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Design of bionic compound eye system based on

hexagonal closely spliced structure

Su Pengcheng, Chen Yu, Zhang Jiaming, Yang Chao
(School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Based on the visual advantages of bionic compound eyes, the research progress of bionic compound
eyes was analyzed, and the imaging principle of compound eyes and the structure of some insect compound eyes
were studied. According to the structure of the biological compound eye, a hexagonal closely spliced curved
micro-lens array and image transfer system were designed. At the same time, in order to prevent the crosstalk of
imaging beams between adjacent sub-eyes, an aperture array with a single aperture of 1.5 mm in length was
designed to realize single-channel imaging of each sub-eye. According to the principle of pupil connection, the
micro lens array and the conversion system were combined and optimized. The diameter of the entire compound
eye was 8.66 mm, the field of view was 121°, the diameter of each sub-eye was 500 pm, and the field of view of
the sub-eye was 6°. At 90 Ip/mm, the MTF value of the compound eye system was greater than 0.3, and the RMS
spot radius were less than the radius of the Airy disk, the imaging quality of the system meet the requirements of
the design index. In order to met the requirements of 3D additive manufacturing process, the mechanical structure
of the compound eye system was designed. The tolerance analysis result shows that the system structure meets the
preparation requirements of 3D printing technology.
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(a) Microstructure of apidae compound eye
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(b) Microstructure of grasshopper compound eye
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(c) Microstructure of ladybug compound eye
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Fig.1 Microscopic view of compound eye
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Fig.2 Structural schematic diagram of the micro-lens array
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(a) Light path diagram of micro-lens
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(c) MTF curves of micro-lens
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Fig.3 Structure diagram and image quality diagram of sub-eye
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Fig.4 Compound eye model
6], i TG — R R AL, BeROE R BT A
HEFE 45 o a1 ZEMAX SRR 1 12 6 1 251,

AN R F A ) /3 S 50T BE B, b R i O 5
T B T R X, H AR RS N TR 4R,
JEPYREJEL R, SOKE S R A G AR 12N 0.4 mm, YGRS
Uiy 1A /N W R T 38 B (A4 T /1N, 3kt 4 o B o
BAGSE I T, BOKs S B US B6 HAR R 0.25 mm.
LA H AR R W R B ) R A AR X R, B
R 1k HR ] A A R AR A, DRAIEAN [] - B 37 5 1)
) RGN

R LA M A5, 383 ZEMAX B x5 4
SR FEAT RN, 3o B 1fr A2 AR Y e KL (60°) E AT
LB, DN A IR 45 M X RR B, BIr LA H A 7R
43T IRA M G TR, B4 TIRE =AM A
FE (0°, 3°, =3°) B ASGE, anlEl 5 Fros, A R
G, BT IRAG 3 R 1 A5G, A B ST AR,
HARTHE

5 JLHRPEFIE A

Fig.5 Structure diagram of aperture array
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Fig.9 MTF diagram of the conversion system
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Fig.10 Spot diagram of the conversion system
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Fig.11 Light path diagram of the combined eye optical system
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Tab.2 Tolerance parameter range
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Tab.3 Tolerance analysis results of compound eye

system
Name Result
Number of Monte Carlo 1000
MTF nominal value 0.348 542 13
MTF average 0.347 187 12
98% lens MTF value >0.336 334 57
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