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Pigment has been used to hide a birthmark and an injury in medical field. The color appearance
of pigment under the skin, however, is different from the original color of the pigment. Because
the skin has the multi-layered structure and strong scattering in the wavelength range from 400
nm to 500 nm, the propagation of light has been complicated. Skin phantoms were made from
intralipid and gelatin and a pigment phantom was made from red paints and gelatin. The optical
properties of the skin phantoms and the pigment phantom were calculated using .the inverse
Monte Carlo method. The Monte Carlo method whose parameters were the optical properties of
the skin phantoms and the pigment phantoms were used to reproduce the reflectance spectra of
the pigment phantom under the skin phantom. The retinex theory explained the change in the
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color appearance of the pigment.
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Fig. 1. Relationship between the optical properties and
the reflectance.
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Fig. 2. Relationship between the optical properties and
the transmittance.
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Fig. 3. Experimental setup for measurement of
reflectance and transmittance of the sample using the
interesting sphere.
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— Skin phantom.

Red pigment phantom Standard white plate

Fig. 4. Phantom in the measurement of change in the
appearance of the pigment from the retinex theory.

Table 1. Comparison of optical properties in the latex
particles solution from the Mie theory and the inverse
Monte Carlo method.

Volume Mie theory Inverse Monte Carlo
fraction s Ma u's M
of latex f, (mm™) (mm™) (mm™) (mm™")
2.495%x1073 1.000 0.0033 1.016 0.0023
1.663x10* 0.750 0.0033 0.779 0.00242
1.248 %103 0.500 0.0033 0.513 0.0034
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Fig. 5. Spectral scattering coefficient and spectral absorp-
tion coefficient of the skin phantom from the inverse Monte
Carlo method.
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Fig. 6. The scattering coefficient S from the Kubelka-
Munk theory of the 4 skin phantoms whose thickness are
0.9 mm, 1.4 mm, 1.8 mm and 2.2 mm. S varies with thick-
ness of skin phantoms made from the same materials.
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Fig. 7. Spectral scattering coefficient and spectral absorp-
tion coefficient of the pigment phantom from the inverse
Monte Carlo method.
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Fig. 8. The measured and the reproduced spectra of the
pigment phantom under the skin phantom whose thickness
was 2.2 mm.
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Fig. 9. a* values and b* values given by the reflectance
spectra. The measured reflectance spectra of the only
pigment phantom (X ) and the pigment phantom under the
skin phantom whose thickness are 4: 0.9 mm, @: 1.4 mm,
H: 1.8 mm, a: 2.2 mm. The reproduced reflectance spectra
of the pigment phantom under the skin phantom whose
thickness are ©: 0.9 mm, O: 1.4 mm, [: 1.8 mm, 2: 2.2 mm
(Monte Carlo method).
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Table 2. The difference between the color given by the
measured and the reproduced reflectance spectra of the
pigment phantom under the skin phantom.

Thickness of the

phantom AE* {ab)
0.9 mm 4.85
1.4 mm 3.23
1.8 mm 3.75
2.2 mm 1.21
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R L CHBT 2 2 L3 TE 2, %7 retinex theory #»
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