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Multispectral image by LANDSAT

Band 1(0.45~0.52um) :Blue-green

Band 2(0.52~0.60um) : Green-Yellow
Band 3(0.63~0.69um) :Red

Band 4(0.76~0.90um) : Near infrared
Band 5(1.55~1.75um) :Middle infrared
Band 7(2.08~2.35um) : Middle infrared
Band 6(10.4~12.5um) : Thermal infrared

6 Multispectral imaging

Satellite image, remote sensing
Object discrimination
Color reproduction

LANDSAT image
(Land satellite by US)
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Extraction of specific features

Reflections Radiations
Soil
0.4pm 0.7um 1um 4um 10um Wavelength

J\ Projections
[|'> Plant

I_\ $ Soil + water

E:> Soil 6




Object recognition using multispectral images

» Multispectral image acquisition
+ Statistical classification of spectral data
— Linear classification, PCA, ICA (independent component analysis),
Canonical discriminant analysis
+ Optimal design of the spectral sensitivities of imaging systems
— Color imaging can be considered as the projection in the spectral space
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Accuracy of color estimation

» CIELAB color difference of GretagMacbeth ColorChecker (24 color
patches) - Experimental results
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Multispectral imaging for color reproduction
Why RGB Imaging is not enough?

* RGB does not represent the color attribute of an object.

» Spectral sensitivity of conventional color imaging device is not
equivalent to human vision

» Color reproduction under different illumination environment
* Is not "Quantitative" information for image analysis
» The color gamut of display does not cover all the existent colors

» Observer Metamerism: Color matching for different observers
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Examples of application

Medicine

— Dermatology, Pathology, Endoscopy (ex. Narrow band imaging),
— Dentistry, Telemedicine, Surgery, Ophthalmology
Printing

— Image acquisition for merchandize catalog printing
Electronic commerce

— Textile: Hi-fi color reproduction, expanded color gamut

— Virtual prototyping by multispectral BRDF measurement and

multispectral rendering

Digital archive, digital museum

— Multispectral image archive of artworks and cultural heritage
— Reproduction of woodprints by Shiko Munakata

— Capture and reproduction of natural scene, ex., Aurora

CG

— New expression in computer graphics

— Spectral rendering
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Methods for spectral imaging

Location of Bandwidth | Acquisition
dispersive element methods

or spectral filter

Optical device

Between object *Point sequential | +Diffraction grating
and sensor *Narrow | -Line sequential | *Interference filter
-Band sequential *Absorption filter
Between illuminant | «\ide o «Dichroic prism
and object *Mozaic filter *Fourier transform spectroscopy
*Others *Emission
*Others
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Spectral imaging device using interference filter

16-band filter-wheel multispectral camera
(TAO/NICT, Japan)

16-band image

Color reproduction

Spectral imaging device using diffraction grating
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Object Lens system ’

DiffractiolE‘\
Grating
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2-D sensor

Spectral data of a line can be
acquired; a spectral image is captured
with scanning of the object or the
optical system.

Concave mirror

Concave mirror

The optical system for direct vision spectral imaging
(Grism: Grating-Prism, PGP: Prism-Grating-Prism)
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Spectral imaging device using absorption filter
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Wider bandwidth

Spectral reconstruction is required — S/N decreased
Optimization of spectral sensitivity is important
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Spectral imaging device using Fourier transform
spectroscopy
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Polarization interferometer using liquid crystal

Liquid crystal device modulates

Light scattering in mucosal tissue
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Spectral imaging device using hybrid method Color i b band liaht
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Ref. K. Ohsawa, T. Ajito, et. al., J. Imag. Sci. and Tech., Vol.48, No.2; pp.85-92 (2004)




