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In computer graphic system, it is important to reproduce the realistic appearance that can be used in many
application areas such as architecture and design, theater, cultural heritage, digital marketing, 3D computer
games as well as virtual reality. An efficient way is measuring the reflectance of real materials.

On a macro scale, materials can be classified according to their material characteristics such as strength,
stress, strain, and hardness. The two basic types are isotropic and anisotropic materials. [sotropic materials
have homogeneous surface geometry, and identical material properties in all directions at every given point.
For anisotropic materials, the texture on the material surface is rough, and it has various waving patterns, as
opposed to the isotropic materials. Moreover, the anisotropic reflectance is directionally dependent as well as
spatially different. And the anisotropic highlights appear on the surface in different size and shape while the
isotropic highlights are the same in different directions.

The key point of this thesis is that, we propose a simple reflectance measurement apparatus. To measure
the reflectance, we firstly extract the diffuse and specular reflectance components from the range of color
images captured by our simple apparatus, and then, the reflectance parameters about each spatial point are
iteratively estimated. The reflectance is the proportion of directly incident light, conventionally expressed as
a percentage, that is reflected from a plane polished surface under specified conditions of illumination. The
surface normal exits along the Z-axis at a point where the light is illuminated.

When the light is illuminated on a material surface, it exhibits a mixture of diffuse and specular
reflectance. Specular reflectance is visible only where the surface normal is oriented precisely halfway
between the direction of incoming light and the direction of the viewer; this is called the half-angle direction

because it bisects the angle between the incoming light and the viewer. The specular reflectance, where the



incident light is reflected into a single outgoing direction. Therefore, it can be often described as a mirror-like
reflection of light from the surface such as glass or polished metal. If the surface is microscopically rough
such as a paper, the light rays will reflect and diffuse in many different directions. The diffuse reflectance,
where a ray incident on the surface is scattered at many angles. Only a small amount of the light is reflected
back toward the light source.

The reflectance on the surface is spatially-varied because of the existence of microfacets. A microfacet is a
tiny facet of the surface, and each of which is a perfect specular reflector. They have their own normals, that
are distributed about the normal of the approximating smooth surface. These changes of microfacet normal
effects the appearance at each spatial point. The degree to which microfacet normal differs from the smooth
surface normal (unit normal) is determined by the roughness of the surface. It is quantified by the deviations
in the direction of the normal vector of a real surface from its ideal form. If these deviations are large, the
surface is rough; if they are small, the surface is smooth.

We characterize the total reflectance on a surface by using the Bidirectional Reflectance Distribution
Function (BRDF) model, which defines how light is reflected at an opaque surface. It is a four-dimensional
reflectance function of the incoming direction and the outgoing direction. A surface may reflect different
amount of light at each position for each possible direction of incoming and outgoing light, and each spatial
appearance may also differ. To account for these spatial appearance factors, which can be represented by
Spatially Varying BRDFs (SVBRDF). The SVBRDF is a six-dimensional function. Therefore, the SVBRDF
representation of material can be viewed as a spatial collection of BRDFs distributed over the surface.

There are many existing measurement methods which measure the reflectance in various way. But their
systems require high cost apparatus and take long capturing time. We propose three measurement methods
that can measure the spatially-varying reflectance of real materials using simple apparatus consisting of two
handheld cameras.

In this thesis, we firstly measure the reflectance at a spatial point on the surface of anisotropic materials.
Then, we measure the spatially-varying reflectance of isotropic materials, and finally, the spatially-varying
reflectance of anisotropic materials are measured.

We verified the correctness of each estimated reflectance and observed brightness for RGB channels by
using the fitting results. The correctness of estimated color and roughness values were confirmed by RGBA
images and rendering results. The highlight changes for each material were confirmed by rendering results.
The minimum of estimated residuals based on the least root-mean-square-error (RMSE) method were
confirmed by 2D residual images. According to the results, our measurement method can be used to easily

measure the spatially-varying reflectance of real materials.
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