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Design of compact bionic compound eye optical system used for

target identification

Fu Yuegang, Zhao Yu, Liu Zhiying, Zhang Kai, Zhu Qifan, Li Yahong
(School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: The large-aperture bionic compound eye optical system can have a large field of view, it
overcomes the defects that the aperture of biological compound eyes is small while the vision distance is
short. The relationship between the actual array period and theoretical calculated period number was
researched through analyzing the field stitching method of bionic compound eye, the method called
"padding sub eye method" was proposed to reduce sub eye configuration density. By studying the
geometry relationship of the fixed spherical body design, the mathematical connection between the main
body vertical radius d and the curvature R was established, the design method of fixed spherical body
was proposed, and the proposed bionic compound eye field stitching theory was perfected. Finally, the
correctness of the design method through the actual alignment experiments was verified. This method can
improve the integration of the bionic compound eye system, reduce system size, and promote the practical
application of bionic compound eye optical system.
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Fig.1 Imaging principle of apposition compound eye
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Fig.2 Structure chart of the bionic compound eye optical system
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Fig.3 Schematic diagram of filling field
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Fig.4 Geometry relationship between the R, and d of the fixed

spherical body
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Fig.5 Calculation method for limited value of radius curvature of

the fixed spherical body
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Tab.1 Parameters of sub-eyes systems

Center optical Edge array optical

system system

Detector size 4.51 mmx2.88 mm 4.51 mmx2.88 mm

Focal length f 60 mm 20 mm
Field of view 2.15°%1.37° 6.43°%x4.12°
F# 2.3 2.6

(a) DL RGOEHLEE

(a) Opto-mechanical structure of the center optical system
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(b) AL FEF T IR G RGOCHLEE
(b) Opto-mechanical structure of an edge array sub-eye optical

system
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Fig.6 Opto-mechanical structure of sub-eye optical systems
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Tab.2 Sub-eye location parameter of the bionic compound eye optical system

Arrayl (AD,, y) Array2 (AD,, y) Array3 (AD,, y) Array3 (ADy, y)

1 (7.8°,0°) 1 (13°,30°) 1 (20.5°,0°) 9 (20.5°,180°)

2 (7.8°,60°) 2 (13°,90°) 2 (20.5°,22.5°) 10 (20.5°,202.5°)

3 (7.8°,120°) 3 (13°,150°) 3 (20.5°,45°) 11 (20.5°,222.5°)

4 (7.8°,180°) 4 (13°,210°) 4 (20.5°,67.5°) 12 (20.5°,247.5°)

5 (7.8°,240°) 5 (13°,270°) 5 (20.5°,90°) 13 (20.5°,270.5°)

6 (7.8°,300°) 6 (13°,330°) 6 (20.5°,112.5°) 14 (20.5°,292°)
7 (20.5°,135.5°) 15 (20.5°,315°)
8 (20.5°,157.5°) 16 (20.5°,337.5°)
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Fig.7 Simulation front view of distributed field
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Fig.8 Sectional view of the fixed spherical surface body

4 ZRBFEERAZFRFRITHRAR
AR#R

HOEERBIE R e, B—2h%0E5 TR
Bk 5 PRGSO I/ Ad(i=1,2, 3) 2 MRIIE
TR GE A1 80H N Y T W %5 (R A SR )

JUE AU T T, Rl AR AR i R
BE IR e LA ik e, (HZ0@iE TR R G
2y 57 M X IR R G PR L A S BRORS AR
TR AR R, A TP B e A DG TR A S
K TM5100A [ #EH S LR AT R0 W2 A5 {5 i

0602001-5



BRECY & k4

% 6 4 www.irla.cn % 46 %
St e M JEFR AN 9 Bk

Sub-eye lens of
edge array

- Ap/

\ Center sub-eye lens

A2

Theodolite 1

Theodolite 2

P9 P £ 28 25 S ot il e A D

Fig.9 Optical axis angle principle of the two theodolites
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Fig.10 Actual alignment
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Fig.11 Compact bionic compound eye optical system
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