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Effect of Reference Surface Error on Subaperture Stitching for Flat Optics
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Abstract The second-order (defocusing and astigmatism) error of the reference surface is the major factor that
results in accumulated stitching errors, whereas the higher-order errors of the reference surface will result in high-
frequency shape errors. Subsequently, the law of stitching errors caused by the second- and higher-order errors of
the reference surface is analyzed, and the relation between any two subaperture stitching errors that can be
attributed to the reference surface error is studied. Further, an algorithm is proposed to effectively reduce the
influences of the higher-order errors of the reference surface on the subaperture stitching results. The stitching
errors of the higher-order errors of the reference surface are isolated using this algorithm to eliminate the stitched
surface data of any two subapertures. Furthermore, the validity and effectiveness of this algorithm are verified using
simulations and experiments.
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Fig. 1 Positions and correlation errors of subapertures.

(a) Position distributions of subapertures and full
aperture; (b) subapertures with relative tilt and

translation error
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Fig. 2 Simulation of defocusing errors of subaperture. (a) Defocusing error of reference surface;

(b) accumulated error of reference surface; (c) difference between accumulated errors of subapertures 4 and 5
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Fig. 3 Simulation of astigmatic errors of subaperture. (a) Astigmatism error of reference surface;

(b) accumulated error of reference surface; (c) difference between accumulated errors of subapertures 4 and 5
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Fig. 4 Simulation of higher-order errors of subaperture. (a) Coma error of reference surface;
(b) stitching error of reference surface; (c¢) difference between stitching errors of subapertures 4 and 5
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Table 1 Comparision of RMS of refernce surface error and stitching error

RMS value Second order error (Z4~76) Higher order error (Z7~736)
RE /A 0.1223 0.1018 0.0539 0.0738 0.1011 0.0609 0.0852 0.0976
SE /A 0.3963 0.3297 0.1746 0.2390 0.0935 0.0677 0.0767 0.1111
Rs:/Rre 3.2404 3.2387 3.2393 3.2385 0.9248 1.1117 0.9002 1.1383
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Table 2 Relationship between stitching error resulted from higher-order error of reference surface and overlapping ratio

Overlapping ratio /% 39.10 36.91 34.75 32.62 30.53 28.48
Stitching error /(10 ?2) 4.08 4.43 4.78 5.15 5.53 5.92
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Fig. 6 Simulation of reference surface error correction. (a) Test surface; (b) test surface after stitching;

(c) test surface corrected by algorithm; (d) reference surface error;

(e) stitching error; (f) corrected error
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Fig. 8 Experiment results of reference surface error correction. (a) Reference surface error; (b) stitching result;

(c) stitching result after removing Z2-7Z6 items; (d) corrected result of stitching error; (e) stitching result after

removing reference surface error
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