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Optimization of sparse subaperture array model
for stitching detection of plane wavefront
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Abstract: The sparse subaperture stitching, the accuracy of which is closely related to the arrangement, number
and size of subapertures, is one of the main methods of quality testing for large aperture optical systems. A ma-
thematical model was established to deduce the relation curve between the subaperture number k and fill factor M
when the value of k ranges from one to infinity. As a result, the optimal arrangement layout, consisting of seven
sparse subapertures, was obtained for the detection systems below 1.5 m. Autocollimation interference detection of
®200 mm validated the rationality of the arrangement.
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Schematic diagram of sparse subaperture detection
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Fig. 2 Honeycomb-shaped arrangement of subapertures B3 FILBEANHEHARTHEZHAE (k B 1~19)
Fig. 3 The relation curve between subaperture number and filling
factor (k=1~19)
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Table 1 Subaperture number k and fill factor M (k= 2~7)
k 2 3 4 5 6 7
M 0.5 0.64617 0.68629 0.68521 0.66667 0.77778
A2 FILBAK Kk 5P LRE T M (kB 8~19)
Table 2 Subaperture number k and fill factor M (k= 8~19)
k 8 9 10 1" 12 13 14 15 16 17 18 19

M 0.732 0.689 0.649 0.613 0.668 0.724 0.676 0.724 0.676 0.718 0.671 0.76
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Fig. 4 The relation curve between subaperture number and filling
factor (k=1~o0)
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Fig. 6 Photograph of experimental setup
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Fig. 5 Optimal arrangement
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Fig. 7 Sparse subaperture arrangement diagrams with four to
nine subapertures

PV 0.2284 RMS 0.0381

170638-4



DOI: 10.12086/0ee.2018.170638

Oblique Plot

B8 XipAafiwic. MatEraLE

Fig. 8 Surface pattern after removing phase constant andtilt
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Fig. 9 Full aperture wavefront mapping for multiple subaperture stitching detection. (a) Four subapertures; (b) Five subapertures; (c)
Six subapertures; (d) Seven subapertures; (e) Eight subapertures; (f) Nine subapertures
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Fig. 10 Wavefront residuals between stitching and direct detection with multiple subapertures. (a) Four subapertures; (b) Five sub-
apertures; (c) Six subapertures; (d) Seven subapertures; (e) Eight subapertures; (f) Nine subapertures
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Table 3 Comparison of parameters of stitching and direct detection

Wavefront PV/A

Wavefront RMS/A

Wavefront residuals PV/A

Wavefront residuals RMS/A

0.2369
0.1781
0.2136
0.1901
0.2147
0.2069

0.0377
0.0337
0.0433
0.0391
0.0399
0.0363
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0.2150
0.0987
0.1039
0.1160
0.1288
0.1186

0.0169
0.0107
0.0103
0.0092
0.0109
0.0110
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Optimal arrangement

Overview: The sparse subaperture stitching is one of the main methods of quality detection for large and oversized
aperture optical systems. Tradition methods using parallel light pipe and plane mirror autocollimation have some limi-
tations, and they are difficult to realize full-caliber high-precision wavefront aberration detection. The sparse subaper-
ture stitching is based on the principle of interference autocollimation, and the system contains three parts, including
interferometer, optical system to be measured and a plane mirror. Unlike overlapping subaperture stitching, a plurality
of small aperture plane mirror structure according to the arrangement of a certain composition sparse aperture can re-
place a large flat mirror. Each subaperture wavefront information was used to reconstruct the full aperture wavefront by
stitching algorithm to achieve the required accuracy. The precision of stitching algorithm is closely related to the ar-
rangement, number and size of subaperture, and the coverage ratio of the subapertures in the whole region is
represented by the filling factor M. Therefore the better M, the better the precision of stitching algorithm. In this paper,
a mathematical model was established to deduce the relation curve between the subaperture number k and fill factor M
when the value of k ranges from one to infinite. Though the relation curve between the subaperture number k and fill
factor M, the maximum value of fill factor M=0.77778 was obtained when k equals to 7. As a result, the coverage ratio of
the subapertures in the whole region is the largest, which collects most of the information. Seven sparse subapertures,
which is the optimal layout diagram for the detection systems below 1.5 m was selected. Multiple subapertures ranging
from 4 to 9 were stitching and detected, respectively. After stitching, the data were processed by removing tilt The data
of the stitching wavefront and the full aperture test data were subtracted, and the residual error was compared. The ob-
tained RMS is 0.03911 and the direct detection RMS is 0.0381 when sampling the wavefront data with seven subaper-
tures. The relative error is 2%. The residual wavefront RMS between stitching and direct detection is 0.0092A. Compared
with other subaperture, the reconstructed full-aperture wavefront is the most consistent with directly detected
full-aperture wavefront, which verifies the rationality of the mathematical model. That is to say, self-collimation interfe-
rence detection of @200 mm demonstrates the rationality of the arrangement.
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