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High precision calibration of vision measurement system
in large FOV based on virtual 3D target
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Abstract: In order to achieve high-precision calibration of camera with large Field of View (FOV), a
stereo calibration method based on error tracing thought was proposed, which can overcome the man-
ufacture limitation of targets with large size and high-accuracy in practice. The main factors affecting
accuracy of stereo-vision system were analyzed and the error track chain of vision system was listed,
which can explain the accuracy bottleneck in vision system with large FOV. Then, laser tracker was
adopted to calculate the rigid body transformation with unit quaternion method., thus achieving virtual
point clouds with high precision. Subsequently, 3-order radial distortion and 2-order tangential distor-
tion were involved in the mathematic camera distortion model. In addition, the calibration parameters
were solved through Levenberg-Marquardt iterative algorithm, which can improve the accuracy mod-
erately. In the experiment, the binocular stereo vision measuring system was designed with FOV of 4

mX3 mX2 m. The results show that the reconstruction mean error for 152 group data of lateral dis-
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tances is —0. 003 mm and the standard deviation is 0. 08 mm in the detection of a high-precision guide

rail. Compared with the conventional plane calibration method, the measuring accuracy of the stereo

calibration method has been greatly improved.

Key words: stereo vision measurement; error tracing; virtual stereo target; large Field of View

(FOV); camera calibration
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Fig. 1 Camera and world coordinates
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Fig. 2 Measurement model of binocular vision system
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Fig. 3 Error tracing chain of high accuracy vision system
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Fig. 5 Arrangement of virtual targets
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Fig. 6 Instrument of calibration experiment
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Tab. 1

Comparison of inner parameter calibration between

different calibration methods (pixeD
2 V- H bR SR KR E

Gl HEEIL RGPl Rl

fx 2497. 6854 2440. 6256 2522.2342 2466. 1197

Iy 2504, 5906 2442.6373 2522.1354 2466.5247

U 1241.7759 1221.9574 1213.842 1235.2191

) 1077. 4545 1079.9559 1013.828 1030. 8278

x2 ARAMEAENBENEBLTIRELS RXTLL
Tab. 2 Comparison of camera distortion calibration

between different calibration methods

o g T SRR
R TR T T
ki —0.060301—0.051277—0. 034562 —0. 035968
ks 0.460089 0.3459932 0.101430 0.126158

ks —0.8343001—0. 538747 0.197406 0.001115

p1(107")  65.85050 47.69324  6.43317 —2.00739

p2(107")  58.93635 —0.35388  4.50798 —9.06867
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Tab. 3 Comparison of outer parameter calibration

between different calibration methods
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t-/mm 98. 144878 97.5204735
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Tab.4 Measurement accuracy of vision system by

stereo calibration method

MR RERARMHE RERMER & SRR

o

i /m /mm /mm /A

1 2.0 0.019 0.075 152

2 2.5 0.011 0. 084 228

3 3.0 —0.003 0. 080 152

4 3.5 —0.012 0.118 228

5 4.0 —0.032 0.198 152
5 & #®
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