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Abstract Attention is focused on fully automatic camera calibration, and a calibration method based on three-
dimensional (3D) reference points is proposed. This method acquires camera parameters through three steps:
automatic recognition, automatic matching and high-precision calculation, which only needs the coordinates of 3D
points and the image. The method of calibration and the focal length coherence automatic matching algorithm are put
forward under the condition of knowing the coordinates of camera center and the orientation of camera optical axis,
respectively; and the minimal residual automatic matching algorithm is proposed using computation residual and
reprojection residual as criterion, when there is no prior information. Numerical simulation and physical experimental
results show the speediness, correctness and high precision of our automatic matching algorithms and fully automatic
calibration model.

Key words measurement; machine vision; fully automatic calibration; minimal residual automatic matching; focal
length coherence automatic matching; videometrics
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Fig.1 Camera imaging model
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Fig. 3 Simulation results of focal length coherence automatic matching algorithm when the coordinates of camera center are
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Table 1 Simulation results of camera parameters

Principal Equivalent Euler angle Translation Coefficients Relative
Number of
) point focal length vector vector of aberration error
control points — - - o
(C,.C,) /pixel F /pixel (asBy) /() (tostyst.) /m (ky sky k) E/%
8.5581, 0.9767, 0.01568.,
323.0627,
6 798.9121 —5. 7364, —1. 4875, 0.01208, 0.4094
238.1736
—177.5599 4.2911 0.009477
8.3659, 0.9981, 0.01394.,
321.6745,
10 800. 9540 —5. 8497, —1.5005, 0.009876, 0.2273
240. 7553
—177.5602 4,3054 0.01033
8.5295, 0.9965, 0.01275,
320. 8940,
14 800. 5578 —5. 8717, —1.4938. 0.01026, 0.1419
239.2530
—177.5619 4.3021 0.009716
8.3935, 0.9972, 0.01105,
320. 0648,
20 800. 0206 —5. 8938, —1.5014. 0.009981, 0.0629
240.0720
—177.5937 4.3009 0.01025
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Table 2 Coordinates of 3D reference points and their images
Number of
0 1 2 3 4 5 6 7 8
reference point

X /m 6. 384 6. 365 6.391 6.372 6.663 6.656 6.674 6.667 6.667
Y /m 0. 250 —0.030 0.259 —0.018 0.166 0.015 0.170 0.019 0. 086
Z /m 1. 806 1. 796 1.557 1.543 1. 753 1. 748 1. 628 1. 627 1. 690
u /pixel 230. 258 681. 638 185.491 638.229 280.471 516. 605 259. 455 497. 440 399. 031
v /pixel 191. 282 249,753 582.213 645. 500 415,962 446. 264 606. 901 631. 305 526. 161
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Fig. 7 Image for calibration
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Table 3 Results of camera calibration

Calibration parameters

Calibration results

Principal point (C,,C,) /pixel
Equivalent focal length F /pixel

Euler angle vector of rotation matrix of the camera’s exterior parameters (a,f3,) /(*)

. / .
Translation vector of the camera's exterior parameters (¢, ,¢,,¢.) /m

.. / .
Position of the camera's optical center (¢, ,c,sc.) /m

Root mean square of reprojection errors (du, dv) /pixel

(511.5198, 511.4566)
10570. 3938
(100. 8953, 3.3596, 73.4350)
(1.1712, —0.1603, —0.03105)
(0.2935, 1.1255, —0.2132)
(0. 000218, 0.000245)
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