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Research on Algorithm and Reliability to Fit Interference
Wave Surface with Zernike Polynomials
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Abstract In experiment, it has been found that a possible failure in process of solving the fitting coefficients or
sudden changes of measurement results can not be absolutely prevented in fitting interference wave surface with
Zernike polynomials. The equivalence of the algorithm of least squares method and Gram-Schimdt is strictly proved.
It is demonstrated that both two algorithms of solving Zernike polynomial coefficients have the same stability. The
basic requirement to ensure the measuring reliability of interference optical detection system is found through a series
of comprehensive and systematic experimental researches. The condition is that the order of Zernike polynomial to fit
interference wave surface must be less than the number of interference fringes in the diaphragm, and it also has been

proved in theory.
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Table 1 Relations with fitting process and Zernike polynomials and number of

interference stripe in diaphragm for perfect plane

Order 3 4 5 6 7

Number of LS Hits Pre Wy W, Poo Woo W, Poo Wao W, Pono Wao W, Poo Wao W,

0.335 0.376 0.188 0.346
4 378 X ) B 0.277 0.766
X107 °X107° X107 X10"°

0.535 0.733 0.412 0.811 0.166 0.958 0.111
X ‘ . ; i ~0.129 0.987
X107 X107 X 1077 X107 X107° X107° X107°

0.841 0.456 0.321 0.988 0.943 0.552 0.143 0.189 0.153 0.186 0.803 3.713
6 623 . A A . i i . . fitting break off
X109 X105 X107° X10 ¢ X10 X110 °X10°X10°X10°X10"°

fitting break off fitting break off fitting break off

5 526 fitting break off fitting break off
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Table 2 Relations with fitting process and Zernike polynomials

and number of interference stripe in diaphragm for actual plane

Order 3 4 5 6 7
Number of LS Hits Py Wae W, Pue Wao Wi Pao Woo W Poo Wao W, Pao Wao W,

0.131 0.130 0.136 0.101 0. 968

4 623 0.049 0.254 0.088 0.221 0.268 2.754 0.396 3.384 3,161 31.43
X101 X107! x107! X101 x107*
0.162 0. 159 0.157 0.156 0.150

5 709 0.048 0.267 0.057 0.224 0.098 0.604 0.181 1.568 2.939 10. 39
107! X 107! xX107! X101 X 107!
0.190 0.184 0.179 0.175 0.173

6 953 0.049 0.268 0.056 0.224 0.059 0.228 0.092 0. 248 0.154 1.496
X107! X 107! X101 X101 X 107!
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Fig. 1 Actual plane contour detected with different orders of Zernike polynomials for 5 interference stripes in diaphragm
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