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Evaluation of Observability in the Measurement of
Three Dimensional Motion from Range Images

Kazunort UMmepa! and Tamio Ararf

Measurement of three dimensional (3D) motion is one of the most important issues on
robot vision. An essential equation between 3D motion parameters and range data was in-
troduced for measuring 3D motion parameters from range images. In the measurement of
motion parameters with the equation, there are some undetectable motion directions depend-
ing on the shape of an object. In this paper, observability with the equation is evaluated.
A matrix which represents the observability is introduced and using the matrix, (1) the
condition for measuring motion parameters in every direction is formulated, (2) error di-
stribution of measured motion parameters is calculated, and (3) undetectable motion direc-
tions are discussed on primitive shapes. When the shape of an object has undetectable mo-
tion directions, measured motion parameters contain wrong components. In this paper, a
method to remove the wrong components is also introduced. The undetectable motion di-
rections are calculated by using the covariance ellipse which represents the error distribu-
tion. A method to divide the ellipse into translational and rotational covariance ellipses is
introduced for the purpose. Some experiments show the efficiency of the proposed methods.
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