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Central Catadioptric Camera Calibration Based on Collinear Space Points

DUAN Fu-Qing? LV Ke? ZHOU Ming-Quan*

Abstract For central catadioptric cameras, the projection of a space line is a conic segment, and most of the calibration
methods using lines need conic fitting of line images, which highly affects the calibration accuracy. However, generally
only a small segment of the conic is visible, which makes the conic fitting error-prone. In this paper, we derive a
nonlinear constraint on all camera intrinsic parameters from the projections of any three collinear space points. With the
principal point known, the constraint becomes linear for para-catadioptric cameras. With all other parameters known,
the constraint becomes a polynomial constraint on the effective focal length. Based on this constraint, we propose three
calibration algorithms under different conditions. The proposed algorithms need no conic fitting of line images, need

no scene information, and the calibration accuracy is high. Experiments demonstrate the efficiency of the proposed

algorithms.
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Fig.1 Imaging model of central catadioptric camera
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Table 1 The estimation results using Algorithm 1
Noise 0 1 2 3 4 5
rf 500 £ 0 500.4 + 1.7 501.8 + 3.3 502.9 + 5.3 506.6 + 6.2 508.9 + 9.7
f 400 £ 0 400.2 £ 0.6 400.3 £ 1.3 401.1 £ 1.9 402.7 + 2.8 403.5 + 3.8
Uo 512 £ 0 512.7 £ 1.9 514.4 + 3.7 517.8 £ 5.1 521.4 + 7.7 525.1 + 8.8
Vo 384 £ 0 383.7 £ 1.5 382.9 + 2.8 381.6 = 3.9 379.9 £ 6.1 378 £ 8.1
s 1+0 0.82 = 0.8 0.90 £ 0.83 1.03 £+ 0.82 1.05 + 0.83 1.2 £ 0.70
®2 BIL2 SR
Table 2 The estimation results using Algorithm 2
Noise 0 1 2 3 4 5
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T 1.25 =0 1.250 £ 0.005 514.4 + 3.7 1.251 £+ 0.014 1.253 £ 0.019 1.262 £ 0.022
s 1+0 0.96 £ 0.79 0.71 + 2.16 0.77 £ 2.92 0.89 + 3.96 0.87 = 4.88
*3 H3 AR
Table 3 The estimation results using Algorithm 3
Noise 0 1 2 3 4 5
f 240 + 0.53 240.2 + 1.49 240.8 + 3.03 240.8 + 3.62 241.4 + 5.64 241.8 + 8.39
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