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Optical system of bionic compound eye with large field of view
ZHANG Jia-ming', CHEN Yu'*, TAN Hai-qi*, LIU Chuan-zhi’
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Abstract: Compound eyes are composed of several sub-eyes distributed on a curved surface. Such a
vision system has several advantages, such as a small size, large Field of View (FOV), and high
sensitivity, in addition to excellent application prospects in relevant fields of mechanical vision. To
realize the additive manufacturing of a bionic compound eye system with a large FOV, the imaging
principle of bionic compound eyes, design of a micro-lens array and relay system, and mechanical
structure were studied. First, a single micro-lens was designed based on the optical principle of bionic
compound eyes, and a micro-lens array was completed. Further, the curved image surface formed by
the curved array was converted to a planar image, which could be received by a planar detector, by
introducing a relay system. Subsequently, the micro-lens array and the relay system were combined,

and the image quality was optimized. Finally, the mechanical structure was designed aiming at the
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additive manufacture of the compound eye system. The micro-lens array contains 3 481 closely-spliced
hexagonal micro-lenses. Each lens has a FOV of 4° and a clear aperture of 110 pm, and the entire
compound eye covered an FOV of 123.7°. The MTF values of each FOV are greater than 0. 3 at 120
Ip/mm, and the corresponding RMS spot radii are less than the radius of the Airy disk. The analysis
results indicate that the compound eye with a require image quality can meet addictive manufacturing
requirements,

Key words: optical system design; micro-lens array; bionic compound eye system; multi-aperture system
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Microstructure of ladybug’s compound eye

Fig. 1
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Fig. 2 Schematic diagram of micro-lens array for

bionic compound eye

FR GG 2 BT 48 b o BURGE B2 /Y 38 6 1 AR
0. 11 mm, WIEX I 3% 52 B 42 a =55 pm;
HURR AR IR 1 1428 5. 2 mm, f8035 55 1 51 1)
FEE S 120° 3 5 JLART 56 & AT 153 Hh 08 B G 471
FETE R A %242 R=3 mm, 1= (2) [ 13
AG=2.1° R AH :2. 1°<<Ap<<4.2°, B Ap=14",

KT RGBSR BB RN EE ke
A 0.5 mm, BEEE d B 0. 2 mm, BEHE N
PMMA St AR AT I3 n=1.491 8., &%
EHEAE R EF R R o =—r B
>0, RIFEA.

nriry

f/:(n—l)[n(rz—rl)Jr(n—l)d]'

AR GE B Y R4 ) =0, 456 3 mm,
r,=—0.456 3 mm"*,

B 25 A B Zemax A G R #E AT AR
IR B LY KB A°, e se s, AR
FEJE 0.3 mm, T 0E %R 1R &g AR
AN o R AR 22 WA/ S DA 1 02 5 45 4 S HE
BRI E 3 BR .

(3

[
[
() B B L
(a) Structure of micro-lens
OBJ: 0.000 0° OBJ: 1.4140°
: @ @
<
=
IMA: 0.000 mm IMA: 0.010 mm
OBJ: 2.000 0°
B+(0.486 133
B®(.587 562
IMA: 0.014mm ~ 2*0-656273
Units are um Airy radius: 3.499 um
Field: 1 2 3
RMS radius: 0.220 0.217 0.216
GEO radius: 0.382 0.414 0.443
Scale bar:10 Reference: chief ray
(b) FF [
(b)Spot diagram
1.0
=08
o
£06
s
Z04
e B=Diff. Limit-tangential Be+= Diff. Limit-sagittal
02 B==0.000 0°-tangential e 0.000 0°-sagittal
= °|@e=1.414 0°-tangential ~ e.e 1.414 0°-sagittal
@A=2.000 0°-tangential @« 2.000 0°-sagittal

0 12.0 24.0 36.0 48.0 60.0 72.0 84.0 96.0 108.0 120.0
Spatial frequency/(cycle * nm™)

Co) T8 ) % 28 o R 4k
(c)MTF curves
&3 1% BE 45 # UG T

Fig. 3 Layout and image quality of micro-lens array
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Fig.4 Micro-lens structural array
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Fig. 5 [Initial structure and image quality of relay system
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Fig. 6 Schematic diagram of optimized relay system
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