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Abstract

diffraction optical systems is proposed. Based on the wavefront reconstruction model of the diffraction optical

A wavefront reconstruction error analysis method based on the phase diversity (PD) method for

system, the physical factors which cause wavefront reconstruction error are analyzed, and the influencing factors are
theoretically modeled. Furthermore, the analysis method for wavefront reconstruction error is established. Taking a
diffraction optical system as an application example, the influences of various physical factors on the wavefront
reconstruction error are analyzed, and the error analysis model and method are verified. The experimental results
show that the average deviation between the wavefront reconstruction error obtained by the error analysis model and
the actual error is less than 13.5% . The method proposed in this paper can be used as the basis of application of
space based diffraction optical systems.
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Table 1 Design parameters of diffractive optical system

Optical system parameter Value
Focus length f /mm 10
F. S
Wavelength A /nm 500
Diffraction efficiency 7 0.60
CCD pixel size /pum 3
Field of view /(°) 0.10
Gaussian noise 0.002
Aberration 0.30172
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Table 2 Values of error factors and wavefront RMSE

Error Corresponding
Error type
value wavefront RMSE
Focus plane position error 0.54 0.0511A
Defocus distance error 0.51 0.0887A
Diffraction efficiency error 10% 0.09722

FEWE AT B P B AR 2 R AR 2E . E it
Xof b R T T 51T I R AT, R U R R 25
RMSE 4y 0.1398A , 5 5% 22 43 B #85 A1 45 11 19 1% 25 {H
FHIT . Z R 22 4G AT 1A D8 A5 RV 15R 22 43 AT 45
RUNE 3 FR,

1105002-6



Es i

3 ZMIRZHE T 07 E LA RS R

Table 3 Simulation and synthesis results under various error combination conditions

Focus plane position Defocus distance

Diffraction efficiency

Model analysis Actual wavefront Relative

error /nm error /nm error /% results /A reconstruction error /A deviation /%
—300 —300 5 0.1778 0.1540 15.4
—300 —300 10 0.1989 0.2468 19.4
—300 —150 5 0.0796 0.0714 11.5
—300 —150 10 0.1196 0.1036 15.5
—300 100 5 0.0598 0.0542 10.2
—300 100 10 0.1075 0.1253 14.2
—300 200 5 0.0859 0.0761 12.8
—300 200 10 0.1239 0.1489 16.8
—200 —300 5 0.1765 0.1545 14.2
—200 —300 10 0.1978 0.1673 18.2
—200 —150 S 0.0766 0.0854 10.3
—200 —150 10 0.1177 0.1030 14.3
—200 100 5 0.0558 0.0614 9.0
—200 100 10 0.1054 0.0932 13.0
— 200 200 S 0.0832 0.0745 11.6
—200 200 10 0.1221 0.1446 15.6
100 —300 5 0.1763 0.2026 13.0
100 —300 10 0.1976 0.1689 17.0
100 —150 5 0.0762 0.0698 9.1
100 —150 10 0.1174 0.1351 13.1
100 100 5 0.0552 0.0512 7.8
100 100 10 0.1050 0.1191 11.8
100 200 5 0.0827 0.0749 10.4
100 200 10 0.1218 0.1422 14.4
200 —300 5 0.1793 0.1570 14.2
200 —300 10 0.2003 0.2449 18.2
200 — 150 5 0.0830 0.0925 10.3
200 —150 10 0.1220 0.1067 14.3
200 100 5 0.0643 0.0590 9.0
200 100 10 0.1101 0.1265 13.0
200 200 5 0.0891 0.1008 11.6
200 200 10 0.1262 0.1495 15.6
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