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3-D Reconstruction from Uncalibrated-Camera Optical Flow
and Its Reliability Evaluation

Yoshiyuki Shimizu and Kenichi Kanatani

Department of Computer Science, Gunma University, Kiryu, Gunma 376-8515 Japan

We reconstruct 3-D structure from optical flow observed by an uncalibrated camera in an unknown
instantaneous motion relative to a stationary scene. Introducing a statistical model of image noise, we
strictly optimize the reconstruction to the extent that no further improvement is possible and evaluate
the reliability of the computed shape in quantitative terms. First, we optimally compute the “flow
fundamental matrices” by fitting the “epipolar equation” to the observed flow. The computed flow
fundamental matrices are then decomposed into the focal length, its change rate, and the camera motion
parameters. The observed flow is optimally corrected so as to satisfy the epipolar equation exactly. We
compute the 3-D shape from the corrected flow and evaluate the covariance matrices of the individual
recoustructed points. Finally, we do simulation and real-image experiments to confirm the effectiveness
of our system and observe the effect of “gauges” (normalization conditions for removing indeterminacy)
on the description of uncertainty.

Key words: structure from motion, optical flow, 3-D reconstruction, flow fundamental matrix, self-

calibration, reliability evaluation
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