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Application of covariance matrix to 2D object
attitude measurement
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Abstract: Aiming at a large amounts of computation existing in attitude measurements, a new method
of 2-D object attitude measurement based on a covariance matrix is presented. Firstly,an image is seg-
mented by the threshold and the center of an object is extracted. Then, the covariance matrix of the
object is computed and decomposed by a orthogonal decomposition,and the elliptic equation defined by
the covariance matrix is gotten. Finally,the lengths and orientations of both axes are calculated to ob-
tain the scale change and rotation between the two images. The attitudes of objects in 256 pixel X256
pixel images are calculated with a log-polar algorithm and the presented algorithm respectively. The
experimental results show that the angle error is within #=1°, and the scale error is within £2% with
proposed method, which is superior to those computed by the log-polar method, while the computation
time is only 1/16 that of the log-polar method. The presented method can calculate the rotation and
scale change fast and accurately, and can meet the requirement of real-time processing.
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Experiment results with rotation only
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Tab.1 Experiment results in different rotation angles

BEREFAEE MEMAE MERZE WELA Rz
10° 9.909 3° —0.090 7° 0.999 45 —0.055%
12° 11.854 2° —0.145 8° 1.000 26 0.026%
15° 14.920 9° —0.079 1° 1.00029  0.029%
30° 29.931 0° —0.069°  0.999 16 —0.084%
90° 90.005 7°  0.0057° 0.999 91 —0.009%
180°  179.993 4° —0.006 6° 0.999 97 —0.003%
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Fig. 4 Experiment results with scale only
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Tab. 2 Experiment results in different scales
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Fig.5 Experiment results with both rotation and scale
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Tab. 3 Comparison of computing time with two algorithms
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Tab.4 Measuring accuracy of log-polar
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