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3-D Reconstruction from Two Uncalibrated Views
and Its Reliability Evaluation

KENICHI KANATANIt and HITOSHI MISHIMA

We optimally reconstruct 3-D structure from point correspondences over two images taken
by cameras with unknown focal lengths and evaluate the reliability of the computed shape.
First, we optimally compute the fundamental matrix from corresponding feature points. Next,
we decompose it into the focal lengths and the motion parameters. Then, we optimally cor-
rect the observed feature points so that they satisfy the epipolar equation exactly. Finally,
we compute the 3-D positions and evaluate their covariance matrices. We confirm the effec-
tiveness of our method by simulation and real-image experiments and observe the effect of

the gauges (normalizations for removing indeterminacy) on the uncertainty description.
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Fig.1 Root-mean-square error of fundamental matrix compu-
tation. ©: least squares. ®: renormalization. O: renor-
malization and optimal correction. The dotted lines
indicate the theoretical lower bound.
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Fig.2 The camera positions and the depths.
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Fig.3 Simulated images of a 3-D scene.
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Fig.4 (a) Reconstructed shape (solid lines) and the true shape
(broken lines). (b) The standard regions of the grid

points.
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Fig.5 Real images of an indoor scene.
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Fig.6 Reconstructed points and their standard regions
(stereogram).
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Fig.7 Standard regions of the vertices. (a) Normalization of
the centroid and the size. (b) Normalization of the

three vertices.
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Table 1 Reliability of the ratio of edge lengths and the angle.
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Fig.8 Real images of a car.
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Fig.9 3-D reconstruction of the car.
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