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Abstract: With the development of advanced optical system design and manufacturing, large aperture optical
system has been widely used. However, the lack of high precision surface shape detection means limits the
manufacture and application of large aperture plane mirrors. In order to detect the surface shape of large aperture
planar mirror with high precision, a Shack-Hartmann scanning and stiching detection method was proposed. The
scanning and stiching principle and wavefront reconstruction algorithm were studied, and the mathematical model
of microlens array imaging was established to verify the feasibility of Shack-Hartmann scanning and stiching
detection principle. A scanning and stiching test experiment was carried out for a 150 mm aperture plane mirror,
the full aperture surface shape 0.0194 RMS(1=635 nm) was obtained. Compared with the results of interference
detection, the detection accuracy was 0.0084 RMS. The results show that the method can realize the high
precision detection of large aperture planar mirror.
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Fig.2 Schematic diagram of sub-aperture center location planning
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Fig.3 Fourier optical physics in the imaging of a single microlens
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Fig.4 Simulation results of single microlens imaging
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Fig.5 Simulation results of microlens array imaging
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Tab.1 Simulation parameters
Parameter Value
Microlens array diameter/mm 14.61
Mirror radius /mm 25
Number of subaperture 37
Wave length/nm 635
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Fig.6 Full caliber simulation results. (a) Added wave aberrations; (b) Stitching simulation results; (c) Result error
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Fig.7 Shack-Hartmann scanning and splicing detection system
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Tab.2 Moving platform range and accuracy

Parameter Value Accuracy
X /mm 1 000 0.01
y/mm 500 0.01
z /mm 800 0.02

A4 90 ° 4"
C 360° 10"
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Tab.3 Experiment parameters

Parameter Value
Detection beam aperture /mm 14.6
Mirror diameter /mm 150
Sampling density 17x17
Scanning step /mm 9.1
Wave length/nm 635
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