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Analysis of influence of diffraction effect of microlens array on

Shack-Hartmann wavefront sensor
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Abstract: The diffraction effect of microlens array will affect the detection accuracy of Shack-Hartmann
wavefront sensor. Based on Huygens-Fresnel diffraction theory, a two-dimensional microlens array diffrac-
tion model is established to simulate and analyze the two-dimensional diffraction spot array generated in the
focal plane when the ideal parallel light is incident on the microlens array. First, the maximum centroid calcu-
lation error is determined by calculating the centroid error in the process of diffraction spot shifting by one
pixel. Then the wavefront is reconstructed by using the modal method to obtain the wavefront detection error.
The simulation results show that the maximum wavefront error caused by diffraction is 0.125 4 at 0.21 and
0.79 pixels offset, that is, when the wavefront deflection is 0.03° and 0.13°. Finally, an experiment is per-
formed to verify the effectiveness of the error calculation method. This work provides a theoretical basis for

the design of shack-Hartmann wavefront detector.
Key words: shack-hartmann wavefront sensor; microlens array; diffraction effect; wavefront reconstruction;
detection error
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Fig. 1 Schematic diagram of single subaperture spot

centroid calculation
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Fig.3 Schematic diagram of microlens array diffraction

imaging
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Fig. 5 Simulated spot diagram after discretization
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