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Abstract: A large field of view Unmanned Aerial Vehicle (UAV) camera imaging system, named curved
compound eye camera for the small UAV, was designed. The system consists of three subsystems, a
cured microlens arrays, an optical transformation subsystem, and a data processing unit with image
sensors. The designed compound camera has a focal length of 4 mm, a F number of 4, and a field of view
is 106°, which makes it can resolve the ground target with a feature size of 0.5 m at an altitude of 500 m.
In the design, lenslets with a doublet form were used in curved compound eye to eliminate the optical
abberations. Since there is an overlap in field of view for neighboring lenslets, lenslets as much as of 7 can
view the same target at the same time from different view angles, which allows the object location and
speed measurement. The simulation results show that the image quality of the entire compound eye
camera system meets the requirements with an acceptable tolerance, and the maximum optical distortion

can be controlled under 1.2%.
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Fig.1 The structure of the curved compound eye camera
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Table 1 Specifications of the optical system

Parameters

Numerical value

Detector size 1 inch
2a 10°
Optical size 146 mm X80 mm X 80 mm
B 8°
Nl 4 mm
Wavelength 464 nm 525 nm 617 nm
F 4
Small lens material BK7.,F4
Small lens aperture 6mm
Focal length of optical relay imaging system 10 mm
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Fig.3 Optical design result for the biomimetic compound eye system
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The imaging simulation for different FOV's
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Table 2 Specifications of the tolerance allocation scheme
Parameters Specification
Surface aperture 2
Radius of curvature tolerance +0.1 mm
Thickness tolerance +0.05 mm
Eccentricity of lens surface +0.01 mm
Inclination of a lens surface +0.02°
Inclination of lens element +0.2°
Refractive index tolerance 0.001
Abbe number tolerance 1%
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Fig.8 The principle of the target positioning for the curved compound eye
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