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Abstract This article presents a hybrid algorithm for improving the accuracy of wavefront reconstruction of a
defocused Shack-Hartmann wavefront sensor using the moment method. For a defocused Shack-Hartmann sensor ,
not only the shift of centroid for each microlens spot but also the second-order moment of each spot are extracted for
calculating the local slopes and curvatures of the input wavefront. To improve the accuracy of the wavefront
reconstruction, we employ these calculated slopes and curvatures to reconstructure the input wavefront instead of
just using the calculated slopes for the conventional Shack-Hartmann sensor. The proposed method is verified by
numerical simulations. It shows that the proposed method is useful for wavefront reconstruction with high accuracy.
For example. the root mean square value of the residual wavefront error for reconstruciton of the peaks function is
0.0327X using the proposed method, which is smaller than that, i.e. , 0.0903), using the conventional method ,
indicating the proposed method can significantly improve the accuracy of the wavefront reconstruction.
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Fig. 5 Comparison of reconstructed wavefronts
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Table 1 Reconstructed wavefronts with different coefficients of three aberrations

Scaling factor with different

Zernike terms

Input wavefront

Reconstructed wavefront with

convensional method

Reconstructed wavefront

with the proposed method

0.237 0.1092 0.0102 0.0182
0.528 0.2412 0.009A 0.0162
15th Zernike term 1.176 0.5372 0.0122 0.0142
2.617 1.196A 0.0192 0.0262
5.825 2.662A 0.0612 0.0982
0.237 0.098A 0.0022 0.003A
0.528 0.2172 0.0032 0.0052
28th Zernike term 1.176 0.4832 0.0072 0.011A
2.617 1.0752 0.016 0.0382
5.825 2.3932 0.4022 1.025x
0.237 0.0882 0.0092 0.013A
0.528 0.131A 0.0072 0.010A
45th Zernike term 1.176 0.196 0.0102 0.010A
2.617 0.4352 0.0132 0.0252
5.825 0.9692 0.0352 0.1582
peaks Zernike
4 . RMS 36.2% .
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