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Munsell Color Science Laboratory
Rochester Institute of Technology's Munsell Color Science
Laboratory (MCSL) was established in 1983 through a gift
from the Munsell Color Foundation, Inc. Since then, MCSL
faculty, staff and graduate students have been performing internationally-recognized research in color appearance models,
image quality, data-visualization, color-tolerance psychophysics, spectral-based image capture, spectral color rendering
and computer graphics, archiving and reproduction of artwork
and other areas of color science and color measurement.
Following the example set by our founders, the guiding
objectives of MCSL are:
(1) To provide undergraduate and graduate education
in color science,
(2) To carry on applied and fundamental research,
(3) To facilitate spectral, colorimetric, photometric,
spatial, and geometric measurements at the
state-of-the-art, and
(4) To sustain an essential ingredient for the success
of the first three—namely, liaison with industry,
academia and government.

The Munsell Color Tree. The perceptual distances between adjacent samples are uniform. Materials do not uniformly or completely sample
perceptual color space.
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Munsell Color Science Laboratory Supporters
The following lists those that have contributed to our research
and education programs through grants, contracts, and gifts
during 2008. Thank you for your support and generosity!

Apple Computer Inc.

Nikon Corporation

Avian Technologies LLC

ONYX Graphics

Canon Inc.

Philips Solid State Lighting

The family of Chester F. Carlson

Sinar AG

E. I. du Pont de Nemours and Company

Sony Corporation

Eastman Kodak

Toppan Printing Co., Ltd.

Entertainment Experience LLC

U.S. Army Night Vision and Electronic Sensors Directorate

Scot Fernandez

X-Rite Inc.

Hallmark Cards Inc.
Hewlett Packard Company
Andrew and Maureen Juenger

Endowments and Long-Term Commitments:

The Andrew W. Mellon Foundation

Munsell Color Science Laboratory

Microsoft Corporation

Richard S. Hunter Professorship

Museum of Modern Art (MoMA), New York

Macbeth-Engel Fellowship

National Science Foundation (NSF)

Franc Grum Memorial Scholarship

New York State Foundation for Science, Technology
and Innovation (NYSTAR/CEIS)

Max Saltzman Memorial Scholarship
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Director’s Note
Celebrating 25 Years: The Munsell Color
Science Laboratory
RIT’s commitment to color technology began long before the
creation of the Munsell Color Science Laboratory. Starting
with the Graphic Arts Research Center (GARC) and later
the RIT Research Corporation, there were research projects
concerned with improving our understanding and practices
of color reproduction, particularly color printing. As early as
1975, Milton Pearson, a leader in graphic arts color research
and a GARC scientist, proposed the formation of a color
research laboratory in order to expand such activities on
campus. RIT fostered research connections with Hunter
Associates Laboratories and Richard Hunter, its founder, and
with Eastman Kodak and Franc Grum. By the 1980s, Franc
Grum was a research laboratory head in optical metrology
and standards at Kodak, the Division 2 director of the International Commission on Illumination, and the vice president
of the Board of Trustees of the Munsell Color Foundation,
Inc. This foundation had been supporting graduate research
in color science for many years.
During this time, Franc Grum became an adjunct professor
within the School of Photographic Arts and Sciences at RIT
and assumed the pivotal role in expanding the concept of
a color science research laboratory to include a significant
educational component and a standards facility in color
measurement. Richard Hunter recognized the need for a
faculty member devoted to this scientific discipline culminating in 1982 with the establishment of the Richard S. Hunter
Professorship in Color Science, Appearance, and Technology through a gift from Richard and Elizabeth Hunter. The
goal of the professorship was to increase RIT’s research and
educational efforts in the area of color science, appearance
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and technology in order to “benefit the industry and science
concerned with color.” Franc Grum took early retirement from
Kodak and was appointed the first Hunter Professor in 1983.
Concomitantly, the Munsell Color Foundation, Inc. was
making plans to dissolve itself and looking to transfer its
assets to a university research program. A proposal was
made to the foundation by RIT to use the assets to establish
a research laboratory, the Munsell Color Science Laboratory,
which would be directed by the Hunter Professor. The
combination of an endowed professorship in color science,
a history of industrial color research, and Franc Grum’s
interests and reputation proved to be a winning combination.
The Munsell Color Science Laboratory (MCSL) was
established following the dissolution of the Munsell Color
Foundation in 1983.
Using the Rensselaer Color Measurement Laboratory, a
highly successful academic research program in color
science directed by Fred Billmeyer, Jr. (also the secretary
of the Munsell Color Foundation Board of Trustees), as a
model, four guiding objectives evolved for MCSL:
(1) To provide undergraduate and graduate education
in color science,
(2) To carry on applied and fundamental research,
(3) To facilitate spectral, colorimetric, photometric,
spatial, and geometric measurements at the
state-of-the-art, and
(4) To sustain an essential ingredient for the success
of the first three—namely, liaison with industry,
academia and government.

Thus, the mission of the Munsell
Color Science Laboratory is to
advance the science, understanding,
and technology of color and
appearance through education,
research, and outreach.
Today, color science research at RIT encompasses diverse
fields such as computer graphics and animation, art conservation, spectral and spatial measurements of materials,
color printing and display, lighting, digital photography, digital
cinema and television, digital image processing, and vision
modeling for use in defining color quality for manufacturing.
MCSL is one of the research labs within RIT’s Chester F.
Carlson Center for Imaging Science. Imaging science has
provided many synergistic technologies that aid the advancement of color science knowledge, particularly when relating
“color” and “appearance.” Richard Hunter defined appearance as the geometric and spatial properties of materials,
both of which affect the color perception of an object. Words
such as glossy, hazy, rough, smooth, and matte are aspects
of appearance. During the 20th Century, color and appearance were measured separately using instruments that integrated large areas. In the 21st Century, these measurements
are performed using imaging systems, enabling material
color and appearance to be quantified simultaneously. Color
appearance is a term defining color perception within the
context of an environment and enables numerical specification—taking into account factors such as lighting, surround,
and size. A digital image quantifies a complex scene. Image
appearance models are used to predict how our visual system interprets such a scene by re-rendering the image

First color science research meeting of 2008 academic year in the Franc Grum Learning Center.

at different points along the visual pathway. Clearly, imaging
science is a critical discipline in our research and education.
Since the lab’s creation, we have bridged basic science and
its practical application in advancing technology. While we
have received substantial, ongoing funding for basic research
from federal agencies and foundations, one of the unique
aspects of MCSL is the strength of our research ties and
support from industry. Most of our graduates have gone on
to successful careers within these industries.
Twenty-five years ago, MCSL began in a single room.
The current facilities encompass about 8000 square feet
dedicated to color science education and research. They
include student, faculty, and staff offices, a teaching laboratory (Franc Grum Color Science Learning Center), several
research laboratories (Intelligent Lighting, Infinite Pixel
Liberation, Color Measurement, Spectral Imaging, Display
and Perception), and support facilities. The facilities have
been equipped with several million dollars' worth of instrumentation and systems through a long history of external
research funding and corporate donations.
Our educational programs have also continued to grow in 25
years. In 1983, a lone student in the Photographic Science
department was helping Franc Grum create an operational

research laboratory. There was a single undergraduate
course in colorimetry. Today, we have M.S. and Ph.D.
degrees in color science and imaging science students can
concentrate in color imaging. There are seven core graduate
courses in color science. MCSL has had up to 20 students
engaged in research at one time. This year is a milestone
in graduate education; the number of MCSL graduates has
topped 100. Currently, we are four full-time and two affiliate
faculty members, two technical staff, and one administrative assistant. The industrial courses developed by Fred
Billmeyer, Jr. and transferred to RIT in 1983 have evolved to
“Essentials of Color Science,” a four-day course containing
16 lectures from the basics to our latest research activities,
team-taught by MCSL faculty and staff. The course has remained fully enrolled since 1983.We have also developed a
visiting scientist program providing advanced education and
research opportunities for industrial scientists and engineers.

Clearly, our achievements are a result of community: the
color science community beyond RIT that has given us
support, guidance, and encouragement; the RIT community
that has encouraged our evolution; and most importantly, the
community created by the graduates, students, faculty, and
staff associated with the Munsell Color Science Laboratory. I
thank all of you for this continued support.

A MCSL hallmark is the publication of articles, writing books,
participating in conferences, and participating in standards
committees. As an example, during 2007, we had 53 publications, and this year, 50.

Richard S. Hunter Professor in Color Science,
Appearance, and Technology

Writing this short history, I realize that my first day at RIT was
exactly 25 years ago! All of us at MCSL look forward to the
next 25 years!

Roy S. Berns

Director, the Munsell Color Science Laboratory
February 2009
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2008 Administrative Changes
Professors, Mark Fairchild and Roy Berns, switched administrative
responsibilities beginning July 1, 2008. Roy has become MCSL
Director and Mark is the Color Science Graduate Coordinator. Their
first switch was 12 years ago; then, as now, it was prompted by
recognition that their strengths were best utilized through exchanging roles. Roy was Director from 1986 – 1996 and then Mark
took over until now. MCSL’s first decade required reaching out to
the color science community and establishing our academic and
research programs. Using a construction metaphor, Roy finished a
one-story home on a strong foundation created by Franc Grum on
a beautiful lot.
In our second decade, Mark reinforced the foundation and added
a second story. Our faculty, research staff, administrative staff,
number of students, and amount of research all grew dramatically.
As we outgrew our home, the Link Building, a small building across
campus became available and Mark orchestrated a remodeling and
move. Today it is the Color Science Building and we are
planning to rename the building The Munsell Color Science
Laboratory. Since establishing the Color Science M.S. in 1986,
Roy was on a five-year cycle wanting to augment the M.S. with a
Ph.D. This finally occurred last year and as of fall quarter 2008, we
have seven students in the program. As the American academic
research paradigm has changed, particularly in terms of financial
resources, once again we need to reach out to the community and
cultivate new partners as well as develop new and more efficient
approaches to support our academic and research efforts. That
will be Roy’s task. Mark will use his talents to establish and grow
the Ph.D. as well as create its infrastructure.
In 1989 Colleen Desimone (then McCabe) was hired as MCSL’s
first full-time administrative assistant. As Colleen’s skills expanded
and she earned a bachelor’s degree on a part-time basis, she was
promoted to the position of Outreach Coordinator, well-serving
MCSL as our programs expanded. In June, we had to eliminate
this position as a result of the economic downturn. Colleen still
works in the RIT community with our Development Office. We are
grateful for 20 years of dedicated service.
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This high dynamic range image of the Golden Gate Bridge was captured 30 minutes after sunset with a series of
nine bracketed exposures by Professor Mark Fairchild. It is rendered for low dynamic range displays or
printers using an iCAM-based model of local adaptation in the human visual system.

Industrial Education
MCSL Visiting Scientist Program
For nearly two decades, MCSL has been hosting
industrial scientists and engineers for extended periods.
These visiting scientists spend 1-2 years in residence at
MCSL and work on fundamental research problems of
interest to their employer and MCSL researchers. They also
have time to participate in formal MCSL course offerings if
they so desire and to experience the culture and climate of
Rochester and the entire United States.
Feel free to contact any member of the MCSL faculty
or staff for more information on becoming an MCSL
visiting scientist.

MCSL Summer Short Course: Essentials of
Color Science

The Essentials of Color Science Lectures

Every June, MCSL presents this course for people interested in color measurement, specification, control, reproduction, or use. The lectures are designed to form a coherent
course that introduces the fundamental concepts of color
science, describes various applications, and introduces
cutting-edge research areas in color science. Details can
be found at: www.mcsl.rit.edu/outreach/courses.php
or call +1-585-475-7189.

The Visual System

Color Perception and Appearance

Basic Colorimetery: Tristimulus Values
Basic Colorimetry: CIELAB
Spectrophotometry and Spectroradiometry
Color Differences Equations and Tolerances
Interactive Spectrophotometry
Digital Color Imaging Systems
Instrumental-Based Color Matching
Color Management Systems
Psychophysics and Applications
Color Appearance Models
Spectral Imaging
Realistic Image Synthesis
Image Appearance Models

Visiting researcher Lina Cardenas from North Carolina State University. Equipped with her own light booth and samples, Lina came to
MCSL to perform a gray-scale method color-difference experiment.
Her goal is to quantify observer uncertainty and trade-offs between
number of samples, number of observers, and number of replicates.

7

Graduate Education in Color Science
RIT offers the only M.S. and Ph.D. programs in Color
Science in the country. Imaging Science students can
also concentrate in Color Imaging. More than 100 MCSL
alumni currently work in the field worldwide. Many of them
are recognized leaders making significant contributions to
the advancement of color science and technology.

Above: Color science students
(left to right) Jun (Chris) Jiang,
Marissa Haddock, Justin Ashbaugh, and Dan Zhang posing in
front of samples used for
Kubelka-Munk analysis in the
color modeling graduate course.

Color Science graduates are in high demand and have
accepted industrial and academic positions in a variety of
areas including digital imaging, color instrumentation, and
basic and applied research.
Students complete their degrees through programs in
the Chester F. Carlson Center for Imaging Science within
RIT’s College of Science. These include the M.S. and
Ph.D. programs in Color Science and Imaging Science.
In addition, undergraduate students in Imaging Science
and other programs occasionally complete research
projects or obtain other work experience in the field of
color science.
See www.cis.rit.edu for more information on our
academic opportunities.
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Color Science Ph.D student,
Jonathan Phillips, finds divine
inspiration during the weekly
meeting of the new Material
Appearance Seminar. The group
focuses on studying both the classic
literature on gonioreflectometry,
bi-directional reflectance distribution
function (BRDF) modeling, and
material appearance metrics, as
well as recent developments in
physically-based image synthesis,
3D geometry and material capture,
novel display systems, and
surface psychophysics.

Current Students, Visiting Researchers, and Alumni
Key:
MS: Master of Science
PhD.: Doctor of Philosophy
CS: Color Science
IS: Imaging Science
BS: Bachelor of Science

MCSL Current Students
Juliet Bernstein, BS, IS
Jacqueline Caci, BS, IS
Justin Ashbaugh, MS, CS
Ping-Hsu (Jones) Chen, PhD, CS
Benjamin Darling, PhD, CS		
Maxim Derhak, PhD, CS		
Susan Farnand, PhD, CS		
Erin Fredericks, MS, IS		
Mark Giglio, BS, IS
John Grim, MS, CS		
Marissa Haddock, MS, CS		
Rodney Heckaman, PhD, IS		
Bingxin Hou, MS, IS		
Jun (Chris) Jiang, PhD, CS		
Changmeng Liu, PhD, IS		
Stefan Luka, MS, CS		
Mahnaz Mohammadi, PhD, IS
Jonathan Phillips, PhD, CS
James Proper, PhD, IS
Nannette Salvaggio, MS, CS
Shizhe Shen, MS, CS
Lawrence Taplin, PhD, CS
Mark Updegraff, MS, CS
Dan Zhang, MS, CS

Visiting Researchers
Farnaz Agahian, Amirkabir University of
Technology, Iran
Lina Cardenas, North Carolina State
Ichiro Katayama, MS, ISyagi University
Hideyasu Kuniba, Nikon Corporation
Koichi Takase, Toppan Printing Co.
Philipp Urban, Hamburg University

Graduate Alumni
2008
Stacey Casella, MS, CS
Ying Chen, MS, CS
Mahdi Nezamabadi, PhD, IS
Abhijit Sarkar, MS, CS
Yang Xue, MS, IS
Hongqin (Cathy) Zhang, PhD, IS
Yonghui (Iris) Zhao, PhD, IS

2007
Kenneth Fleisher, MS, CS
Jiangtao (Willy) Kuang, PhD, IS

2006
Yongda Chen, PhD, IS
Timothy Hattenberger, MS, IS
Zhaojian (Li) Li, MS, CS
Joseph Stellbrink, MS, CS

2005
Maxim Derhak, MS, IS
Randall Guay, MS, IS
Jim Hewitt, MS, IS
Justin Laird, MS, CS
Erin Murphy Smoyer, MS, CS
Yoshio Okumara, MS, CS
Michael Surgeary, MS, IS

2004

1999

1993

Rohit Patil, MS, CS
Sung Ho Park, MS, CS
Xiaoyan (Yan) Song, MS, CS

Gus Braun, PhD, IS
Barbara Grady, MS, CS
Katherine Loj, MS, CS
Jonathan Phillips, MS, IS
Mark Reiman, MS, CS
Mark Shaw, MS, CS
Di-Yuan Tzeng, PhD, IS
Joan Zanghi, MS, CS

Nathan Moroney, MS, CS
Elizabeth Pirrotta, MS, CS
Mitchell Rosen, MS, IS

1998

1991

Scott Bennett, MS, CS
Fritz Ebner, PhD, IS
Garrett Johsnon, MS, CS
Naoya Katoh, MS, CS
David Wyble, MS, CS

Yan Liu, MS, CS
Ricardo Motta, MS, IS
Amy North, MS, CS
Greg Snyder, MS, IS
Michael Stokes, MS, CS

1997

1989

Peter Burns, PhD, IS
Christopher Hauf, MS, CS
Brian Hawkins, MS, CS
Jack Rahill, MS, IS
Alex Vaysman, MS, IS

Mitch Miller, MS, IS
Kelvin Peterson, MS, IS
Lisa Reniff, MS, CS

2003
D. Collin Day, MS, CS
Ellen Day, MS, CS
Scot Fernandez, MS, IS
Edward Hattenberger, MS, CS
Steve Jacob, MS, IS
Xiaoyun (Willie) Jiang, PhD, IS
Garrett Johnson, PhD, IS
David Robinson, MS, IS
Mitchell Rosen, PhD, IS
Deniz Schildkraut, MS, CS
Qun (Sam) Sun, PhD, IS

2002
Arturo Aguirre, MS, CS
Jason Babcock, MS, CS
Anthony Calabria, MS, CS
Jen Cerniglia Stanek, MS, IS
Scot Fernandez, MS, CS
Jason Gibson, MS, CS
Shuxue Quan, PhD, IS
Yat-ming Wong, MS, IS

2001
Alexei Krasnoselsky, MS, CS
Sun Ju Park, MS, CS
Michael Sanchez, MS, IS
Lawrence Taplin, MS, CS
Barbara Ulreich, MS, IS

1996
Karen Braun, PhD, IS
Cathy Daniels, MS, CS
Yue Qiao, MS, IS
Hae Kyung Shin, MS, IS

1992
Mark Gorzynski, MS, IS
Rich Riffel, MS, IS
Brian Rose, MS, CS

1987
Denis Daoust, MS, IS
Wayne Farrell, MS, IS

1986
Mark Fairchild, MS, IS

1995
Richard Alfvin, MS, CS
Seth Ansell, MS, CS
Susan Farnand, MS, IS

2000

1994

Sergio Gonzalez, MS, CS
Sharon Henley, MS, CS
Patrick Igoe, MS, IS
Susan Lubecki, MS, CS
Richard Soursa, MS, CS

Taek Kim, MS, IS
Audrey Lester, MS, CS
Jason Peterson, MS, IS
Debra Seitz Vent, MS, IS
James Shyu, MS, CS
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Collaborative Research
MCSL is recognized around the world as a prominent source of
leading-edge, interdisciplinary research in color science. MCSL
students, faculty, and staff produce scores of journal papers, conference
presentations, book chapters, and invited presentations each year
(not to mention the occasional text book). Much of this research is done
in close cooperation with industrial, government, institutional, or other
sponsors. Please see www.mcsl.rit.edu/about/sponsors.php to
learn about our current and past sponsors.

Photograph by Susan Stanger

Recent MCSL research can be generally categorized into four
theme areas:

Color Measurement and Science,
Image Appearance Capture, Modeling and Rendering, and Display,
Spectral Color Reproduction, and
Color Science for Cultural Heritage.

A review of the publications list will provide an overview of the range of
recent research results. The highlight stories provide a little more insight
into some current and planned projects and activities. As always, much
more information on past and current research and publications can be
found by visiting www.mcsl.rit.edu.
There are many opportunities for new collaborative research projects in
support of our mission of providing our students with relevant research
topics and the best possible educational experience. Please let us
know if your organization is interested in learning more about how to
collaborate with MCSL.
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Recording the spectrophotometer measurement position.

Professor Roy Berns making spectral reflectance factor
measurements of The Bedroom (F 482) at the Van Gogh
Museum in Amsterdam. These measurements were used
to identify appropriate retouching paints for an upcoming
treatment and to assess color changes during the last 75 years.

End-to-end Spectral Reproduction Workstation
The spectral reproduction of artwork (capture and printing)
continues to be a topic of intense research. In general, we
work on each component separately, and on occasion,
we test the complete process over the course of days.
Postdoctoral Fellow, Philipp Urban, and Staff Color Scientist,

Lawrence Taplin, have created a demonstration system to
quickly capture multi-spectral images and turn them into
multi-spectral color separations that can be printed to create
full spectral reproductions of original objects. (Of course this
is limited to the spectral gamut of the printer.) Urban drew

on his background in mathematics and industrial experience
writing software for large format printer RIPs to create a
highly optimized workflow. Artwork placed on the copy
stand emerges from the printer in a matter of minutes.

End-to-end spectral reproduction workstation. From left to right, a multi-ink printer (donated by HP), multi-spectral camera on copy stand
(components on loan from Canon), computer for processing, and spectrophotometer for system calibration.
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Solid-State Lighting Technology Research

Building a Theoretical Underpinning for the Gamut of Real Objects

When considering solid-state lighting (SSL) for indoor illumination, an
important aspect of the lighting is its ability to activate phosphorescent safety markings. These marking are critical components of the
emergency egress system in most commercial buildings worldwide.
To address these considerations, Staff Color Scientist, Dave Wyble,
with colleagues Cameron Miller and Maria Nadal, both of the National
Institute of Standards and Technology, performed an initial experiment analyzing the activation potential of three SSL sources. Results
are measured comparing the effects of the three sources when
illuminating a commercially-available phosphorescent material.

Rodney Heckaman, a recent Ph.D. graduate in Imaging Science under the advisement of Professor Mark
Fairchild, has been working to expand R. M. Evans’
notion of brilliance and its percepts of grayness and
fluorence to provide some theoretical basis for the
gamut of real objects (surface colors). Specifically, the
notion of Evans’ G0 as the point where the percept
of grayness in a stimulus disappears and the viewing
mode changes from object mode to what Nayatani
has termed as pseudo-color and Evans as fluorence.

The plot shows the relative spectral output of three types of SSL sources (R,G,B
lines) as well as the activation region of the phosphorescent material (magenta line).
The overlap of the activation region with the source output varies, but is generally
small. The interpretation is that the potential for sufficient phosphorescent activation
is greatly affected by the selection of light source, and these common SSL sources
will need careful evaluation before installation in indoor spaces where safety egress
depends on phosphorescent markings.
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The point G0 is uniquely determined by the chromatic
strength of colors and, when mapped across a color
order system or appearance space, could be said to
form a surface that encloses the entire volume of object
color, thus delineating the gamut of real objects that can
be compared to other representations of the gamut of
real objects, e.g., the MacAdam Limits, Pointer’s gamut
of real surface colors, and the ISO 12640-3 Reference
Colour Gamut.

The points G0 as a representation of the gamut of real objects for a sampling of the Natural Color System (NCS)
mapped to CIELAB.

High Dynamic Range Imaging and Gloss Simulation
Glossy materials exhibit strong specular highlights that
are beyond the reproduction capabilities of conventional
displays. To support research in the area of glossy
material appearance, Stefan Luka (Color Science M.S.
student) and Professor Jim Ferwerda have constructed
a 30" high dynamic range display with a native resolution of 2560x1600 and ANSI contrast ratio of over
50,000:1. The dual layer design is novel for its use of
tiled projectors to generate a high-resolution backlight

and a new image-splitting algorithm that improves the
reproduction of highly saturated dark colors. The high
dynamic range display provides an improvement over
a standard 30" LCD not only in areas of bright image
content but also in the subtle detail of shadows. Future
research will make use of this display to better understand the impact of high dynamic range reproduction on
material appearance.

MCSL HDR display is based on an Apple 30” LCD, Fresnel lens and diffuser, and two Planar DLP projectors.

Digital images of the MCSL HDR display at four different exposure times (0.5, 2, 8, and 30 seconds). Note that detail can be seen in the
deep shadows in the long exposures and the bright highlights in the short exposures.

13

The tangiBook: : Bringing Virtual Surfaces into the Real World
In recent work, Professor Jim Ferwerda and Benjamin
Darling (Color Science Ph.D. student) have developed the
tangiBook, a tangible interface that allows natural interaction
with virtual surfaces. The tangiBook is based on an off-theshelf laptop computer that incorporates an accelerometer
and a webcam as standard equipment. Custom software
allows the orientation of the laptop screen and the position of

Image sequence showing a model
of an oil painting being displayed
on the tangiBook. Custom software allows the orientation of the
laptop screen and the position of
the screen observer to be tracked
in real-time. a) Tilting the laptop or
moving in front of the screen produces realistic changes in surface
lighting and material appearance;
b) The three screenshots illustrate
the dynamic viewpoint control
capabilities of the tangiBook.
The insets show the output of the
tangiBook’s webcam-based headtracking software as the observer
moves from left to right.
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the observer to be tracked in real-time. Using this information, realistic images of surfaces with complex textures and
material properties illuminated by environment-mapped
lighting are rendered to the screen at interactive rates. Tilting
the laptop or moving in front of the screen produces realistic
changes in surface lighting and material appearance. Thus
the tangiBook allows virtual surfaces to be observed and

manipulated as naturally as real ones, with the added benefit
that the material properties of the surfaces can be changed
in real-time. We are currently investigating the utility of the
tangiBook in three application areas: material perception research; computer-aided appearance design; and enhanced
access to collections in digital libraries and museums.

Setting the Pixels Free
The Infinite Pixel Liberation Laboratory, Professor Mitchell Rosen’s program to investigate
novel display modalities, continues to make progress in terms of research, algorithm
development, display technology, and deployment.

This interactive display, being tested
by Nick Baish (Film and Animation
MFA, graduated), was installed and
on exhibit through the summer at
the Strassenburgh Planetarium of
the Rochester Museum and Science
Center. Along with Nick, undergraduate
interns helped design and implement
the setup capturing video and placing
the drummer in a virtual world.

Mark Updegraff (Color Science
M.S. student) runs an experiment
looking at the chromatic surround
impact on color appearance using
a semi-immersive display. Mark is
finding differences among hues and
lightnesses in the surround effect
that they have on the appearance of
central stimuli.

A variety of immersive and wide-view
displays can now be found on campus and at the Rochester Museum
and Science Center. The prototype
above is in MCSL. Here a high-resolution spectral image of Van Gogh’s
“The Starry Night” is examined by
Staff Scientist Tim Stephany.
During the Global Warming Teach-In, this booth, designed and built by students in Mitchell Rosen’s Innovating the Story class, enticed people to tell stories about recent purchases. The class looked at relationships
between presentation technologies and stories and pushed the limits between the two. Pictured are Lauren
Courtney (undergraduate, back to camera) interviewing storyteller Jack Bradigan Spula. Standing are Brandon May (Imaging Science Ph.D. student) and Marissa Haddock (Color Science M.S. student).
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Imaging Goniospectrophotometer
The appearance of a painting can change dramatically as the viewer moves through a gallery
space due to changes in the relative positions
of the art, the illumination, and the viewer. Current museum digital imaging workflows force
the photographer to select optimal lighting geometry at the time of capture. Research is being
conducted by Professors Roy Berns and Jim
Ferwerda, Lawrence Taplin (Staff Color Scientist
and Color Science Ph.D. student), Benjamin
Darling (Color Science Ph.D. student), and Justin Ashbaugh (Color Science M.S. student) to
determine the capture and processing requirements necessary to use computer graphics to
render images of paintings under novel lighting
geometries determined after capture. To
collect the data necessary to establish perceptual difference thresholds and image quality
requirements, a motorized gimbal was constructed to vary angle between the camera,
painting and lighting during capture under computer control. The goal of this Andrew W. Mellon
Foundation sponsored research is to produce
perceptually accurate representations of artwork
while at the same time keeping the capture
methodology practical for a museum imaging
workflow, minimizing capture time and reusing
as much existing equipment as possible.
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Three-axis Gimbal, part of the MCSL Imaging Goniospectrophotometer. The motorized stages can rotate the attached painting
into any viewing and illumination geometry orientation.

Several views of the motorized three-axis gimbal which allows small
painting and other nearly flat samples to be accurately positioned in
any orientation within the gonio-spectral imaging system to capture
their BRDF.

Color Difference Formula Development
Professor Roy Berns, Shizhe Shen (Color Science M.S.
student), and Bing Hou (Imaging Science M.S. student)
have been quite active in the color-difference arena.
One topic has been developing a new method to
evaluate formula performance incorporating visual
uncertainty, in particular, determining whether a formula
is under-or over-fitting visual data.

A second topic is developing a new parametric formula
for lightness weighting and optimizing a Euclidean
space based on the IPT color space. The third topic
is developing a new color-difference pair dataset from
the RIT-DuPont experiments from the 1980s. Finally,
multi-stage color vision and line-element integration
have been used to explore generalized color-difference
formula development, shown below.
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RIT-DuPont ellipsoid chromatic projections plotted in optimized CIELAB (left) and empirically optimized
opponent color space (right). The goal is uniformly sized circles.

Color-tolerance ellipsoid projections for RIT-DuPont Color Center 17. The red
line defines the median tolerance for 50 observers. The other ellipsoids are
estimates based on observer uncertainty. For this color center, the local
color-difference contour (ellipsoid) is very sensitive to visual uncertainty.
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