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Table 1 Parameters of the layers skin tissue
EZ%% n d/cm Ch Cw “Ud/pm
1-EP 1. 33 0. 08 0 0. 20 0
2-PA 1. 37 0.015 0. 004 0. 65 10
3-SP 1. 40 0.008 0.02 0. 65 20
4-RD 1. 40 0.12 0. 004 0. 65 20
5-DP 1. 40 0. 05 0. 04 0. 65 40
6-SC 1. 44 0.5 0.03 0. 05 50
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each layer of skin tissue
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Fig. 3 Scattering coefficient of each layer of skin tissue
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Fig. 4 (a) Skin tissue reflectance spectrum;

(b) Volume pulse wave amplitude spectrum
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Fig. 5 Spectral penetration depth of skin tissue
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Simulation Study on Spectral Characteristics of Skin Tissue and Volume
Pulse Wave in 400~1 000 nm Wavelength

ZHOU Liang', YU Jiang-jun' *, LIU Zhao-hui', LI Zhi-guo', SHAN Qiu-sha'
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Abstract According to the anatomical structure of the skin tissue, we established a six-layer model, and the characteristic
parameters of each layer of skin tissue were given. We considered the absorption characteristics of oxidized hemoglobin and re-
duced hemoglobin, and gave the spectral absorption coefficients of each layer of skin tissue according to the contents of water,
blood, fat and oxygen saturation in each layer of skin tissue, as well as the size of blood vessels. The scattering coefficients at
different wavelengths were simplified properly, and then the scattering coefficient spectra of each layer of skin tissue were ob-
tained. In this paper, we used Monte Carlo method to simulate the transmission process of 400~1 000 nm wavelength light in
the multi-layer model of skin tissue under the conditions of contraction and relaxation. The spectral reflectance of the skin tissue
was obtained by counting the distribution characteristics of a large number of photons. The amplitude spectrum of volume pulse
wave was obtained by calculating the reflection coefficient of the two states obtained from the simulation. The simulation results
showed that the volume pulse wave amplitude of green light is better than that of red light and blue light when the incident light
intensity is constant. The penetration depth spectrum of skin tissue was obtained by calculating the corresponding skin tissue
depth when the light flux of different wavelengths decreased to 1/e along the direction of skin tissue depth. The results showed
that the penetration depth of blue light and green light is small, the blue light can only reach the surface layer, the green light
can reach the micro-circulation layer. and the penetration depth of red light is the largest, which can reach the dermis directly.
Considering when the light travels through the skin, it involves a dynamic process from contraction to relaxation, so we define
the depth of pulse signal generation based on penetration depth, and the spectral generation depth is calculated by using the pene-
tration depth of vasodilation and contraction in two different states. The results showed that the depth of light generation at dif-
ferent wavelengths is greater than the penetration depth, the depth of blue light is shallowand the blood absorption modulation is
small, so the pulse signal obtained is more easily interfered by noise. The volume pulse wave of red light is deeper than that of
green light, but compared with green light, its absorption and modulation by blood is smaller, and the depth of green light gen-
eration is enough to reach the dermis vascular layer, so the amplitude of red light volume pulse wave is smaller than that of green
light. Our simulation results confirm some spectral characteristics of skin tissue, which provides a theoretical basis for the accu-

rate acquisition of multispectral volume pulse waves and other related studies.
Keywords Skin tissue; Spectral scattering; Spectral absorption; Spectral penetration depth; Spectral generation depth
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