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A new algorithm for human eye’s wave-front aberration
fitting with Zernike polynomial

CAO Zheng-lin, LIAO Wen-he,SHEN Jian-xin

(College o f Mechanical & Electrical Engineering s Nanjing University of
Aeronautics and Astronautics, Nanjing 210016 ,China)

Abstract: A new precise algorithm for computing the fitting coefficients of the Zernike polynomial was
presented. The concept of human eye’s aberration and the mathematical function of wave-front aber-
ration expressed by Zernike polynomial were introduced. The matrix of inconsistent equation group of
the algorithm was orthogonalized and triangulated by Householder transformation,and the Zernike co-
efficients were given directly. The fitting coefficients of the Zernike polynomial of the big and small
pupil were computed respectively by using this new algorithm and by constructing normal equation
group. The computational results show that two algorithms have equivalent computational precision
with relative error of each order coefficient in less than 10%. By avoiding the computational error in-
troduced by constructing normal equation group, the algorithm is easy to used in programming and
has proved to be an efficacious algorithm.
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Fig. 1 Definition of the wave-front aberration of the

human eye
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Fig. 2 Ideal eye(aberration-free)
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Tab. 1 Fitting coefficients and fitting precision of the big pupil using Zernike polynomial

wsg TSSO gt m ORI wpmms me MO o
1 0 0 13 —0.06648 —0.06514 25 0.022234 0.023562
2 0 0 1 4—0.15515 —0.15725 26 —0. 06581 —0.06602
3 0. 343448 0.342237 15 0.179594 0. 180984 27 —0. 04898 —0.04924
4 1. 774328 1.783482 16 0.079117 0.079067 28 —0.01972 —0.0199%4
5 0.118982 0.119828 17 —0.10419 —0.10309 29 0. 04125 0.04113
6 0.160145 0.160582 18 0.103216 0.106336 30 0.099346 0. 099894
7 —0.05214 —0.05101 19 0.045152 0.045375 31 —0.01776 —0.01782
8 —0.0462 —0.0476 20 —0.02699 —0.02711 32 —0.04754 —0. 04876
9 —0.07423 —0.07722 21 —0.1359 —0.136 33 0.056235 0.056474
10 0.095495 0.097293 22 —0.10325 —0. 10444 34 0.039312 0.042015
11 —0.01432 —0.01488 23 0.049293 0.053349 35 0. 15986 0.16248
12 —0.00414 —0.00423 24 0.029115 0.031335 RMS  0.594285 0.598083
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Tab. 2 Fitting coefficients and fitting precision of the small pupil using Zernike polynomial

migy OSSO g ag TONT mam ms e s
1 0 0 8 0.010132 0.010057 15 0.0182 0.0185
2 0 0 9 0.039123 0.039066 16 —0.04932 —0.04914
3 0.022125 0.022671 10 —0.04501 —0.04567 17 0.007398 0.007434
4 0.921452 0.917364 11 —0.00491 —0.00521 18 —0.03686 —0.03675
5 0.151431 0.159633 12 —0. 000598 —0. 00061 19 0.01101 0.01194
6 0.051058 0.051085 13 0.000711 0.000719 20 0.027268 0.027829
7 —0.00769 —0.0077 14 0.004308 0.004313 RMS 0.186631 0.193661
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