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Biomimetic hybrid fisheye/compound eye imaging system
with wide view and high resolution

LU Wenwen, CHEN Shanyong, ZHAI Dede, XIONG Yupeng
(College of Intelligence Science, National University of Defense and Technology, Changsha 410073, China)

Abstract; Based on the multiscale imaging theory, a biomimetic hybrid fisheye/compound eye
imaging system is utilized for wide view and high resolution sensing. The objective is a relatively
large-aperture ball lens collecting the wide-angle target light and imaging it onto an intermediate
image surface which is spherical and concentric with the ball lens. The intermediate images are
then corrected for aberration and imaged onto the detector array by a small-diameter lens group
array which work as the eyepiece and are spherically symmetric about the center of the ball lens.
A comparison of imaging performance is presented between the system using concentric double
ball lenses and the system using single ball lens as the objective, respectively. The latter has
even better imaging performance and avoids the problems of tolerancing, mechanical and thermal
instability of the cemented ball lenses. The designed full field of view is over 100° while the
angular resolution is higher than 10"and the distortion is less than 5% in the full field. The
system has a large depth of field. Targets from 300 m away to infinite can be simultaneously
imaged without focus adjustment. It can be widely used in the field of surveillance.

Key words:optical design; biomimetic design; wide field of view;multiscale imaging

515

RN R [ 98 5 A R LY G ) B AR
Gi. A R Sk R AR AR AR AR R e i
(1 AR BT Sk I T 18070 B R B
2% o W AS R HL 7 B R AN G L 5 ) 2 1 g g 1 AL T

s HHA:2018-08-31; {&[EIHHEE:2018-10-15

TER IR 2 T A . 5 ) 1 I
R B B R IR, R S i
/NI ) A LR 28 000 /IR
30 /MR 010 BR L B9 9 91 L 3K 3 240°
B, (LR NI R — B 15 pm~50 pum,

1EE B A B S0 (1990—) , 4o, R ST A 32 23 Ul A 28 U i OGPl — R b 1% 31 . E-mail: 287383120@qq. com



« 312 - o

540 B 2 00

HORAH Y JR TR 5 A JLEE 73 PR g
MAL T m A A7

FL b R s o B AR R R ST
1 — X AP G gy AR AR TE T R G0 48 [y
T% FH (space-bandwidth product, SBP) 5% R, SBP
AT i R AR T L REAS A BT Y SR . B SBP
HIRERE NG RGER R R, RERE REW
TR LAV L ART 5 22 1 52 i) 38 3 B 3 A
SRR . BUR R G Bt 38 1 A 19 L 481 46 i
A RDAERE L AR R A K A S H0 K M
5 B AR 22 5 1R 22 W6 =2 [m) LG 3% KL T B A
JE RSB AL . 2 RE B R B2 R
I L A9 6 TR A S SR S R B 2 ROUR - TE R
5 /ME 22 Z [l UG - . 36 B kL 50 K %% Brady B
UM e 2 RO B R K R R
G503 W) 4 7 B 2H RIS B /0N RE AL I 2 T R gL T F
FIE AT T R T AR R AP 2 R & T
ghEo

AT A2 A B R X R 2 RO i 2 IR A
TAIR-FIRA RS . BT 7 A R 1 ) B
Bt HRUEE 5 8063 M 43 B AR AR I IE . HAR
T Ay ()00 BRTE o 171G AN 20 2 A% 458 56 K T 25K A Y- T
UCER R A S IR /N B H 5 1 3] HE 30 s Bk T I
R K W5 AR T Ak 30 2 BB 4R TR 2%
Myl 1. BB E O RE N, G 1R 4 R I R
TR/ 15 22 L O HLA 3 A AN & Al DA 2 B
TSR 2 P o S5 A2 30 A S A PR 1) v 0 AR

e NIRAIG

1 MRXANEROCEKERINK K
R4
1.1 BBRZEIT

2 AR Z B, By B 45 Ok TR 0
RS A BR3% 5% BT Ky vl WL (486. 132 7 nm,
587.561 8 nm A 656. 272 5 nm), H.Or MEEER A
A AR C I KO B8 58RI G 1 2 2k
PR E S ANy 129, 6 mm, B4Ry R G B Y
F4 335 . it BA SRS FRME X T IR G 112
H B8k U 15 22 A1 2 AH W] /9 PR T ] FH 52 4 A0 ) 1
HERES . B 83T 5 27 fi Bk 22 fn o 22, 36 F
X e 3T 4 Sk 25 0 o B R R BT D' B 4 A AR AR B
FARZY20 10 mm, LS T8 A9 1258 2 42 RO 2% (] B
AR BT Rk . RS TGRSR R G
W anE 1 s . A 4B H B i G e /i 57, A
Yk F +50°,

(b)ih%50° =2.5° Wiz
Bl XNERLKERBIEAVENRERSEIEIT
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Fig. 2 Imaging performance using concentric double

ball lenses as objective
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Fig. 3 Wavefront error measurement of imaging system
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Fig. 7 Imaging system design using single ball lens
as objective
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Fig. 9 Optomechanical design of imaging system using

single ball lens as objective
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