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Table 1 Composition of phantom

Phantom Mass concentration /(gemL ')

number Intralipid  Hemoglobin ~ Melanin
1 1.5% 1 0.025
2 1.5% 1 0. 050
3 1.5% 1 0.075
4 1.5% 1 0.100
5 1.5% 1 0.125
6 1.5% 1 0.150
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Fig.7 Experimental results of melanin phantom. (a) Fitting curve of absorption coefficient obtained by SFDI and collimated
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collimated transmission systems at wavelength of 617 nm ; (c¢) collected mass concentration of melanin
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An Approach for Extracting Optical and Physiological Parameters of
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Abstract

Objective The optical and physiological parameters of human skin tissue are of extraordinary value to detect and
monitor many diseases. The optical and physiological parameter extraction based on spatial frequency domain imaging
(SEFDI) technology has practicable clinical utility value. Microvascular oxygen saturation carries the statistics of
oxygen transport and consumption rate of skin and subcutaneous tissue. Monitoring of microvascular oxygen
saturation has the necessary magnitude in clinical diagnosis of microcirculation and metabolism and basic research of
chronic diseases. The traditional blood oxygen saturation measurement measures blood oxygen partial pressure by
percutaneous oxygen partial pressure analyzer and then calculates blood oxygen saturation. However, this approach
has low sensitivity, long measurement time and can only be measured by single point contact. The spatial frequency
imaging technique can be used with a medium resolution to quickly measure large areas with splendid clinical value.

Methods SFDI requires the extraction of oxygenated and deoxygenated hemoglobin at least two wavelengths. Skin
melanin increases the uncertainty of results when retrieving oxygenated and deoxygenated hemoglobin of human skin
tissue. In this study, a set of SFDI system was developed. Additionally, the least square method and minimum error

0507005-9
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criterion were introduced into the algorithm of retrieving physiological parameters of human skin tissue to solve the
uncertainty problem. LED chips with central wavelengths of 529 and 617 nm were used in the lighting module of the
SFDI system. After coupling and collimation, the illumination light was irradiated onto the digital micromirror device
(DMD) and spatially modulated to form a wide field sinusoidal pattern. Then, it was projected onto the skin tissue to
be measured. A complementary metal oxide semiconductor ( CMOS) camera was used to collect the diffuse
reflectance of the tissue. The three-phase displacement method was used to obtain the diffuse reflectance of the skin
tissue. The optical parameters were obtained using the diffusion theory. Finally, the physiological parameters of the
skin tissue were obtained using Lambert-Beer law and the minimum error criteria.

Results and Discussions The results show that the measured values of the gradient diffuse plate obtained using
the proposed system are linearly correlated with the accurate values (Fig. 6). Compared with the absorption
coefficient obtained using the direct measurement method, the absorption coefficient of the tissue analog obtained
using the proposed system has a deviation between 0.3% and 9. 6% [Figs. 7 (a) and (b)], verifying the
effectiveness of the proposed system. Phantom simulation measuring concentration of melanin is linearly related to
the standard concentration [ Fig. 7 (c¢)]. In blood phantom experiment, the trend of oxygenated hemoglobin and
deoxygenated hemoglobin over time is consistent with the rule of blood experiment. The experimental results of
arterial occlusion show that the variation trend of occlusion condition is consistent (Figs. 8 and 9). It also validates
the accuracy of the system to extract the physiological parameters. Therefore, this technology can effectively
improve the accuracy of the system and realize the rapid quantitative imaging of SFDI technology.

Conclusions This paper proposes the optical and physiological parameter extraction of human skin tissue based on
the SFDI method. The camera collects the backscattered light of samples or tissues, obtains the optical parameters by
diffusion theory, and inverts the physiological parameters by nonlinear least square method and minimum error
criterion. In vivo and in vitro experimental results show that the proposed method can be used to measure tissue
oxygen saturation. This verifies the accuracy of optical and physiological parameters extracted using the system. It
also provides a new suitable method for noninvasive and fast detection of related diseases.

Key words medical optics; space frequency domain imaging; minimum error criteria; parameter extraction
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