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Fig.1 Biomimetic compound eye camera system
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(a) Schematic diagram of two adjacent sub eyes (b) Overlapping field of view of adjacent sub eyes
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Fig.3 Analysis of overlapping fields of view for adjacent sub eyes
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Fig.4 Center detection and sub eyes sorting
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Table 1 Internal parameters of some sub eyes

Number of sub eyes ¢,/pixel ¢,/pixel /./pixel f./pixel Reprojection error/pixel
1 162.53 164.66 1101.9 1102.9 0.2497
2 156.83 143.34 1109.1 1108.6 0.259 4
3 177.68 156.28 1092.8 1092.5 0.2708
4 113.16 156.18 1098.9 1102.5 0.2771
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Table 2 External parameters of some adjacent sub eyes

Adjacent sub eye number R, T
2 [—0.1354 0.0730 —0.002 1]" [—5.5885 —10.1348 —1.016 4]"
3 [—0.0046 0.1727 —0.000 5]" [—11.3573 —0.0088 —1.301 7]"
4 [0.157 0 0.0595 0.002 1]" [—5.7948 9.7459 —2.4384]"
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(a) Schematic of distance measurement (b) Image of the light spot
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Fig.6  Schematic of light spot location
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Fig.7 Comparison of measurement results of measurement systems with different sub eye quantity
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Table 3 Spot size at different distances
Distance/mm 900 1500 2100 2700 3 300 3 600 3 900
Illuminance area/mm”  3.85X1077  2.29X107° 1.66X107* 1.02X1077 0.62X107° 0.25X107*  0.15X10°"

R4 FEBEBEBEROLIREE

Table 4 Coordinate error of centroid of light spot at different distances

Z/mm Standard deviation in x direction/pixel Standard deviation in y direction/pixel
900 0.039 0.059

1500 0.049 0.063

2100 0.057 0.059

2700 0.064 0.071

3300 0.085 0.095

3900 0.1353 0.1739
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SRR AT AR 2 [ AR bR R P =4 AR bR AR M(XL, Y, Z2) MI(X', Y, Z) iR 2 p RN
|- X+ Y+ 272" — X+ Y+ 27 % 1005 .
P I TT DA BB A AR AN T) B A e 6 T B SR sl ke A 6 1 B AR 25, I 5
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Table 5 Positioning error caused by centroid shift of light spot

Z/mm 900 1500 2100 2700 3300 3900
Relative error 0.08% 0.15% 0.16% 0.2% 0.25% 0.31%
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(a) Feature detection

(c) Precise feature matching
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Fig.8 Feature point matching process
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Fig.9 Reconstruction point cloud of the target

F6 FIERBEMNELR

Table 6 Measurement results of feature point spacing

Measured distance/mm 5.91 5.89 5.92 12.23 11.86
Real distance/mm 6 6 6 12 12
Error/ % 1.50% 1.83% 1.33% 1.92% 1.17%
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Abstract: Using a vision system to locate a target is a necessary step for its three-dimensional detection of
the target. The traditional single—aperture imaging system can only obtain the geometric image information
of the target. A compound eye vision system has the advantages of large field of view, large depth of field,
multi—channel imaging, and can obtain the depth information of the target and be sensitive to fast moving
targets. At present, a common visual positioning method is to use the binocular vision system to locate the
target based on the parallax between two cameras. However, because the binocular vision system has only
one set of constraints, and the baseline is fixed, the binocular vision system has low positioning accuracy in
the long distance, while the compound vision system has more constraints because of the number of
sub—eyes. In the long distance, the positioning accuracy is higher than the binocular vision system. It has
aroused a wide attention of researchers. This paper uses the bionic curved compound eye camera developed
in the laboratory to carry out the research of 3D positioning and 3D reconstruction. The compound eye
vision system consists of a curved compound eye, an optical relay image conversion subsystem and a high-
definition image sensor. In this paper, CAL Tag calibration board and MATLAB stereo calibration toolbox
is used to calibrate the internal parameter matrix of the compound eye camera and the rotation matrix and
translation vector between the sub—eye and the world coordinate system. Based on the principle of binocular
vision positioning, a mathematical model for multi eye positioning is established on a compound eye vision
system developed in the laboratory, and positioning experiments are conducted. The experimental system
includes a laser rangefinder, black cardboard, and a compound eye vision system. The laser spot is used as
a positioning target. Because the shape of the sub—eye is circular, the hough circle transformation algorithm
is used to detect the sub—eye of the compound eye system, and the sub—eye number is determined
according to the center coordinates and radius of the circle. Because this experiment is carried out under
dark conditions, the background gray value is low and the spot gray value is high, so the gray centroid
method is used to locate the centroid of the spot and obtain the centroid of the spot taken by different sub-
eyes. The three-dimensional coordinates of the centroid of the spot are obtained from the coordinates of the
centroid of the spot in the camera pixel coordinate system according to the corresponding relationship
between the pixel coordinate system and the world coordinate system. The linear equations of several sub—
eyes are combined to form the overdetermined equations and the optimal solution is obtained by the least
square method. The distance measurement experiment results show that the distance measurement error of
the compound eye camera is less than 2% within a range of at least 4 meters. The experimental results
show that the bionic curved compound eye camera prepared in the laboratory could carry out more accurate
three-dimensional positioning of objects in space. The error caused by the laser jitter and the size change of
the light spot with the distance change on the positioning result is analyzed in detail. In the aspect of target
3D reconstruction, the sift algorithm is used to detect and match the feature points of the target images of
different sub—eyes, and the RANSAC algorithm is used to remove the wrong matching points, to obtain
the accurate feature point matching of the target captured by different sub—eyes. Then, according to the
corresponding relationship between the pixel coordinate system obtained by camera calibration and the
world coordinate system, the three-dimensional coordinates of the feature point in the world coordinate
system are calculated from the coordinates of the sub—eye pixel coordinate system, and the complete
reconstructed point cloud of the target is obtained through point cloud stitching. The 3D reconstruction
experiment is carried out by the reconstruction algorithm. The experiment takes the cube covered with
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speckles as the reconstruction target. The cube is photographed at about 0.6 meters from the camera, and a
relatively complete 3D reconstruction point cloud is obtained. The research results in this paper show that
the bionic curved compound eye camera has great development potential and application prospects in the
fields of 3D positioning, 3D reconstruction and optical navigation.

Key words: Multichannel imaging; Camera calibration; Image processing; 3D positioning; 3D
reconstruction
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