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Abstract

There has been much interest in 3D measurement techniques, and the research field has
recently expanded to the industrial applications. This expansion has increased the accuracy
and resolution requirements of 3D measurements from wide range of outdoor environments.
However, current 3D measurement devices such as stereo vision, pattern projector camera,
and so on, are not well suited for these requirements. Recently, laser sensors are popularly
used for accurate measurements in outdoor environments. Since the density of the laser
beam is limited by the laser eye safety guideline, laser sensors cannot achieve
high-resolution measurements. To solve this problem, a new accurate shape interpolation
method using local geometries that are defined by local tangent planes of shapes is
proposed. In the proposed method, the local tangent planes of the shapes are estimated by
combining low-resolution shape information and high-resolution color information. Here,
the low-resolution shape information is supposed as laser-measured information. Once the
local tangent planes are estimated, the surface segmentation of the shapes is estimated by
using the local tangent planes. Accurate shape interpolation is achieved by using upsampling
filters on each surface by using local geometries that are defined by the tangent planes. The
accuracy of the proposed method has been demonstrated by conducting experiments that use
images of Middlebury datasets and images captured by a depth camera. Here, a simulated
Gaussian measurement model was used to evaluate the robustness with respect to noise.

In Chapter 1, the industrial applications of 3D measurements are introduced. Then, the
outdoor application fields of accurate and high-resolution 3D measurements are shown.
Finally, current 3D measurement techniques are introduced, and the focus and the purpose
of this research are shown.

In Chapter 2, related works that focused on the relation of shape to color are introduced.

In Chapter 3, the proposed method is described in detail. In the proposed method, tangent
planes on each superpixel of a high-resolution color image are estimated. Here, a
color-difference-weighted principle component analysis is introduced to estimate noise
robust tangent planes on superpixels. Then, the normal vectors of each tangent plane are
corrected by using the positional relation between surrounding tangent planes. To segment
the image into surfaces, the corrected tangent planes are connected if they are spatially close
and their normal vectors are similar. Finally, shape interpolation is achieved on each surface
by using local geometries that are defined by the tangent planes. The resulting interpolation
is accurate because the corrected normal vectors give accurate local geometries of surfaces.

In Chapter 4, the effectiveness of the proposed method has been demonstrated by using the
images from the Middlebury stereo datasets with added simulated Gaussian measurement
noise and images captured by a depth camera. The results are compared with the results of
the existing representative interpolation methods. In these experiments, the proposed method
had a high completion rate, and achieved low errors in noisy cases, when compared with the
existing techniques.

In Chapter 5, conclusion and future works of this research are shown.




