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» 1 Introduction

In this paper, an application of color research for museum exhibition with digital technologies is presented.
The group consisting of the members from the North Karelian Museum, the University of Joensuu, and
the North Karelia Polytechnic from Joensuu, Finland, and the National Museum of Japanese History from
Japan, did the concept development and realized the exhibition in the North Karelian Museum for the
period January 25-September 2, 2007. The topic of the digital museum exhibition is “Shades of Colors”
which is focused on color based on a digital museum concept.

The digital museum concept development is becoming more and more concrete due to the techni-
cal development in computer systems. The distributed museum concept for the 21st Century by Ken
Sakamura et al. [1] at the University Museum, the University of Tokyo, Japan, is one example of the
concept developments realized in this field. In addition, Takahashi et al. [2] have proposed a concept for
virtual museum.

The content of this paper is as follows. First, we describe our concept for digital museum that is an
application of color research. Then the realized exhibition based on this concept at the museum and in

Internet are presented, and finally conclusions are given.

* 2 Concept for museum exhibition

Our concept for the museum exhibition was constructed by brain storming, in which our starting point was
that we will plan the concept and then realize it as a museum exhibition that are for the people who are not
familiar with color research. Finally, the concept was realized not only as an actual museum exhibition but

also as a digital exhibition to generate views from inside and outside the museum. Because the Internet was
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natural way to realize the views, we produced web-pages that contain electronic materials and interactive
sections that explain the exhibition and increase visitors’ interests on the exhibited materials. Both of the
actual and digital exhibitions are based on the concept for exhibiting the topic “Shades of Colors” consists

of the following sections.

1. Generally about color: light, color spectrum, subtractive color mixing, additive color mixing, color
temperature, scattering (for example, why sky is blue at noon but red during sunset), and color
coordinate systems.

2. Color in history and culture: color materials, color pigments, color dyes, colorful clothes, symbolic
meaning of color in different cultures, feelings and sensations of colors.

3. Human color vision: visual system, color blindness, metamerism, color memory, visual effects of color.

4. Technological color research: measurements of color spectrum, measurement of spectral images,
accurate color reproduction, fluorescence of colors, diffractive optics for producing colors.

5. Japanese nest: research examples of 3D-spectral imaging done at the Chiba University, and also

Kimono and Nishikie-pictures.

The concept was realized as an exhibition at the North Karelian Museum in Joensuu, Finland. The

exhibition includes the exhibition in museum, the web-pages and the lecture series.

= 3 Exhibition

In this chapter, the realized exhibition is described using photos from the museum. The order of the expla-

nation is the same as the sections in our exhibition concept.

3.1 Generally about color
In this section of the exhibition, we explain the color related basic things using illustrative interactive

demonstrations and touch panel displays. The photos shown in Figure 1 are taken in the exhibition place

Fig. 1. Subtractive color mixing, scattering, and color order systems.
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to exhibit subtractive color mixing, scattering and color order systems as an introduction to the color

research.

3.2 Color in history and culture

The materials used in color pigments and dyes are described in this section of the exhibition. Some colored
clothes that are made from plant colors are also exhibited. In touch panel display computers we have col-
lected the meaning of different colors in different cultures. In addition, the feeling of colors, such as the

color of room, are visualized in this exhibition section. Figure 2 and 3 show this section that are example

of color pigments, dyes, and colorful clothes, and feeling of colors.

Fig. 2. Color pigments, dyes, and colorful clothes.

Fig. 3. Feeling of colors.
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3.3 Human color vision

In this section of the exhibition, we collected demonstrations for sensing the colors. There are visualiza-
tion of the printed materials, such as how colors from printing dots are formed. To visualize color blindness,
we have Ishihara color vision testbook and the color blindness eyeglasses by Itoh Optical Industrial Co.,
Ltd., that visitors can use to test how red-green color blind people sees colors. The adaptation of the visual

system for external lightning is also one demonstration in this section. We have green lightning in a room,
in which visitors are staying in the room for a while enough to adapt to the green lighting. When visitors are

returning to normal white lightning room, the visitors could see the colors very reddish because the visual

system has adapted to see only greenish colors normally. Figure 4 shows photos from the green room. The

visitors can experience the adaptation effect by this green room.

Fig. 4. A room to experience adaptation of the human visual system to lightning.

3.4 Technological color research

The technological part of the exhibition has been realized by the University of Joensuu Color Group [3]. The
group is specialized to spectral color research and the group was established in the middle of 1980’s. In color
research laboratory, the group has several spectral imaging devices that can be used to digitize the spectral
color information from an object. We have measured and analyzed the spectral color images, for example,
from icons. Figure 5 shows photos from the color research laboratory, in which the spectral imaging system
is measuring the spectral color from icon. The spectral information has been later used for analysis of the
color pigments used in icons [4] and also for the accurate color reproduction of the object’s color to display

system [5].
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Fig. 5. Spectral imaging system for measuring and digitizing the object.

Spectral color means that we measure the radiation of the electromagnetic spectrum as a function of
wavelength in ultraviolet (UV), in visible (VIS), or in infrared (IR) area of the radiation. The measured data
contains tens or hundreds of spectral channels and it avoids, for example, the possibility of the metam-
erism in which the color of two objects look the same under one illumination but different in another
illumination. The measurement area can be also extended outside the visible light, i.e. to UV- or IR-area
to analyze authentic historical objects in detail.

Spectral measurement devices can measure spectrum from one point or spectral image from a certain
area. Point measurement devices are, for example, spectrophotometer and spectroradiometer. Spectral
images can be measured by spectral cameras by two typical methods. The first method is using interfer-
ence filters and Liquid Crystal Tunable Filter (LCTF), and the second method is using spatial scan such
as the line scanning spectral camera type ImSpector as shown in Figure 5. Both measurement principles
produce a spectral image, in which there are tens or hundreds of wavelength channels.

For the exhibition, we used 3D-spectral imaging system that consists of a 3D scanner and of a filter
based spectral camera [6], for digitizing the 3D historical object exhibited in the museum. As a result, we
have accurate 3D-shape of the object with accurate spectral color information in each pixel. This makes it
possible to visualize the color and shape of the object in computer display under different illuminations, for

example an illumination used at that time.
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In the exhibition, the visitor can experience the spectral color measurement system using fiberoptic
device for measuring the color spectrum from one point at a time. Also the fluorescence, which is one
topic in the color research at the University of Joensuu, is visualized in the exhibition by UV light. Figure
6 shows examples of these demonstrations. The left photo shows the measuring device connected to the

computer, and the right photo shows the fluorescence effect caused of UV lightning.

Takaisin
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Fig. 7. Accurate color reproduction of the printed photo to computer display.
Historical hat and the digitized version of it in computer display.
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The spectral based color imaging makes it possible to optimize the colors of an object to computer dis-
play. In the exhibition, this is visualized by reproducing the printed photo to computer display by accurate
colors. Visitors can guess which one is the printed actual photo and which one is the reproduced photo
on the computer display. The 3D-spectral images taken at the Chiba University, Japan are also visualized
on the computer display. Visitors can have a look to digitalized Finnish historical hat by rounding it using

finger on touch panel display system. The photos from these demos are shown in Figure 7.
=4 Japanese nest

This is the exhibition section in which the cooperation between the University of Joensuu, Finland, the
North Karelian Museum, and the National Museum of Japanese History, Japan. The University of Joensuu
Color Group has had cooperation with Japanese color groups since year 1988 and the total amount of
researcher exchange years is about 20 years. In the exhibition, the Japanese objects, such as, Kimono,
Hinamatsuri, and Nishikie-pictures are shown. The technological cooperation in spectral color research,
for example, in 3D-spectral imaging, belongs also to the cooperation with Japanese research groups. Figure
8 shows an example of the touch panel display system demonstration for making Japanese textiles, and

also photos from Japanese nest in the exhibition.

-
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Fig. 8. Multimedia for demonstrating how to make Japanese textiles.
Japan nest, where Kimono and Nishikie pictures are located.
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= 5 Exhibition in the internet

We produced the web-pages as an example of the digital museum exhibition on the internet address: http://
digimuseo.joensuu.fi. The layout of the web-pages is shown in Figure 9. The pages contain weekly ques-
tion related to color and the color of the week, in which the historical meaning of that color is explained.
There are also much background information related to color. The pages are prepared in Finnish, English,

and in Russian.

) Digital Museurn - Mozilla Firefox
Ble Edt Vew Hgory Bookmarks Tooks el )

@ > CoRd o : - IDD)] - SEE— &)
@ Getting Started [} Latest Headlines

. - question of the week. - color of the week

Descnption

@ Cooperation group These web-pages are part of a color exhibition at the North-Karelian Museum. The
= exhibition concems colors, history of color, cultural meaning of colors, and color
. research The total exhibition is a combination of the physical exhibition in the Carelicum
| Colors in general museur and the part, which expands to the Internet through these web-pages. There
Colors in culture are also frequently changing part, both in Carelicum and in these web-pages.

Extubition

.Human color vision The exhibition is realized in cooperation with the North-Karelian Museum, the
-InFammcs Center Joensuu University of Joensuu, InFotonics Center Joensuu, and the North-Karelian Polytechnics,
.J.pm“e nest In addiion to these local partners, the National Museum of Japanese History

(Rekihaku) is a cooperative parter,

.Seminm

During the exhibition, live cooperation between color exhibition and the Rekihaku
Total hits: 8627 | Total hosts; 383 museum wil be tested by using modem inf and ication technol
Daily hits: 31 | Daily hosts: 5 There are also lectures to the public and workshops for pupils included into the
exhibition activities,

Fig. 9. The web-pages as an example of the digital museum exhibition.

» 6 Lecture series

In addition to the exhibition in the museum and internet, we organized a public lecture series in Joensuu

in the field of the exhibition topic. The content of the lecture series was as follows:

- January 24, 2007, Dr. Kimiyoshi Miyata, National Museum of Japanese History, Japan “Welcome
words”, Professor Jussi Parkkinen, University of Joensuu, Finland, “Opening lecture”.

- February 7, 2007, Professor Shigeki Nakauchi, Toyohashi Technical University, Japan
“Psychophysical color research.” The lecture was interpreted from English into Finnish. After the
lecture, the audience is invited to acquaint themselves with the research laboratory of the color

research group of the University of Joensuu.
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- February 28, 2007, Instructor Harald Arnkil, University of Art and Design Helsinki “Vari taiteen
ja tieteen yhtymakohtana” (Color as a point of contact between art and science). The lecture was
delivered in Finnish.

- March 21, 2007, Professor G6te Nyman, University of Helsinki “Varin subjektiivisen kokemuksen
mittaaminen” (Measuring the subjective experience of color). The lecture was delivered in Finnish.

- March 25, 2007, Director Markku Hauta-Kasari, InFotonics Center Joensuu “Mita varit ovat” What
colors are?

- April 25, 2007, Professor Fernando Fermi, University of Parma, Parma, Italy, “Color technology in

study of paintings.” The lecture was interpreted from English into Finnish.
» 7 Other techniques

During the exhibition, Markku Hauta-Kasari stayed one month at the National Museum of Japanese
History as a visiting professor. He was investigating the possibilities for digital interaction between the
North Karelian Museum and the National Museum of Japanese History via techniques available in the
internet. Figure 10 shows the photos from the research seminar, in which Markku Hauta-Kasari presented
the exhibition via the Internet video connection from North Karelian Museum to National Museum of

Japanese History. The connection included video and audio in realtime.

Fig. 10. A simultaneous connection between Finland and Japan in realtime.

Other digital techniques that we have developed, are the electronic feedback system for the digital
museum exhibition. Also the school cooperation between the students in Joensuu, Finland, and Sakura,
Japan is under preparation. We are aiming to start the school cooperation with small groups from elemen-
tary or secondary school who would communicate via the internet. The tasks for the student groups would

include the colors in their environment, color measurement tasks etc.
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» 8 Conclusions

In this paper, we presented the concept and the realization of the museum exhibition with digital technolo-
gies, in which the topic was color. Because the color research is strong research field at the University of
Joensuu and via the museum exhibition, we have popularized also our research topics for public. This paper
presents the current situation of the digital museum concept under development, but there still exists
many possibilities for improving and extending the concept. However, this step for digital museum exhibi-
tion has been very fruitful, and there has been many visitors, especially school groups to the exhibition.
The experiences that we collected from real museum exhibition can be applied later in more deep digital
museum concept development. The measuring devices and computer systems for digitizing the cultural
historical artifacts are becoming more and more possible to be used to show the objects between museums
in different parts of the world with accurate shape and accurate colors. Our color research has also many

possibilities in the future for digital museum exhibitions.
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Fig. 1. Subtractive color mixing, scattering, and color order systems.

Fig. 2. Color pigments, dyes, and colorful clothes.

Fig. 8. Feeling of colors.



Fig. 6. Spectral measurement of color and fluorescent colors.



Fig. 7. Accurate color reproduction of the printed photo to computer display.
Historical hat and the digitized version of it in computer display.

Fig. 8. Multimedia for demonstrating how to make Japanese textiles.
Japan nest, where Kimono and Nishikie pictures are located.
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- question of the week - color of the week.

. Descnption

@ Cooperation group
Exhibition
fs ‘iColurx in general
 Colors in culture

. Human color vision
. InFotonics Center Joensuu

Japanese nest
Seminars

Total hits: 8627 | Total hosts: 383
Dadly hits: 31 | Daly hosts: 5

These web-pages are part of a color exhibition at the North-Karelian Museurn The
exhibition concems colors, history of color, cultural meaning of colors, and color
research. The total exhibition is a combination of the physical extubition in the Carelicum
museurn and the part, which expands to the Internet through these web-pages. There
are also frequently changing part, both in Carelicum and in these web-pages.

The exhibition is realized in cooperation with the North-Karelian Museum, the
University of Joensuu, InFotonics Center Joensuu, and the North-Karelian Polytechnics,
In addition to these local partners, the National Museum of Japanese History
(Rekihaku) is a cooperative parter.

During the exhibition, live cooperation between color exhibition and the Ralqhaku
museum will be tested by using modem infc lon and

There are also lectures to the public and workshops for pupils included into the
exhibition activities.
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