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Large-scale 3D coordinate measurement based on orthogonal

cylindrical imaging cameras

Liu Haiqing, Yang Linghui, Ren Yongjie, Zhu Jigui
(State Key Laboratory of Precision Measuring Technology & Instruments, Tianjin University, Tianjin 300072, China)

Abstract: A large-scale 3D coordinate measurement method based on orthogonal cylindrical imaging
cameras was proposed. The camera was consisted of one orthogonal cylindrical imaging system and two
orthogonal linear CCDs, which were used to detect the horizontal angle and vertical angle of a measurement
point, respectively. One camera determined two angles, therefore, the 3D coordinate of the measurement
point can be measured by the intersection of two cameras. The proposed method has prominent advantages
in precise coordinate measurement and especially in dynamic position-tracking. A flexible intrinsic
parameters calibration method was used to calibrate the orthogonal cylindrical imaging cameras. After
intrinsic parameters calibration, the average of angle measurement error in the horizontal and vertical
direction of the camera is 1.85" and 2.16", respectively. In addition, the extrinsic parameters calibration of
the two cameras is also introduced. After extrinsic parameters calibration, the coordinate measurement
accuracy of the system is better than 0.52 mm. The experimental results show that the proposed 3D
coordinate measurement method is valid with good measurement accuracy.
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Fig.1 Projection mapping diagram of the orthogonal cylindrical

imaging camera
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Fig.2 Schematic of the 3D coordinate measurement
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Fig.3 Schematic of intrinsic calibration
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Fig.4 Schematic of extrinsic calibration
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Fig.5 Experimental platform for intrinsic calibration
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Tab.1 Accuracy evaluation of coordinate

measurement
X, Y, Z
No. AXYZ
X, Y, Z,
764.39 2012.76 654.86
1 0.25
764.16 2012.71 654.78
128.97 2176.36 1278.54
2 0.20
128.85 2176.25 1278.42
—-789.35 2138.62 1165.77
3 0.33
—-789.07 2138.51 1165.64
689.52 2896.31 965.37
4 0.28
689.28 2 896.22 965.25
135.06 2769.37 845.72
5 0.17
135.22 2769.34 845.67
-815.72 2 908.56 687.53
6 0.27
-815.95 2908.47 687.42
721.96 3509.86 579.35
7 0.43
721.58 3 509.69 579.46
-159.63 3588.29 327.83
8 0.29
-159.84 3588.15 327.97
-795.23 3 608.63 109.64
9 0.52
—795.69 3 608.48 109.82
265.64 3482.58 —-243.86
10 0.32
265.36 3482.65 -243.72
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