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Abstract 

Tri-stimulus values of CIE-XYZ and RGB values 
obtained by photographic film, CCD camera or 
scanner depend on the spectral sensitivity of imaging 
devices and the spectral radiant distribution of the 
illumination. It is important to record and reproduce 
the reflectance spectra of the object for true device 
independent color reproduction and high accurate 
recording of the scene. In this paper, a method to 
record the reflection spectra of the object is introduced 
and its application to spectral endoscopes is presented. 
 
Introduction 

From the principal component analysis of the 
spectral reflectance of the object, we showed that the 
spectral reflectance of skin and gastric mucous 
membrane can be estimated from the three principal 
components. This experimental means that those 
reflection spectra can be calculated from RGB signals 
of electronic endoscopes or RGB values of CCD 
camera. On the other hand, we showed that the 
spectral reflectance of oil paints can be estimated by 
five principal components. On the basis of this 
experimental result, we have developed a five band 
CCD camera with 3120(H) x 2160(V) pixels and 14 
bits dynamic range for recording the reflection spectra 
of paintings and artifacts. After our researches as 
pioneer, many scientists started the researches on the 
Multispectral imaging and many papers have been 
published in many countries, particularly, Japan, 
Korea, USA, Finland, France, Norway, Spain and 
Sweden.  
I organized the first and second International 
Conference of Multispectral Imaging at Chiba 
University in 1999 and 2000. This conference was 
held in various countries every year, and in 2008, this 
conference was held in Norway. Many papers were 
published on the theory to estimate the spectral 
reflectance, development of Multispectral imaging 
system and applications of Multispectral imaging to 

digital archives, forensic science and medical 
imagings. 
 
Development of the Spectral Endoscopes 
 
  Color image taken by electronic endoscopes gives 
important information for diagnosis of various kinds 
of rectal and stomach diseases. Color reproduction of 
electronic endoscopes, however, is not enough to 
diagnose the early stage of the diagnosis. For this 
purpose, we, first, measured the reflection spectra of 
gastricl mucous membrane by using the endoscopic 
spectrophotometer (1). Those obtained data were 
analyzed by the principal component analysis (2). The 
results showed that the reflection spectra of gastric 
mucous membrane can be expressed as a linear 
combination of three eigenvectors obtained by 
principal component analysis. Wiener estimation 
method was also applied to estimate reflection spectra 
of the membrane.  
On the basis of this fundamental research, we have 
developed spectral endoscopes named FICE (Flexible 
Intelligent spectral Color Enhancement endoscopes) 
cooperated with Fuji Film co. and Fujinon co.(3) 

  Figure.1 shows the schematic diagram of the 
FICE. The RGB signals from the CCD converted to the 
digital data and the estimation of reflection spectral of 
membrane and  

 
 
 
 
 
 
 
 
 
 
 
 

enhancement are done and the spectral image is obtained.  
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Fig.1 Flow diagram of FICE 
 

 
(b) FICE image 

R:500nm, G:450nm, B:410nm 
Fig.2 Esophageal mucosa visualized by FICE 

 
Figure 2 shows an examples of an endoscopic image 

of the esophagus taken with this endoscopic system 
(3). Figure (a) shows an image produced with 
conventional RGB data, and Figure (b) shows an 
example of an image which RGB components are 
replaced with spectral components (R, 500nm, G, 
450nm, B, 410nm). In figure (b) , blood vessels and 
contours of inflammatory tissue associated with reflux 
esophagitis are highlighted. In the FICE, unlike 
processing with narrow-band optical filters, this 
system allows the combination of a huge number of 
observation wavelengths and rapid switching of the 
wavelengths using a key board.  
 
Conclusion 

The first paper on the measurement of reflection 
spectra of gastric mucous membrane was published in 
1989 (1), on the basis of the analysis of those 
measured reflectance spectra, a new electronic 

endoscopes using spectral information has been 
developed and clinically used to diagnose for various 
kinds of diseases. I was very pleased with a continued 
research in this field, because we recognized that the 
importance of the basic research on the color science 
and technology.  
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