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Abstract. In fully understanding the color and its digital management,
a three dimensional color representation (e.g. RGB) is not enough. The
color should be represented by a n-dimensional color spectrum. Nowadays
many color applications are looking for the use of color spectrum for
a manageable and accurate color representation. Also new devices for
spectral color acquisition and display are under investigation.

In the presentation, the spectral color approach will be introduced, spec-
tral image analysis methods and new devices for imaging described, and
application examples shown. The term spectral instead of multispectral
is used. This follows the logic where the binary image has binary value
in each pixel and gray-level image has a gray-value in each pixel. Since in
the images we are interested have a spectrum in each pixel, we call them
spectral images. In e.g. remote sensing these imagesare called multi- or
hyperspectral images.

1 Introduction to Spectral Color Research

Color science has mainly concentrated on the research problems, which are based
on the trichromaticity model of human visual system. In this model, the idea is
that the color vision is based on three color sensitive sensors (in human vision
cone cells), which have different wavelength sensitivity with each other. In the
physical sense, light is a part of the electromagnetic spectrum. According to the
trichromaticity model, the wavelength range roughly from 400 nm to 700 nm
defines the color of an object. Vast majority of standard color representations
and existing devices are based on this model.

Another, a general approach to the color science emerged in 80’s. According
to this idea, the color is analyzed based on the color spectrum reaching the color
detection system. This signal is called color signal. Using this approach, we are
not restricted into the human visual range. This is important in understanding
other biological color vision systems. For example solitary bee has ultraviolet
sensitive cells in it’s eye. This general approach helps also in designing artificial
visual systems, for example in an industrial quality control problems accurate
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color information may be required on yellow colors but no color information is
needed elsewhere. The general approach gives possibility to design an adaptive
color analysis system with maximum accuracy in yellow colors.

It was shown first time in mid 80’s that three components are not enough to
represent color information. Now this is a commonly accepted finding and the
number of components to represent color rather accurately is 5-8. The above
mentioned general approach to the color science is a common basis for the color
research. New devices and tools, however, are required in order to get all the
benefits out of this general approach.

Using the general approach as well as devices and tools based on it, the
color science will provide a deeper understanding to the nature of color, also in
digital domain, and forward new applications ranging from paper industry to
eCommerce.

Some of the key areas of present research in spectral color science can be
found in the following list of Joensuu Color Group research interests.

— Accurate color measurement and physical basis of color
The goal is to study methods for accurate color measurements. The measure-
ments are made on a point in an object. It has been shown that the external
measurement conditions should be well defined for an accuracy comparable
to an experienced observer to be reached. The measurements are expanded
into the UV-region and measurement of fluorescent. Also, thermochromism
is a topic of interest, including thermochromism of fluorescent objects.

— The structure and coordinate systems in n-dimensional color space
This is the first subtopic, we started color research with. The main findings
in this topic are that we showed that the dimensionality of color space is
more than three. From that, we have studied different methods for color
representation and color coordinate systems. A much used tool in this re-
search is the Principal Component Analysis (PCA).

— Spectral image acquisition

In the spectral image acquisition, there is a special problem: the object to be
imaged is actually three dimensional (two spatial and a spectral dimension),
but the imaging sensors are two dimensional (normally CCD-arrays). This
means that in the imaging device one has to scan in either the spectral or
one spatial dimension. We have studied methods and constructed prototypes
of spectral imager based on spectral scanning using optimal spectral filter.
This means e.g. finding optimal subspace of the color space so, that the sub-
space can be spanned by positive basis vectors. This is a benefit in optical
realization of the filters.

— Connections to the biological visual systems
We have studied the artificial visual systems by using ”biological hardware”.
We have build a protein based artificial retina. The protein belongs to the
family of rhodopsins, the proteins which are responsible in light detection in
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animal eye. The protein is modified by biotechnological methods so that we
have more than one different spectral sensitivities. The detector element, is
made by immobilizing the proteins into a polymer matrix. The protein gives
an electrical signal for a light impulse. These response signals of modified
proteins are used in color detection.

— Compression of digital spectral images
The digitized spectral images requires much memory if they are represented
as raw images. By using the general knowledge about the structure and rep-
resentation methods of color space, we have developed methods for spectral
image compression. We have also introduced a new concept of spectral video,
where each video frame is a spectral image. It requires also efficient methods
to compress spectral video for data communication purposes.

— Applications of spectral imaging
Earlier, all the applications of color research were based on measurements of
color in a single point or region. Since the spectral imaging devices have be-
come available, also the applications of spectral images have emerged. These
include topics like industrial color quality control, use of spectral images in
conservation of cultural heritage, 3D-spectral imaging, medical applications,
and e-commerce.
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