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Normal Distribution Model of Microfacets Based on Color Image Analysis for Titanium Surface with Thin Film Interference Color

Sho FUJIMOTO, Kensuke TOBITANI, Mitsuhito KAMEI, Noriko NAGATA,
Toshio AKAGI, Kazuhiro TAKAHASHI and Sakuya YAMAMURA

In the computer graphics field, the microfacets theory has been a hypothesis in many studies as an effective model for
expressing light’s reflection from a rough surface, but no studies actually observe microfacets as images. To establish a
thin-film interference color simulation of a titanium oxide film based on a physical model in this study, we attempted obser-
vation via an optical microscope to obtain a microfacet normal distribution model in an oxide-layered coating on titanium.
Then, we successfully observed properties or optical phenomena corresponding to the microfacet concept (theory). We
verified the acquired microfacet images and proposed a method to calculate the microfacets’ normal distribution via color
image analysis. Thus, the calculated distribution was considered a typical Gaussian distribution with an added distortion

component.
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Fig. 1 View of a color-decorated building using an oxide-layered coating on
titanium (Hotel Marquesde Riscal)

Fig. 2 Model of thin-layer interference on a half vector
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Fig. 3 View of a titanium plate with
an oxide-layered coating

Fig. 5 Target areas for
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Fig. 4 Surface-shape model of an ND sample
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optical microscope observation

(a) ND sample: Position A (b) ND sample: Position B

(c) ND sample: Position C

(e) ND sample: Position E (f) Bear sample

(h) Locally enlarged image of (a)

(g) Bear sample with oxidelayered
coating

Fig. 6 Microscope images of an ND sample (a)~(e), a bear sample (f) and a
bear sample with an oxide-layered coating (g)
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(b) Bear sample

Fig. 7 Model of thin-layer interference based on the microsurface normals
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Fig. 8 Microscope image and height map with matching location information
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Fig. 9 Positions of targets, with colored grain used to verify microfacets struc-
ture
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Fig. 10 Surface shapes reproduction results by height map. The vertical axis is
height, and the horizontal axis is pixels
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Fig. 11 Surface shape reproduction results with improved resolution. Horizontal
and vertical axes are same as Fig. 10.

Table 1 Calculation results for each area

Position | Film thickness (nm) | AE | the most frequent value (* )
A 127.2 = 22
B 131.0 4.3 21
C 128.5 4.7 21
D 130.2 5.1 21
E 1316 4.3 21
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Fig. 14 Microfacets normal distributions. The vertical axis is the percentage of microfacets, and the horizontal axis is the normal direction.
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