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Abstract The Shack-Hartmann wavefront sensor (SHWS) generally requires that the focal spot of each microlens
must remain in its corresponding sub-aperture area so that it is easy to decide the mapping relationship of spots and
subapertures. We present a software-based recognition method, i.e., an iterative extrapolation method, which can
still find the corresponding spot of each subaperture when the spots get out of their subaperture areas, so that the
SHWS obtains a much larger dynamic range. First, this method finds a 3X 3 sortable spot-array and establishes a
polynomial function for the relationship between the centroid coordinate of the spot and its row and column numbers
to predict and find the adjacent spots. Then it uses a new 3X 3 spot-array on the edge of the already-found spots to
continue searching outwards until all the spots are found. Finally, it decides the corresponding spot of each
subaperture by adjusting all the row and column numbers by an offset. The performance of this iterative
extrapolation method to expand the dynamic range of the SHWS under various types of wavefront aberrations is
studied by simulation, and the experiments are carried out to further verify the practicability of this method.
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Fig. 5 Examples of simulation. (a) Reference spot array; (b) spot array with aberration; (c) tested wavefront;

(d) reconstructed wavefront; (e) reconstruction error
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Table 1 Dynamic range of SHWS with iterative extrapolation method
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coefficient Tradition Extrapolation/+  Extrapolation/ — error €pys/A
Z, Defocus 40.9 783.5 697. 4 0.030
Z, Astigmatism along X axis 66. 8 859.0 1093. 3 0. 005
Zs Astigmatism along Y axis 80. 8 373.0 373.0 0.025
Zs Coma along X axis 23.1 179. 4 179. 4 0.079
Z; Coma along Y axis 23.1 179. 4 179. 4 0.079
Zs Spherical aberration 14.8 176.0 57.2 0.038
Z, Trefoil along X axis 50.7 482.9 482.9 0.025
Z 1 Trefoil along Y axis 50.7 438.0 473.0 0.026
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