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Abstract: A new type of aspheric artificial compound eye with variable focal length was proposed. The
structure divides the curved compound eye into three fan shaped areas, and the focal lengh of the
microlens in different areas is different, so that the artificial compound eye can achieve the focal length
adjustment within a certain range. Through calculation and simulation analysis, aspheric surface
optimization is carried out for the microlens structure at all levels. After optimization, the spherical
difference value of each level of micrilens is 1/1000 before optimization, which improved the edge image
quality of curved compound eyes. The aspherical artificial compound eye sample with the number of eyes
of 61 and the diameter of the base of 8.66 mm is prepared by using the molding method. Calibrating the
mutual relationship between the eyes of the child and establishing a mathematical model for the
simultaneous identification of multiple sub eyes. The artificial compound eye imaging performance test
and target positioning test platform are built. Through experimental verification, the artificial compound
eye camera can acquire clear circular and cross-shaped light spot images. The size of images collected in
each sector area is different, and the zoom imaging can be realized within a certain range. By capturing
the target with multiple microlenses and the relationship between the incident angle and the center of
gravity of the image point, the coordinates of the target point are calculated. The experimental results

show that the positioning error value is less than 10%.
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Fig.1 Non-uniform surface compound eye ZEMAX simulation trace results
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(b) The positional relationship between sub-eyes
and focal planes at all levels

(a) Sub-eye area division
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Fig.2 Variable focus surface compound eye area division and relationship with location
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Table 1 Compound eye structure design parameters

Base radius Angle between adjacent microlenses Center to edge angle  Material Refractive index

4.5 6° 24° PDMS 1.41
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Table 2 Calculated levels of sub-eye initial parameters

Sub-eye level Level 1 Level 2 Level 3 Level 4 Level 5
r,/mm 0.946 0.894 0.829 0.709 0.528
f»/mm 2.227 2.173 2.009 1.724 1.302
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(a) Spherical eye ray tracing (b) Spherical eye fan image (c) Spherical eye point diagram

B3 3}kWFRZEMAX fF 4 %
Fig.3 Spherical sub-eye ZEMAX simulation results
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(a) Aspherical eye ray tracing (b) Aspherical eye fan image (c) Aspherical eye point diagram
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Fig.4 Aspherical sub-eye ZEMAX simulation results
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Table 3 The ball difference value before and after the optimization of the sub-eye lens at all levels

Sub-eye level Level 1 Level 2 Level 3 Level 4 Level 5
Pre-optimization/pm 2.911 3.174 2.955 2.662 2.205
Post-optimization/pm 0.023 0.020 0.019 0.067 0.037
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Table 4 Aspherical sub-eye microlens size parameters

Sub-eye level Level 1 Level 2 Level 3 Level 4 Level 5

Focal length/mm 2.227 2.173 2.009 1.724 1.302

Sub-eye surfaceradius of Curvature/mm 0.929 8 0.910 2 0.895 0.694 0.514 9
Numerical aperture/mm 0.638 0.624 0.59 0.501 0.382
Height/mm 0.056 1 0.052 0 0.048 9 0.043 2 0.034 5
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(a) Optimized ray tracing of compound eye (b) Detector imaging energy map
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Fig.5 Aspherical zoom surface compound eye model ray tracing
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(a) Artificial compound eye mold (b) Artificial compound eye sample
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Fig.6 Curved surface compound eye mold and artificial compound eye sample
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Table 5 Sub-apera spot size at all levels in A, B and C regions

Region Level 2 Level 3 Level 4 Level 5

A 6.223 5 5.821 5.251 4.885
B 5.613 4.184 3.905 3.685
C 5.75 4.646 4.297 4.306
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Fig.7 Zoom surface compound eye imaging experiment system and imaging analysis
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Fig.10  Artificial compound eye imaging channel number and acquisition image
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Table 6 Calculate target point coordinate value

Capture the number

of target points Target point coordinates X direction error Y direction error Z direction error
2 (8.481 30,4.373 5,35.682 3) 54.40% 65.06 % 58.02%
3 (8.767 80,5.024 3,38.329 5) 52.86 % 59.86 % 54.90 %
4 (9.398 70,5.514 3,40.067 4) 49.46 % 55.95% 52.86 %
5 (9.594 50,5.566 3,41.822 0) 48.41% 55.54 % 50.79%
6 (10.302 2,5.710 1,42.629 1) 44.61% 54.39% 49.84 %
7 (9.446 4,5.407 1,43.284 7) 49.21% 56.81% 49.07%
8 (10.220 8,5.669 6,43.518 0) 45.04% 54.71% 48.80%
9 (11.149 3,6.025 4,46.306 6) 40.05% 51.87% 45.52%
10 (12.839 4,6.257 7,48.862 6) 30.97% 50.01% 42.51%
11 (13.962 1,6.263 2,49.204 6) 24.93% 49.97% 42.11%
12 (13.868 2,6.256 4,49.037 5) 25.43% 50.02% 42.30%
13 (13.986 7,6.366 6,49.326 6) 24.80% 49.15% 41.96 %
14 (14.941 1,6.869 0,50.826 8) 19.67% 45.13% 40.20%
15 (14.816 6,7.496 9,57.840 6) 20.34 % 40.12% 31.95%
16 (15.216 9,8.829 9.60.582 3) 18.18% 29.47% 28.72%
17 (15.693 3,8.948 70,60.898 3) 15.62% 28.52% 28.35%
18 (16.230 7,9.786 9,65.732 9) 12.73% 21.82% 22.66 %
19 (16.440 9,10.344 2,74.253 0) 11.60% 17.37% 12.64%
20 (16.853 9,10.889 3,78.716 2) 9.38% 13.02% 7.39%

M 6 TR BN B bR sl A bn bl DU B 50 0 9 A bR s AR AR XY L Z AN D 1) Y R 2 Bl A

AR H b7 RS ECA T E Wb, XY Z AT ) B R iR 22 AR At 2 i 11 a3 d il 2k i T LA 2 4

AR H bR U T HRASEON T 20 AN IR A9 AR A R R 22 B AR B AR T IR BB H 1k F) 20 U
1022001- 9



P S

Lk 3 ot i AR A A R R B A B Y AR A A b Y 1R 22 RE AR R 1020 LA,

70 F —=— X direction error
—e— Y direction error
3 4 Z direction error
50
[%] -
on
§ L
S 30f
3} L
10
0 4 8 12 16 20

Subeye number

11 EAR s = 4 A AR = i &

Fig.11 Target point three-dimensional coordinate curve
4t oA
S ZFHwe

AR £ — il 1T 52 MR ) 25 20 5 BR AT A 25K R 22 L A 15005 A A2 25 1) AL A 3 ok A Bk v D01 5 K 45 21 IR
A BR 22 (E R I AR S5 K B 1/1 000 , 335 45 B AR IR K] 7 by = A AN T] X0, DL S B — s 9 LN 1) 722 £ AR,
SEHG R R JHAS [T B HEAE AN, A 1 — ot T80 A2 MR 14 2% 20 1 MR 25 BE 08 SR 4 3 355 WA 119 016 BRE 10 45, o SR 4 1 1
BIEATIRAE » = XN 2R A 1 G BE I BRSE IR AN AR () 52 56 295 SR AIE ] = A X I P B9 5 IR B9 A AN [ BE 6
S — E R N AL R R R SR BESE T TR 22 H L A 2 A T IR B bR SO A S R
O Z A A SC AR THEAT B H AR AT AR T 5 25 SR T S IR AL 2R H AR B 3 MR A BOBE 22, G5 0 RS B
1 A AR T IR ECR A 20 AN E O BE RBAZAE 10 06 LAPY. iy T A0 A2 IR I R 2% L H AR s R R 2% L H AR
T 5 2 HR AR PIL =2 ] ) B 3R 22 25 22 5 THT 94 L P S5 B0 B0 S 1 L s A B A7 T 90 5% 22 i O, e i O R S
FEAF LAY SRR R 22 AT B 1. T — 25 30 BE i 5 3 ot i A2 MR A A T2 R RN TORS R DL — PR
e AL TR N b 4 BG5BT A s R B B B v AR S O B AS ST % A8 £ B iy T A HR R
MR 22 F 3 (3 J7 36 0T o0 BRI AR 005 2B S T AL A A A58 55 107 T 4 3 B8 AR 3.
2% Uk

[1] HAO Yong-ping, LI Lun. New progress in structure design and imaging systems of artificial compound eye[]].
Laser& Inrared ,2015,45(12) :1407-1412.
T, 2248 A7 A S MR 2 A i R R G AT 5B i e [T ] 0t 5404, 2015, 45(12): 1407-1412.

[2] CHEN Cheng, LIANG Jing-qiu, LIANG Zhong-zhu,etr al. Design and analysis of the expansion compound eye used in
micro-miniature statics fourier transform infrared spectrometer[ J].Acta Optica Sinica , 2015, 35(11) :268-276.
R Rk, b 3, A5 BN 2 e A L v A e 21 Al A b S R A R R S e R R B s [T ] IR
2015, 35(11):268-276.

[3] HAO Yongping, LI Lun, YU Jun-bo.Design and preparation of aspherical compound eye[]]. Laser& Inrared s 2016, 46
(6):727-730
FACE 240, T2, AR BRI & IR BT K a5 T 2R 580 .30k S 404k . 2016, 46(6) . 727-730.

[4] GUO Shu-ji, SHI Li-fang. CAO A-xiu, et al. Study of large field of view compound-eye orientation technology[J]. Acta
Photonica Sinica, 2016,45(5) :0512003.
AL, LT BT TR A TR E M AL] 6T 244 ,2016,45(5) :0512003.

[5] ZOU Cheng-gang. Optical design and simulation of the artificial compound eyes[ D].Tianjin: Tianjin University,2013.
AR N7 AR S IR YOG A E B SR B LD R HE . KR4, 2013,

[6] LEEH N, JANG H, PARK S, er al. COMPU-EYE: a high resolution computational compound eye[J]. Optics
Express, 2016, 24(3):2013.

[7] BRADYDJ, GEHM M E, STACK R A, et al. Multiscale gigapixel photography[J]. Nature. 2012, 486(7403): 386-
389.

[8] MARKSD L, BRADY D J. Wide-field astronomical multiscale cameras[J]. Astronomical Journal, 2013,145(5):1069-
1094,

[9] FLOREANO D, PERICET-CAMARA R, VIOLLET S, et al. Miniature curved artificial compound eyes [ ] ].
Proceedings of the National Academy of Sciences of the United States of America, 2013,110(23): 9267-9272.

1022001~ 10



A, A RTAR AR I A AR BR T AT IR AR Ak B E B R

[10]

(11]

[12]

[13]

[14]

[15]

[16]

SONG Y M, XIE Y Z, MALYARCHUK V. et al. Digital cameras with designs inspired by the arthropod eye[ J].
Nature, 2013,497(7447) :95-99.

L1 Z W, XIAO ] L. Mechanics and optics of stretchable elastomeric microlens array for artificial compound eye camera
[J]. Journal of Applied Physics, 2015, 117(1),557.

LEI Wei-ning, GUO Yun-zhi, GAO Ting-ting. Study on the structure of large field view detection system based on
bionic compound eyel J]. Optics Optoelectronic Technology . 2016, 14(03): 62-66.

WOT ,Bu2 SRS T O A E R KRG HREN RE TR0 50mE AR, 2016,14(3) :62-66.

CAO Zhao-lou, ZHAN Zhen-xian, WANG Ke-yi. Structure design of spherical compound eye lens for moving
objectdetection[ J]. Infrared and Laser Engineering , 2011,40(1) :70-73.

EORME AR, ik T I3 3 B ARIR I B 2R T 52 IR 5 1 45 4 B [T ] 4040 5 O6 TR . 2011,40(1) - 70-73.

HAO Yong-ping, ZHAOLong-fei, ZHANG Jia-yi. Optimal research of aspherical zoom curved compound eye[]].
Infrared and Laser Engineering ,2015,44(1) . 157-161.

HEACE B0 )L 5k 5 B AR BR i A AR R it 0 A2 IR A AR AL AT SELT ). L0450 LA, 2015, 44(1) . 157-161.

GUO Fang, WANG Ke-yi, YAN Pei-zheng, et al. Calibration of compound eye system for target positioning with large
field of view[]]. Optics and Precison Engineering » 2012,20(5) :913-920.

W7 Ewiilk . FMRIE . % 0 TR AR @ 2 IR RS AR E [T ] 8% « K% TR, 2012, 20(5): 913-920.

ZHANG K, JUNG Y H, MIKAEL S, et al. Origami silicon optoelectronics for hemispherical electronic eye systems.
[J] Nature Communications, 2017, 8(1), 1782,

Foundation item: National High-tech Research and Development Plan (No.2015AA042701) and General Equipment Department Fund
Projects (No.9140A05020115QT28057)

FlH#3L: LT Lun, HAO Yong-ping, DIAO Xiao-lei, et al. Aspherical Compound Eye Optimization and Positioning Technology with
Variable Focal Length[J]. Acta Photonica Sinica, 2018, 47(10):1022001

A AT, AR . SR R B A Al TR 1A A IR Ak B E B R[]0k T2 412, 2018, 47(10) : 1022001

1022001-11



