itself. The concept of fuzzy color space is useful, among
other things, for representing the set of fuzzy colors that are
relevant to a certain application.
u = {Cu 1, f, Cu m} be a fuzzy color space with fuzzy
Let C
colors defined on a certain crisp color space C. We introduce
the following definitions:

u is a covering space iff for some t-conorm
Definition 2.3: C

'

Cu i = C (1)

Cu i ! C

It is immediate that covering spaces satisfy 6c ! C
u such that Cu i (c) 2 0.
7Cu i ! C
u is a disjoint space iff 6Cu i ! C
u,
Definition 2.4: C
6c ! C, Cu i (c) = 1 implies Cu j (c) = 0 6i ! j .
Since fuzzy colors are normal fuzzy sets by definition, disjoint spaces satisfy Cu i Y
3 Cu j 6i ! j since the cores of fuzzy colors have an empty intersection. Notice that, though fuzzy
colors in a disjoint space can have a non-empty intersection,
the intersection will not be a fuzzy color since it will be a subnormal fuzzy set. Defining a fuzzy color as the intersection of
fuzzy colors in a disjoint space requires the normalization of
the result (provided the result is not the empty set).
u is a partition space iff it is a covering and
Definition 2.5: C
disjoint space.
Most of the works to represent color terms in the literature attempt to obtain partition spaces containing the basic
color terms as defined by Berlin and Kay [22], with small
variations in the number of colors. Usually, the idea is to find
a representation of each basic color term that can be agreed
on by most of people in a given context. Our work is more
general as our aim is to provide a methodology for representing any color term, not only basic color terms, either given by
an individual person or agreed by a collective in any particular cultural or application context. We also consider that it is
not mandatory for fuzzy color spaces to be partition spaces,
our methodology allows for obtaining both partition and
non-partition spaces.
C. Methodology to Obtain Fuzzy Color Spaces

In this section we summarize our approach to obtain the representation of a color term as a fuzzy color using the theory of
conceptual spaces plus our own fuzzifying techniques introduced in [30], [33]. Let us remark that the problem we address
in this section is that of obtaining the representation of a single
fuzzy color. The calculation of a whole fuzzy color space
u = {Cu 1, f, Cu m}, composed of a collection of fuzzy colors,
C
can be done by obtaining each fuzzy color Cu i individually.
The approach we propose is based on the specification of
the different a -cuts of the fuzzy color by using a collection of
volumes nested by inclusion in the color space, each volume
delimited by a surface. Using this idea and the representation
theorem of fuzzy sets, it is possible to define a fuzzy set by
means of the collection of all its a-cuts. However, once more, it
is not always possible to define a-cuts for all possible values
a ! (0, 1] . We propose to define explicitly only some of these
a-cuts (at least core) and the support, and then to obtain the
membership degrees of crisp colors by using an interpolation.
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In order to obtain the a-cuts (volumes), we follow the
inductive learning paradigm employed in the theory of
Conceptual Spaces [31], [32]. Considering a conceptual space,
consisting of a crisp color space C plus a suitable metric d in
C, the following issues are required to define a fuzzy color Cu
representing a certain color term C:
❏❏ A crisp color r, called the positive prototype, which is fully
representative of the color term C, i.e., whose membership
to the fuzzy color must be one.
❏❏ A set of volumes VCu = {V1, f, Vq} with q $ 2 and
Vi 1 Vi + 1 61 # i # q - 1 corresponding to some a cuts of Cu plus its suppor t. In par ticular, let
X Cu = {a 1, f, a q} 1 [0, 1] with 1 = a 1 2 a 2 2 g 2 a q = 0
be a set of levels, Vi corresponds to the a i -cut of Cu for
1 # i 1 q (hence, V1 is the core) while Vq is the support.
❏❏ An interpolation mechanism for determining the membership
function Cu : C " [0, 1] on the basis of the positive prototype
and the set of volumes that define the a -cuts and the support.
The methodology proposed in [33] to define both the set of
volumes VCu i associated to a fuzzy color Cu i and the membership function is summarized in the following:
1) In order to define a fuzzy color Cu i, a representative color
corresponding to the color term Ci (called positive prototype) and a Voronoi tessellation are required. To obtain that
tessellation, prototypes of color terms distinct to Ci (called
negative prototypes) are needed. In this sense the tessellation is composed of one cell that contains colors of the
category Ci, while the rest of the cells contain colors that
do not belong to Ci. Therefore, let R+ and R– be the set of
positive and negative prototypes respectively. For learning a
color term Ci modeled by means of a fuzzy color Cu i, the
set R +i = {r i} containing a single positive prototype, and a
collection of negative prototypes R -i = {nr i1, f, nr ki }
such that R +i + R -i = Q are considered.
2) For obtaining the 0.5-cut of the fuzzy color Cu i, we propose to calculate a Voronoi tessellation of the conceptual
space C = RGB for the set of prototypes R i = R +i , R -i
(positive prototype and the set of negative prototypes,
respectively). The (crisp) Voronoi cell V i corresponding to
the positive prototype r i defines the 0.5-cut of the fuzzy
color Cu i . This interpretation will provide fuzzy sets consistent with the natural criterion of assigning degrees
greater than or equal to 0.5 to colors that are closer to
the prototype of the cell than other prototypes (colors of
the cell) and lower degrees to the rest (with except for
the points that are in the own border of the cells).
3) The volumes corresponding to the core and the support
of Cu i (V i1 and V iq respectively) are obtained by two scalings of V i centered in r considering two scaling factors m
and ml . The volume V i is “reduced” by means of a scaling
with m ! [0, 1] to obtain V i1, while it is “enlarged” with
i
ml ! [1, 2] to obtain V q .
4) To obtain the membership function of Cu i a linear inter
polation is carried out. Let Cu i with positive prototype r i
a n d X Cu i = {a 1, f, a q} 1 [0, 1], w i t h q $ 2 a n d
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1 = a 1 2 a 2 2 g 2 a q = 0, be a set of levels, and let
VCu i = {V i1, f, V iq} w i t h q $ 2 a n d V j 1 V j + 1
61 # j # q - 1 be a set of volumes corresponding to the
u i with a j ! X Cu i \ {a q}, plus its support defined
a j -cuts of C
by V iq . Let S ij 61 # j 1 q be the surface that limits the volume V ij of VCu i . A membership function is defined as follows:
Cu i (c) = f (c; r i, VCu i, X Cu i )(2)
for each crisp color c, where
f (r i; r i, VCu i, X Cu i ) = 1(3)
and
f (c; r i, VCu i, X Cu i) = a j ! X Cu i 6c ! S ij (4)
and for the rest of crisp colors the membership degree is
determined by linear interpolation in the segment of infinity length originating in r i and passing through c, that we
denote r i c + , as follows: let S ij + r i c += {s j} be the
intersection point between the surface S ij and the segment
r i c+ . Let d (a, b) be the Euclidean distance between the
crisp colors a and b. Then:
❏❏ If d (r i, c) # d (r i, s 1) then (the point is inside the core)
f (c; r i, VCu i, X Cu i) = 1(5)
❏❏ If d (r i, c) $ d (r i, s q) then (the point is outside the support)

f (c; r i, VCu i, X Cu i ) = 0 (6)
❏❏ If d (r i, s j) # d (r i, c) # d (r i, s j + 1) with 1 # j # q - 1

then (the point is between Sj and S j + 1)
f (c; r i, VCu i, X Cu i) = a j + 1 + (a j - a j + 1)
  
d (r i, s j + 1) - d (r i, c) 
#e
o
d (r i, s j + 1) - d (r i, s j)

(7)

D. Relation between Parameters and Properties

It is possible to obtain different types of fuzzy color spaces
depending on the use of positive R+, and negative R– prototypes and the scaling factors m and ml . Thereby, some interesting conditions can be specified for obtaining particular types of
fuzzy color spaces when R +C = {r 1, f, r m}, R -C = , mi = 1 R -i
and 1 # m + ml # 2:
+
u is a disjoint space.
❏❏ If R C \ {r i} 3 R i- 61 # i # m then C
This condition allows us to obtain fuzzy color spaces that
represent disjoint colors. Thus, the color terms represented
in this type of spaces are discriminant, i.e., they essentially
represent exclusive color concepts (but not precluding fuzzy
boundaries with other colors).
+
u is a covering space.
❏❏ If R i- 3 R C \ {r i} 61 # i # m then C
This condition allows us to obtain fuzzy color spaces to
ensure that all crisp colors are represented by at least one
color term with membership degree greater than 0.
+
u is a partition space.
❏❏ If R i- = R C \ {r i} 61 # i # m then C
This condition allows us to obtain a fuzzy color space by
specifying only the set of positive prototypes.

III. JFCS: Java Fuzzy Color Space Software

JFCS is an open source Java software with the GNU General
Public License (GPLv3) that provides a framework and a
user-friendly interface to model colors based on fuzzy color
spaces. The obtained fuzzy color spaces, consisting of fuzzy
subsets of triplets in a color space, meet the human intuition
about color without tedious visual experiments and allow us
to describe colors in terms of linguistic labels.
The latest available version of JFCS, installation instructions and additional information can be downloaded for
free at http://www.jfcssoftware.com. This version only
works with RGB color spaces although future versions may
work with other color spaces. Demonstration videos of the
use of JFCS with illustrative examples are also available at
the website.
Figure 3 shows a general scheme of the modules in JFCS
and the interconnection relation between them. The Image
Manager module is responsible for managing images in JFCS.
The Fuzzy Color Space Manager module handles the management of fuzzy color spaces, such as creating, editing, storing,
etc. The Fuzzy Color Space Information Display module is in
charge of showing information about fuzzy color spaces. The
Mapping Manager module is responsible for the image mapping process in JFCS and the User Interaction module manages
the interaction with the user in the task of selecting crisp colors for describing them in terms of fuzzy colors.
The main characteristics of JFCS and its modules are introduced in the following subsections.
A. Characteristics

JFCS is an open source (GPLv3) and a non-commercial Java
multi-windows software whose main contribution is to design
fuzzy color spaces on the basis of a collection of crisp colors
taking into account different semantics of colors. In this sense,
JFCS allows us to employ existing color naming systems in the
literature for building fuzzy color spaces automatically. For this
purpose, a crisp representative color and a label for each color
term are provided by existing color naming systems. We should
remark that JFCS provides a very intuitive way to design customized fuzzy color spaces and it can be used by any nonexpert user. Different typologies of fuzzy color spaces can also
be defined with JFCS depending on the nature of the semantics of the colors that users want to model.
Additionally, JFCS allows describing, in a simple and visual
way, colors present on a given image. Users can interact with
images selecting pixels and obtaining correspondences (membership degrees) of selected crisp colors and fuzzy colors
(modeled by linguistic labels) filling the semantic gap
between the color representation in computers and the subjective human perception. Mapped images calculated from a
given image can also be obtained with JFCS in order to visually illustrate color correspondences between pixels and color
terms modeled by fuzzy colors.
Figure 4 shows a snapshot with the general appearance of
the JFCS desktop with menus and modules.

Image
Manager

Fuzzy Color
Space Manager

Mapping
Manager

Fuzzy Color Space
Information Display
User
Interaction
Figure 3 General schema and interconnection between JFCS modules.

B. Modules

The currently available version of JFCS consists of the following functional modules:
1) Image Manager Module: This module is devoted to the
management of images in JFCS. Images can be saved in .jpg or
.png formats in the computer or loaded into the main desktop
framework of JFCS either from a local drive or directly from
the Flickr online image database [34] by means of this module.
Thanks both to the User Interaction module (Section III-B5)
and to this module, users can interact with images to obtain
membership degrees to fuzzy colors of pixels taken from images.
2) Fuzzy Color Space Manager Module: This is the main
module and it is made up of a set of tools that can be used to
create, load, edit, and save fuzzy color spaces. These tools are
accessible through the menu or the buttons under Fuzzy Color
Space Manager panel and are illustrated in the videos at the
website. In the following, we will briefly describe them:
❏❏ New Fuzzy Color Space. This option shows a dialog which
permits to create a fuzzy color space based on the new conceptual approach reviewed in Section II. Different typologies of fuzzy color spaces based on a collection of positive
(crisp color representatives) and negative prototypes can be
created. The typology of space, the scaling factors m and ml ,
and the number of samples to be considered in non-covering spaces can be adjusted in the Typology and Parameters
panels. The collection of positive R+ and negative R– prototypes is composed of crisp colors that can be added from a
color palette, from existing color naming systems stored in
files with a specific format (.cns extension), or from images
by using the corresponding buttons on the left. This module
can also select automatically the most salient crisp colors in
images (by means of a dominant color extraction process)
and incorporate them into the corresponding set of prototypes. For each positive prototype (a crisp color), a label and
a set of negative prototypes can be assigned. All data in this
module can be edited by double clicking. Finally, the button
Create builds a Fuzzy Color Space with the selected typologies, crisp color representatives and labels mentioned before
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Figure 4 Snapshot with the general appearance of the JFCS.

and stores it in a file in the computer with a specific format
(available at the website). Figure 5 shows an example of the
appearance of the New Fuzzy Color Space option.
❏❏ Save Fuzzy Color Space. This option saves the fuzzy color
space as a file with a specific format (available at the

Figure 5 An example of the “New Fuzzy Color Space” module dialog.
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 ebsite) designed for storing the collection of fuzzy colors,
w
labels, representatives and surface equations, among other
key data. The files, with extension .fcs, are text files that can
be opened and read using any text editor.
❏❏ Load Fuzzy Color Space. This option allows us to load an
existing fuzzy color space from a stored file. For this purpose, a file browser is used and a preview of the fuzzy color
space is shown before loading a Fuzzy Color Space in JFCS.
❏❏ Edit Fuzzy Color Space. This option allows us to edit existing
fuzzy color spaces and save them in files with a specific
format (available at the website). This option is useful for
creating a fuzzy color space from the data (representative
colors and labels) of another fuzzy color space.
3) Fuzzy Color Space Information Display Module: This
module is used to represent, show and visualize information
about a fuzzy color space in JFCS. It is accessible through the
menu or the button on the right of Fuzzy Color Space Manager
panel.This module has two sections, Model 3D and Data:
❏❏ Model 3D. This section displays a 3D visualization of a fuzzy
color space within the RGB cube. Surfaces of the core,
0.5-cut, and support of fuzzy colors can be displayed by
selecting the corresponding checkboxes. Different visualization of the surfaces, opaque filled or wired surfaces can also
be displayed by selecting the corresponding checkboxes. In
addition, all colors of the fuzzy color space or some of
them can be visualized by selecting the corresponding
checkbox or selecting them from a list. Furthermore, navigation into the RGB cube can be done by clicking and
dragging with the mouse in it. Let us remark that JFCS can

work with any Euclidean crisp color space
Our work is more general as our aim is to provide a
(RGB, HSI, Lab, etc.), though the visualization 3D module, in the current version
methodology for representing any color term, not only
of JFCS, only works in RGB for simplicity.
basic color terms, either given by an individual person
An example of this module is shown in
or agreed by a collective in any particular cultural or
Figure 6.
❏❏ Data. This section shows information
application context.
about the type, parameters and the colcorrespondences between pixels and color terms modeled by
lection of crisp colors and color names of fuzzy color
fuzzy colors in images. It is accessible through the menu or
spaces. All the information can be edited and can be used
the Mapping module panel in the toolbar. To compute this
to create a new fuzzy color space or modify an existing
mapping process, for each selected image in the JFCS
one through the Fuzzy Color Space Manager module (Secdesktop, membership degrees between 0 and 1 are mapped
tion III-B2).
to a gray level between 0 and 255, obtaining a fuzzy
“mapped” image. The correspondence of the image to fuzzy
4) Mapping Module: This module is in charge of the
colors is shown visually and regions corresponding to a color
mapping process in order to visually illustrate the color

(a)

(b)

(c)

(d)

u ISCC - basic and fuzzy representations for the colors provided by the basic set of ISCC-NBS using Fuzzy Color Space
Figure 6 An example of the C
Display Information module in JFCS. (a) Data related to typology, parameters, color names and representatives in RGB. (b) 3D visualization of
u ISCC - basic .
core, (c) 3D visualization of 0.5 a -cut, and (d) 3D visualization of support surfaces in C
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(a)

(b)

(c)

(d)

Figure 7 Images resulting from the mapping process to the image on the top using the two options (gray scale and color) of the Mapping
u ISCC - basic . Mapping to fuzzy colors (a) White, (b) Yellow, (c) Orange and (d) Brown.
module with C

concept are highlighted. Fuzzy colors can be selected from a
list and two “mapped” images can also be obtained. If the
crisp checkbox is selected, a binary image where black
corresponds to degree 0 and white to 1 is obtained. If color
checkbox is selected, a color image is plotted where the
color of each pixel is obtained by multiplying the
membership degree with the representative of the fuzzy
color. Finally, the button “Go Mapping!” situated on the
right of the mapping module or in the Mapping menu
executes the mapping process over the currently active image

Figure 8 An example of the visual representation of the memberships 0.59/Olive, 0.41/Green.
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in the JFCS desktop, yielding a “mapped” image for each
selected fuzzy color. Figure 7 shows some results of the
mapping process using this module which can also be viewed
in the videos at the website.
5) User Interaction Module: The objective of this module
is to show the membership degree of a crisp color to each
fuzzy color in a fuzzy color space. The crisp color is taken
from a previously loaded image using one of two user
interaction modes: (1) Pixel mode allows us to select one pixel
and (2) Windows mode allows us to select a rectangular
window. If the pixel mode is activated, the crisp color of the
selected pixel in the image is used as crisp color in the Model
3D option of the Fuzzy Color Space Information Display
module. However, if the windows mode is activated, the most
representative color of the window (calculated as a m
 edian) is
used. The membership degrees (only those greater than 0 are
shown) of the selected crisp color associated to the fuzzy
colors are shown in a visual way. For example, the
memberships 0.59/Olive, 0.41/Green are represented in
Figure 8, where each color term is modeled by a color ball
where the thickness corresponds to the membership degree
and the background color with the representative crisp color
of the fuzzy colors. The numeric value of the membership
degree can be displayed by hovering over the color ball.
Finally, the Mapping mode is enabled when a mapping process
is completed over an image (as described in Section III-B4). If
mapping mode is activated, membership degrees are
automatically displayed when the mouse is over the pixels.

Region

RGB Value

(A)

(B)

(C)

(F)

(E)

(D)

∼
ΓISCC−basic

∼
ΓISCC−extended

∼
ΓISCC−complete

(13 Colors)

(31 Colors)

(267 Colors)

0.55/Purple
(A)

[84, 90, 167]

1.0/Purplish Blue

1.0/Strong Purplish Blue

1.0/Reddish Orange

1.0/Vivid Reddish Orange

0.44/Blue
0.12/Gray

(B)

0.61/Red
[209, 52, 9]
0.39/Orange

(C)

[254, 250, 2]

1.0/Yellow

1.0/Greenish Yellow

1.0/Vivid Greenish Yellow

(D)

[1, 2, 1]

1.0/Black

1.0/Black

1.0/Black

(E)

[142, 193, 0]

1.0/Yellow-Green

1.0/Yellow-Green

1.0/Strong Yellow-Green

(F)

1.0/Orange

0.67/Reddish Orange

0.67/Vivid Reddish Orange

[255, 91, 24]
0.33/Orange

0.33/Vivid Orange

u ISCC - extended and C
u ISCC - complete
u ISCC - basic, C
Figure 9 Correspondence degrees of the regions (A)–(F) of the image with fuzzy colors of the spaces C
using the Fuzzy Color Space Information Display and the User Interaction modules.

This mode is useful for visualizing the correspondence of
fuzzy colors with regions in images. The use of this module
can be viewed in the videos at the website.
IV. Illustrative Examples

In this section we illustrate the use of JFCS with the aim of
defining different typologies of fuzzy color spaces and obtain-

ing descriptions of colors present in images in terms of fuzzy
colors and the corresponding membership degrees. Three
typologies of fuzzy color spaces will be created in order to
show the suitability of JFCS to adapt the nature of the colors a
user wants to model (all examples are deeply explained in
demonstration videos at the website as well as all the created
fuzzy color spaces can be downloaded).
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(A)

(A)

(B)

Region
(A)
(B)

(B)

RGB Value
[156, 92, 54]

∼2
ΓFruits

∼1
ΓFruits
0.78/Red Apple

No Description

RGB Value

(A)

[242, 200, 27]

(B)

[241, 189, 26]

0.22/Green Apple

[242, 241, 237] 1.0/Plum

No Description

Figure 10 Membership degrees of the colors (A) and (B) of the
u 1Fruits (covering) and the
image associated to fuzzy colors of the C
u 2Fruits (non-covering) using the Fuzzy Color Space Information
C
Display and the User Interaction modules.

∼1
(a) ΓFruits

Region

∼2
(b) ΓFruits

∼1
ΓFruits

∼3
ΓFruits

0.55/Lemon

1.0/Lemon

0.45/Banana

0.90/Banana

0.51/Banana

0.91/Lemon

0.49/Lemon

0.78/Banana

Figure 12 Membership degrees of the colors (A) and (B) of the
u 1Fruits
image associated to the banana and lemon fuzzy colors in the C
u 3Fruits (non-disjoint) fuzzy color spaces using the Fuzzy
(disjoint) and C
Color Space Information Display and the User Interaction modules.

∼1
(a) ΓFruits
(Disjoint)

∼3
(b) ΓFruits
(Nondisjoint)

Figure 11 Core surfaces associated to fuzzy colors red apple, green
u 2Fruits (non-covering) fuzzy
u 1Fruits (covering) and C
apple and plum in C
color spaces using the Fuzzy Color Space Information Display module.

Figure 13 Core surfaces associated to the banana and lemon fuzzy
u 1Fruits (disjoint) and in C
u 3Fruits (non-disjoint) using the Fuzzy
colors in C
Color Space Information Display module.

In Section IV-A partition fuzzy color spaces based on the
ISCC-NBS system are defined. In sections IV-B and IV-C a noncovering and a non-disjoint fuzzy color space on the basis of color
names provided by users and associated to fruits are defined
respectively. Examples of different semantic interpretations in
color description tasks are also illustrated in these sections.

humans on a task of color description. Note that the colors
provided by ISCC-NBS have an exclusive nature (i.e. if a color
belongs to one color term, usually it does not belong to another color term), so the most suitable typology of fuzzy color
space to model the nature of these colors is a partition (disjoint
and covering) fuzzy color space.
Figure 9 shows the degrees of correspondence of the color
in regions (A) to (F) with fuzzy colors in the three ISCC-NBS
based fuzzy color spaces. Depending on the space, descriptions
in terms of linguistic labels with different detail level are
u ISCC -basic, the colors (A) and (B)
obtained. For example, in C
correspond to the fuzzy colors Purple, Blue and Gray or Red
u ISCC -extended
and Orange, respectively. Descriptions obtained by C
u ISCC -complete, which are composed of more colors and
and C

A. Example with a partition Fuzzy Color Space

In this section, we have obtained three partition fuzzy color
u ISCC -basic, C
u ISCC -extended and C
u ISCC -complete, on
spaces, named C
the basis of the color names provided by the well-known
ISCC-NBS system [35] and using the Fuzzy Color Space Manager module with the partition typology option activated. The
ISCC-NBS system is based on the pioneering work of Berlin
and Kay [22] about color naming and has been tested with

26

IEEE Computational intelligence magazine | may 2016

which are more specific spaces, correspond to only one fuzzy

color (Purplish Blue or Reddish Orange,
respectively). Colors (C), (D), (E) and (F) are
recognized as pertaining to the core of fuzzy
u ISCC -basic, and hence they are
colors using C
described by a single linguistic label. However, these descriptions are refined by the
u ISCC -complete
much more specific spaces C
u ISCC -extended in most of the cases. In
and C
our opinion, in these cases, partition spaces
provide linguistic descriptions in accordance
with human description.
B. Example with a Non-Covering
Fuzzy Color Space

Colors are in general imprecise since it is not possible
in general to draw a clear boundary delimiting colors
(for example, the concept “red” is a gradual concept in
the color set, where the boundary between what is red
and not red is fuzzy). They are also subjective, because
not everyone distinguishes or names in the same way
the colors, and context-dependent, because the same
color can have different meanings in different areas,
even for the same person.

A partition fuzzy color space must guarantee that every crisp
color corresponds to at least one fuzzy color. This can lead, in
the case of a fuzzy color space consisting of few fuzzy colors, to
the case that many crisp colors that should not perceptually
correspond to any color of the space, could appear in the support of some fuzzy colors. In order to show this problem, we
u 1Fruits) and the non-covering (C
u 2Fruits)
have created the covering (C
fuzzy color spaces using the Fuzzy Color Space Manager module
with the covering and the non-covering typology option activated, respectively. We have considered for both spaces a set of
color names and color representatives associated to the fruits
banana, blackberry, green apple, lemon, orange, plum, raspberry, red
apple and strawberry.
An example with covering and non-covering spaces using
the Fuzzy Color Space Display Information module is shown
in Figure 10. In this case, colors (A) and (B) are two perceptually different colors with respect to the colors defined in
the fuzzy color spaces associated to fruits. Consequently,
descriptions of these colors obtained by a covering space
u 1Fruits
u 1Fruits) are in conflict with human intuition because in C
(C
there are no perceptually similar definitions of these colors.
Nevertheless, when using a non-covering space this problem
u 2Fruits ). Figure 11 visually illustrates the difference
is solved ( C
between colors modeled with covering and non-covering
spaces in JFCS.
C. Example with a Non-Disjoint Fuzzy Color Space

Disjoint fuzzy color spaces can represent and model color
terms with exclusive nature, not allowing crisp colors to belong
to the core of two or more fuzzy colors (the cores of fuzzy colors have an empty intersection). However, there may be color
terms of a non-exclusive nature. In this case, to illustrate this
notion, we have defined a non-disjoint fuzzy color space
u 3Fruits) considering the previous set of color names associated
(C
to fruits and a set of negative prototypes for each color name
provided by a user.
Differences in color descriptions between disjoint and nondisjoint spaces are illustrated in Figure 12. In this case, we have
considered an image with lemons and bananas and two color
regions selected from them, whose crisp colors are situated
between the two cores of the banana and lemon fuzzy colors.

The “lemon yellow” and “banana yellow” color terms usually
have a non-exclusive nature so the use of disjoint spaces membership degrees could not correspond to what a user would
expect. For example, membership degrees with the disjoint
u 1Fruits of the two colors (A) and (B) are close to 0.5
space C
when the membership degrees of these colors could be close
to 1. Figure 13 visually shows this notion, where the core suru 3Fruits and are
faces are overlapped in the non-disjoint space C
1
u Fruits .
not overlapped in the disjoint space C
V. Conclusions

JFCS is an open source (GPLv3) Java software with a userfriendly interface that provides an easy framework to design
and automatically obtain customized fuzzy color spaces in
order to fill the semantic gap between color terms and crisp
colors represented in computers. It thus allows as to face the
four critical aspects (interoperability, novelty, usability and relevance)
in fuzzy systems software mentioned in [23].
JFCS contributes to a good interoperability allowing to operate with other software systems because the files that store
fuzzy color spaces and color naming systems are easily exportable as these are editable text files with specific formats. Users
can edit these files and export them to another software or
they can import their models in this format to integrate them
into JFCS.
Moreover, JFCS implements a novel and original approach to
color modeling proposed by the authors in [33] based on fuzzy
color spaces which has several advantages over existing theoretical proposals. Fuzzy color spaces are based on the paradigm of
conceptual spaces [31] including fuzzy boundaries and can be
easily obtained by non-expert users without tedious experiments, since the only information required is a representative
crisp color for each linguistic color term to be modeled. In addition, spaces with different nature and semantics can be obtained
by using JFCS. Fuzzy color spaces can be visualized and
explored, and a matching between colors in images and fuzzy
colors can be obtained. Mapped images calculated from a given
image can also be acquired with JFCS in order to visually illustrate color correspondences between pixels and color terms
modeled by fuzzy colors. All these aspects make JFCS a novel
software in color modeling.
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JFCS is an open source (GPLv3) Java software
with a user-friendly interface that provides an easy
framework to design and automatically obtain
customized fuzzy color spaces in order to fill the
semantic gap between color terms and crisp colors
represented in computers.
Meanwhile, JFCS is a software with a high usability and portability as it is an open source (GPLv3) software developed in
Java. Installation instructions and functional module schemas of
JFCS are also provided with it. In this sense, JFCS makes it easier for other researchers to develop and adapt their software as
well as it can be used on any machine with Java.
In addition, an original associated website located at
http://www.jfcssoftware.com has been developed in order to
make JFCS a relevant software and to keep it up-to-date, to
facilitate the download of complementary material and to
view demonstration videos of the use. A common repository
of fuzzy color spaces adequate to different contexts is also
included at the website which is a sharing point to researchers
in color modeling.
Apart from addressing the four critical issues mentioned
before, some illustrative examples have also been elaborated in
order to show the suitability of JFCS and fuzzy color spaces for
modeling colors with different semantic interpretations. These
examples show that the typology of the fuzzy color space should
be consistent with the characteristics of the colors we want to
model, since otherwise we can get non-intuitive results.
As future work, we propose to incorporate new modules
that allow us to carry out operations based on fuzzy colors
considering different semantics of colors, that it is only available
with the actual and newer versions of JFCS, such as histograms
based on fuzzy colors. We also propose to define new modules
to apply fuzzy colors and fuzzy color spaces for image retrieval
based on color, in order to retrieve images by performing flexible and natural language queries on a database.
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