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Fig. 1. Schematic of monocentric wide field of view (FOV)

and high-resolution computational imaging system.
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Table 1. Structural parameters of the monocentric
ball-lens.
WS MR /mm B /mm B3 FEH4E/mm
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Fig. 3. (a) Structure of the designed monocentric ball-lens; (b) MTF curves; (¢) the spot diagram; (d) the ray fan curves.
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Fig. 6. Structure of the whole optical system.
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Fig. 8. MTF curves at different tolerance values.
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Fig. 9. Prototype of the multi-scale wide FOV high-resolution computational imaging system.
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Fig. 10. (a) Test platform structure diagram; (b) test platform; (c) the image of target plate; (d) resolution pattern parameters table.
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21 km
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K11 RGMURRCRIE (55)
Fig. 11. Imaging results of the designed system (partial result).
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Abstract

Imaging systems with a wide field-of-view (FOV) and high-resolution, which can provide abundant target
information, are always desired in various applications including target detection, environment monitoring,
marine rescue, etc. Various approaches to realizing the wide FOV and high-resolution imaging have been
developed, for example, fisheye lens imaging system, and panoramic optical annular staring imaging technology.
In these single aperture imaging systems, the maximum resolution and FOV are determined by either the
geometric aberration or the diffraction limit of the optics.

Multi-scale monocentric ball-lens imaging system is of particular importance due to its high real-time
ability, small image distortion, and wide FOV. The complete geometrical symmetry of multilayer monocentric
ball-lens makes it possible to compensate for the geometric aberration with no need of additional assistance.
However, the major problem in designing imaging system based on multi-scale monocentric ball-lens is that
there are too many variables needed to be set for a ball-lens imaging structure and the problems of high time
cost and computation complexity.

For simplifying the design process, in this manuscript, we apply the computational imaging theory to
optical system design, thereby developing a geometric aberration optimization function to determine the initial
values of the desired system by the sound computation rather than repetitive iterations by using the optical
system design software. Function development starts from the aberration theory. Since the monocentric ball
lens does not bring in the aberrations relating to FOV, only spherical aberration and chromatic aberration are
needed to be considered. The optimization function is then founded according to the principle of minimizing the
spherical aberration and chromatic aberration. And then with the determined initial parameters, ZEMAX is
employed to globally optimize the residual geometric aberrations, which is time-efficient. After required
parameters are finally determined, the system performance is evaluated via the modulation transmission
function, the spot diagram distribution, the field-curve and distortion value and the ray fan curve. Favorable
results are obtained, which demonstrates the feasibility of the developed system designing approach. Imaging
results from the finished prototype system are pretty satisfactory with wide FOV and high resolution which is
captured through only one frame. The multi-scale wide FOV and high-resolution computation imaging system
not only solves the conflict between the wide FOV and high resolution, but also provides the research
foundation for computational imaging.

Keywords: wide field of view and high-resolution imaging system, computational imaging, optical system

design, multi-scale imaging
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