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Abstract: An error compensation algorithm was proposed by introducing a position correction compen—
sator into general stitching algorithm to reduce the relative location errors between subapertures due
to poor positioning accuracy in a subaperture stitching interferometry. The working principle of the
algorithm was introduced and the accuracy of the fitted translation and rotation coefficients was ana-
lyzed in theory. Then a simulation experiment by using MetroPro software and Matlab software was
implemented, and the influence of positioning accuracy on the stitching results was analyzed. The
simulation result shows that the accuracy of rotation coefficient is less than that of the translation co-
efficient and is consistent with the theoretical analysis. Moreover, the algorithm is more robust than

the general stitching algorithms. For the purpose of experimental verifying mechanical error compen-
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sation algorithm, a ¢150 mm flat mirror was tested by a subaperture stitching interferometer and a
full aperture interferometer. The test results indicate that the peak-to-valley (PV) and root-mean-
square(RMS) of the phase distribution residue are 0. 015 30X and 0. 001 570X, respectively as com-
pared with the stitching results from the directly measured full aperture, which means that the opti-
mal algorithm is stable and reliable and effectively compensates positioning system errors .

Key words: stitching interferometry; subaperture stitching;positioning system error; compensation al-

gorithm;large aperture flat mirror
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Fig. 2 Phase maps of full aperture and eight subap-

ertures
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2 R Mat- 1 (rand 0 1 )
lab ’ ’ Tab.1 Input mechanical error data (rand is a random
3 ) number between 0 and 1)
Az/A rand 0. 1
X-tilt/[rad/ ("] rand * 0. 0001/ rand * 20. 63
Y-tilt/[rad/(" ] rand % 0. 0001/ rand % 20. 63
Ax/pixel rand * 1
Ay/pixel rand % 1
A0/[rad/ ("] rand % 0. 000 175/rand * 36
4 (a)
4(b) , PV RMS 0. 089 6,
0.012 07x,PV RMS
3 0.55% 1.79 %,  4(o)
Fig.3 Simulation flowchart of mechanical error de-
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Fig. 4 Comparison of results between direct stitching and stitching by mechanical error compensation algorithm
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Tab. 2 Relative error data for mechanical errors
ARCY) Az/A X-tilt/rad Y-tilt/rad Ax/pixel Ay/pixel Af/rad
1 0.267 2 0.640 3 0.678 1 3.630 5 0.091 2 41.473 5
2 0.049 0 0.061 1 0.175 6 16.909 5 0.602 3 39.181 2
3 0.054 3 0.136 7 0.044 9 12.223 1 8.766 2 47.414 8
4 0.043 2 0.156 4 0.672 3 5.465 2 21.464 8 31.968 9
5 0.072 3 0.045 0 0.641 4 1. 065 4 8.375 6 25.374 6
6 0.033 3 0.019 0 2.576 9 1.922 5 17.370 2 19.583 4
7 0.154 7 0.348 3 0.7316 8.504 0 8.545 1 27.979 2
3
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Fig. 5 Influence of positioning accuracy on stitching results

RMS 0.002 5 A,
1 pixel, 0. 001 rad
(3.438") .
4
150
(a) X.,Y mm ’

(a) Increase of translation positioning errors along X,Y axes o s



939

100 mm
6 o
7 , Y Y
Y Y
) Y
615 mm, 0. 15 mm
, 0.16 mm/pixel,
0. 94 pixel; Z
; 23",
6
Fig. 6 Distribution of subaperture stitching
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Fig. 7 Subaperture stitching interferometry
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Fig. 8 Results of full aperture test and stitching test
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