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Geometric and Timing Calibration for Unsynchronized Cameras
Using Trajectories of a Moving Marker

MamMI NoGgucHIt and TAKEKAZU KATO*t

For 3D reconstruction of moving objects, timing calibration is important to compensate
lags in shutter timing between cameras as well as calibrating 3D positions and poses of them.
This paper presents a new method for calibrating the geometric relationship and the lags in
shutter timing between unsynchronized cameras from trajectories of a moving marker. We
call it geometric and timing calibration. Geometric calibration generally requires many point
correspondences between images of the calibration objects. It is, however, difficult to obtain
stable point correspondences from images. Furthermore, calibration using moving objects
in the sky is difficult for general calibration methods. Our method does not require point
correspondences. It uses, instead, a pair of trajectories of a freely moving marker. It is much
easier to establish correspondences between trajectories of a single marker than those of many
points. Our method estimates the fundamental matrix between two cameras by matching the
trajectories and simultaneously estimates the lag in shutter timing between the unsynchro-
nized cameras by analyzing the gap between the trajectories. In experiments, our method
has attained accuracy of mean errors within 1 pixel in image coordinates and timing errors
within 1 millisecond. Another experiment using a radio-controlled helicopter has shown that
it works well for flying objects in the sky.
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Fig.1 An example of calibration using a flying object

above cameras dispersed over a wide area.
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Fig.2 A 3D trajectory of a moving marker.
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Fig.3 Distances between a trajectory and epipolar lines.
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Fig.4 Overview of an estimation algorithm of 7 and F.
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Fig.6 A moving marker and cameras.
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Fig.7 Results of the marker detection.
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Fig.8 Trajectories and evaluation points on image-
coordinates.
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Table 1 Results for time delay.
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Table 2 Results for four types of trajectories.
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Fig.11 Trajectories of three shapes.
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Table 3 Results for two different speeds of the marker.
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