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Abstract

propose a mechanical error compensation method based on genetic algorithm. The algorithm uses the matching degree of

In order to solve the mechanical positioning error of sub-aperture in stitching interferometric measurement, we

sub-aperture overlapping area as the fitness function, and then uses the error search algorithm to calculate and compensate
the positioning error generated in the process of sub-aperture measurement. Through simulation and experimental
verification, it is proved that the algorithm can compensate the sub-aperture mechanical positioning error. The simulation
results show that the angle error calculation accuracy of the algorithm is better than 0.01°, and the displacement error
calculation accuracy is better than 0.16 mm. The stitching surface after compensation is basically consistent with the
simulation surface. The experimental results of stitching measurement of an elliptical cylindrical mirror with the curvature
radius of 100 m show that the mechanical error compensation algorithm proposed can effectively compensate the
mechanical positioning error introduced in the process of stitching measurement, and reduce the dependence of sub-
aperture measurement on the accuracy of mechanical displacement table.
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Fig. 1 Schematic diagram of sub-aperture stitching. (a) Stitching of adjacent sub-apertures;

(b) sub-aperture mechanical positioning error
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Fig. 2 Flow chart of the algorithm
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Table 1 Key parameters of genetic algorithm

Parameter Value
Population scale N, 200
Crossover probability P, 0.5
Mutation probability P, 0.1
Iterations G 200
Range of Az, Ay /pixel [—10,10]
Range of A /(%) [—5,5]
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Table 2 Simulated cylindrical mirror parameters

Parameter Value
2 2
Equation i} + yfo =1
a  b°
a 300100
b 43.782677

Center coordinate x,=299900. 003191, y,=1. 598171
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3 Simulated cylindrical mirror and sub-apertures. (a) Fitting surface of cylindrical mirror; (b) simulated sub-apertures
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Table 3 Addition of positioning error and algorithm estlmation results
Evaluation Addition of positioning error Algorithm calculation results Residuals
index Oua /(7) x4 /pixel  y. /pixel 0./(%) . /pixel y. /pixel 0./() x. /pixel y. /pixel
—5 0 0 —4.9969 0.0157 0.0136 —0.0031 —0.0157 —0.0136
—4 1 1 —4.0009 1.2911 0.9062 0. 0009 —0.2911 0.0938
—3 2 2 —3.0036 2.0384 2.0097 0.0036 —0.0384 —0.0097
—2 3 3 —2.0023 2. 8883 3.1367 0.0023 0.1117 —0.1367
—1 4 4 —1.0015 3.7140 3.9763 0.0015 0. 2860 0.0237
0 5 5 0. 0008 5.1053 4.9998 —0.0008 —0.1053 0. 0002
1 6 6 0.9999 6. 1349 5.9788 0.0001 —0.1349 0.0212
2 7 7 2.0024 6.8761 6.9162 —0.0024 0.1239 0. 0838
3 8 8 3.0012 7.9279 7.9932 —0.0012 0.0721 0. 0068
4 9 9 3.9998 9.1483 8.9674 0. 0002 —0.1483 0.0326
5 10 10 5. 0006 10. 340 10. 1482 —0. 0006 —0.3400 —0.1482
PV 0. 0067 0.6260 0.2420
RMS 0.0019 0.1830 0.0732
Ouua=—5° Opp=2° Oui=2 Oui=5°
(2) PV:9789784nm Residual (b) PV:459.9232 nm Residual (€) PV:459.9320 nmResidual (9 PV: 1079.0893nm p .0
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Fig. 4 Sub-aperture compensation effect. (a)-(d) Residuals between sub-aperture surface and original fitting sub-aperture surface when

adding —5°,

2°, 5" angle errors; (e)—(h) residuals between original fitting sub-aperture surface and sub-aperture surface

after angle error compensation
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Table 4 Position error addition of sub-apertures

Sub-aperture Oua /(7)) e /pixel  y.q /pixel
Sub-aperture 1 0 0 0
Sub-aperture 2 3 2 2
Sub-aperture 3 2 3 2
Sub-aperture 4 5 3 3
Sub-aperture 5 2 1 3

RMS K F 300 nm, LA, FHLEE MR 2Z 5] A
JUHE S B A DR DHER B . B 5(e) i, R ZE AR
B4 05 W BF 4 TP 5 P 5% 22 PV ORI RMS 43 51 B %2
0. 7435 nm 1 0. 1136 nm , A X M2 HT , B 100 T2 5% 22 A
TR 2 o8 A1 1) 7 40 K 9, 10 B AR SCBRE AT LA ROk B
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Fig. 5 Simulation of stitching compensation. (a) Original simulation surface; (b) stitching surface after introducing positioning error;

(c) stitching surface after positioning error compensation; (d) residuals between original simulation surface and stitching surface

after introducing positioning error; (e) residuals between original simulation surface and stitching surface after positioning error
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Fig. 7 Effect of single sub-aperture compensation. (a) Original sub-aperture S,; (b) sub-aperture after introducing positioning error S5;
(¢) sub-aperture after positioning error compensation N,; (d) S, — Si; (e) S, — N,
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