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Multiple video camera calibration by space-time analysis in

spherical coordinates system.
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Abstract This paper introduces a novel method of multiple video camera calibration by space-time analysis in
spherical coordinates system. One of the properties of space-time representation in spherical coordinates system is
that the shape of a space-time volume, generated from a sequence of projected camera images, becomes invariant in
relation to rotation around the origin of the sphere. Therefore, by registering the multiple space-time volumes which
can be easily achieved by block-matching technique, extrinsic parameters and synchronous parameters of video cam-
eras are simultaneously acquired. By using our method, multiple video images can be successfully integrated into
distortion-free omni-directional video without a calibration process.

Key words Space-time Analysis, Spherical Projection, Camera Calibration, Image Fusion, Omni-directional im-
age
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Fig.1 Ordinary space-time representation and EPI.
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Fig.2 Space-time in cylindrical coordinates system.
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Fig.3 Space-time in spherical coordinates system.
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Table 1 Comparison of free parameters in each coordinate sys-

tem.
Spatial Temporal Total
Spherical coordinates system 3 1 4
Cylindrical coordinates system 1 1 2
Planar coordinates system 0 1 1
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Fig.4 Configuration of multiple cameras and agreement of opti-

cal center.
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Table 2 Examples of estimated camera parameters.

Camera Spatial parameter ‘
pair alpixel] ‘ B[pixel] ‘
m,n | Estimated Correct Diff | Estimated Correct Diff
1,2 —330 —329 1 13 12 1
1,3 —296 —293 3 77 73 4
Camera | Temporal parameter
pair Om — O, [frame]
m,n | Estimated Correct Diff
1,2 54 —54 0
1,3 43 43 0
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Fig.6 Auto registered image of nine video cameras.
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