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Velocity measurement technology of curved bionic compound eye

LIU Tao', GUO Wenge', ZHU Shuaimin', ZHANG Yuanjie*’, XU Huangrong’,
WU Dengshan™’, ZHOU Xiaojun®, YU Weixing™
(1. College of Science, Xi'an Petroleum University, Xi'an 710065, China; 2. Key Laboratory of Spectral Imaging
Technology of Chinese Academy of Sciences, Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of
Sciences, Xi'an 710072, China; 3. College of Optoelectronics, University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: The curved bionic compound eye camera has the characteristics of large field of view and sensitivity
to moving objects, and has broad application prospects in the fields of national defense, medicine and civil
industry, such as wide-area detection, endoscopic catheter, precision guidance, etc. The research on velocity
measurement technology of high-speed moving target based on the curved bionic compound eye camera was
reported. Firstly, a velocity measurement model based on the principle of curved bionic compound eye imaging
was established, then the position of each sub-eye was found on the original compound eye image by using the
Hoff circle detection algorithm, and the overlapping field of view between adjacent sub-eyes was analyzed by
image segmentation. Finally, the sub-images of the two adjacent sub-eyes were extracted and matched with the
SIFT algorithm, and the number of pixels in the overlapping area was calculated from the pixel coordinates of
the extracted feature points, so as to get the moving speed of the car. Further, the relevant velocity
measurement experiment was designed to verify. In the experiment, the shooting distance was controlled
between 6 m and 10 m. The velocity test was carried out on the vehicle moving in a uniform straight line at a

speed of 8.33 m/s. The test results show that the relative error of the velocity test can be controlled within 4%.
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Compared with the velocity measurement results of single aperture imaging system, the curved bionic

compound eye velocity measurement technology has higher accuracy and repeatability.

Key words: bionic compound eye; single aperture; velocity measurement system; image processing; large

field of view
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Fig.1 Schematic of velocity measurement of curved bionic
compound eye imaging system and diagram of cluster

eyes imaging coordinate system
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Fig. 2 Schematic diagram of geometric transformation of

adjacent sub-images
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Fig.3 Target movement process
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Fig. 4 Fusion image of curved bionic compound eye vel-
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ocimetry system at different shooting distances
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Fig. 5 Velocity measurement process of curved bionic com-
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pound eye velocimetry system
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Fig. 6 Sub-images of two adjacent small eyes of curved

bionic compound eye system
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Table 1 Pixel coordinates corresponding to target positions

P and P' at different shooting distances of com-

pound eye
1R Z ALK (uy, vy)
i g THR%L
D=9.3m D=6.4m
1 (4101,2581) (4547,2547)
2 (3822,2117) (4267,2080)
3 (4366,2105) (4810,2069)
P 4 (4647,2576) (5095,2537)
5 (4377,3052) (4825,3017)
6 (3835,3053) (4280,3022)
7 (3560, 2 589) (4 004,2553)
1 (851,2654) (911,2 631)
2 (571,2182) (632,2159)
3 (1118,2176) (1178,2155)
P 4 (1396,2 645) (1455,2622)
5 (1134,3119) (1193,3095)
6 (589,3128) (646,3 106)
7 (308, 2 660) (365,2 638)

*x2 ERTEHAGE RSN EE 5 SERiE B X
Table2 Comparison of test speed and actual speed at diff-
erent shooting distances of compound eye
HEE/ HPE IRE Y
"1 (ms) (ms)
9.3 8.61 8.62 8.60 8.62 8.57 8.58 8.62 8.60 8.33

TR HEEEE V/(m/s)
MEm y oy, v, v, VsV

3.24

6.4 8.05 8.04 8.03 8.07 8.03 8.04 8.06 8.04 833 3.48
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Fig. 8 Relative errors of cluster eyes
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Table3 Comparison of parameters of curved bionic com-

pound eye camera and single aperture camera

- HifH
SRARBL ALLAZAHAL

TR N 127 1

Bk5e A% R/mm 68 33

HAFHR EAE D/imm 7.4 66

1BIE RS a/um 45 11

TR Ae/() 14 /

AR IR B4 5 B A/ °) 7 /

AAHUITR R fps 13 23
B w/(®) 98x98 95.4x78 .4

L f/mm 5 6
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i I A IR Sk 42 ok 68 mm!™, 127 A4~
FHRARN . B FIRAOERER 7.4 mm, TR # £
B4 5 mm, B4R 937 140, AH SR IR 'l
Z B f 2R 7°, A3 HER R 1.8 mrad, % IRT;
RGN R 2000 98°x98°, T AT A {53 i 4t
F—A~ MG AL B, 2 T2 e 28 w9 75 Sk NOIP-
1SNO25KA F) MG AL &4, R RAEHE 2R 13 fps,
B RE G ITT R ST 4.5 pm, R GEAK Ty @123 mmx
195 mm, R4 MJFE N 1.35 kg,

BALARIN B £ 48 h HS-95-U3 B S AL 5 2 fL
BEi kA, Bk F4E R 33 mm, RE WA N
6 mm, % AFLIE RGN BTN 95.4°%78.4°,
A% 2% 16 1Y & GSENSE400BSI, B4 1) % K 3
R 23 fps, BT K/ANA 11 pm, BRALAE I 2
ZG AR K @66 mm*95 mm, RS0 M F N 1 kg,

7 i A 52 R R g A aR i IR, A5 3 B LA
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Ak, AL AR A AL 3 2 40 AR Ak B A5 2 1 201 1 D T [
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Table 4 Pixel coordinates corresponding to the number of
target position frames at different shooting dis-

tances of single-aperture cameras

Uik G AAR (s, ;)

9.3 mEA&MT 6.4 mE{&in D=93m D=6.4m
535 215 (531, 957) (582,941)
545 220 (768, 960) (738,943)
560 230 (1068,965)  (1058,950)
565 235 (1156,967)  (1183,954)
550 335 (550, 958) (677,958)
563 340 (833,961) (833,961)
573 345 (1071,966) (980, 963)
580 355 (1227,969)  (1283,969)

WA 4 PRR AR, IFEE B AR A
(4), ATTHAAC R B AL AR AR BIL R P4 1 1 2 8 LA
HAXTERZE, W3k 5 B .

x5 BILETFEHFESLMNREESSIFRERER

Table S Comparison of test speed and actual speed at different shooting distances of single aperture

HREI EAE V(m/s)

XA B D/im YA /(m/s) SRS/ (m/s) RE/%
" £ Vs Vs Vs Ve
9.3 9.31 8.43 8.17 7.86 7.61 7.14 8.08 8.33 2.9
6.4 8.71 8.73 8.59 8.20 8.03 6.98 8.20 8.33 1.5
9.3 8.61 8.88 8.87 9.43 9.20 8.86 8.97 8.33 7.68
6.4 8.71 8.26 8.17 8.21 8.12 8.26 8.28 8.33 0.6
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Fig. 9 Comparison of velocity measurement results between

compound eye and single aperture cameras
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