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The capture of scene spectral characteristics including the reflectance and the absorption
coefficient provides a wealth of information about the material properties of objects and has proven useful
for applications including classification, synthetic relighting, medical imaging, and more. However, the
appearance is affected by the states including illuminants, interreflection, wetness, and more. In
contrast, the capture of scene states is important as well. For example, surface wetness can inform us
of slippery spots on a road to autonomous vehicles, muddy areas of a trail to humanoid robots, and the
freshness of groceries to us. Thus many methods to accurately separate the spectral characteristics from
the states have been proposed. While effective, past methods have needed the reflectance to be known or
have not considered physically correct models.

This research aimed to propose novel methods estimating the spectral characteristic and the state
of the object. Especially, spectral appearance models and estimation methods were proposed by focusing
onmultiple bouncing of light. First, a challenging and novel problem of simultaneously performing spectral
reflectance recovery and interreflection removal from a single hyperspectral image was proposed.
Specifically, we model this problem using a nonnegative matrix factorization formulation and introduce
a closed-form solution method and a scalable optimization algorithm on the basis of the alternating
direction method of multipliers.

Next, an analytical spectral appearance model of wet surfaces was derived. The model expresses the
characteristic spectral sharpening due to multiple scattering and absorption in the surface. Moreover,
a novel method for estimating key parameters of this spectral appearance model was proposed. The model
enables the recovery of the original surface color and the degree of wetness from a single multispectral
image. To the authors’ knowledge, this was the first work to model and leverage the spectral characteristics
of wet surfaces to decipher its appearance.

The experiments were conducted to validate their effectiveness. For interreflection removal, the
experimental results demonstrated its effectiveness on scenes with a single or two reflectance colors,
containing possibly concave surfaces that lead to interreflection. For wetness estimation, the results
demonstrated the accuracy of the proposed model and the effectiveness of the proposed method for surface
wetness and color estimation.
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