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A Technique for Multi-band Imaging and Its Application to Vision

SHOJI TOMINAGA'

This paper describes a technique for multi-band imaging and its application to vision prob-
lems. The multi-band imaging system has more than three channels in the visible range of
400-700 nm, different from the fixed system with three channels of RGB. This system is
useful for solving several vision problems. First, it improves color resolution of the camera
system. Second, the system makes it easy to estimate spectral functions such as spectral-
energy distribution of a light source and spectral reflectance of an object surface. The basic
system of multi-band imaging consists of narrowband filters, a monochrome digital camera,
and a personal computer. In this paper, we first describe systems for multi-band imaging
and algorithms for estimating the spectral information. Next, we discuss the applications to
the problems of object recognition and digital archiving of art paintings. Concerning object
recognition, we propose an effective method for identifying objects in a natural scene and a
method for classifying object materials on a raw circuit board. Concerning digital archiving
of oil paintings, we estimate the surface properties of spectral reflectances, surface normals,
and a reflection model. Images of the paintings under arbitrary viewing conditions can be
rendered using these estimates. The superiority of multi-band imaging to color imaging is
shown in experimental results.
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Fig.6 Basis functions for surface spectral reflectances.
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Fig.8 Image segmentation based on the band numbers of
the spectral image.
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Fig.9 Image segmentation based on the clustering of the
original RGB image.
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the image with six channels.
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@).

@ O0ooo0o0oOe60°000002100000000
@ O00000060°000002100000000
@ 00000000000000000 RGB30OO
gooooo
oooooooooooooooooooooooo
goool1oooooooooooooooooon
goooboboooooooboobooooooooon
000000000000000000 @O0000
gobooooobooooo
5.1.2 0000000000000
gobobooooooooobooooobooooooo
00000 (noUoUoUOOODoOOOOoOoOooOoO
goooobooooooobooooooobooobooooon
oooooooooooobooboboooooooooo
gooooobooboooooobooooooon
gooobobodoledobooooooooooon
0000 @O0 @O000000000000000
gooobobooooooooooboooooooo
goboooboooooooooboooon
gobooboooooooooooocooooooo
gooooooooooooobooooooooon
goooobooooooboooooobobooooonon
goooboooooooooooboobooooooo
ooooooo
goboobile0O0000000DOO0OO0DODOODODO
gooooooooobObOOobOO0o00o00o0o00o0aa
goooboboooooooboboooooooooon
gooobobooooooobooboooooooooo
goooooooooooooobooooooooo
00000 ylx) OOODOOOODDOOOODO

y(@) =) S N\) (14)

goobooooooobooooooboooooobo

Mar. 2006

1.00 [ — ENRIfEE
SHRAEE

0.80 -

000 kl 1 1 1
450 500 550 600 650
K& (nm)
017 0OO00O0OO0O0O0O0OO0O0OOOOOOODOOODOO
Fig.17 Average curves of the estimated spectral
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Fig.18 Post-processing for material classification. ((a):
First-stage classification results, (b): Elimination
of small areas, (c): Edge detection).
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Fig.19 Final results of material classification and region

segmentation.
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Fig.20 Classification results based on RGB values. ((a):

Variation of the mean RGB value for different ma-

terials, (b): Final classification results and region

segmentation).
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Fig.22 Scene of multi-band imaging for a painting.
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Fig.23 Oil painting used in experiments.
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Fig.24 Estimation results of surface-spectral reflectances.
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and incandescent light (right).
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