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Abstract

Several methods which utilize the phase of Zernike moments (ZMs) to estimate the rotation angle have shown good performance
in terms of accuracy. In this paper, we provides the performance comparison results of the existing rotation angle estimation
methods based on ZMs and propose an extension of Revaud et al's method [1] which utilizes the phase of ZMs; the proposed
method uses angular radial transform coefficients instead of ZMs and yields better performance than the ZMs based methods in
terms of accuracy. A set of ART can describe angular variation of image more intensively than ZMs, it enables more accurate
estimation of the rotation angle than ZMs. In the experiments, the proposed method outperforms ZMs based method. Comparisons
were made in terms of the root mean square error vs. the coverage on MPEG-7 shape dataset.
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Table 2. Rotation angle estimates for the images under pixel noise (1. Chens method, 2. Revaud et al.'s method,
3. Kim's method 4. proposed method)

ol 4t B9 oy
level 1 level 2 level 3 level 1 level 2 level 3

Erus C Erus C Erus C Erus C Erus C Erus C

e<3°
0.677 | 98.71 | 0.713 | 98.32 | 0.764 | 97.75 | 0.681 99.01 | 0.695 | 98.99 | 0.708 | 98.83
0600 | 97.64 | 0.636 | 9742 | 0.669 | 97.25 | 0.670 | 97.15 | 0.685 | 97.08 | 0.704 | 97.15
99.40 | 0.825 | 99.00 | 0.864 | 98.75 | 0.616 100.0 | 0.643 | 99.93 | 0.685 | 99.92
0415 | 97.90 | 0467 | 97.72 | 0.500 | 97.65 | 0.492 | 97.39 | 0496 | 97.38 | 0.518 | 97.13
£<6°
0.733 | 99.33 | 0.800 | 99.18 | 0.878 | 98.92 | 0.702 | 99.25 | 0.722 | 99.29 | 0.754 | 99.33
0632 | 97.93 | 0.681 | 97.90 | 0.723 | 97.85 | 0.741 97.88 | 0.755 | 97.83 | 0.775 | 97.88
99.86 | 0.886 | 99.78 | 0.930 | 99.63 | 0.616 100.0 | 0.653 | 100.0 | 0.691 | 100.0
0415 | 97.90 | 0467 | 97.72 | 0.503 | 97.68 | 0.545 | 97.88 | 0.558 | 97.93 | 0.577 | 97.65

£<9°

AMlw|N[=
o
3
[
©

AlOIN|=
o
[oe]
=
N

1 0.736 | 99.35 | 0.850 | 99.33 | 0.942 | 99.15 | 0.706 | 99.26 | 0.727 | 99.31 | 0.766 | 99.36
2 0.632 | 97.93 | 0.681 | 97.90 | 0.723 | 97.85 | 0.741 97.88 | 0.755 | 97.83 | 0.775 | 97.88
3 0.828 | 99.90 | 0.898 | 99.82 | 0.962 | 99.74 | 0.616 100.0 | 0.653 | 100.0 | 0.691 | 100.0
4 0415 | 97.90 | 0467 | 97.72 | 0.503 | 97.68 | 0.545 | 97.88 | 0.558 | 97.93 | 0.577 | 97.65
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Fig. 7. Erus vs. C graphs for the images under pixel noise (1. Chens method, 2. Revaud et al.'s method, 3. Kim’s method 4. proposed method)
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Table 3. Rotation angle estimates for the images under pixel noise and geometric noise(1. Chens method, 2. Revaud

et al.'s method, 3. Kim’s method 4. proposed method)

01F & S et
level 1 level 2 level 3 level 1 level 2 level 3
Erus C Erms C Erus C Erus C Erus C Erus C
e< 3
1 1.014 | 91.00 | 1.262 | 74.45 | 1.413 | 60.88 1.093 | 9299 | 1.334 | 75.07 | 1.587 | 62.06
2 0.941 | 93.39 | 1.158 | 79.76 | 1.420 | 67.16 1.068 | 93.57 | 1.278 | 81.66 | 1.504 | 70.32
3 1.007 | 9422 | 1157 | 83.85 | 1.356 | 73.68 | 0.993 | 97.47 | 1.224 | 89.83 | 1.438 | 80.18
4 0.667 | 96.31 | 1.012 | 89.54 | 1.254 | 82.00 | 0.731 96.50 | 1.156 | 92.99 | 1.395 | 86.20
£<6°
1 1.369 | 96.17 | 1.862 | 84.30 | 2.267 | 75.44 1.412 9842 | 2114 | 89.61 | 2409 | 78.15
2 1155 | 96.10 | 1.746 | 89.73 | 2.243 | 82.76 1.306 | 97.35 | 1.974 | 94.80 | 2.309 | 88.96
3 1228 | 97.36 | 1.540 | 90.50 | 1.968 | 85.95 1.133 | 99.89 | 1.609 | 97.81 | 2.090 | 95.40
4 0.679 | 9646 | 1.175 | 91.76 | 1.527 | 87.13 0.845 97.57 | 1.340 | 96.57 | 1.816 | 95.60
e< 9
1 1488 | 96.84 | 2.379 | 88.07 | 2.743 | 79.44 1459 | 98.71 | 2614 | 94.23 | 3.130 | 84.84
2 1213 | 96.40 | 1.949 | 91.16 | 2.626 | 86.25 1.340 | 97.52 | 2147 | 96.35 | 2.806 | 94.19
3 1.308 | 97.78 | 1.760 | 91.77 | 2.179 | 87.59 1.152 99.97 | 1.718 | 9851 | 2.313 | 97.36
4 0.679 | 96.46 | 1.178 | 91.78 | 1.616 | 87.52 0.882 97.70 | 1.427 | 97.01 1.877 | 96.07
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