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Optimal Computation of 3-D Similarity from Space Data

with Inhomogeneous Noise Distributions

HirOTKI HARA,™! HiroTAKA N1rTsumafl
and KENICHI KANATANT 1

We optimally estimate the similarity, i.e., the translation, the scale change,
and the rotation, of 3-D data with inhomogeneous error distributions. In our
previous work, we derived an optimal scheme for estimating rotation, using
the FNS of Chojnacki et al. in terms of the quaternion representation of 3-D
rotation. In this paper, we use the Lie algebra representation of the 3-D rota-
tional change to derive the Levenberg-Marquardt procedure for simultaneous
optimization of the translation, the scale change, and the rotation. We evalu-
ate the performance of our method using synthetic stereo vision data and real
GPS sensing geodetic data. We conclude that we cannot obtain high accuracy
solution without considering the inevitable inhomogeneity and anisotropy of
the error distribution of 3-D data and that although our previous optimal ro-
tation estimation scheme can significantly improve the accuracy, the proposed
simultaneous optimization can further increase the accuracy.
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