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A new graphical user interface (GUI) has been developed as an extension to the open-source PyFCS library
for constructing and analyzing fuzzy color spaces. This GUI improves usability and accessibility by allowing
users to generate fuzzy color spaces from palettes or images, visualize them interactively in 3D, and perform
advanced color mapping. Parametric controls enable users to explore various levels of generalization and

specificity in the color modeling process. The resulting fuzzy color spaces can be exported in reusable formats to
promote reproducibility. This extension significantly enhances the practical applicability of fuzzy color models,
providing a versatile tool for both scientific research and artistic or perceptual analysis.

Code metadata

Current code version

Permanent link to code/repository used for this code version
Permanent link to Reproducible Capsule

Legal Code License

Code versioning system used

Software code languages, tools, and services used

Compilation requirements, operating environments & dependencies

If available Link to developer documentation/manual
Support email for questions

v1.0.2
https://github.com/ElsevierSoftwareX/SOFTX-D-25-00412

MIT License

git

Python

Python > 3.10 matplotlib==3.8.0 numpy==1.26.1 opencv-python==4.8.1.78
pillow==10.0.1 plotly==5.22.0 PyQt5==5.15.11 scikit-image==0.22.0
scikit-learn==1.3.2 scipy==1.11.3 PyQtWebEngine==5.15.7
https://github.com/RafaelConejo/PyFCS_GUI/tree/main/PyFCS_GUI_Manual
rafaconejo@ugr.es

1. Motivation and significance

Color perception is a fundamental topic in vision science and plays
a key role in various computational applications, including computer
vision, image retrieval, and computational aesthetics [1-3]. However,
bridging the gap between objective, numerical representations of color
and the subjective, context-dependent ways in which humans perceive
and describe color remains a persistent challenge [4,5]. This discrep-
ancy — commonly referred to as the semantic gap — complicates tasks
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involving semantic interpretation of color [6].

Fuzzy logic has long provided a principled framework for mod-
eling linguistic color categories as fuzzy subsets within perceptually
grounded spaces [5,7-9]. Two main approaches have emerged in this
domain: the first relies on exhaustive perceptual experiments to define
membership functions [10-12], which, while precise, pose scalability
and reproducibility challenges; the second is based on the theory
of conceptual spaces [13,14], offering a geometric and cognitively
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Fig. 1. Main interface of PyFCS GUL

inspired foundation for representing categories through perceptual sim-
ilarity. Unlike approaches that require exhaustive perceptual data col-
lection, the conceptual spaces framework allows for the definition
of color categories based on perceptual similarity, reducing the need
for extensive fieldwork. Building on this latter approach, early tools
such as JFCS [15] showed the feasibility of constructing fuzzy color
spaces using conceptual spaces, but faced practical limitations related
to computational efficiency, platform dependency, and restricted color
spaces support.

To address these issues, the PyFCS library [16] was developed as
an extensible and scalable solution, enabling the creation and analysis
of fuzzy color spaces, and fully integrated within the Python scientific
ecosystem. However, its command-line interface posed usability bar-
riers for non-programmers, limiting exploratory and educational use.
To overcome this, we present PyFCS GUI, a cross-platform graphical
interface built with Tkinter, designed to make the creation, visu-
alization, and application of fuzzy color spaces more accessible. This
tool enhances interactivity, fosters reproducibility, and expands the
applicability of fuzzy color modeling in both research and educational
settings.

2. Software description

The PyFCS Graphical User Interface (PyFCS GUI) builds upon the
foundational PyFCS library [16], whose modular architecture has en-
abled this new interface to emerge as a powerful and accessible tool for
exploring fuzzy color spaces in a visual way.

PyFCS provides the computational core for fuzzy color modeling,
which is based on the theory of conceptual spaces and a principled
methodology for constructing fuzzy color categories [17]. In this ap-
proach, each fuzzy color is a concept represented in a conceptual space
which is defined using a set of positive (fully representative of the
concept) and negative (non-representative of the concept) prototypes
within a perceptual color space such as CIELAB or RGB. A Voronoi
tessellation of the space, centered on these prototypes, establishes a
base region that is associated to the 0.5-cut of the fuzzy set. This region
is then scaled inward and outward to define the core and support
volumes of the fuzzy color, respectively. Membership degrees are com-
puted through linear interpolation between these volumes, resulting in
a continuous and cognitively grounded fuzzy representation.

This extensible core design has allowed PyFCS GUI to layer on in-
teractive visualization and user-guided exploration without modifying
the core logic.

2.1. Software architecture

The architecture of PyFCS GUI is structured around a tight integra-
tion with the PyFCS back-end. PyFCS GUI acts as a visual and interac-
tive shell, mediating between user inputs and PyFCS’s perceptual color
modeling capabilities. Developed in Python and implemented using
Tkinter, the GUI incorporates standard scientific libraries including
NumPy, SciPy, Matplotlib, Plotly, PIL, and OpenCV. This modular
ecosystem ensures cross-platform compatibility, facilitates educational
use, and allows for future extensions and domain-specific adaptations.

The interface is organized into three main functional zones: (1)
fuzzy color space management, (2) interactive visualization of per-
ceptual color categories, and (3) application of color-based analysis
to images. Fig. 1 illustrates the interface, which includes tools for
palette-based and image-based category creation, real-time feedback
visualizations, and intuitive access to image analysis operations.

2.2. Functional overview

The core functionalities of PyFCS GUI are designed to extend the
capabilities of the underlying PyFCS library through an accessible
graphical interface, while maintaining full interoperability with exist-
ing tools and file standards. The system supports the import and export
of both . fcs files (fuzzy color space definitions) and . cns files (color
naming schemes), ensuring seamless integration with other software
and workflows for fuzzy modeling and perceptual analysis.

Specifically, PyFCS GUI supports four principal functional goals:

1. Visualization of fuzzy color spaces: Users can interactively
explore the internal structure of fuzzy categories — including
kernel, a-cuts, and support sets — within perceptually grounded
color spaces. This feature aids in understanding the graded
nature of category boundaries and the semantic overlap between
hues.
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Fig. 2. Palette-based creation interface in PyFCS GUIL Users can manually select color prototypes, assign labels, and define fuzzy categories without relying on

image clustering.

2. Learning color spaces from images and palettes: In addi-
tion to automatic extraction from image data using clustering
algorithms such as DBSCAN [18], PyFCS GUI allows users to
construct fuzzy color spaces interactively from color palettes.
Users can intuitively select color samples as positive prototypes
using a visual interface, in accordance with the principles of
conceptual space theory. The image-based approach supports
a threshold parameter to control the number and specificity
of extracted clusters, while the palette-based method facilitates
manual, fine-grained definition of perceptual categories.

3. Fuzzy color mapping: The system provides tools for assign-
ing fuzzy category memberships to individual pixels in an im-
age. The resulting chromatic maps, available in both grayscale
and color-coded formats, visualize how perceptual regions are
distributed and how they relate to the fuzzy category structure.

4. Educational and didactic capabilities: With an intuitive de-
sign and real-time visual feedback, PyFCS GUI serves as an
effective teaching tool. It supports classroom demonstrations and
student-driven exploration in domains such as fuzzy set theory,
conceptual modeling, and linguistic categorization of perceptual
stimuli.

To assess the usability and perceived quality of the PyFCS GUI,
a user study was carried out using the standardized User Experience
Questionnaire (UEQ) [19,20], which evaluates aspects such as attrac-
tiveness, efficiency, dependability, and clarity. The questionnaire was
completed by a group of representative users after their interaction with
the software. The results were overall positive, indicating a high level
of user satisfaction and providing empirical support for the system’s
usability. The full questionnaire and results are also made available in
the PyFCS GUI repository.

3. Ilustrative examples

To demonstrate the core functionalities and practical use of the soft-
ware, a representative case study is presented involving the creation,
visualization, and application of fuzzy color spaces on an image con-
taining several orange fruits against a white background. This example

illustrates the workflow supported by the GUI, emphasizing three key
capabilities: fuzzy color space generation from image data or palettes
(Section 3.1), interactive perceptual visualization (Section 3.2), and
fuzzy semantic mapping (Section 3.3). Notice that, although this case
study uses the CIELAB color space due to its perceptual properties,
PyFCS also supports other color spaces such as RGB, HSI, HSV as long
as they can be defined as metric spaces. In addition to this illustrative
example, Section 3.4 presents a performance benchmark of the GUI,
along with a discussion of its broader applicability across domains such
as digital art, user interface design, and cultural heritage restoration.

3.1. Creating fuzzy color spaces

The creation of fuzzy color spaces in PyFCS GUI can be per-
formed through two complementary modes: image-based extraction
and palette-based definition. Both approaches are grounded in the the-
ory of conceptual spaces, where selected color samples act as positive
prototypes that anchor the resulting fuzzy categories.

Image-based creation. This procedure begins by selecting the Image-
Based Creation option from the Create New Fuzzy Color Space menu.
Users can upload an arbitrary image — for example, one depicting
orange fruits on a white background — and extract its dominant
chromatic components through unsupervised clustering. PyFCS GUI
employs the DBSCAN algorithm [18] to identify color clusters in a
perceptually uniform space (e.g., CIELAB), taking into account the
distribution and density of pixel values.

A user-adjustable threshold parameter governs the granularity of
extraction. Lower values produce fewer, broader clusters, representing
coarse chromatic groupings, while higher values yield more refined,
narrowly bounded shades. The centroids of these clusters are inter-
preted as prototypes in the conceptual space, forming the basis of the
fuzzy categories.

For instance, with a threshold of 0.25, the system may identify two
principal color groups — orange and white — yielding a generalized
fuzzy space fge"eric_omnge (Fig. 3(b)). At a higher threshold of 0.85,
it may extract six distinct orange hues plus the background white,
resulting in the more granular fspec[f,-c_mnge (Fig. 3(c)).
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Fig. 3. Effect of threshold parameter on image-based fuzzy color space creation. The central image is the source from which chromatic clusters are extracted.
As the threshold increases, the number of extracted clusters grows, yielding a finer chromatic segmentation. These clusters can serve as positive prototypes for

generating fuzzy categories in the conceptual space.

Palette-based creation. Alternatively, users may opt for the Palette-Based
Creation mode, which enables manual specification of color prototypes
through a visual color picker and sample editor (Fig. 2). In this mode,
users can select and name individual colors from a palette to define
the fuzzy categories directly. This approach is especially useful when
working with standardized shade guides, institutional color codes, or
perceptual labels.

Each selected color becomes a central prototype in the conceptual
space, around which the fuzzy set is built. The graphical interface facil-
itates intuitive control over label assignment and prototype definition,
ensuring flexibility and reproducibility in the generation of fuzzy color
spaces.

Both creation modes — automatic and manual — are fully inte-
grated within PyFCS GUI, and the resulting spaces can be saved in
.fcs format for further use or interoperability with other tools.

3.2. Visualizing and navigating fuzzy color spaces
The resulting fuzzy color spaces are explored through the 3D visu-

alization tool, which enables inspection of color sets within the CIELAB
perceptual space. Users can interactively rotate, zoom, and inspect

structural components such as the core, a-cut (at « = 0.5), and support
regions.

The two-category space fge,,em_om,,ge reveals broad, smoothly tran-
sitioning regions (Figs. 4(a), 4(c), and 4(e)). In contrast, fspec,- Fic—orange
exhibits a more complex structure, where the six orange hues are
distinctly distributed (Figs. 4(b), 4(d), and 4(f)). These visualizations
facilitate intuitive understanding of the spatial distribution of fuzzy
concepts and are aligned with the conceptual spaces framework [17].

3.3. Fuzzy color mapping for semantic analysis

To evaluate the semantic applicability of the fuzzy models, the Color
Mapping function is applied to the original image. This feature com-
putes the degree of membership of each pixel to a selected fuzzy color
and displays the result in grayscale, highlighting perceptual regions.

Using Fgeneric_mnge (Fig. 5), the mapping shows clear separation
between fruit and background, suitable for coarse-level segmentation.
The more detailed fspm fic—orange (Fig. 6) reveals fine-grained variations
among orange tones, making it well-suited for nuanced tasks such as
texture differentiation or lighting effect analysis.

This illustrative workflow highlights the flexibility of the PyFCS
GUI in supporting both generalized and fine-tuned modeling, while
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3.4. Performance benchmark and extended applications

In addition to the illustrative example, we conducted a performance
benchmark to evaluate the computational efficiency of the PyFCS GUI
during the construction of several fuzzy color spaces (random colors
and the three ISCC-NBS based fuzzy color spaces [21]). The evaluation
measured execution time, CPU usage, and memory consumption, and
included a direct comparison with JFCS, its Java-based predecessor.
Results indicate that PyFCS GUI achieves substantially lower memory
usage (up to 35% less) and faster execution times (with an average
speedup of 1.8xacross tested scenarios), while maintaining a stable
CPU load. These improvements highlight the efficiency of the Python-
based implementation and confirm its suitability for interactive use
in research and educational contexts. Full details of the benchmark,
including code and reproducible scripts, are available in the project’s
GitHub repository, ensuring transparency and replicability.

Beyond the orange fruit-based example presented as illustrative ex-
ample, the PyFCS GUI demonstrates a wide potential for application in
domains where nuanced and flexible treatment of color is essential. For
example, in digital art and artistic palette design, the tool can extract
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dominant tones from paintings or design prototypes and generate fuzzy
color spaces that capture perceptual transitions between hues. In user
interface design, it enables the creation of adaptive and accessible color
themes, such as color-blind-friendly palettes, by clustering dominant
shades and mapping them into fuzzy categories. Similarly, in cultural
heritage restoration, the GUI can support the comparison of faded
pigments with plausible original tones, allowing for perceptual map-
pings that incorporate uncertainty in chromatic reconstruction. These
examples illustrate how the software can serve as a versatile platform,
extending its utility beyond academic demonstration into practical,
real-world applications. Additional case studies are made available in
the project’s GitHub repository to further showcase this versatility.

4. Impact

The PyFCS GUI represents a significant advance in the usability and
dissemination of fuzzy color modeling tools, particularly in perceptual
and computational domains where color semantics play a central role.
By abstracting away the complexity of direct programming interaction,
the GUI lowers the barrier to entry for researchers and practitioners
from non-technical backgrounds. This usability enhancement enables
users to intuitively construct, visualize, and apply fuzzy color spaces,
adjust granularity and fuzziness parameters on the fly, and immediately
interpret the resulting a-cuts and membership structures. Such capabil-
ities not only improve reproducibility, but also reduce calibration effort
and modeling bias.

Beyond usability, the system fosters new research directions. Its
ability to generate fuzzy color spaces directly from visual data cre-
ates opportunities to study phenomena such as perceptual similarity,
context-sensitive categorization, and interpretable color segmentation
within a fuzzy logic framework. These functionalities are especially
relevant in cognitive modeling [1], computational analysis of art, and
cultural semantics, where color meanings must be inferred under con-
ditions of ambiguity [22-24]. Furthermore, the support for both image-
based and palette-based creation of fuzzy categories allows researchers

peci fic—orange
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to explore how fuzzy color concepts emerge from real-world visual
data and how linguistic and cultural contexts modulate perceptual
prototypes [12,25].

The software’s compatibility with standard formats (.fcs for fuzzy
spaces and .cns for color naming schemes) ensures interoperability
with existing tools, allowing PyFCS GUI to function not just as a
standalone environment but also as part of broader analysis pipelines.
Since its release, the PyFCS GUI has been made openly available as
part of the PyFCS library and is already attracting interest within the
research and educational communities. Early feedback highlights its
utility in graduate-level instruction and exploratory research in areas
such as fuzzy perception, dental shade analysis, and explainable AL
Its accessible and modular design makes it well-suited for integration
into interdisciplinary workflows and applied contexts such as clinical
diagnostics or digital heritage restoration. By offering an open-source,
platform-independent, and pedagogically oriented tool, PyFCS GUI lays
the groundwork for broader adoption and innovation in perceptual
modeling, semantic computing, and visual reasoning under uncertainty.

5. Conclusions

This work presents a graphical user interface (GUI) extension for
the PyFCS library that significantly enhances its usability, accessibility,
and analytical reach. By enabling intuitive interaction with fuzzy color
spaces — through visual creation, interactive exploration, and applica-
tion to image analysis — the GUI makes the theoretical foundations
of fuzzy color semantics more accessible to a broader audience. It
thus bridges the gap between complex computational modeling and
practical, user-centered exploration.

Developed in Python and built upon a modular architecture, PyFCS
GUI supports diverse use cases, from cognitive modeling and perceptual
research to education and artistic analysis. Its implementation in an
open and widely adopted ecosystem encourages community involve-
ment, customization, and seamless integration into broader research
workflows.
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