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Associate Professor Michael J. Murdoch

Michael Murdoch is an Associate Professor in Color Science
and the Director of the Munsell Color Science Laboratory at the
Rochester Institute of Technology (RIT) in Rochester, New
York, USA. Michael teaches courses including colorimetry,
psychophysics, lighting, and imaging. He leads a research
project on color appearance in augmented reality (AR) funded
by a National Science Foundation CAREER Award, and
additionally conducts research on displays and temporally
dynamic LED lighting. Through his career, Michael has
enjoyed working on color system modeling and
human-centered design for solid state lighting, HDR LCD, and
OLED display systems, previously working at Kodak Research
and Philips Research. He holds a BS in Chemical Engineering
from Cornell University, MS in Computer Science from RIT,
and PhD in Human-Technology Interaction from Eindhoven
University of Technology in The Netherlands.

Michael’s website:

https://www.rit.edu/directory/mmpocs-michael-murdoch
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Professor Kirsten Moana Thompson

Dr. Kirsten Moana Thompson is Professor and Director of Film and
Media at Seattle University. She teaches and writes on animation
and color studies, as well as American, German, and Pacific studies.
She is particularly interested in the materiality of color production
processes in 2D animation and the impact of color in visual culture
in the nineteenth and twentieth centuries. Recent work has focused
on the animated surfaces in Moana; the material color history of
Disney and Faber Birren, and Ludwig Von Drake and the Disney
promotional film. She has been appointed to the Color in Motion
Advisory Board of the Academy of Motion Pictures, Arts and
Sciences Museum in Los Angeles, 2021 and will be helping to plan
an upcoming exhibition on color in the motion pictures for 2024.
Publications include Animation and Advertising (co-ed. M. Cook,
Palgrave, 2019), the first book to examine the relationship of
animation with non-theatrical media; Apocalyptic Dread: American
Cinema at the Turn of the Millennium (SUNY Press, 2007); Crime
Films: Investigating the Scene (Wallflower: 2007) and Perspectives
on German Cinema (co-eds with T. Ginsberg , GK Hall: NY, 1996).
She is currently working on three new books, Color, Visual Culture
and American Cel Animation; Bubbles; and Animated America:
Intermedial Promotion from Times Square to Walt Disney.
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Color from Real Reality to Extended Reality
Michael J. Murdoch

Munsell Color Science Laboratory, Rochester Institute of Technology, Rochester, NY, USA

ABSTRACT

As the development of extended reality technologies
bring us closer to what some call the metaverse, it is
valuable to investigate how our perception of color
translates from physical, reflective objects to emissive and
transparent virtual renderings. Colorimetry quantifies color
stimuli and color differences, and color appearance
models account for adaptation and illuminance level.
However, these tools do not extent satisfactorily to the
novel viewing experiences of extended reality. Ongoing
research aims to understand the perception of layered
virtual stimuli in optical see-through augmented reality
with the goal of improving or extending color appearance
models. This will help ensure robust, predictable color
reproduction in extended reality experiences.

1 INTRODUCTION

We spend most of our time in real reality, experiencing
real-world objects under real illumination. We experience
color as the interaction of objects, illumination, and our
visual system, and in general we have evolved an
excellent visual sense capable of understanding the real
world around us. Traditional media from painting to
imaging, printing, and display allow people to create and
present visual stimuli that look like the real world or convey
an artist’s impression of a scene. None of this surprises
us; the real world is beautiful, and art helps us share, enjoy,
and interpret it.

At the moment we are on the rapid upswing of the
development of amazing visual technologies known as
extended reality (XR), which includes virtual reality (VR),
augmented reality (AR), and other variations. XR promises
to transport us to remote places, allow us to collaborate
with automata and other people in a shared environment,
and augment our vision to improve our understanding of
the world around us. XR is compelling in part because it is
surprising; the visual environment created with VR and AR
can be quite unlike real-world objects and traditional
media. The novelty of visual experience in XR demands
careful study both to understand our visual response to it
and to enable the development of more comfortable, more
accurate, and more predictable XR systems and content.

2 COLOR IN OBJECTS

In the real world, we like to attribute color to the objects
themselves. This is not fully correct, because lighting
clearly affects color and appearance, and we are also able
to perceive and appreciate changes in illumination and the
colors of emissive objects themselves. However, the
adaptation mechanisms of our visual system allow us to
approach color constancy to a sufficient extent that objects

indeed seem to securely possess their colors.

Object color has been studied and organized using
color order systems, including the Munsell system, based
on the basic dimensions of color perception: hue, value,
and chroma. Quantifications along these dimensions allow
accurate specification of color, and color palettes such as
Pantone also allow unambiguous communication about
object colors [1].

Color systems, as well as traditional art media, rely on
metamerism, the phenomenon by which spectrally-
different color stimuli may be perceived as the same color,
in a particular viewing environment. Thus, an artist doesn’t
need to recreate the physics of a sunset sky, just mix a
combination of pigments to look like the sky.

2.1 Colorimetry and Color Appearance Models

Quantifying color matches is the role of colorimetry,
which provides a system for numerical specification of a
measured color stimulus, scaled to be perceptually
meaningful but falling short of describing perception.
Colorimetry and color differences are used in assessing
color matches between samples in many industries
including textiles, coatings, and printing.

Color appearance models (CAMs), including
CIECAMO02 and CAM16, extend colorimetry by accounting
for some of the perceptual effects caused by viewing
conditions, such as the illuminant color and intensity.
CAMs still don't fully describe appearance, but they are
capable of specifying color matches in terms of a
correspondence between colors in different viewing
conditions [2][3]. CAMs have been developed using data
from visual experiments mostly involving reflective color
samples, though some data sets have also incorporated
colors as light sources or displayed on screens.

3 COLORIN DISPLAYS

Emissive color displays have become ubiquitous for
image presentation and user interface, and the accurate
representation of colors on displays has required careful
transfer of object color characteristics. Color management
involves computing the correspondence of colors from one
medium to another, accounting for the color and intensity
of the lighting in a scene as well as the color balance and
intensity of the display. The color reproduction of an entire
imaging chain from capture to display describes how
object colors in an illuminated scene are rendered on a
display, whether accurate or intentionally enhanced [4].

Modern displays in mobile devices actively compensate
for ambient illumination, automatically dimming the display
and changing the white balance of the display in response
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to the user’s environment. Ideally, these transformations
are done in the paradigm of CAMs in order to preserve
color appearance, but in some cases they may be simply
applied to images as scale factors.

Many displays offer high dynamic range (HDR) and
wide color gamut (WCG), increasing their capability to
produce a wide range of colors. Because CAMs were
mostly developed using reflective object colors at normal
illumination levels, recent research has tested their
accuracy and suggested improvements where needed
[5][6]. Despite ongoing progress, CAMs have so far not
been widely tested using XR colors and images.

4 COLORIN EXTENDED REALITY

XR systems are constructed in a variety of form factors
based on different engineering priorities, but at the core of
any system is a display. Optical configurations can make
the display appear further away, cover a wide field of view,
and/or be transparent, all of which can affect the
appearance of displayed content.

VR systems may be able to completely control the
visual field, offering new opportunities to influence visual
adaptation. Initial research shows that color accuracy and
chromatic adaptation can measured and controlled in VR,
but a VR CAM remains unstudied [7].

4.1 Scissionin AR

AR systems with transparent displays enable the
composition of real-world and virtual content in the same
field of view, which further complicates color appearance.
Physically, a transparent display adds virtual colors to the
real backgrounds visible behind, but perceptually these
two layers, virtual and real, may be seen as distinct in a
phenomenon known as perceptual scission. Depending
on the spatial configuration and the visual task,
experiments have shown that viewers can discount the
contribution of either the AR foreground or the real-world
background when interpreting and matching colors [8].

Specifically, when AR foreground colors are compared
and matched, the influence of the background is
discounted [9]. Alternatively, when background colors are
compared and matched, the AR foreground is discounted
[10]. The extent of discounting, influenced by perceptual
scission, varies widely depending on the visual cues of the
layered presentation, including the alignment of AR
overlays, luminance levels, stimulus complexity, and the
presence of borders [11][12]. So far, a deterministic model
of the extent of discounting according to these influences
remains elusive, which means a full model of color
appearance in XR also remains difficult.

Ongoing research aims to complete this model. More
experimental data on the correspondence between AR
and real-world stimuli in different configurations are
needed, and proposed models of foreground-background
blending must be verified and/or improved.

5 CONCLUSION
Color descriptions, colorimetry, and traditional color

appearance models have developed based on reflective
objects illuminated in real-world environments. Concepts
describing color appearance and the effects of viewing
environment have been successfully applied across media
to printing and display applications. However, the viewing
experiences of extended reality expose the limitations of
these models. Ongoing research has uncovered visual
responses, including scission, and shown what kinds of
experimental data still need to be collected to create more
capable models for color appearance in XR environments.
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The Doors of Perception: Color, Surrealism and Disney Animation

Kirsten Moana Thompson

Seattle University, 901 12" Ave Casey 430-02, Seattle , WA 98122, USA, thompski@seattleu.edu

ABSTRACT

Inspired by the writings of Aldous Huxley on perceptual
hallucination and color effects, this paper considers the formal
role of color in the production of abstract, experimental or
surrealist representation in 2D animation of several Disney
features of the forties: Dumbo (1941), Saludos Amigos (1943)
and The Three Caballeros (1945). While Disney’s pioneering
innovations brought 2D animation to a higher form of
verisimilitude more typical of the live action film, this paper
suggests that Disney’s stylized and non-representational
animation demonstrated the heightened role that color played in
the depiction of hallucinatory perception as imagined by
Huxley.

1. INTRODUCTION

1.1 CEL ANIMATION AND DISNEY’S INNOVATIONS
My research focuses on the material color production processes
of animation: the ink and paint department, the cels on which the
drawings were traced, inked and then colored, and the paint
pigments used to manufacture different kinds of paints, from
water colors to poster paint, oils and dry and wetbrush effects.
2D cel animation consisted of composite drawings that were
inked and painted onto clear acetate sheets called cels and
layered together with background paintings. Up to 12 individual
drawings were photographed, usually twice each, to produce the
illusion of movement for every second of onscreen time. Long
before The Wizard of Oz and other films with distinctive colour
palettes, the Disney studio played a pioneering role in colour
cinematography by releasing the first films in subtractive three
strip color or what was called Technicolor IV, and which
introduced colors like yellow and blue to cinema. Disney had an
exclusive patent with Technicolor for this process between 1932
and 1934, and introduced the first Technicolor IV cartoon
Flowers and Trees which would win an Academy Award for its
innovations in color cinematography In effect, Disney was an
early adopter for the film industry, pioneering Technicolor IV’s
color cinematographic process about 5 years before it would
appear in major studio features like MGM’s The Wizard of Oz
and Gone with the Wind in 1939. The Disney studio has been a
consistent innovator in color technologies from its pioneering
Silly Symphony cartoons in the thirties to its early adoption of
color television in The Wonderful World of Disney series in the
sixties, to its technological innovations with fireworks, water
fountains and projected animation in shows like The Wonderful
World of Color

1.2. DISNEY’S HYPPERREALISM AND SPECIAL
EFFECTS

In the classical American studio period (from the coming of
sound through to the late fifties), Disney played a seminal role
in developing an industrialized assembly line process that
created a highly specialized division of labor—of directors,
animators, ink and painters, colorists, background artists, layout
artists and other specialists. As part of this, Disney helped
develop a 2D animation special effects department that created

the meticulous visual effects that simulated difficult to animate
subjects such as atmospheric effects (rain, fog, mist); water
effects (ripples, waves, bubbles, ripples), and fire and light
effects (candle light, firelight, flames) as well as other
scintillating and luminous light effects. This attention to detail
in his feature films, and prior to that, in his Silly Symphony
cartoons of the thirties, where many of these effects were first
developed, meant that Disney’s pioneering 2D animation or
Hyperrealism [1] as it has been called, came closer to
photographic realism or than had seemed previously possible.
His realism was also particularly attentive to natural light effects
and to the flora and fauna of the real world. Nonetheless within
Disney’s meticulous realism, were periodic eruptions that used
color in highly nonrealistic ways, that reflected avant-garde
influences, like the “Pink Elephants sequence” from Dumbo
(1941). In this sequence, which we will examine, Dumbo the
elephant and Timothy the mouse drink what they assume to be
water but is actually alcohol. They become intoxicated and start
to hallucinate pink elephants.

2. SURREALISM

Salvador Dali considered Walt Disney ‘an American
surrealist’[2]. Disney was in turn fascinated by the creative work
of Dali, and the two collaborated for a period of time in the
mid-forties on the unfinished short film Destino (later
completed and released in 2003). This surprising collaboration
between one of the leading surrealist painters of the twentieth
century and the pioneering producer of a form of animated
(hyper)realism leads me to explore the role in which color has
been used as a key device in the Disney studio, not as primary
tool for its otherwise dominant form of animated realism, but
rather for a wildly experimental, even avant-garde approach to
color.

2.1. WRITINGS OF HUXLEY

As with Dali, Disney also collaborated with many other
experimental artists, philosophers and thinkers, including Sergei
Eisenstein, Oscar Fischinger and Aldous Huxley, the latter
briefly working on a script idea for Alice in Wonderland for
Disney that was ultimately never produced. What can the
writings of philosophers like Aldous Huxley tell us about the
relationship of color and animation? Huxley suggested in The
Doors of Perception and Heaven and Hell, his famous studies
about the perceptual effects of taking mescalin and LSD, that
luminosity, intense color and a heightened sense of meaning
were three key characteristics of visionary experience (a special
form of the imagination). Like Goethe before him, Huxley
suggested that ascetics, artists, or children all share visionary
perception. But for everyone, visionary perception can also be
triggered by special kinds of aesthetic objects, exemplified by
the jewel, which is “self-luminous” and exhibits a preternatural
brilliance of color and significance, and whose “colored, moving,
living geometrical forms” typify a recurrent formal dimension of
hallucinatory vision, especially under the effects of
mescaline.[3]
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3.JEWELS IN ANIMATION; TWINKLING,
SCINTILLATING AND REFRACTIVE COLOR

Precious gems like emeralds, rubies and diamonds were
frequent narrative pretexts for product differentiation,
foregrounding the spectacular display and affective appeal of the
new color cinematographic process Technicolor in animation. I
argue that the animated jewel, and other related visual figures
like fireworks, shooting stars, rocket flares, explosions and
lightning flashes exemplify what I call starburst animation, or
animation whose incremental shimmer and literal frame by
frame control of speed, duration and concentration of light
produce an affective trigger between onscreen imagery and
off-screen bodies, that can produce a resemblance to what
Huxley called “those intensely significant, inwardly glowing
objects encountered at the mind’s antipodes”[4] and are altered
states of perception, that dimly echo visionary experience,
foregrounding the imaginative expression of “experience by
experience.” [5]

3.1 STARBURST ANIMATION AND DISNEY’S LATIN
FILMS

Saludos Amigos (1942) and The Three Caballeros (1945)
appeared as part of nine package films made by Walt Disney
between Bambi (1942) and Cinderella (1950). Shaped by the
financial constraints of the war and the cut off European market,
the Disney studio’s two Latin American features were
sponsored by the Office of the Coordinator of Inter-American
Affairs, a branch of the State Department headed by Nelson
Rockefeller, whose goal was to realign the loyalties of the
Central and South American markets with the United States at a
time when Nazi Germany was deepening its influence in nations
like Argentina and Brazil. In the features color becomes a device
for the hallucinatory and synesthetic expression of music, food,
costumes and cultural practices. Huxley suggests that popular
cultural practices like fireworks, pageantry and theatrical
spectacles were “vision inducing devices” [6], and 1 want to
suggest here that Disney’s irreverent musicals and its rollicking,
rambunctious three protagonists, Jose Carioca, the Brazilian
parrot, Panchito, the Mexican rooster, and Donald Duck, the
American avatar take us on a perceptual ride through color.

3.2. VITALITY EFFECTS AND COLOR

Finally, I will discuss the relationship of color to perceptual
phenomena which neuropsychologist Daniel Stern has termed
“vitality affects,” such as “surging, falling, fading, increasing, or
explosions” and which are key recurrent elements in animation,
frequently represented through transformation, flux and
metamorphosis[7]. I will focus on certain perceptual phenomena
of pulsating, transforming, abstract colored forms which feature
extended examples of these vitality effects: the Pink Elephants
sequence in Dumbo, the ‘Aquarela do Brazil’ in Saludos Amigos,
and the eponymous musical climax in The Three Caballeros.
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Transparent antennas matching with the surrounding appearance and design
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Fig. 4 Monopole antenna model

ITO film

Table 1 Radiation efficiency

Radiation efficiency [%)]

Film thickness [nm]

Without annealing With annealing

400 39.95 56.78

1200 51.21 67.39

2000 63.97 72.23
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7.

B35 3

[1] Jeffrey G. Andrews, Stefano Buzzi, Wan Choi, Stephen V.
Hanly, Angel Lozano, Anthony C. K. Soong, Jianzhong
Charlie Zhang, “What Will 5G Be?”, IEEE Journal on
Selected Areas in Communications, Vol. 32, No. 6,
pp-1065-1082, June 2014.

Yong Niu, Yong Li, Depeng Jin, Li Su, Athanasios V.
Vasilakos, “A survey of millimeter wave communications
(mmWave) for 5G: opportunities and challenges”,
Wireless Networks, Volume 21, Issue 8, pp 2657-2676,
November 2015.

F. Colombel, X. Castel, M. Himdi, G. Legeay, S. Vigneron,
E. Motta Cruz, “Ultrathin metal layer, ITO film and
ITO/Cw/ITO multilayer towards transparent antenna”, IET
Science, Measurement & Technology, vol.3 Issue 3,
pp-229-234, May 2009.

AR, BiER, ZHVER], WHZFE, IHHBE
fit, “ITO AR EREALFIH T 2E /) N—NT T F
OISR |, § 35T Ly hu =y RFEEES
TR 2 u%{,ﬁ-i i U4, 18B5-01, pp.1-2, Online,
Japan, March 2021.

Yuri YAMADA, Fukuro KOSHIJI, Yoji YASUDA,
Takayuki UCHIDA, Katsumi YAMADA, et al.,,
“Analysis of Reflection Characteristics and
Radiation  Efficiency on  Thickness and
Conductivity of Monopole Antenna Using
Transparent Conductive Film”, International
Conference on Electronics Packaging 2021 (ICEP
2021), Online, Japan, May 2021.

(5]



Proceedings of 3 International Symposium for Color Science and Art 2022

LNFESREZ W=7V h 5 —Fhn 7T LAEiERRBEFORR

Development of a full-color holographic flip-books system using LN crystals
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Fig. 1 Experimental setup for hologram recording
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Fig. 2 Optical arrangement for full-color reconstruction
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Fig. 3 Experimental setup for hologram-reconstruction
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Metallic luster from two organic pigments without metallic elements
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Characterization of colored graphite intercalation compounds under an inert atmosphere
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Fig. 5 XRD patterns of K-Hg-GICs prepared from PGS.
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