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Abstract This study proposes a radial multi-sub-mirror array structure based on the sparse aperture imaging
characteristics of a liquid lens. A simplified model of sparse aperture imaging is given, and the analytical expression
of the modulation transfer function (MTF) is deduced according to the pupil function of the multi-sub-mirror
structure. Subsequently, a concrete distribution of the multi-sub-mirror array structure is given and the structure
parameters are simplified using a dimensionless method. The structures of two types of radial multi-sub-mirror
arrays are discussed. The calculations of the fill factor, redundancy, MTF, and related characteristic parameters are
completed. Moreover, the physical phenomena represented by the parameter scanning are discussed. The structural
and imaging characteristics of these two arrays as well as the characteristics of the radial multi-sub-mirror array
structure and the composite ring-shaped structure are then compared and analyzed. Results show that: when the
average MTF of these two structures and the frequency characteristic values in MTF are similar, the type II
structure with larger actual equivalent aperture, actual cut-off frequency, and lower redundancy should be chosen;
the type II structure has some advantages in imaging; because the multi-sub-mirror array structure based on a liquid
lens adopts dimensionless simplification parameters, the conclusion is generally suitable for arbitrary size of
enclosing circle; compared with the composite ring-shaped structure, the radial multi-sub-mirror structure has
larger actual cut-off frequency and equivalent aperture when the fill factors are the same.
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Fig. 1 Simplified model of optical sparse aperture
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Fig. 2 Schematic of radial multi-sub-mirror array structure
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Table 2 Characteristic indexes of type 1I-312 structure

Ratio of Ratio of
F /% practical effective average 0:/Pp  AMTF.mid
diameters Dr/D f‘M'I'F
20 0.8902 0.0973 0.7925 0.0465
26 0.8988 0.1080 0.8079  0.0519
33 0.9107 0.1195 0.8294  0.0566
41 0.9586 0.1254 0.9190 0.0598
49 0.9623 0.1232 0.9259 0.0578
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Table 3 Characteristic indexes of type I-331 structure
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diameters D,/D S mrF
20 0.7938 0.0834 0.6322 0.0395
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Fig. 7 Comparison of MTFs between multi-sub-mirror structure (type 1I-312) and composite ring-shaped structure with

different fill factors (in horizontal direction). (a) F=20%; (b) F=26%: (¢) F=33%; (d) F=39.6%
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Table 4 Characteristic indexes of composite ring-shaped

structure with different fill factors

Ratio of Ratio of
F /% practical effective average 0:/Pdc @MTE.mid
diameters D,/D S vt
20.0 0.7123 0.0798 0.6109 0.0364
26.0 0.7816 0.0912 0.6678 0.0412
33.0 0.8441 0.1091 0.7489 0.0512
39.6 0.8913 0.1201 0.8596  0.0521
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