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Nonlinear Independent Component Analysis with Optical Scattering for Skin

Reflectance Spectra

Norimichi TSUMURA, Hideaki HANEISHI and Yoichi MIYAKE

Department of Information and Image Sciences, Chiba University, 1-33 Yayoi-cho, Inage-ku,

Chiba 263-8522

It is found by Monte Carlo simulation that the optical scattering affects the independent compo-
nent analysis of spectral image in human skin. We propose a new method to apply the independent
component analysis to the spectral image with the non-linearity by optical scattering. The

proposed method is confirmed by computer simulation.
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Fig. 1 Mixture and separation of independent signals.
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Fig. 2 Flowchart for the analysis of the human skin
image.
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Fig.3 Separation of skin image. (a) Skin color image
with 64 X 64 pixels, images of color densities for the (b)
first and (c) second independent components.
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Fig. 4 The obtained data in independent component anal-
ysis of spectral image in human skin.
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Fig.5 Model of spectral absorbance in human skin.

=Y DEDOEENT bVTERENS, ZEHICELT B0
F, "NEZOEYDOMEAT = OEETTHEIZD, T
NTOEEESDIERD T M VEBOFCHLER 2 KT
HWICOAT 5, % 2T, Fig. 4(b) ITRI N 350K E
BEOERIAMICEVESNDE 1 RS LE 2 RS
DD 2 RITN7 N IVERO A% FHWT ZOBOME T
ST T Db, B1IERDEE2FRDDED 2 KL
P VZERID BT BRE T 2 UTRUE 2 BAEME K&, B2 E
B5r & TR AWIGEPUEE I 98% Th - 7z, Fig. 4(c)
W2 AT DO EARS. BN 1 FES, M 2 £
B Ol &g,
3.2 MIWSRIORER

NEZOE Y E X T = VRIS R L Tn S



Independent component 11

Relative absorption coefficient

Independent component 2

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 6 Relative spectral absorption coefficient extracted
by independent component analysis of skin image.
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Fig.8 Scattering coefficient and anisotropy factor in
epidermis and dermis layer?".
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Fig.9 Examples of simulated skin spectral reflectance.
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Fig. 10 Relative spectral absorption coefficient extracted

by independent component analysis of simulated skin spec-
tral reflectance.
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Fig. 12 Mixture and separation of independent signals
with known non-linear function.
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skin spectral reflectance.
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