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Thesis Summary

Used as a gemstone, opal exhibits an optical phenomenon known as ““play of color," a type of structural
color caused by the fine regular structure within the opal. Because of this optical property, opal has been
used as jewelry since ancient times and has been valued as a cultural treasure from both historical and
artistic perspectives. Opal is also classified as a material called colloidal crystal, and this property in
particular gives it its high engineering value, with potential applications in quantum information
processing and structural color displays. Thus, opal is an important material in the fields of industry,

the humanities, and the natural sciences.

In contrast, few studies have focused on realistic representations of representing opal

using computer graphics. Opal consists of numerous aggregates of colloids, with diameters on the scale
of several hundred nanometers, resulting in an extremely complex internal structure. However, opals
used for jewelry are usually several tens of millimeters in size, making their scale roughly 10° times
larger than individual colloidal particles. This significant size disparity poses a challenge, as modeling
the stacking information of each colloidal particle is impractical on current computers due to memory
limitations. Thus, a method for modeling the internal structure at an appropriate scale is required. In
addition, an efficient rendering approach is required for accurate tracking of the complex diffraction of

visible light within the opal.

This study investigates the physical properties of opals, identifies four key factors that contribute to their
visual characteristics, and proposes a method for the realistic visual simulation of opals. First, the
internal structure of opal is represented using a three-dimensional Voronoi diagram, where both a signed
distance function and a voxel-based approach are utilized to represent the Voronoi diagram, with a
comparison between the advantages of each method. Next, spectral rendering using Monte Carlo path
tracing is performed to obtain images of these models. A method inspired by Ewald construction from

X-ray crystallography is also proposed to compute diffraction.

This study demonstrates that the combination of the seven parameter values enables the visual
simulation of a wide variety of opals. The parameter values of real opal were applied, and it was shown

that it is possible to reproduce play of color in accordance with a real opal.




