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Catadioptric Omnidirectional Stereo Imaging System and
Reconstruction of 3-dimensional Coordinates
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Abstract An image acquisition by using an optical mirror is called as a catadioptric method. The catadioptric imaging
method is generally used for acquisition of 360-degree all directional visual information in an image. An exemplar
omnidirectional optical mirror is the bowl-shaped hyperbolic mirror. In this paper, a single camera omnidirectional
stereo imaging method is studied with an additional concave lens. It is possible to obtain 3 dimensional coordinates
of environmental objects from the omnidirectional stereo image by matching the stereo image having different view
points. The omnidirectional stereo imaging system in this paper is cost-effective and relatively easy for correspondence
matching because of consistent camera intrinsic parameters in the stereo image. The parameters of the imaging system
are extracted through 3-step calibration and the performance for 3-dimensional coordinates reconstruction is verified
through experiments in this paper. Measurable range of the proposed imaging system is also presented by
depth-resolution analysis.
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Fig. 1. Catadioptric single camera omnidirectional stereo

imaging[8]
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Fig. 2. Camera calibration
(a) Before calibration (b) After calibration
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Table 1. Parameters of hyperbolic mirror[11] Table 2. Initial value and convergent value of parameters
from gradient search
Parameters a b d U,
Value(mm) 28.095 23.4125 45.6654 30.0 Parameters Initial value(mm) Convergence value(mm)
A 2581.0 2550.99
P 166.66 157.67

P, 31.42 38.82
50.0 66.36

P1 2 P, Oﬂ/\] 2 _Oj}% A A I il
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Catadioptric single camera omnidirectional
stereo vision system
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Table 3. Result of 3-dimensional distance measurement

Value Grid no.1 Grid no.2 Grid no.2

Measurement distance 220mm 280mm 350mm
Size of grid pattern | 8mm, 10><8 |11mm, 10<8 | I6mm, 10X8

Measurement error ~20mm ~20mm ~30mm
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