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Application of shearlet transform in the star extraction
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Abstract; In order to realize high precision and high accuracy of star pattern recognition and attitude determi-
nation, the star extraction algorithm is studied and the Shearlet transform is applied to the star extraction tech-
nology. First, Shearlet transform is used for the decomposition of star image to get coefficients of different
scales, different directions. Then threshold processing is used to shear coefficients and reconstruct them to get
the de-noising image. Then Top-hat transform and adaptive threshold processing are used for the reconstruction
image to complete the star image filtering. Finally the centroid error compensation method is used for extraction
of star coordinates, which effectively completes the star extraction. The experimental results show that the
noise removal is very effective with star image filtering based on shearlet transform. The error by the centroid
error compensation method is about 0. 003 and the method is obviously superior to the traditional centroid
method. It can satisfy the star sensor requirements of high precision and strong anti-jamming.
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(a) Tiling of the frequency plane induced by Shearlet
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Fig. 1 Tiling of the frequency plane induced by Shear-

let and the comparison of frequency support
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Tab.1 Star simulation coordinates

o Aot Tt WO
) Yo
84 240 242.908 2 23.494 8 176.026 6 149.957 4
84 155 240.574 0 22.704 4 139.892 9 259.386 5
84 152 240.361 0 29.851 0 500.408 3 268.658 2
84 098 239.397 0 26.877 9 348.298 6 312.926 0
84 070 238.644 3 20.311 0 12.642 3 352.225'1
84 037 237.816 3 20.977 9 47.516 2 391.356 1
84 019 237.398 6 26.068 3 308.502 7 405.103 5
83 958 235.685 7 26.295 5 322.624 3 483.559 7
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Fig.3 Comparison of Star image with wavelets denois-

ing and Shearle denoising ¢( Gauss noise of o =
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Fig.2  Star image and 3D image of simulation and
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Fig. 5 Images after Top-hat transform and threshold

processing of reconstruction image with Gauss

noise of o =0.01
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Fig. 6  Images after Top-hat transform and threshold

processing of reconstruction image with Gauss

noise of o =0.1
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Tab.4 Results of the star image centroid extraction with o =0.01 Gaussian noise

B EERL AR (x,y) sk Jrl iR 2E B AMES L KA R 22
1 176.026 6 176.066 8 0.040 2 176.023 5 0.003 1
149.957 4 150.008 7 0.0513 149.959 9 0.002 5
2 139.892 9 139.927 5 0.034 6 139.894 2 0.001 3
259.386 5 259.419 3 0.032 8 259.3855 0.0010
3 500.408 3 500.438 0 0.029 7 500. 406 2 0.002 1
268.658 2 268.693 6 0.0354 268.655 5 0.002 7
4 348.298 6 348.340 2 0.041 6 348.299 2 0.000 6
312.926 0 312.973 1 0.047 1 312.9279 0.0019
5 12.642 3 12.672 1 0.029 8 12.645 9 0.003 6
352.2251 352.238 7 0.013 6 352.2279 0.002 8
6 47.516 2 47.526 7 0.010 5 47.520 3 0.004 1
391.356 1 391.379 2 0.0231 391.352 6 0.003 5
7 308.502 7 308.512 0 0.009 3 308.505 1 0.002 4
405.103 5 405.139 3 0.0358 405.100 4 0.003 1
8 322.624 3 322.634 9 0.010 6 322.627 0 0.002 7
483.559 7 483.574 9 0.015 2 483.561 1 0.001 4

£5 WEo=0.1 SHREHEETCRRER

Tab.5 Results of the star image centroid extraction with o =0.1 Gaussian noise

B EERL AR (x,y) ik Jrl iR 2 LM KA R 22
1 176.026 6 176.066 6 0.040 0 176.029 8 0.003 2
149.957 4 150.010 8 0.053 4 149.959 8 0.002 4
2 139.892 9 139.927 9 0.0350 139.894 4 0.001 5
259.386 5 259.418 9 0.032 4 259.385 1 0.001 6
3 500.408 3 500.439 1 0.030 8 500.405 8 0.002 5
268. 658 2 268.694 0 0.035 8 268.656 0 0.002 2
4 348.298 6 348.340 8 0.042 2 348.299 5 0.000 9
312.926 0 312.972 6 0.046 6 312.927 7 0.001 7
5 12.642 3 12.670 8 0.028 5 12.645 7 0.003 4
352.2251 352.238 6 0.013 5 352.227 17 0.002 6
6 47.516 2 47.528 6 0.010 6 47.520 6 0.004 4
391.356 1 391.379 9 0.023 8 391.352 8 0.003 3
7 308.502 7 308.513 0 0.0103 308.505 6 0.002 9
405.103 5 405.139 6 0.036 1 405.100 3 0.003 2
8 322.624 3 322.634 17 0.010 4 322.626 9 0.002 6
483.559 7 483.575 9 0.016 2 483.561 1 0.001 4
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