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ABSTRACT

The spectral power distribution (SPD) of the light reflected from a matte surface patch in a three-dimensional
complex scene depends not only on the surface reflectance of the patch but also on the SPD of the light incident on the
patch. When there are multiple light sources in the scene that differ in location, SPD, and spatial extent, the SPD of
the incident light depends on the location and the orientation of the patch. Recently, we have examined how well
observers can recover surface color in rendered, binocularly-viewed scenes with more than one light source. To
recover intrinsic surface color, observers must solve an inverse problem, effectively estimating the light sources
present in the scene and the SPD of the light from each that reaches the surface patch. We will formulate the forward
and inverse problems for surface color perception in three-dimensional scenes and present experimental evidence that
human observers can solve such problems. We will also discuss how human observers estimate the spatial distribution
of light sources and their chromaticities from the scene itself and how they might represent it.
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SURFACE COLOR PERCEPTION IN 3D SCENES

In an everyday scene, the light that reaches the eye
from a matte surface patch depends on several factors. These
include the surface properties of the patch itself, the location

and orientation of the patch, the location and orientation of
other surfaces that might serve as effective illuminants for
the patch of interest, and the spatial distribution of light
sources in the scene and their spectral properties. We will
refer to this last as the lighting model of the scene. This list,
long as it is, is still incomplete, but it gives us a starting
point for the study of surface color perception in complex,
three-dimensional scenes (Maloney, 1999). The simple
virtual scene shown in Figure 1 illustrates some of these
dependencies. The scene is illuminated by a combination of
a punctate light source (E;) and a diffuse light source (E,),
both achromatic. These together form the lighting model.
The punctate light source is simulated to be behind the
observer, on his right and is not directly visible. The scene

comprises four matte surfaces, a ground plane and the three

surfaces labeled Ss, S4, and Ss. Figure 1: A very simple scene composed of matte
We are specifically interested in how biological surfaces illuminated by a punctate light source and

visual systems extract information about surfaces (albedo, a diffuse light source.

color) in such scenes. We are also interested in

computational vision algorithms that model their performance. A biological visual system records the intensity and

chromaticity of the light arriving from each point in the scene (see Maloney, 1999) but this information depends on
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