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Camera Internal-Parameters Calibration Based on the Construction of

Initial Measurement Network

Yu Zhijing Pan Xiao
(Department of Aviation Automation , Civil Aviation University of China , Tianjin 300300, China)

Abstract The camera internal parameters calibration method based on building the initial measurement of the
network is put forward. The lack of direction depth of the plane target, as well as the constraints in three-
dimensional target space, is solved effectively. In accordance with the principle of measurement network, after the
imaging of the target board, the initial measurement network is established. After resection for solving the exterior
orientation, forward intersection for the spatial coordinates of encoded points attached on the target board, the
camera parameters are solved by the iterative optimization finally. And then, the internal parameters are used for
solving the space coordinates. The experimental results show that an average error of building the initial network
value of 0. 0794 is superior to values of — 0. 2443 and — 0. 1916 of planar-taget and three-dimensional-taget
calibration. Besides, the calibration time is significantly less than the virtual three-dimensional calibration. This
method has the advantages of fast, accurate and efficient, can meet the requirements of the current large-scale vision
measurement in the internal parameters calibration on site.
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Fig. 2 Influence of the camera intersection angles on measurement results. Intersection angle is (a) too small;

(b) moderate; (c) too large
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Fig. 4 Construction diagram of initial measurement network. (a) Spatial distribution of the camera base stations;

(b) spatial orientation of the target board and camera
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Table 1 Exterior orientation parameters of the 15 base stations

Station 1D x /mm y /mm z /mm Azimuth /(°) Elevation /(°) Roll /()
1 —606. 069 —46.616 143. 168 —35.99 —5.99 —135. 20
4 —97.742 —402. 061 352. 279 1. 37 —18. 05 40.13
7 143. 454 —405. 158 —203. 877 —0.01 12.85 73.24
10 13. 803 —368. 494 —482.779 —0.98 25.07 —40.78
13 —367. 816 —143. 047 —780. 533 —24.17 36. 90 4.48
16 —720. 683 —25.562 —667.199 —46. 81 30.53 —135.53
19 —874.294 —330. 185 581. 101 —45. 65 —27.95 140. 95
22 —299. 755 —492.723 489. 850 —9.30 —22.38 151. 28
25 —145. 358 —517. 322 —490. 143 —1.69 26.41 48. 87
28 —495. 797 —363.092 —749.023 —23.09 39. 56 —92.91
31 —1019.778 —181. 990 49. 860 —54. 09 —10. 05 —122.83
34 —532.202 180. 243 53.395 —39. 32 —3.07 141.73
37 0. 000 —0.000 0. 000 —0.00 0. 00 —0.00
40 —527. 444 264. 483 —215.692 —43.05 16. 38 —382. 64
43 —483. 153 142.723 —16. 152 —40. 29 —2.80 132. 86
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Table 2 Technical parameters of NIKON D3 camera

Item Data
Camera model Nikon D3
Number of pixels 4256 X 2832
Size of CCD /mm 8.45X8. 45
Lens model Nikkor 24 mm/F1. 8
Focal length /mm 24
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Table 3 Comparation of building measurement network method with other methods

Internal parameters Planar calibration

Three-dimensional

Calibration based

Virtual three-dimensional ; L.
on construction of initial

calibration calibration measurement network
f /mm 24. 656000 24.532000 24.463000 24.464000
x,/mm 0.235100 0.179100 0.201600 0.202000
y,/mm —0.024900 —0. 023700 —0.006700 —0.001000
ky 1.598537X10"" 1.587010X 10" 1.559070X10"" 1.559000 X 10"
ky —2.258062X10" 7 —2.123185X 107 —2.128120X10° 7 —2.130000X 10"
ks 0. 000000 0. 000000 —6.862580>X10 " —6.881000X 10"
2 —1.181171X10° 1.214309X10 ¢ —1.896550 X107 1.907000X10°
P 6.831778X10°° —8.042698X10"° —1.422120X10°° —1.408000X10"°
by 0. 000000 0. 000000 —1.275600X10"" —1.278000X10 "
b, 0. 000000 0. 000000 2.041310X 107" 1. 992000 X 107"
t/s 352 468 800 300
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Table 4 Contrast of measurement results

Calibration
Three- Virtual three- based on
construction
of initial

Encoding Planar o ) ) o ) ) o o
Deviation /mm dimensional Deviation /mm dimensional Deviation /mm Deviation /mm

point group  calibration

calibration calibration network of
measurement
188-196 679. 6827 —0.3173 679. 6579 —0. 3421 679. 8655 —0. 1345 679. 9334 —0. 0666
101-109 679.7696 —0. 2304 679.7797 —0. 2203 679. 9164 —0. 0836 680. 0566 0.0566
118-110 679. 7852 —0.2148 679.8171 —0.1829 680. 0591 0.0591 680. 0851 0.0851
119-127 679. 8018 —0.1982 679. 8500 —0. 1500 680. 0811 0.0811 680. 1069 0.1069
136-128 679. 7587 —0.2413 679.8022 —0.1978 679. 9055 —0.0945 680. 0832 0.0832
152-144 679.7992 —0.2008 679. 8651 —0.1349 679.9016 —0.0984 680. 1539 0.1539
153-160 679. 7427 —0. 2573 679. 8330 —0.1670 680. 0544 0.0544 680. 1053 0.1053
169-161 679. 7355 —0. 2645 679.9101 —0.0899 680. 0164 0.0164 680. 1439 0.1439
170-178 679. 7259 —0.2741 679. 7601 —0.2399 679. 8932 —0.1068 680. 0466 0. 0466
Average mean value
—0.2443 —0.1916 —0.0341 0.0794

of deviation /mm
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