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Expanding Field of Integrating Technology and Art/ Color Science and Art
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The International Research Center for Color Science and Art of the Tokyo Polytechnic University (TPU) will hold the 6th International Symposium 2025 on February 22,2025.
Under the theme of"Expanding Field of Integrating Technology and Art/ Color Science and Art", the symposium will feature 4 keynote speeches and
announcements by the faculty members on research findings for integraging technology and art. The symposium will be held onsite and online over Zoom.
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[Notes] The symposium is scheduled to be held both onsite and online. Please check the official website for the most up-to-date information.

EEEJ Eﬁiﬁ% Keynote Speakers

Maria Boto Ordonez--br, Royal Academy of Fine Arts, KASK, HOGENT, Ghent, Belgium
theme : From Science to Art: exploring melanin-inspired structural colors in art and design applications
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SATO Takeki -~ Gijutsu-Hyoron Co., Ltd.
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KOTO Yusuke - Sugarsonic, Inc.
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theme: About "Color Guidebook (tentative title) * by Gijutsu Hyoron Co., Ltd.
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MIYAKE Yoichi - Director/Visiting Professor, Tokyo Polytechnic University, Professor Emeritus, Chiba University
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theme : Color Image Analysis for Integrating Technologies and Arts
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KOBAYASHI Norihisa - The Society of Photography and Imaging of Japan , Professor, Chiba University
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theme : Reflective * Emissive Color Display with Electrochemistry

H BF Date and Time

2025 2/22 (£) 10:00-17:15 (%A 17:30-19:00)
10:00-17:15,Saturday,February 22,2025 (Social gathering will be 17:30-19:00)

215 Venue
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Nakano Campus of Tokyo Polytechnic University #6101, No.6 Building 1F
1-10 Yayoicho, Nakano City, Tokyo

B R —LR— Official Website
https://collab.t-kougei.ac.jp/symposium2025/
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The program will be broadcast online over Zoom. Please register in advance to
receive the Zoom URL.

BREWLEH Contact Us

phone: 046-242-4111

mail: office@collab.t-kougei.ac.jp
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HAFES KU'FEE Japanese and English
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Simultaneous interpretation in Japanese and English is available.
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Please register by Thursday, February 20 from the official website. In addition, it is
also possible to participate on the day of the symposium only at the venue.
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https://forms.gle/uMHciVjNaizsE8Gr8
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Projects from research findings of the International Research Center for Color
Science and Art will be on display on the day of the event.
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We will hold a social gathering where presenters and participants can exchange opinions.
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Venue:Gallery 6B01,No.6 Building BT~ Time:17:30-19:00  Fee: Free
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The International Research Center for Color Science and Art, Tokyo Polytechnic University
B2 Academic Supporting Organizations

H A& B B % % The Society of Photography and Imaging of Japan

B E F ¥ < The Institute of Image Electronics Engineers of Japan

H A EN Rl %2 <= The Japanese Society of Printing Science and Technology
HAE R % The Imaging Society of Japan

H 7 8 %2 % % The Color Science Association of Japan

HA B B =11 % The Japan Society for Arts and History of Photography
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Schedule for the 6th International Symposium 2025
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YOSHINO Hiroaki (University President)
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From Science to Art: exploring melanin-inspired structural colors in art and design applications

Maria Boto Ordonez, Heleen Sintobin
Royal Academy of Fine Arts, KASK, HOGENT, Ghent, Belgium
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[N I
CHEN Jun, TOYODA Mitsunori
11:00
0-02 Presentation 2 S 3R JE 4 71K 2
A2 =T IT R=y I AZIT D8 F B OVt B D588
Influence of acoustic environment and color illumination on smart aquaponics

FRW, TF O A B, fEHE K, Pinnara Ket
MORIYAMA Tsuyoshi, NOGUCHI Arisa, FUKUI Takahiro , Pinnara KET
11:15
0-03 Presentation 3 S5 35470 51 3
SNSRI T DML T P A LTI 207 —FWN T T T ~ OBk

Colored Transparent Antenna Matching with Surrounding Appearance and Design for Millimeter Wave Bands

BHRR ], 2 BRI EBEE, NEFE
KOSHIIT Fukuro, YASUDA Yoji, YAMADA Katsumi, UCHIDA Takayuki
11:30
0-04 Presentation 4 S35 70 3 7 4
BN R T O RACIRER I LZiiI T — 0 FEBL
Realization of switchable mirror using metallic luster of conductive polymer
NS 2SS
YAMADA Katsumi
11:45
0-05 Presentation 5 F#3EMFJE# 7 5
FIRPEA 2 AN X DR TERE T #1817 — L OB %
Development of a Game for Visually Impaired Individuals Using Sound-Integrated Buttons
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From Science to Art: exploring melanin-inspired structural
colors in art and design applications

Maria Boto-Ordoénez, Heleen Sintobin

Royal Academy of Fine Arts Ghent, KASK, HOGENT, Ghent Belgium

ABSTRACT

Melanin-inspired structural colors are suggested as a
sustainable and innovative alternative to traditional
coloring methods in art and design. These structural
colors mimic nature's nanostructures responsible for the
colors of butterflies, beetles, and birds. In this research, a
wide range of colors were achieved by manipulating the
synthesis and deposition material of polydopamine (PDA),
a melanin analog. Applications include coating and
painting, showing properties like iridescence and color
change. Despite challenges in the scalability and stability
of melanin-based structural colors, this research proves
the potential of this material as a sustainable alternative in
art and design.

1. INTRODUCTION

The world of art and design has always looked to nature
for inspiration, with color being one of the most fascinating
aspects. In this time of increased awareness of the
ecological impact of the color industry and a growing
demand for sustainable alternatives, inspiration goes
further than pictorial representation. Looking into nature
can give us innovative solutions that address economic as
well as ecological features.

The colors we see can be divided into pigmentary
coloration and structural coloration. Structural colors are
those that we see by the light interaction with a
nanostructure. The latter is responsible for the blue of the
Morpho butterfly, the metallic hues of hummingbirds, or
the iridescence of jeweled beetles. These nanostructures
are often built from simple biological building blocks, such
as cellulose, chitin, keratin, and melanin, biomaterials
highly abundant in nature, biodegradable, and non-toxic.
Although these colors have always fascinated humans,
knowledge of their formation and structure is relatively
recent, as is their study within the field of biomimicry.

In this project, we focus on the use of melanin-inspired
structures based on polydopamine (PDA) to create colors
that can be applied as coatings or paint for artistic and
design purposes.

2.METHODOLOGY
2.1 Polydopamine film and particles

Polydopamine (PDA) has been synthesized from
dopamine following the method previously described in
the literature, with the goal of mimicking the optical
properties of melanin for the creation of structural colors

[1]. In this process, a thin film is formed in contact with the
air under static conditions. By modifying the concentration
of the reagents and the time of reaction, the thickness and,
thus, the color of the film is modified (Fig. 1).

Fig. 1 A) PDA film on a deposit of PDA particles. Color
is dependent on the initial concentration of the reagents;
B) Cross-section of PDA film and PDA particles on glass.

PDA particles are also formed during the oxidation of
dopamine, and they can be used to recreate structural
colors by simple deposition in a mold following the method
developed by Kohri et al. In this case, the formation of
PDA occurred while stirring the solution and the
concentration of the reagents will define the size of the
particle and final color [2,3].

2.2 Silica PDA coated particles

Silica particles were synthesized following the
methodology described by Rao et al [4]. The concentration
of TEOS determined the size of the particle. Once the
particles were obtained and measured, they were coated
with PDA to facilitate the visualization of colors. An
increased concentration of PDA showed a more intense
hue (Fig. 2).

Fig. 2 A) Silica particles before coating; B) Silica particles
after coating with PDA; C) Visualization of the silica-PDA
particles under TEM microscope (=180 nm).

3. APPLICATION

3.1 Application of the PDA film and particles

The thin film formed in the interface between the water and
air was isolated and used as a coating material to
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reproduce structural colors by the phenomenon of thin film
interference. The film, colored brown, only shows the
structural coloration when applied on a dark surface or
finding the right angle of light (Fig. 3).

Fig. 3 A) Different color perception of a PDA fiim on
transparent glass with different observation angles. B)
PDA film on transparent glass with a black background. C)
PDA film on black glass with a white background.

The thin film was applied to several substrates to
measure its adhesion and manipulation. In this process, it
was observed that depending on the sample where the
thin film was applied, the colors showed a shiny or matt
finish and iridescence or non-iridescence (Fig. 4). We also
observed some modification of the color over time due to
the modification of the thin film.

The thin film was not resistant to manipulation. All the
top coatings modified the light interference and, thus, the
colors. We observed some resistance when an adhesive
was applied between the film and the substrate; however,
it was not enough to make it resistant to rubbing.

Fig. 4 A) Different color perception of a PDA fiim on
unglazed clay with a deposit of PDA particles ; B) Color
change on glazed clay with a film of PDA and a deposit of
PDA particles; C) PDA film on estriado glass. 09.03.22,
2022 by Ann Veronica Janssens, photo by Blaise Adilon.

Adapting this method to a bigger scale, we tested the
aesthetical potential of this material in creating several
artworks in collaboration with artists such as Ann Veronica
Janssens or Tiina Pyykkinen.

3.2 Application of the silica PDA-coated particles
After recovering the silica PDA-coated particles, they
were dissolved in water to have a fluid brown material to

use as paint. The particles were applied on paper, and
once dried, they showed a different color depending on the
concentration of the size of the particle and the PDA
concentration (Fig.5). Although they were resistant to
manipulation, if the layer of particles was too thick, it
showed some cracking.

Fig. 5 Silica PDA-coated particles on paper.

4. CONCLUSION

Melanin-inspired structural colors show great potential as
an alternative to traditional coloring techniques. A wide
range of colors can be obtained by manipulating the film's
thickness or the particles' diameter. However, there are
still some challenges regarding the stability and scalability
of the process. Structural colors are more resistant to
fading than pigmentary colors if the nanostructure is
preserved. This phenomenon that we can see in nature,
presents many difficulties when trying to be done in the
laboratory.
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Fig. 1 Color EC cell by stacking CMY three
EC layers.
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Fig. 2 Control of gradation of color in CMY
EC cell and multicolor representation by
stacking each EC layer.

3. RERm ST XEL (LSPR) BISR BT HHECE F

RAT L OB I L FHBMLOT =4 D
W REZT, eI E EME S 2 W TITHE
BEORRENES DN, ~aF oAb 4 L Db ETIEH
WEZRBEIRHEL 72D, $RA A NI T AL A A L
RS 270, BT TOHRAF L SR E
BFEBOCTIREICEL G20, ZHOMELEC
FF LU TOMRLUL E M B~ 5%, 225 NIE
AT AR RN B RO LRI A KT 2L
Z A BEITRE O, B - 85 - BORBE & nl i 912 %8
B CEDEREAMECE T2 L (X3)[5], $ROE
FIRIRD B AR AL TWD =6 BT/ U2 E %
Y,

Fig. 3 Silver-electrodeposition based EC cell
showing transparent, mirror and black state.
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Fig. 4 LSPR band tunable silver electro-
deposition-based color EC cell.
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emissive and reflective mode from a single cell
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Fig. 1 Experimental setup
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Fig. 2 Optical setup of illumination system

Fig. 3 Interference fringe patterns of different colors
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Fig. 4 Experimental results for measuring the tilt
wavefront between the object and reference waves.
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Fig. 5 Experimental results for measuring polarization-
remaining optical fiber.
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Influence of acoustic environment and color illumination on smart aquaponics
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Fig. 1 Collaboration partners in Cambodia
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Fig. 2 An example of soil map generated by
our software that uses the WAGRI API.

Fig. 3 An example result of detection of dead
fish (red rectangles).

Fig. 4 Setup for detecting the resonance of
objects (a rule made of metal here).
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(a) A picture of prototyped antenna

(b) Su Characteristics

Fig. 1 Ultra-wideband transparent antenna
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Fig. 2 Antenna configurations

Table 1 Dimensions of antenna

Parameters Values [mm]
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Fig. 3 Su characteristics

Fig. 4 A prototyped antenna made on an
experimental basis
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polymerization of 3-methoxythiophene.
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Fig. 2 Photographs of the obtained PMOT film
(film thickness: 2 ym) in the reduced state (left)
and the oxidative state (right), and reflectance
spectra of the PMOT film.
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Fig. 3 Photographs of the obtained PMOT film in
the reduced state (r) and the oxidative state (o)
prepared by MS-PS polymerization and sPS
polymerization.
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Fig. 4 Total reflectance spectra of the PMOT film
prepared by MS-PS polymerization and sPS
polymerization.
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