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Improved Binocular Calibration Based on ICP Algorithm
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Abstract

Binocular vision is a new kind of non-contact three-dimensional (3D) measurement technology, the
calibration result will directly affect the precision of the 3D object measurement. Based on the iterative closest point
(ICP) algorithm principle to obtain translation and rotation parameters between two point sets, a method is proposed

by compensating binocular stereo calibration matrix to improve the precision on the basis of the results of traditional

binocular pose calibration. The camera model, binocular vision measurement model and the basic steps of the ICP
algorithm are introduced. The external parameters of binocular vision and the same target plane are used for
obtaining binocular vision pose matrix, and a method is proposed by using the rotation and translation matrix of the
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two groups of point set to compensate binocular pose matrix based on ICP algorithm. The analysis model of
=]

corresponding target point coordinates projection error is established. Nine sets of calibration images including 5 X7
Key words

analyzed. Experimental results show that the application of ICP algorithm used to compensate the binocular
calibration model could significantly improve the accuracy of binocular calibration.

points are collected, and the binocular vision calibration parameters are obtained, and the pose matrix using the ICP
OCIS codes 150.0155; 150.1488; 150.1135; 150.6910

algorithm is compensated and nine sets of calibration error by using points coordinates projection error model are
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Fig. 1 Schematic of binocular stereo vision model
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Table 1 Matrix of binocular vision, compensation matrix and matrix of binocular vision after compensation

Rotation matrix and shift matrix Rotation matrix and shift matrix of Compensated rotation matrix and shift
of binocular vision two sets (compensation matrix) matrix of binocular vision
0.9960 0.0015 0.0892 1.0000 — 0.0000 —0.0011 0.9959 —0.0025 —0.0902
R = | —0.0025 0.9999 0.0107 Ry = | 0.0000 1.0000 — 0.0002 R’ = |0.0015 0.9999 —0.0111
—0.0892 —0.0109 0.9960 0.0011 0.0002 1.0000 0.0902 0.0109 0.9959

T = [ —120.8996 0.1345 2.2038] Ty = [0.2310 0.4639 —1.1372] T = [ —120.6662 0.6004 1.1962]

2 B —HRAR A AR IR AR bR B R AR AR 5 AME TS B B A AR
Table 2 Original coordinates, projection coordinates and projection coordinates after compensation mm
No. 1 2 3 4 5 31 32 33 34 35
Original — x 0 70 140 210 280 0 70 140 210 280
coordinates
Y 420 420 420 420 420 0 0 0 0 0
of the first
group A 0 0 0 0 0 0 0 0 0 0
Projection  y' —006 69.94 139.94 209.94 279.94 - —0.24 69.76 139.76 209.76 279.76
coordinates ,
Y 418.20 418.17  418.14 418.11 418.08 —1.80 —1.83 —1.86 —1.89 —1.92
of the first
! - -
group Z —1.83 —1.85 —1.86 —1.87 —1.89 —1.42 —1.43 —1.45 —1.46 —1.48
Compensated X, 0.00 70.00 140.00 210.00 280.00 0.00 70.00 140.00  210.00 280.00
projection Y, 420 420.00 420.00 420 420 0.00 0.00 0.00 0.00 0.00
coordinates Z 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3 Average errors and the current set errors after calibration compensation of 9 groups mm
No. 1 2 3 4 5 6 7 8 9 Comment

Average error  0.4847  0.2240  0.2185  0.2145  0.2065  0.2337  0.3110  0.2088 0.2186
Current set error  1.5483  2.1235  9.1732  0.1692  8.4196  0.1937  6.4733  7.7585 0.1056 10 '°
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