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ABSTRACT

Diffuse spectroscopy is widely used as a tool to measure diffuse spectral reflectance
curve from human skin in visible to near-infrared wavelength region. The spectral shape
of such reflectance curve depends on light absorption and scattering in skin tissue.
Particularly, chromophores such as melanin and hemoglobin affects the light absorption,
it is much expected to evaluate absorption coefficients or chromophore concentrations
from a measured spectrum in the fields of dermatology and cosmetic industry. Many
researchers have studied various techniques, including multi-variate analysis, however
their mathematical models are yet limited to fewer skin conditions.

This dissertation is aimed at the development of a novel method for evaluation of
change in light absorption in skin tissue by using spectral reflectance database which
consists of a number of simulated data. Chapter 1 briefly reviews the background of light
propagation in biological tissue and introduces the synopsis of the dissertation. Chapter
2 presents the fundamentals of the skin tissue structure and the analysis of light
propagation in tissue including Monte Carlo method, and the other basic theories and
principles that are integral to this dissertation.

Chapter 3 highlights the effect of a detecting aperture size on spectral reflectance
measurements of human skin through numerical simulation and experiments. To find
the appropriate size, Monte Carlo simulation of light propagation in the nine-layered
skin tissue model was employed for generating spectral reflectance curves and photon
fluence maps. Spectrophotometric experiments were also carried out on the human
forearm. This study becomes functional for the experiments made in Chapter 5.

Chapters 4 and 5 are assigned to the proposed method of spectral mining from the



spectral reflectance database to evaluate unknown optical parameters in skin. Chapter
4 treats construction of the database which consists of simulated spectra with varying
absorption and scattering coefficients. To construct the database efficiently, the moderate
grouping method is newly proposed, in which the absorption coefficient and scattering
coefficient are preferentially varied. This grouping method resulted in five typical types
of spectral change, and leads to a potential spectral classification using the point spread
function

In Chapter 5, the five types of spectral change are validated by observing measured
spectra from the three-layered agarose-gel phantom. Pressure-cuff occlusion and hot
water immersion experiments are carried out on human forearm to confirm the
applicability to evaluation of change in absorption coefficients. The results are
successfully compared with those obtained by the conventional multiple regression
analysis. Finally, use of application-based customized database is newly proposed as a
promising way to suppress the ambiguity contained in the original database.

Chapter 6 provides an overall summary of the various results obtained by

studies executed in this dissertation.
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