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Design of curved bionic compound eye optical system with
large field of view

Hu Xuelei, Gao Ming’, Chen Yang
(School of Optoelectronic Engineering, Xi’'an Technological University, Xi’an 710021, China)

Abstract: To solve the problem that the large field of view and high resolution of the traditional
imaging system can not be achieved simultaneously, a large field of view curved bionic compound eye
optical system was designed. Firstly, aiming at the arrangement of the spaced —type circumferential
layered micro—lens array, a mathematical model of the imaging principle of the curved bionic compound
eye optical system was established. The imaging scheme that combining the microlens array and the
transferring image system was proposed to solve the matching problem of curved surface image which
formed by the micro —lens array and the planar detector; and optical design software was used for
simulation and tolerance analysis. The designed curved bionic compound eye optical system has a total
field of view of 152°, a combined focal length of 61.14 mm, an angular resolution of 2.304”, and a
total length of 16.39 mm. Compared with the traditional large field of view imaging system, the curved
bionic compound eye imaging system has smaller distortion and higher resolution.
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Fig.1 Angle analysis
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Fig.2 Schematic of curved bionic compound eye imaging

with spaced—type micro—lens
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Fig.3 Curved bionic compound eye optical system structure
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Tab.1 Curved bionic compound eye

system parameters

Parameters Value
Radius of base layer R/mm 10
Angle of adjacent sub—eye Ag/(°) 14
FOV of b—eye 0/(°) 20
Number of sub—eye M 81
Focal length of sub-eye f;/mm 6
Aperture of sub—eye d/mm 2
Number of pixels per sub—eye v 270%270
FOV (Field of view) 2w/(°) 152
Number of pixels in the detector N 3 280x2 464
Size of pixel/pm 1.12
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Tab.2 Initial sub—eye structure parameters
Surface Radius/mm Thickness/mm Glass
Standard 2.09 0.26 PMMA
Standard 10 - -

20.00
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Fig.4 Sub-eye initial structure ray tracing and spot diagram
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Tab.3 Sub-eye parameters

Surface Radius/mm Thickness/mm Glass
Even asphere 1.667 0.491 PMMA
Standard 10 3.603 -
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Fig.5 Sub—eye ray tracing map and spot diagram
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Tab.4 Technical parameters of

the transferring system

Parameter Value
Focal length f;/mm 1.07
FOV w,/(°) 130
Distance between the sub—eye and the 5
transferring system L/mm
Aperture D /mm 0.356
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HE R T TR
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Fig.7 Initial structure light path diagram

RSBEBRAFZVREHNSH
Tab.5 Initial structural parameters of

the transferring system

Surf:type Radius/mm Thickness/mm Glass

Standard 7.74 0.34 1.59,61.2
Standard 4.52 0.52 1.78,25.7
Standard 3.50 0.24 1.59,61.2
Standard 4.72 0.20 1.66,57.4
Standard 2.06 0.60 1.67,33.1
Standard -12.2 0.24 1.77,49.6
Standard 3.46 0.84 1.58,40.7
Standard -5.93 0.57 1.53,70.4
Standard 2.90 0.18 1.92,20.9
Standard 5.69 0.62 1.53,70.4
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Tab.6 Initial structure primary aberration
SPHA COMA ASTI FCUR DIST
0.010 787  0.012566  0.027 327  —0.004 030  0.336 322
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Fig.8 Optical path of the transferring system
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Tab.7 Primary aberration of the transferring

system
SPHA COMA ASTI FCUR DIST
0.002 042 —0.000 347 0.000 012 0.002 785  0.235 302
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Tab.8 First tolerance allocation

Parameters Specification
Radius/Fringes 5
Thickness/mm 0.05

Surface decenter/mm +0.05
Surface tilt/(°) +0.05
Element decenter/mm +0.05
Element tilt/(°) +0.2
Index 0.001

Abbe 0.5%
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Fig.13 MTF after the first tolerance analysis
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Tab.9 Second tolerance allocation

Parameters Specification Surface
Surface decenter/mm +0.02 5-6
Surface tilt/(°) +0.02 4-7
Element decenter/mm +0.02 1-9
Element tilt/(°) +0.02 1-9
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Fig.14 MTF after the second tolerance analysis
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