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Error Analysis of Scanning Hartmann Wavefront Testing Technique
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Abstract Based on the surface shape reconstruction algorithm for slope detection in combination with the calibration
results of the guideway pointing errors, the influence of the sources of these errors on the actual test results is
analyzed and the corresponding numerical simulation and compensation are conducted for the theoretical analysis.
The results show that the wavefront testing technique method based on the scanning Hartmann principle is not
sensitive to the high-frequency errors, and the wavefront testing accuracy can be improved by fitting to the low-
frequency errors. This finding has an important guiding significance in the engineering application of wavefront
testing technique.
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Fig. 1 Schematic diagram of optical paths in off-axis three-mirror anastigmatic system with scanning collimator testing

1) o

2

Fig. 2 Flow chart of wavefront reconstruction
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Fig. 3 Schematic diagram for testing spot centroid offsets based on slope measurement
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Fig. 4 Schematic diagram of influence of pointing error in scanning testing unit
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Fig. 5 Influence of centroid offsets on testing results
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Fig. 6 System aberration. (a ) Actual aberration information ; (b ) aberration information by direct slope fitting
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Fig. 7 System aberration map after filtering. (a ) Actual aberration result after filtering; (b) simulation
result without error sources
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Fig. 8 Variation of slope matrix. (a)(c) Ideal slope matrix ; (b)(d) slope matrix with random errors
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Fig. 9 Simulation results with random errors. (a) Simulation results when random error is 2" ;

(b) residual errors in low-order fitting
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Fig. 10 Ideal results and simulation results with linear pointing errors. (a)(d)(g) Simulation results with linear errors ;

(b)(e) (h) ideal results ; (¢)(f) (1) difference between these two kind of results
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Fig. 11 (a) Simulation results with low frequency periodic errors and their corresponding (b ) residual error fitting
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Fig. 12 Torsional error distribution curve of an x-direction rail after calibration
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Table 1 Fourier fitting coefficients and accuracy
Coefficient ao a a; as as as
Value /(") 19. 54 —8.186 5. 677 —2.604 0.6231 1. 286
Coefficient b, b, bs b, bs w
Value /(") —15.46 —2.021 6.746 2.016 1. 601 0.004983
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,
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Fig. 13 (a) Simulation results with high frequency periodic errors and their corresponding (b) residual error fitting
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