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Abstract: Based on the visual advantages of the biomimetic compound eye, the biomimetic curved
compound-eye is applied to the unmanned aerial vehicle-borne photoelectric detection system to realize the
airborne wide field-of-view and high-resolution detection of moving objects purposes. According to the
characteristics of the biological compound eye, a lens array arranged on the curved surface in a hexagon is
designed as compound-eye lens, combined with an optical relay subsystem and a CMOS image sensor to
form a biomimetic curved compound-eye imaging and velocity measurement system. The developed
biomimetic curved compound-eye imaging system has a field of view of 98°X98°, a system focal length of
5 mm, an angular resolution of 1.8 mrad and an F-number of 3.5. The size of the system is @123 mm X
195 mm, and the weight is 1.35 kg. According to the imaging principle of the biomimetic compound-eye
and by taking advantage of the overlapping field of views between adjacent ommatidia, the velocity
measurement principle of the biomimetic curved compound-eye is proposed. The velocity measurement
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experiment of a moving car shows that the velocity measurement method can effectively improve the test
reliability and accuracy of the moving target.

Key words: Biomimetic compound-eye; Imaging system; UAV-borne; Large field of view; Velocity
measurement system
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(a) The schematic diagram of the optical system (b) Integrated prototype
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Fig. 1 The biomimetic curved compound-eye imaging system
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Fig. 2 The layout of the optical realy subsystem
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(a) The principle of target velocity measurement (b) Definition of coordinate system
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Fig. 3 The principle of target velocity measurement for the biomimetic curved compound-eye imaging system
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Fig. 4 UAYV equipped with biomimetic curved compound-eye imaging system
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Fig. 5 The retrieved images of the biomimetic curved compound-eye imaging system at different distance
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(c) Starting position of the moving car at a distance of 14 m (d) Ending position of the moving car at a distance of 14 m
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Fig. 6 Velocity measurement process of biomimetic curved compound-eye imaging system
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Table 1 The pixel coordinates corresponding to the target positions P and P' at different shooting distances

Test No. of Pixel coordinates (u,, v,)
location ommatidium D=17m D=14m
0 (3100,1098) (3188,690)
1 (3029,1659) (3097,1240)
2 (3521,1484) (3600,1086)
P 3 (3607,945) (3711,562)
4 (3190,551) (3300,157)
5 (2670,709) (2761,290)
6 (2599,1273) (2669,848)
0 (2725,4 550) (2727,4536)
1 (2626,5117) (2628,5105)
2 (3175,4945) (3175,4932)
P 3 (3245,4362) (3245,4 349)
4 (2800,3976) (2801,3964)
5 (2294,4151) (2295,4138)
6 (2197,4706) (2199,4 694)
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Table 2 Comparison of test speed and actual speed at different test distances

Test Velocity measurement values V/ (mes ') Mean velocity/  Actual velocity/  Relative
distance V, V. v, v, V., v, Vs (mes™") (mes™") error/ %
17 m 5.77 5.81 5.78 5.65 5.70 5.74 5.73 5.74 5.56 3.24
14 m 5.75 5.66 5.92 5.60 5.70 5.70 5.66 5.66 5.56 1.80
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