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Calibration of HyperOmni Vision Based on Conic Curve

TOMOHIRO MASHITA," YOSHIO IWAIt and MASAHIKO YACHIDA*®

In this paper, we propose a calibration method for catadioptric camera systems consisting
of a rotation symmetry mirror, like HyperOmni Vision, and an affine camera. The proposed
method is based on conventional camera calibration and mirror posture estimation. The
main problem with catadioptric camera calibration is mirror posture estimation because the
degree of freedom of a mirror posture is limited or the accuracy of the estimated parameters
is inadequate, owing to nonlinear optimization. Our method can estimate the six degrees of
freedom of mirror posture and can be free from the volatility of nonlinear optimization. Our
method uses a conic curve in an image, the borderline between mirror and non-mirror, and is
an application of extrinsic parameter calibration based on conic fitting. The mirror posture
estimated analytically is not unique, so we propose a selection method for finding the best
one. Because of the conic-base analytical method, our method can avoid the initial value
problem arising from nonlinear optimization. We conduct experiments on synthesized images
to test the performance of our method, and discuss its accuracy.
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Table 1 Accuracy of mirror posture estimation.
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Error

Translation [mm] Rotation Translation [mm] | Rotation [deg]
X Y Z X Y Z
0 0 —-0.5 0 0 1 0.0701 0.464
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—4.5 0 0 0 0 1 0.108 0.800
-2 0 0 0 0 1 0.0775 0.554
0 0 5 0 0 1 0.0745 0.519
—4.38 | 2.19 —0.115 —0.0419 | 0.0209 | 0.999 0.0506 0.333
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Fig. 12 Effect of ellipse estimation error on mirror posture estimation.
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Table 2 Angles between each normal vector.

01 [deg] | 0> [deg] | O3 [deg]
Uncalibrated 58.4 88.1 126.9
Manually adjusted 81.4 79.3 134.8
Calibrated 84.9 89.9 82.9
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