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Abstract: Light shows various optical behaviors such as reflection, absorption, and scattering on skin for individuals.
In particular, reflection of light from the skin has been widely used as the brightness index of the skin of individuals
through the measurement of the physical quantity of spectral reflectance. Therefore, the study of light behavior on skin
would be useful for the preparation of new evaluation method in the development stage of make-up products. In this
study, multi-dimensional analysis for spectral reflectance behavior of light on individual skin was performed using
Kubelka-Munk model. Also, we analyzed the contribution of skin parameters such as skin thickness and hemoglobin,
which could affect the spectral reflectance, using above model and literature information. Base on this, we calculated
the theoretical reflectance of normal women for visual light, which showed good agreement with the measured
reflectance. Our study of light propagation in skin based on Kubelka-Munk model provides useful insight for the devel-
opment of personalized cosmetic in the near future.
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Figure 1. Upward and downward fluxes crossing a sub-layer
of thickness, z.
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Figure 2. Reflectance and transmittance for two-layered model.
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Table 1. Consideration of Reflectance and Transmittance for Multiple Layer

alem™Y b a [em™] f by bage
Dermis 453 1.292 43.6 0.41 0.562
Epidermis 68.7 1.161 66.7 0.29 0.689
Reference: [9] S. L. Jacques
Table 2. Skin Parameter for Asian
Skin paraneters Range Reference
Melanin Volume Fraction 11 ~ 16% [10] S. L. Jacques

Epidermis thickness
Dermis thickness
Joloods Vol fraction of blood

Soxy» OXygen saturation

71.5 ~ 1249 um
851.6 ~ 1 301.6 um
2 ~ 5%

95 ~ 100%

[12] Y. Lee et al.

[12] Y. Lee et al.

[10] S. L. Jacques
[13] A. krishnaswamy et al.
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Figure 3. The calculated (A) absorption coefficient of melanin and baseline within visible wavelength and (B) reflectance with
variation of the epidermis melanin volume fraction from 11 to 16%.
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Figure 5. The calculated reflectance with variation of the dermis thickness (A) from 851.6 to 1301.6 um and (B) enlarging only

in the range of 600 ~ 700 nm.
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Figure 6. The calculated (A) absorption coefficient of baseline and
blood, (B) reflectance of skin in terms of the fyq vol fraction of
blood, and (C) especially focusing in the range of 500 ~ 600 nm.
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Table 3. Difference of Reflectance between Maximum and Minimum Values and Sensitivity Rate

Skin parameters R Sensitivity (%)
Melanin volume fraction 0.085 46.7
Oxygen saturation 0.001 0.6
Blood fraction 0.006 32
Epidermis thickness 0.082 44.9
Dermis thickness 0.008 4.6
Total 0.183 100

Table 4. Optimized Skin Parameter Values within Asian Range

Skin parameters Range Optimization value
Melanin volume fraction 11 ~ 16% 12%
Epidermis thickness 71.5 ~ 1249 um 71.5 um
Dermis thickness 851.6 ~ 1301.6 um 1300 yum
Joloods Vol. fraction of blood 2 ~ 5% 4%
Soxy» OXygen saturation 95 ~ 100% 95%
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Figure 9. Schematics for the development of cosmetic product using Kubelka-Munk model.
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