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Abstract: In order to explore the application of bionic compound eyes in the field of target positioning, we
have studied the spatial target positioning method of the Tian- shaped four-aperture infrared biomimetic
compound eyes imaging system with partially overlapping field of view. Based on the spatial distribution
relationship of the four sub apertures, the imaging process of the Tian-shaped four-eye stereo vision was
analyzed, and the conversion relationship between each sub aperture and the world coordinate system was
derived. We have proposed the spatial target positioning method of the four-aperture infrared biomimetic
compound eyes and an inverse imaging optical path positioning method under multiple apertures con-
straints. The coordinates of the target points to be located were calculated using the interleaving method
and the point-direction method; By calibrating the existing four-aperture infrared biomimetic compound

eyes experimental system, the relative poses of the four apertures were determined, and then we have con-
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ducted spatial target positioning experiments on the four-aperture system and some binocular subsystems.

The results show that under similar aperture spatial distribution, the positioning error of Tian-shaped four-

aperture for targets at a distance of 2 720 mm is 40 mm, and the error of binocular positioning is 76 mm.

Compared to binocular positioning, the error of four-aperture is reduced by about twice, which can more

accurately locate the target. The positioning error at 1 750 mm does not exceed 2%, and the accuracy of

horizontal positioning is higher than vertical direction.

Key words: infrared bionic compound eyes; tian-shaped four-aperture; target positioning; interleaving

method ; point-direction method
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Fig.1 Thermal imaging mode with Tian-shaped four-aperture
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Fig. 2 Tian-shaped four-aperture infrared biomimetic

compound eye imaging experimental system
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Fig.3 Tilt relationship between sub apertures
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Fig.4 Pixel and image coordinate system
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Fig. 5 Camera coordinate system
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Fig. 10 Calibration images captured by four-aperture system
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Tab.1 Calculation results of the position relationship of

each aperture in four-aperture system

fLEXRAR  Othdesm/ () FEAEE/mm

MHL1-2 KEAHAR 13.72 42.88
AMAL1-3 B EAALR 11. 90 42.76
AHAIL 1-4 POyt 15. 64 61.61
AL 2-3 XF £ 16.15 61.75
AL 2-4 R EARSR 12.14 44.61
AIBL3-4  IKSF-AHI4B 7.82 43.73

e b FRAT BT 0 X A P A AH BIL Y O il e
AR 147 KO RS A 4B AH BL A % Bl A 4o
9.89°, LM AL R EMIH —CirzE. HT
il 1 T2 1R 25 DL K Sk A IRFPA 22 4% % 12 7 1
M L, 6T BE AN 3 LT i AL ) T B T X A
A X S 5 22 T 45 S B oAR AL G b A R A B K A AR
A N R TR [ NS T TR S
AT EOLRJE fh o S B B Gl e AR = 4R
PSS Y T ) ] 1SR4 Y Y .

4.2 DNAERG/NKREMIE

W 11Ca) Frs , LR R G R & —
TG, b W% A0 A K HOE A P AT O R T
KRN, ISR RO AR . AR SC i i A T 6 AR 4%
FELLTE e 58 W : A2 AL AR AL 1 5 1 Al i 4
b g 2 R BOK T B T AL R KR
P48 ) R GEHT 7 i a5 e, i O 1) E AR
P RGRMEES . Ak 8T T R AR AR R DA ZE
AL AL 15 AR i A g A O R R R
W4T TR AR, y Bl 5 1A 2 il KR
HoaE TR R, 48 [ R GEHT 7 b BT ],

oL oA N BN EE S =g naRg EINER i)
T3, I B30 300 AR O i fie O 4B A AL, il
FIVH LA &R 40 R A A BB & 1y H AR 4 i 1A
B0 WL & XY B A sl T T3 B0k
5% 1k 94 A2 A AR e i R T B S s S T Ay
AptR . 3k HLAE R ) SE e R an 18] 12 R, H
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(b) World coordinate system in the experiment
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Fig. 11 Schematic diagram of distance measurement
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Fig. 12 Experimental image of spatial target positioning
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Tab. 2 Positioning results and errors at 2 720 mm(mm)

MG 2 Mg RE
1-2 297.3 2422.7 2347.2 372.8
1-3 2166.1 553.9 2036.1 683.9
1-4 2824.7 104.7 2796.3 76.3

1-2-3 2354.9 365.1 2515.4  204.6
1-2-3-4 2616.9 103. 1 2759.7  39.7

8] 3 b5, 7158 H AR AR AR, LA RGeS 6] H b
SE VL7 WA R DL R R B a9 o3 A O 2O E
PR B2 A R

* Camera-1 image point
* Camera-1 optical center
Camera-1 incident light
* Camera-2 image point
* Camera-2 optical center
~—Camera-2 incident light
* Camera-3 image point
* Camera-3 optical center
——Camera-3 incident light
Camera-4 image point
* Camera-4 optical center
——Camera-4 incident light
© Point-direction method
o Interleaving method
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Fig. 13 Principle of four-aperture positioning algorithm
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Fig. 14 Experimental images of 9 circular holes positioning
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Tab. 3 Positioning results of 9 circular holes

[ L G = x/mm y/mm z/mm PR B 1% 2% /mm AR 5% 22
1 118.6 277.5 1745.1 4.9 0.28%
2 194.0 277.4 1740.0 10.0 0.57%
3 268.2 275.1 1719.6 30.4 1.74%
4 119.1 330.0 1753.2 3.2 0.18%
5 193.2 327.2 1729.5 20.5 1.17%
6 269.7 327.5 1725.9 24.1 1.38%
7 118.5 381.8 1751.8 1.8 0.10%
8 196. 4 384.8 1758.4 8.4 0.48%
9 272.2 382.8 1741.2 8.8 0.50%
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mm 5 52 PR B B R R, MR 22 0. 1% LAl
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PR 2 N ZE B A B W R 25— 51 1,4,7 %
8 FL A 37 LU ) — A7 B Al T 5 40 S e o 56—
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BRAE 2,y T 10 BORG BE 3 H B4 B 22 1) 1 7K F
P Ax FIREF IR B Ay, I 5 H S 75 mm, 50
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Tab.4 Results of horizontal distance between circular

holes
5] £L, KFREES Ax/mm 1222 /mm MIX R 2E
1-2 75.4 0.4 0.53%
2-3 74.2 0.8 1.07%
4-5 74.2 0.8 1.07%
5-6 76.5 1.5 2.00%
7-8 78.0 3.0 4.00%
8-9 75.8 0.8 1.07%

®5 ELBEEEBITHEER

Tab.5 Results of vertical distance between circular holes

fL EEBEE Ay/mm 3R/ mm X R 2
1-4 52.5 2.5 5.00%
2-5 49.8 0.2 0.40%
3-6 52.4 2.4 4.80%
4-7 51.8 1.8 3.60%
5-8 57.7 7.7 15.40%
6-9 55. 4 5.4 10.80%
5 4 #®

ARSCTEARA 20T o R AL AR L O
T 205 A S RO AR 52 5 R eI AL AR HE A B3t
ST TS FLAR SR AR B 23 [ 47 B R A o M
T LA A A 20 A, FATT SR P 2 80 8O i
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