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A Novel Method for Camera Calibration with Orthogonal
Vanishing Points

Lu Jin Sun Huibin Chang Zhiyong
(Key Laboratory of Contemporary Design and Integrated Manufacturing Technology ,
Ministry of Education , Northwestern Polytechnical University, Xi'an ., Shaanxi 710072, China)

Abstract A novel camera calibrating method based on orthogonal vanishing points is proposed after analyzing camera
model, calibration of single and stereo vision systems and geometrical characteristics of the vanishing point. Only one
camera photographing at least three checkerboard patterns in different orientations is required. The pinhole and the
first two terms of radial distortion model is introduced. The presented method mainly contains the computation and
optimization of vanishing points, a linear calibration of intrinsic parameters, the improved Tsai's two-steps for
extrinsic parameters and a nonlinear global refinement. Experimental result demonstrates that the proposed algorithm
is fast and accurate. After global optimization, the re-projective mean pixel error is 0. 0043 pixel and the time
consumption is 1.7911260 s. This novel method can be widely applied in fields including the computer vision
research, the industry three-dimensional measurement and reconstruction and road mapping.
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Fig. 2 Regular vanishing points’ models. (a) Two perpendicular parallel lines; (b) non-parallel rectangles; (¢) square;

(d) cylinder; (e) cuboid or cube; (f) degradation model
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Fig. 3 Proposed model of vanishing points
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Table 1 Comparation of camera intrinsic parameters

f./pixel f/pixel u, / pixel v, /pixel by /mm? k,/mm™?

OpenCV 656. 39200 657. 86400 302. 92200 239. 96100 —0. 25826 0.13821

Matlab 657.00166 657.57021 302. 42622 240. 24340 —0. 25499 0.12748

Proposed 662. 23865 665. 29397 326. 89683 257. 36306 0.01390 —0. 00552
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Table 2 Comparation of camera intrinsic parameters

f /mm f./pixel fy/pixel u, / pixel v, / pixel ky/mm”° ky/mm? Time /s
Matlab 6.2968 839. 57597 839. 89213 303. 66632 209. 00885 —0.2066978 0.3207820 —
Zhang's 6.2437 832. 49969 832.52953 303. 95890 206. 58553 —0.2286013 0.1903550 0.547666
Tsai's 5.5635 - — 320. 00000 240. 00000 0.0065626 - 3.669155
Proposed 6.2131 828. 41129 828. 01389 304. 46428 222.32924 0.0035854—0. 0011940 0. 929537
£ 3 IREL
Table 3 Calibration results
f /mm f./pixel f,/pixel u, /pixel v, /pixel ki /mm ky/mm ° Time /s
OpenCV 12.1740  2174.45300 2173.41700 350.01300 175.58100 —0.07316400 0. 00208800 -
Matlab 12.1390 2168.13806 2167.21766 339.79140 180.08225 —0.07558764 —0.03442972 —
Zhang's 12,1548  2171.74357 2169. 25643 340.10386 183.29413 —0.43951284 0.06491250 10. 844398
Tsai's 12.1429 — - 320. 00000 240. 00000 0.00038634 - 14. 457258
Proposed  12.1224  2165.89221 2163.53731 343.65957 181.36112 0.00179004 —0.00084267 1.7911260
# 4 PUALHTE BRI S5
Table 4 Parameters of camera before and after optimization
f /mm f./pixel f,/pixel u, /pixel v, / pixel ky/mm ’ k,/mm °
12.1224 2165. 89223 2163. 53729 343. 65935 181. 36079 — —
R-vector T /mm
Imagel [—1.8377 —1.9138 1.2563] [ —4.6145 —5.4353 477,5372]"
Before Image?2 [—1.6929 —1.6986 1.3870] [ 1.0133 —4.0364 479.6290]"
optimization Image3 [ 1.6152 1.5929 0.08137] [—48.6377 —10.4835 447.4711]"
Imaged [ 1.7126 1.4562 0.12517] [ —64.4677 —6.5078 437.3429]"
Imageb [—1.6469 —1.8817 1.3571] [ 11.8542 —6.1423 475.7068]"
Image6 [—1.5779 —1.7107 1.44077] [ 12.6334 —4.7520 478.0434]"
Image7 [ 1.3893 1.3992 0.3245] [ —48.5277 —12.7240 440.28427]"
f /mm f./pixel f,/pixel u, /pixel v, / pixel ky/mm ’ k,/mm °
12.1224 2165. 89221 2163. 53731 343. 65957 181.36112 0.00179004 —0.00084267
R-vector T /mm E, Ouo
Imagel [—1.8372 —1.9127 1.2608] [ —4.6133 —5.4361 477.5369]" 0.0033 0.0384
After Image?2 [—1.6939 —1.6981 1.3915] [ 1. 0156 —4.0375 479.6289]" 0.0036 0.0412
optimization Image3 [ 1.6119 1.5899 0.0802] [—48.6673 —10.4954 447.4675]" 0.0038 0.0431
Imaged [ 1.7069 1.4506 0.1330] [—64.5932 —6.5340 437.3239]" 0.0040 0.0456
Imageb [—1.6454 —1.8802 1.3581] [ 11.8545 —6.1420 475.7068]" 0.0059 0.0674
Image6 [—1.5776 —1.7101 1.4418] [ 12.6328 —4.7535 478.0427]" 0.0048 0.0547
Image7 [ 1.3885 1.3990 0.3226] [—48.5406 —12.7263 440.2820]" 0.0049 0.0568
Pixel error 0.0043 0.0496
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