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Optimal Estimation of 3-D Rotation and Reliability Evaluation
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"Department of Computer Science
Gunma University, Kiryu, Gunma 376, Japan

This paper describes an optimal method for estimating a 3-D rotation between two sets of 3-D point data and
presents an analytical scheme for evaluating the reliability of the computed solution. Since the error distribution
for 3-D data has strongly anisotropy that reflects the characteristics of the involved measurement device, the usual
least-squares method results in large errors. We present a statistically optimal scheme that takes into account
the anisotropy of the errors in the data and derive a renormalization procedure for systematically computing the
solution by using the quaternion representation. Taking stereo vision as an example of 3-D sensing and conducting
bootstrap for reliability evaluation, we demonstrate that our scheme dramatically improves the accuracy as com-
pared with the least-squares method. We also show that the solution almost attains the Cramer-Rao lower bound,
which implies that we can use the Cramer-Rao lower bound for analytically evaluating the reliability of the solution.
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