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Abstract Aiming at the wide-field-of-view and high-resolution imaging requirements of the airborne photoelectric
imaging systems, we design a multi-scale wide-field-of-view and high-resolution optical imaging system based on a
concentric spherical lens. The optical system includes a large-scale concentric spherical lens and a small-scale
secondary camera array, and it has the advantage of compact structure. According to the spherical aberration and
chromatic aberration of the concentric spherical lens, in combination with the small-scale cameras, the aberration is
further corrected for the segmentation of the field of view, achieving wide-field-of-view and high-resolution imaging.
Furthermore, the whole system is subjected to experiments under stress and at high and low temperatures. The
experimental results show that the imaging system has good stability. Besides, the value of modulation transfer
function in the full field of view is always close to the diffraction limit of the system, and the square root of the
speckle radius is smaller than the pixel size of the detector, indicating good imaging effect of the system. In
conclusion, the traditional airborne imaging system cannot satisfy both wide-field-of-view and high resolution at the
same time, and provides a new idea for optical imaging system design.
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Fig. 1 Simulation structure of large-field multi-scale imaging optical system
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Table 1 Initial structural parameters of concentric spherical lens

Numerical order Radius of curvature /mm Thickness /mm Glass Radius /mm
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Fig. 2 Structure diagram of concentric spherical lens optical system
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Fig. 4 Spot diagram of concentric multi-scale wide-area computational imaging system
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Fig. 5 Performance curves of concentric multi-scale wide-area computing imaging system.
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Fig. 6 Stress of different structures under gravity. (a) Spherical array camera support; (b) system support
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Fig. 7 Strain displacement of different structures under gravity. (a) Spherical array camera support; (b) system support
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Fig. 8 Stress of system after impact in different directions. (a) Vertical impact; (b) horizontal impact
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Fig. 9 Strain displacement of system after impact in different directions. (a) Vertical impact; (b) horizontal impact
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Fig. 10 Strain displacement of different structures under low temperature 240 K.

(a) Microcamera array; (b) concentric ball lens holder
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Fig. 11 Strain displacement of different structures under high temperature 330 K.

(a) Microcamera array; (b) concentric ball lens holder
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Fig. 13 Performance curves of concentric multi-scale wide-area imaging system under low temperature 240 K.
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