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3-D Motion Analysis of a Planar Surface

by Renormalization
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Given two images of a planar surface taken by a camera in motion, we reconstruct the 3-D shape
of the surface and the 3-D motion of the camera. Since the two images are interrelated by a projective
transformation, the surface equation and the camera motion parameters are analytically computed
if the matrix of the projective transformation is determined. However, if the transformation matrix
is computed by the usual least-squares method, statistical bias is introduced to the solution. We in-
troduce a general model of image noise and derive a statistically optimal scheme for estimating the
transformation matrix. Then, we present a numerical scheme, called renormalization, for computing
the solution by adaptively estimating image noise without doing numerical search. Finally, we conduct
a numarical simulation to confirm that statistical bias is indeed removed.
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statistical bias
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