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Invited lectures

bid BfEEK (RIfpEEREFEHRER)
Akiyoshi KITAOKA (Prof. of the Psychology, Ritsumeikan University)

Akiyoshi Kitaoka is a professor of psychology at the College of

Comprehensive Psychology, Ritsumeikan University, Ibaraki, Osaka,

Japan. He is the president of the Vision Society of Japan. He received

a BSc from the Department of Biology, University of Tsukuba, Tsu-

kuba, Japan in 1984, and received a PhD degree from the Institute of

Psychology, University of Tsukuba in 1991. He received the "Gold

Prize" of the 9th L'OREAL Art and Science of Color Prize in 2006,

and the "Award for Original Studies" from the Japanese Society of

Cognitive Psychology in 2007. He extensively studies visual illusions

including geometrical illusions, lightness illusions, color illusions, mo-

tion illusions and other visual phenomena including visual completion or perceptual transparency. He
also produces a variety of "illusion works" and exhibits them in his webpages

(https://www.ritsumei.ac.jp/~akitaoka/index-e.html). The most popular illusion work is "Rotating

snakes", which was created in 2003 as an image of the optimized Fraser-Wilcox illusion. He wrote more

than ten books of visual illusions or illusion designs.

EAR —BEK (BEREKRKEZHR)
Ichiro KURIKI (Prof. of the Graduate School of Science and Engineering,
Saitama University)

Dr. Ichiro Kuriki is a Professor of the Department of Information and

Computer Sciences, Graduate School of Science and Engineering, Saitama

University, Japan. He received his Bachelor’s degree from the Faculty of

Engineering, the University of Tokyo in 1991, and received his Ph.D in

1996 from Tokyo Institute of Technology Graduate School. He achieved a

scholarship from the Japanese Ministry of Education (Monbusho) as an In-

ternational Exchange Student and worked with Professor Donald I.A. Mac-

Leod at the Department of Psychology, University of California, San Diego.

He was an Assistant Professor at Imaging Science and Engineering Labor-

atory, Tokyo Institute of Technology (1996-1999) and at the Graduate

School of Engineering, the University of Tokyo (1999-2001). He worked for NTT Communication Sci-

ence Laboratory (2001-2005) before joining Research Institute of Electrical Communications, Tohoku

University, as an Associate Professor (2006-2021). His research interest is in the mechanisms of human

color vision, mainly in the cortical representation of color and the mechanisms of color constancy. The

research has been conducted by using various methods, including psychophysics, functional brain-im-
aging techniques (fMRI, EEG, MEG, NIRS), computational models, and clinical case studies.
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Almut Kelber (Prof. of the Department of Biology and the member
of the Lund Vision Group, Lund University)

Prof. Almut Kelber is a member of the Lund Vision Group, at Lund Uni-
versity, Sweden. She studied Biology at the Universities of Mainz, Tii-
bingen and Sussex. After her PhD work on visually guided behaviour of
stingless bees in Brazil, she started working on animal colour vision, first,
at the University of Tiibingen, on studying the diurnal hummingbird hawk-
moth, then at the Australian National University, on a Papilionid, the Or-
chard butterfly. Since 1998, she has been working at Lund University,
where she has been a professor since 2007. Besides discovering that some
animals can perceive colour at night when humans are colour-blind, She
has worked on colour vision abilities and ecology of bees, butterflies,
moths, horses, frogs, geckos, and birds. Since 2014, she has been a han-

dling editor of the Journal of Experimental Biology, Cambridge. Presently, while still an adjunct pro-
fessor at Lund University, she works as director of Research Grants, at the Human Frontier Science
Program Organisation, Strasbourg.

PO Jo00)UK (T y I AKRFHIR)
Anna Franklin (Prof. of the Sussex Colour
Group & Baby Lab, University of Sussex)

Anna Franklin is a Professor at the University of Sussex and

leads The Sussex Colour Group & Baby Lab. She set up a Bab

Lab during her PhD at the University of Surrey and was awarded

a postdoctoral fellowship from the Economic and Social Research

Council to further develop her infant research. She was a Visit-

ing Scholar at the University of California, Berkeley in 2010, and was promoted to Professor at the
University of Sussex in 2015.  She has published over 80 publications on perceptual development and
color perception and co-edited the Handbook of Color Psychology in 2015.  She has recently reviewed
the development of colour perception in an invited review published in the Annual Review of Psychol-
ogy. A major funder of her research has been the European Research Council who have awarded her
with Starting, Proof of Concept and Consolidator grants. Her research has also been funded by indus-
try and the findings of her research have informed the design of TV, books, drama and art such that they

are optimized for infant and child perception.
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Spatial color mixing and color illusions

Akiyoshi Kitaoka

Faculty of Comprehensive Psychology, Ritsumeikan University, 2-150 lwakura-cho, Ibaraki, Osaka 567-8570, Japan

ABSTRACT

Any color can be made from black and white stripes. In
this article, I will explain the principles of color illusion

based upon spatial color mixing and show how it is created.

1. INTRODUCTION

Color illusions can be classified into color assimilation
and color contrast. Both are hue illusions. Color
assimilation is a phenomenon in which the color of a target
area is perceived as the same hue as the surrounding
color. Fig. 1 shows an example.

Fig. 1 This picture is grayscale; however, by placing
colored lines on it, it appears a color image.

Color contrast is a phenomenon in which the hue of the
target area is perceived in the opposite direction to that of
the surrounding colors. Fig. 2 shows an example.

Fig. 2 The window area of this train appears red;
however, none of the pixels have a red hue; they are
all gray, grayish blue-green, or grayish green.

Here, | introduce a new color illusion based on spatial
color mixing. This color illusion has properties of both
assimilation and contrast.

2. SPATIAL COLOR MIXING

Studies have shown that if three appropriate colors are
chosen, a full-color image can be represented. These
primary colors are typically red, green, and blue. They can
be mixed by projecting them in the same location, or by
placing them side by side. The latter is referred to as
spatial color mixing. Fig. 3 shows an example of this.

Fig. 3 This image is composed of lines of three
colors: red, green, and blue.

As spatial color mixing involves three primary colors
being placed side by side, it allows room for each color to
mix with the other two. What happens if we add green to
the red lines, blue to the green lines, and red to the blue
lines? Subsequently, Fig. 4 is obtained. Although Fig. 4 is
brighter than Fig. 3 because of the added colors, there is
no issue with its appearance [1].

Fig. 4 This image is composed of lines of three
colors: yellow to green, cyan to blue, and magenta to
red.
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Moreover, what happens if we add blue to the yellow-
to-green lines, red to the cyan-to-blue lines, and green to

the magenta-to-red lines? Subsequently, Fig. 5 is obtained.

Although Fig. 5 is brighter than Fig. 3 and Fig. 4 because
more colors are added, the image is still clearly visible [2].
Fig. 5 can be represented as spatial color mixing of cyan,
magenta, and yellow as the three primary colors. However,
this does not imply that subtractive color mixing exists in
spatial color mixing.

Fig. 5 This image is composed of lines of three
colors: white to cyan, white to magenta, and white to
yellow.

3. SPATIAL COLOR MIXING ACCOMPANIED BY
COLOR ILLUSION

Fig. 4 was created by adding red, green, and blue colors
to Fig. 3. What happens when only green and blue are
added to Fig. 3?7 Precisely, we add green to the red line

and blue to the green line. Subsequently, Fig. 6 is obtained.

In this image, objects that were originally red appear to be
reddish; however, red hues are no longer in the pixels as
the pixel colors are yellow to green, cyan to blue, or blue
to black. Red is represented by a combination of yellow,
blue, and black. This phenomenon could be evaluated as
color constancy; however, it can also be recognized as a
color illusion.

Fig. 6 This image is composed of lines of three
colors: yellow to green, cyan to blue, and blue to
black. Perceived red is illusory.

4. SPATIAL COLOR MIXING WITH TWO COLOR LINES

Thus far, three primary colors have been arranged in
independent lines. However, it is also possible to place two
primary colors in a single line. What happens when the
green line and blue one in Fig. 3 are mixed into one line?
The mixed line includes green, blue, their mixed colors. Fig.
7 shows an example.

Fig. 7 This image is composed of lines of two colors:
red to black, and mixed colors of green and/or blue to
black.

5. SPATIAL COLOR MIXING WITH TWO COLOR LINES
ACCOMPANIED BY COLOR ILLUSION

What happens when green and blue are added to Fig.
7? More precisely, as the green and blue are added to the
red line, subsequently, Fig. 8 is obtained. In this image,
objects that were originally red appear to be reddish;
however, red hues are no longer in the pixels because
pixel colors are white to cyan or mixed colors of green
and/or blue to black. Red is represented by a combination
of white and black. Fig. 8 shows the two-color line
counterpart of Fig. 6.

Fig. 8 This image is composed of lines of two colors:
white to cyan, and mixed colors of green and/or blue
to black.

6. EXAMPLES OF THIS TYPE OF COLOR ILLUSION
Fig. 9 shows a demonstration, using a can of Coca-Cola,
which gained popularity on social networking sites in 2021.
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The can appears reddish; however, the reddish section
consists of black and white stripes.

Fig. 9 This Coca-Cola can appears reddish, though
the image is composed of black and white stripes.

In this example, it is common to suspect that the red
color is due to our memory of the brand’s famous color;
however, this is not the case. To clarify this issue, we can
use another example. Observe Fig. 10. Not many people
would know about the previous JNR express colors.

In addition, as Fig. 10 is the counterpart of Fig. 2, this
technique of painting red objects with black and white
stripes shows that it belongs to the phenomenon of color
contrast.

Fig. 10 The window area of this train appears red, but
the color is composed of black and white stripes.

The examples of illusions shown thus far have been
based on photographic subjects and involve red objects.
This is because the effect is empirically convincing under
these conditions.

This effect can also be achieved using simple
illustrations rather than photographs. Fig. 11 shows an
example.

Fig. 11 The eye in the left image appears reddish and
that in the right appears to be bluish, though both are
composed of black and white stripes.

This effect can also be observed in simpler images. Fig.
12 shows an example. The lower right circle that does not
overlap with other circles appears yellowish, although the
area is composed of black and white stripes.

Fig. 12 The lower right circle that does not overlap
with other circles appears yellowish, though the area
is composed of black and white stripes.

7. RELATION TO THE MUNKER ILLUSION

The Munker illusion is a phenomenon in which targets
are placed on a certain color background, and stripes of
another color are placed on top of them. Color assimilation
is induced from the color of the stripes, and color contrast
is induced from the background [3, 4]. In Fig. 13, the red
heart in the upper-left image appears magenta, while that
in the upper-right image appears orange. Moreover, the
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green heart in the lower left image appears cyan, while that
in the lower right image appears yellowish green.

Fig. 13 The Munker illusion. The red heart appears
magenta (left) or orange (right). The green heart
appears to be cyan (left) or yellowish green (right).

The Munker illusion can be explained in the context of
spatial color mixing with two primary color lines. For
example, Fig. 14 is an image composed of lines of two
colors: one shows blue to black and the other displays
colors of red and/or green (including yellow hues) to black.

This image shows that magenta, the color of the lower
left portion of the circle that does not overlap with other
circles, is represented by a combination of red and blue
stripes. The background is composed of blue and yellow
stripes. These are consistent with the Munker illusion,
where the red heart appears magenta in the upper-left
image of Fig. 13.

Fig. 14 also shows that cyan, which is painted in the
upper portion of the circle that does not overlap with other
circles, is represented by a combination of green and blue
stripes. The background is composed of blue and yellow
stripes. These results are consistent with the Munker
illusion, where the green heart appears cyan in the lower
left image of Fig. 13.

In addition, the illusory yellow shown in Fig. 12 can also
be represented in the form of the Munker illusion in Fig. 15.

8. CONCLUSION

By investigating spatial color mixing, new color illusions
are found, and conventional color illusions can also be well
explained.
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Fig. 14 The lower left portion of the circle that does
not overlap appears magenta, which is composed of
red and blue stripes. The upper portion of the circle
that does not overlap appears cyan, which is
composed of green and blue stripes. The background
is composed of blue and yellow, and therefore has
the same configurations as those of the Munker
illusion shown in the left two images of Fig. 13.

Fig. 15 The heart composed of black and white
stripes appears yellowish.
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Cortical mechanisms of color perception in humans
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Ichiro Kuriki
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Saitama University, 255 Shimo-okubo, Sakura-ku, Saitama, 338-8570, Japan

ABSTRACT

The mechanism of human color sensation begins with a
differential response among three types of cone photo-
receptors. However, the further process of opponent-color
signals, which is the differential responses of cones, in human
visual cortex is not well known. One of our approaches is brain
activity measurements with functional MRI (fMRI) or EEG
(electroencephalogram). Another type of approach is using
psychophysics combined with data- mining technique. The
possible locations and types of visual information processing
will be shown in this talk, by introducing the progress of our
latest studies.

1. [ZC®IZ
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WET. KBIIT 5 &, 7 3V —HEEIHR (categorical color
perception) & 7 BT T 2 ARIEINE (color appearance) 73
HOET. AT IV MR L, B2 B OMOREN
W& BT, Ptz o077 V—7 L LTHRIMREDOZ &
T, BAMMRIA T TV —HEARONRERTT. TET
T VAR EIE, b 2 LR EWICR DT b
DR T, FIZ I AROEDORITIEE R BT Y —I(C
JBLETH, I OEDOEITD LT OHEALH D SN
EWET. 29 LIiieaoiE N4 1L B Frz)H-o
FREFYIZIRER L CWET. Fx OFIRERIT, 1 2O@ICK
LTCZDEIICERDE— ROBMEA =R L%, 5B
BRI DN D IEE R VT COE T

RRAROEICET AEFIIHERIEE N OmE Y, R
D72 TR S 5 (cone-opponent signal) (24542 X
NIRRT A~EFESND 2 EnMmbTWET[L, 2] L
LIRS, IUIC A o T2 B O I H D a2 IZ DUV T
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Proportion of voxels (%)

Figure 1 fMRI hue selectivity [13]
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Figure 2: SSVEP hue selectivity [15]
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Figure 4: basic color categories in Japanese [20]
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Figure 5: Basic color categories across three languages.[21]
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ABSTRACT

Colour discrimination is based on opponent
photoreceptor interactions, and limited by receptor
noise. Noise limits the discrimination of very similar
colours. Behavioural tests on chickens show that in
the visible range, discrimination thresholds of birds
and humans are rather similar. In dim light, photon
shot noise impairs colour vision, and in vertebrates,
the absolute threshold of colour vision is set by dark
noise in cones. Nocturnal bees and moths, frogs and
toads which possess two types of rods and nocturnal
geckos lacking rods have adaptations to reduce
receptor noise and use chromatic vision even in very
dim light.

1. INTRODUCTION

Human colour vision is based on our possession of
three types of cone photoreceptors. Spectral
resolution is limited by the width of their sensitivity
curves, by receptor noise, and by the number of
photons that is available for vision. In low light levels,
human colour vision fades away and colour-blind
vision, based on one type of rod photoreceptors
remains until we reach the absolute threshold of
vision.

A large number of animal, both vertebrates and
invertebrates, are using colour vision for phototaxis
and for detecting and discriminating food, mates,
landmarks or their home [1,2]. How well they can use
colour information depends on the number of
photoreceptor types they use for the task, the noise
level in the receptors but also the light intensity at
which they are active.

Using dual choice training and testing procedures,
we test animal colour vision in semi-natural settings
and determine discrimination thresholds.

In the present paper, | will first present our
evaluation of the colour discrimination thresholds of
a bird, as compared to humans. Birds have 4
spectral types of cones and are commonly assumed
to strongly depend on colour vision and thus, should
have high discrimination ability [3]. We tested the
birds in bright and dim light and compared their
performance with that of human subjects. Second, |
will review what is known on the absolute thresholds
of colour vision in dim light levels, and present our
data on animals in which this has been evaluated [4].

2. COLOUR DISCRIMINATION THRESHOLDS IN
CHICKENS

Fig. 1

A chicken chick
making a choice
between a
rewarding and an
empty food cube,
using colour vision.

Chickens were trained to discriminate food cubes of
different colours, and tested with colours of
increasing similarity. Colour differences were
determined using the Receptor Noise Limited (RNL)
model of colour discrimination (see [5, 6] for the
model).

O+
A Chicken Orange Series 250 cdim?

1
02

o3

0.8

Q oee

[ J
04

0.6

0.4 ®

0.5 1 15 2 2.5 3

9]

Chicken Orange Series 10 cdim?

o
[oo]
L X N N J

Proportion correct
o
[o2]

o
IS

0.5 1 15 2 2.5 3

E Human Orange Series 250 cd/im?

. 1.5 2 2.5 3
Just noticeable difference (JND)

Fig. 2. Chicken and human colour discrimination in
bright light have similar thresholds (same JND scale is
used for both)
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Both, for colours in the red and green colour range,
we found that the discrimination abilities of chickens
and humans were similarly good in light levels of 10
to 250 cd/m2. In dim light (less than 1 cd/m?),
discrimination thresholds increased. We also saw
that discrimination in dim light was better for larger
stimuli, likely due to spatial pooling mechanisms.
Chickens lost colour vision in light levels below 0.1
cd/m?, which is moonlight intensity [4].

3. ABSOLUTE INTENSITY THRESHOLDS

The intensity threshold of colour vision that we found
for chickens is higher than that of humans but similar
to that of other birds such as budgerigars [4, 5].

Fig. 3 Intensity thresholds of colour vision in selected
species of animals. Coloured lines indicate colour vision,
grey lines achromatic vision of a species (for details see
Kelber et al 2017).

Most mammals other than primates are dichromats
[1] and even nocturnal of arrhythmic species with
highly sensitive eyes, such as the horse, loose
colour vision at similar light levels as humans, and
rely on rod vision at night [4].

Fig. 4 a gecko making a choice between two stimuli
associated with a tasty (left) and a salted (right) cricket.

Other than mammals and birds, lizards have a retina
without rods, and thus, nocturnal species such as
geckos use cones to see in dim light. Accordingly,
they have adaptations allowing them to see colour at
somewhat lower light intensities than birds and
mammals [7].

Amphibians such as frogs and toads, by contrast,
have two types of rod photoreceptors sensitive to
blue and green light [8]. They use colour for mate

10

selection, food choice and phototaxis. Their colour
discrimination of mates breaks down in rather bright
light levels, and they discriminate food items by
colour in about ten times dimmer light than humans,
because of the higher sensitivity of their cones.
However, their phototaxis is colour-guided even at
their visual threshold, which is lower than that of
humans, clearly proving their use of rod-based
colour vision.

Finally, invertebrates do not have a dual retina with
rods and cones but use the same photoreceptors in
all light intensities. Each species has adaptations of
their eyes and visual system to the light environment
in which they are active. Nocturnal insects tend to
have highly sensitive photoreceptors and
mechanisms such as spatial and temporal pooling
allowing for high sensitivity [9. As a result, some
nocturnal species such as large carpenter bees and
moths can use colour vision even in starlight levels
at which humans and most vertebrates are colour-
blind [9,10].

4. ELECTRONIC DATA
This is a review paper and no electronic data are
presented. All information is found in the references.
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What can Babies tell us about Color, Art and Design?
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ABSTRACT

Investigating how infants perceive visual stimuli
provides insight into visual development as well as the
mechanisms of visual perception in its mature form. We
show that studies of infant color perception help us
understand color phenomena such as color categorization,
color preference, and the calibration of color to the
environment. We also show that investigating infants’
visual preferences for art can inform debate on the role of
low-level sensory processes in aesthetics. Finally, we
outline how we have applied this research to inform the
production of visual experiences such as drama, art and
books that are optimized for infant perception.

1. INTRODUCTION
Over the last 70-80 years, infant science has provided

an understanding of how babies see, think and learn. The
pioneering studies of Robert Fantz which measured how

long infants look at basic visual stimuli such as
checkerboards, bullseyes and colored squares,
demonstrated that even newborn infants look

preferentially at certain visual characteristics [e.g., 1].
Since then, infant science has developed methods that
measure infant looking time to stimulus pairs (e.g.,
preferential looking) and to changes in stimuli (e.g.,
novelty preference), and has also adapted psychophysical
and neuroimaging methods to be suitable for use with
infants. Infant studies using these methods have enabled
an understanding of how various aspects of perception
develop such as color, depth, motion and face perception.

2. INFANT COLOR PERCEPTION
2.1 Development of Color Vision

Although Fantz found that young infants prefer to look
at black and white high contrast patterns than large
patches of color [2], subsequent research established that
even newborn infants do in fact have some, albeit limited,
color vision [3]. For example, around three quarters of
newborn infants will orient towards a large patch of
saturated red [3]. This color vision rapidly develops over
the first few months of life such that by 2-3 months infants
are ‘trichromatic’: the three cone types and the resulting
two neural subsystems that underpin color vision are
functional by this age [e.g., 4]. However, sensitivity to color
at this age is still poor and colors need to be highly
saturated for infants to be able to detect them [5]. Color
vision thereafter steadily improves with development, with
a peak in sensitivity in late adolescence ([4], see also [6]
for a review]).
2.2 Addressing Questions about Color

Beyond characterizing what colors infants can see and
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at what age, research has also investigated how various
perceptual color phenomena manifest in infancy. Studies
have investigated when infants use color cues to
individuate objects [e.g., 7], recognize the canonical color
of objects [8], and perceive chromatic visual illusions [9].
These studies have been informative for understanding
the development of perceptual skills in infancy, and for
understanding how infants perceive and interact with
objects and the world around them [10].

Researching how infants see color also tells us about
the color perception of adults in its mature form. For
example, evidence that infants respond categorically to
color has challenged the notion that color categories are
entirely constructed by culture [e.g., 11,12,13]. The
finding that infants look longer at colors the more adults
like them similarly challenges a purely cultural account of
color preference [14]. For both color categorization and
color preference, the infant research points to sensory
processes at least partially constraining these phenomena.
In addition, a recent study finding that 4-6 month old
infants’ sensitivity to hue aligns with the distribution of
chromaticities of natural scenes [15] provides support for
the theory that color perception is calibrated to the
environment [16].

3. INFANT PERCEPTION OF ART
3.1 Developmental Aesthetics

Infants can also tell us about Aesthetics. If infants look
preferentially at a stimulus, this does not necessarily
indicate that infants ‘like’ that stimulus more as infants
might look longer for reasons such as complexity, novelty
and familiarity [17]. However, similarity between infants’
visual preferences and adults’ aesthetic preferences could
suggest that some aspects of aesthetics can be ‘traced
back’ to early sensory components of our visual systems
[18]. Striking similarities between infant looking time and
adult liking has been noted for various stimuli such as
color (as discussed above, [14]), for faces [19] and moving
dot patterns [20].
3.2 Visual Preferences for Art

There have been only a handful of studies that have
investigated infants’ visual preferences for art [e.g., 20, 21,
22, 23]. One study compared infant looking times and
adult preference ratings for a set of 8 pieces of art and
found no relationship between the two [20]. However, a
recent study [23] has found a significant relationship
between infant visual preference and adult pleasantness
ratings for a set of 40 Van Gogh landscapes: infant looking
accounts for around 13% of the variance in how pleasant
adults find the landscapes. Prior studies with adults have
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shown that a substantial amount of their aesthetic
response can be accounted for by low-level image
statistics such as contrast, fractal dimension (the amount
of self-repeating patterns on multiple scales) and image
entropy [e.g., 24]. Analysis of infants’ visual preferences
for Van Gogh also finds that infants’ visual preferences
can also be accounted for by chromatic and spatial image
statistics, with some similarities in the image statistics that
predict infants’ and adults’ response to the art [23]. The
findings suggest that some elements of our response to art
can be traced back to the early sensory biases of our
visual systems, but that infants’ response to art is also a
product of their immature and developing vision.

4. OPTIMISING DESIGN FOR INFANT VISION

4.1 Beyond Black and White

Research on infant color perception and infants’ visual
preferences for art can inform the design of visual
experiences for infants such that they are optimized for
infants’ immature perception. Books and products for
babies are often designed in black and white due to the
belief that infants require high contrast in order to be able
to see the design. Whilst infants’ contrast sensitivity and
visual acuity is relatively poor compared to later in life [e.g.,
25], we know that infants from 2-3 months are also
trichromatic [e.g., 4], and by 4-month can even
discriminate isoluminant adjacent hues (e.g., blue and
green [e.g.,, 13]). The Goldilocks effect states that
perception is optimally stimulated by a level of complexity
that is ‘just right' for the perceiver’s visual ability — too
simple and the perceiver will be bored and too complex
and the perceiver’'s attention will not be captured [26].
Therefore, given infants’ color vision, black and white
designs likely underestimate infants’ visual abilities and
are unlikely to optimally stimulate infants beyond 2 months.
Ongoing research at the Sussex Baby Lab supports this
hypothesis, with one currently unpublished study finding
that infants look longer at designs when they contain
colored elements compared to identical designs that are
purely achromatic [27].
3.1 Case Studies of Application to Design

The team at the Sussex Baby Lab have collaborated
with artists and designers to apply findings on infants’
perception of color and art to produce baby products and
visual experiences that are optimized for infant perception.
In 2017, the Sussex Baby Lab curated an Art Gallery for
babies as part of the British Science Festival. Artists were
given a brief on infant perception and were asked to
submit art to the show which had characteristics that
matched infants’ visual abilities and visual preferences.
The Sussex Baby Lab team then recorded the
eye-movements of infants looking at the art, and showed
the eye-movement heat maps alongside the art in a gallery
in the public library. Parents and their babies were invited
to the event, so parents could find out more about how
babies see, and so babies could view the art as well. One
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of the pieces of art that babies looked at the most is shown
in figure 1A (Frog, by Sam Horton).

The Sussex Baby Lab have also discussed findings on
infant perception with the company Etta Loves to inform
the design of textiles (e.g., muslins and baby mats,
www.ettaloves.com) that visually stimulate infants (figure
1B), with the book publisher's Child’s Play
(www.childs-play.com) to develop a series of Baby Board
Books with colors, shapes and details that are optimized
for infant vision (figure 1C), and findings have also been
applied to the design of professional shows for young
babies (see www filskittheatre.com, figure 1D).

A B

Fig. 1. Examples of the application of infant science
to the development of art, textiles, books and drama
optimized for infant vision and perception. A: baby
looking at Etta Loves’ Aqua print, copyright of Etta
Loves Ltd. B: ‘Frogs’, by Sam Horton, shown at the
Baby Art Gallery, curated by the Sussex Baby Lab,
copyright of Sam Horton. C: The ‘Sea: Look Touch
Learn’ baby board book from the book series
published by Child’s Play, copyright of Child’s Play.
D: ‘Kaleidoscope’, a show for 6-18 month olds,
produced by Filskit Theatre Company, photo taken by
Zoe Manders, copyright of Filskit Theatre Company.

5. CONCLUSIONS
Babies’ response to color and art has implications for
theoretical debates about perception and aesthetics in
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their mature form. Babies’ response to color tells us that
color categories and color preferences have sensory roots,
and that color vision also relates to the chromatic
environment. Babies’ response to art points to the
contribution of low-level image statistics to aesthetics.
How babies respond to color and art can also inform the
design of visual experiences that are optimized for babies.
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Muscle activity visualization with color using muscle synergy information
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Fig.1 Visual light images of the Hon Atsugi Country Club,

Golf Course No.

10, taken by satellite and UAYV,

respectively. (a) Satellite (Sentinel-2) image, (b) UAV (P4M)
image.
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Fig.2 Visual light images of the Hon Atsugi Country Club, Golf
Course No. 10, taken by satellite and UAV, respectively. (a)
Satellite (Sentinel-2) image, (b) UAV (P4M) image.

Fig.3 NDVI images of the Hon Atsugi Country Club, Golf Course
No. 10, taken by satellite and UAYV, respectively. (a) Satellite
(Sentinel-2) image, (b) UAV (P4M) image.
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Table 1 Sheet resistance and conductivity
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(a) Single-layer (ITO)  (b) Double-layer (ITO/Ag)
Fig. 2 FESEM image of Ag intermediate layer
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Fig. 3 Prototyped antenna employing DMD

Table 2 Radiation efficiency

ITO ITO/Ag DMD (ITO/Ag/ITO)
Simulated [%] 73.0 78.2 83.2
Measured [%] 68.0 75.5 81.4
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WV =T T T NSNS D /INET T T LA
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[1] Y. Yamada, F. Koshiji, Y. Yasuda, T. Uchida, K. Yamada,
and, et al., “Analysis of Reflection Characteristics and
Radiation Efficiency on Thickness and Conductivity of
Monopole Antenna Using Transparent Conductive Film”,
ICEP 2021, Online, Japan, May 2021.

F. Koshiji, Y. Yasuda, Y. Yamada, K. Yamada, and T.
Uchida, "Transparent antenna with high radiation
efficiency and high optical transmittance using
dielectric-metal-dielectric composite materials based on
ITO/Ag/ITO multilayer film", Transactions of The Japan
Institute of  Electronics Packaging, Vol.15,
pp-E22-001-1-7, July 2022.
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Fig. 1 Division; 15t black, 2" orange, 3" green.
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Fig. 2 Al Composition, 16384 division
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Fig. 3 Al Composition Painted, 16384 division
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Fig. 4 Blue stained glass and projection after sunrise

Fig. 5 Red stained glass and projection before sunset

4. BEXH
[1]1 Y. Kuhara, Al Composition, 575358 7 = & 2 2022[X]
4%, p8 (2022).

[2] Y. Kuhara, Al Composition Demo, The Faculty of Arts
Festival, https://youtu.be/F69mzVT{ KU (2022).

[3] Y. Kuhara, Al Composition Painted, 37 R, B T
WRFPEZINF AT T 295, pp77-83 (2023).
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Development of a high precision interference microscope using SLD
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Fig 1 Experimental setup
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Fig 2 Interference fringe pattern and its line profile formed using
a SLD (a, ¢) and a He-Ne laser (b, d)
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Fig 3 Experimental results for evaluating the residual noise of
phase measurements: (a) 3D plot, (b) line profile.
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Fig 4 Experimental results for measuring the thickness of an
ITO thin film: (a) micrograph of the sample, (b) interference
fringe pattern, (c) 3D plot of the measured phase, (d) line profile.
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PP.25-28(2020.6).
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EEZDZETREIOFTOEBENREED
ZEITRPI L, 22T, RO GE S AT
SHRRET, TN FNOAEOREEIBIET
XA F- o0 AFEOREHCITEMICINE X
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2. aRkE{ESENafiond— FDER

JaaR)VLC T YV AZNLASLF Ly b (CV) &
AR X T0.5mol /[ LOCVIRIR., =& ) —)ViZo T
=13 (CY) ZIEfES+HT0.1 mol / LOCYIRIK %
FNENFHA-LC, b zRALE, ZORAR
FIRIZNafion117> — F 22 LT, AFEL2HEN
WCEEL LTz, TREO (63 A E A L 7= Nafion —
I (Nafion+CV+CY) Z L # % - BOHHIE S AT A
OP-TR/RF-GONIO-MN % FHW TR & o A4 =
230" THREHZHAREZRH L, ERHFAT b
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3. MEBLUEER
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5. BEXH

[11 H. Yajima, et.al., “Influence of Photo-illumination on
Greenish Metallic Luster of Safflower Red Pigment
Film” Bull. Soc. Photogr. Imag. Japan., Vol. 28, No. 2,
18-22 (2018).

[2] T. Kaki, K. Yamada, “Metallic Luster from Two Organic
Pigments without Metallic Elements -Relationship
between Molecular Orientation by Stretching and
Polarization Reflection -” Bull. Soc. Photogr. Imag.
Japan., Vol. 31, No. 2, 5-8 (2021).

[3] K. Yamada, T. Oda, “Mixing Metallic Luster with
Organic Dyes” Bull. Soc. Photogr. Imag. Japan., Vol.
32, No. 2, 21-23 (2022).

Fig.4. & B AR08 & SLF7R0B 0 [ DK
E2v )



Proceedings of 4™ International Symposium for Color Science and Art 2023

HONEBLE& Y D aERD VERL

Preparation of Color Samples of Graphite Intercalation Compounds

BARE, KIGEA, IWHEBE 1TARS, RHTER

Rika Matsumoto, Masato Oshima, Katsumi Yamada, Tokio Yukiya, and Masaomi Sanekata

FOR TR, 243-0297 M2 IBE AT LIFI5—45—1
Tokyo Polytechnic Univ., 5-45-1 liyama-Minami, Atsugi-shi, Kanagawa 243-0297, Japan

M=

808 Rk & % (Graphite Intercalation compound;
GIC) DHIZIE, RAND B LT TR | B aoF M,
Rl DAZEETHLONEL, GICOEIIGICHFSE
IZES THEERIFER THHN, i LR EIZGICD
BENEHINDZ LTV, KoT, Forld, &FEE
FRACDOGICEE KL, AT E, s, FEEDT
— R EFED T EIEAREH QT —H RN —RADEGE
W7, £72. GICO LI KK FTARLEETHD, &
ST, KV IEMREREFLERT DD, KRIERTEER
BRI D5 EARE . A MR 23R A Td,

1. [XL®HIZ

H4A (Graphite) 1T B OO BIRWE THDH, BErD)E
MO BEAERIZITW=D, ZDERICHIT LK) M
vy I(Ca) 72 E D4 & IR P bk (FeCls) oMl
(HaSO4) 728 D4y T2 3 AL, BenE M bA % (GIC)
2T 5 (Fig. 1), GICO & Aa0F A% DA
BOLDOHEZ N, ZOBEALITIEAWE (2 —hL
—R) LB A RSE (VT 7 =) EOROE S
FOFE R THH-0 . GICO DB ERILGICO K%
e ABRICHEE LD, Ll GICO®IZE TS
BHRIZTZ L, AT —BEETEERLIEBID D0,
GICIZT T77 2 RMAN) F 0 A A B 72 & D Je b
WFFEICRSBAfR T 57-  BITE, GICHFFEIXIE H 24
B, HLLGICHF e AED DA FEE I 2 TD, Ko TCL
GICOAEARZERL | AT D LITEETH
HEZEZ TS,

—

‘ — )
— 335 M —

[

I )

— [

— ]

Carbon Atom  Graphite Intercalate )¢

Fig. 1 Structural images of graphite and GIC.

AWFTEIL, 20194 I2HA ED , SEX ERGICE AL
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REETHDH-0, KT TOFER TIXIE e/ & fig
=W R EDSEEL Do 721, 2] Ko T A 24ERMIE
[H @ BNER LAY O RKIERBEREEICBIT A
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T W PEREA ) SREL . KRR R ICB T AHIE S
1TV, GICA R DI ECRHEZ Rl T2 2 BHEL T
XT72[3, 4], AFEF Tl KEIEZRBE R EORG2 H
(2. ZOMER DT/ R 15,

2. =R
2.1 6/

AL 72 GICH Table 112 £L 7=, HySO4-GICIE
WRFEVE CTH LI, EA LS OGICIT T~ TRAHTE
Wz, KRBT RSN E SIS E % T ARG B
HZE R TEU, MBS 2, RANBIMNIIRIAINH 2k
D —RMREBEN THDPGS (Panasonic) ZHEHELL . Z D
fth, A A ME B iR B ER (HOPG) 0 KR R Bdh %
JEELAY

Table 1 GIC samples and their reaction conditions.

Type Reagents Heating
AM-GIC AM=K,Rb,Cs 200°C, 1-3d
Ca-GIC Ca 500°C, 3d
K-Hg-GIC K, Hg 210°C,7d
FeCls-GIC FeCls 300°C, 3d
MoCls-GIC MoCls (, MoOs) 300°C, 3d
CuCl2-GIC CuCl2 500°C,>14d
CuCl2-AICI3-GIC  CuClz, AICIs 150°C,>6h
AICI3-GIC AICl3, C4H4CINO2 115°C, 24 h
H2S04-GIC* H2S04, HNO3 r.t., >3d

2.2 B

GICOEDFLFKIT G E LKAV E WD, B
BT T _RTOGICY > 7 AR —BrEE - [ — & kc
WTHRSE LT, SO AT MV E ISR E S 2T
A (F20, FLIMMETRICS) & VM-,

2.3 BT

XHREFTB LR T < AT MAHIEEIT- T2,
XEEHTII KRR T, £I3R B RV E —% W TAr
FHK T CHRIE LT, 7~ A7 MUIEEREL
W TR IEFRE THIE LT,

2.4 piERE

KA T EIFArFE R T CHERSEERE b 1-15

THIELT=,

3. MRLER
3.1 EZ)LAYLRGIC
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K-, Rb-, Cs-GICSIZBIL T, #NEFNAT—T 18X
URT— 243 (Fig. 2) OV 7V EGRLTZ,

=

I
N
il

Stage 1 Stage 2 Stage 3
Fig.2 Stage structures of GIC.

TNHVEBGICIEIRKA T THD TREE THY, K
[CAT =V I EII KA T I EMREEZ N E T&
7273572 [4]. Fig. 31X, PGSZRAN LIZAT — V141
DK-GICDO KK IERTE (HTAEILN) TOEETHL,
K-GICIZ KK IERBZETITLAEL TWVDHR, KKIRE
ERIBFIRSCNI AT — 248 E D FH A~ IHIZEEN
DR~ LTz, Fig. 4I3K-GICEZ K& . Ar F
(FE5i-50°C) | MiAr T (82 5-65C; BAFEIRE 0.15 ppm)
WL T3 ICHIEL7ZXRDX TH 5, K& F=
Ar FTIIAT — 203 E N HLN TS, ZhuidJE
MOKLEE, D EDGICO BN ECIZZ R L T
B, — )5 FiAr F TR fRIIAET T AT — V1 x4
REfE R D HERF L T,

Fig. 3 Photo of stage 1 K-GIC prepared from PGS.

Fig. 4 XRD patterns of stage 1 K-GICs prepared from
PGS after 3 min. exposure to atmospheres; 1~3 : stage
numbers, * :holder.

L GICOART — V1 L28EDGICD T < L AT ML
EIF AR IV R FERE CHIEL [1,2].

PGSZ R AR LIZAT —V1HEE DK-GICH EX =
R FEMAr FTRIELZ, FANTHDHPGSD
BRAGERNP48X10° Sem! THHDITH L, KK
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3045 AN O E T3.7-5.4 X 10* Sem! ((E-14)4.3 X 10*
Sem!) | #iAr FCliZ3.2X10* Scm™ THY | HliAr FTD
EITRER Tz, 72720 IEE N Do
T, A% HBEMEZERTIVNENDD, £-. KK Tl
EEIXERD FAr T CII4RF BB % L B R nE R
E AP AY Y
3.2 £RIE{LWGIC

& B ALGICIZ T VAV & B GICIZ B R TR EME
NEL, KR F CoERBLOWMRIE N TRETH S,
— 5 BITIRE O~ TR LR (Fig. 5 /) . SBIZ,
BRI ET DB ALY T VR mEITES
HWELDZENEL, AT VIEN L, £
77 . CuCL-GICIZPGSERAMI WA . SR
D TEN-TZ, 72, GICH L R H O RIZRESIL,
Bt 2 b Bl ST (Fig. 5 £) .

FeCls-GIC CuClz-GIC

Fig. 5 Photos of FeCls- and CuCl2-GICs from PGS.

3.3 7I)LAY) XH|EGIC

Ca-GIC°Sr-GICIX X AH{E TIXPGSE mT 512 Ly
e Lishho Tz, B GIZEEACTH D . AT — V11
BIT VAV EBGICE Y LIRAR DD 72N 0 T
Holz[4), 2L, AT =1L OREEIZ AR T
ER/NAN

4. F&6

REMREBGICEARKL., ZOEREELGLEHTD
7O G EIREBLONE AT MR EEI T T2, &
DI, A ERAT-CERE 21TV, Bz dii i L7=GICD
F = AR = 2ADEREZED TWVDH, K& T TOGICD
IIREES T2 O RRIERFB R CONE T IELHE
LT, 5%, Li-GICE DR E FOGICHA L« 1
EEATO, R T DHTETHD,

ARHWFFED—HEBILISPSEFE TP 21H05234D Bk % 5% 1) 7=
HOTY, o, ERICTHHTEWZRAR S B EE4
EHIFITRGHILET,

SEXH

(1] IAARRE, KRIGIEN, ILHABE, TARE, BERE, §
A6l RFM B F R R (T4 >, 2020.12).

[2] R.Matsumoto, M. Oshima, K. Yamada, T. Yukiya, M.
Sanekata, 3rd International Symposium for Color
Science and Art 2020-2021(Online, 2021.03).

[3] IAARHETE, KRIGIEAN, ILABFE, ITARE, BIER, §
ATRRFEM B R RES (A T4 2, 2021.12).

[4] R.Matsumoto, M. Oshima, K. Yamada, T. Yukiya, M.
Sanekata, 3rd International Symposium for Color
Science and Art 2022(Online, 2022.03).
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