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Algorithm for Digital Wavefront Fitting Based on Singular
Value Decomposition

Chang Liping Shen Weixing Lin Zunqi
(Shanghai Institute of Optics and Mechanics, the Chinese Academy of Sciences, Shanghai 201800)

Abstract: An algorithm based on singular value decomposition (SVD) is presented to fit the wavefront with Zernike
polynomials. In the current algorithm, SVD is applied to decompose the matrix of the linear equations directly. In the
process of computing the inverse matrix, a threshold value is employed to modify the reciprocals of singular values
which are zero or too small. Then the Zernike coefficients can be worked out immediately. Compared with the typical
Gram-Schmidt orthogonalization, SVD has good stabilization when solving the least square problem of the ill-
conditioned equations or singular matrix. And also because of avoiding construction of normal equation group, the

computational error is eliminated. Moreover, it is quite easy to be programmed.
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Table 1 Results of computer simulation

(in the unit of wavelength)

Item Preset coefficient Gram-Schmidt SVD

1 —0.013 —0.0130 —0.0130
2 1. 154 1. 1540 1.1540
3 0. 404 0. 4040 0. 4040
4 0. 006 0. 0060 0. 0060
5 0. 006 0. 0060 0. 0060

6 0. 000 —0. 0000 0. 0000
7 0.017 0.0170 0.0170
8 0.032 0.0320 0.0320

9 —0.030 —0, 0300 —0. 0300
10 0. 005 0. 0050 0. 0050
11 —0.021 —0.0120 —0.0120
12 0. 006 0. 0060 0. 0060
13 —0.018 —0. 0180 —0.0180
14 —0.016 —0.0160 —0.0160
15 0. 007 0. 0070 0. 0070
16 0. 003 0. 0030 0. 0030
17 —0.013 —0. 0130 —0.0130
18 —0. 000 —0. 0000 0. 0000
19 0. 006 0. 0060 0. 0060
20 —0.022 —0.0020 —0.0020
21 —0. 000 —0. 0000 —0. 0000
22 —0.009 —0., 0090 —0. 0090
23 —0. 006 —0. 0060 —0.0060
24 —0.003 —0. 0030 —0.0030
25 —0. 005 —0. 0050 —0. 0050
26 0. 000 —0. 0000 0. 0000
27 0.012 0.0120 0.0120
28 0.002 0.0020 0.0020
29 0. 004 0. 0040 0. 0040
30 0.014 0.0140 0.0140
31 0. 033 0. 0330 0. 0330
32 —0.021 —0.0120 —0.0120
33 0. 003 0. 0030 0. 0030
34 —0.004 —0. 0040 —0. 0040
35 0.014 0. 0140 0.0140
36 0. 005 0. 0050 0. 0050
rms 0.0222 0.0222 0.0222
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Fig. 1 Actual interferogram
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