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Optimization of calibration method for scanning
planar laser coordinate measurement system

LAO Da-bao, YANG Xue-you, ZHU Ji-gui, YE Sheng-hua

(State Key Laboratory of Precision Measuring Technology and
Instruments, Tianjin University, Tianjin 300072, China)

Abstract: On the basis of angle measurement by a rotating planar laser in the single station and inter-
section in the multi-station, a coordinate measuring system was introduced,and its calibration method
was optimized. With analyzing its features of special angle measurement and multi-sensor intersection
measurement, the principle of azimuth information measurement by the single station and the system
structure were described, then the calibration methods for structure parameters of single station and
system parameters were studied. According to the characteristics of a rotating shaft and a laser plane,
structure parameters were calibrated by theodolites through designed corresponding accessories, and
the system calibration was realized by determining the laser planes in the initial place by using a re-
ceiver, In order to perfect the calibration technology, the main error factors affecting the calibration
accuracy were analyzed, the calibration methods of structure parameters and the process of system cal-
ibration were modified. An integrative calibration method for the system was proposed. Experiments

show that the measuring accuracy of the system has reached 0.1 mm, which proves the calibration
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method is feasible, and can improve the calibration accuracy.

Key words: large-scale measurement; coordinate measurement; laser measuring method; calibration;
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Fig. 1 Structure of transmitter
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Fig.2 Scanning angles of laser plane
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Fig. 3 Coordinate system of transmitter
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Fig. 4 Calibration of rotating shaft
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Fig.5 Calibration of laser plane
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Fig. 6 Principle of intersection measurement
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Tab.1 Measurement results without improvement (Unit; mm)

. T OGN 7 R 58 Z AL PR
- X Y, Z, x y z Xi—x Y, —y Z —=z
1 2399.446 —1 874.115 —127.814 2 399.297 —1 873.873 —127.735 0.149 —0.242 —0.079
2 2 395.946 —1 875.563 —414. 355 2 395.498 —1 874.981 —414. 188 0.448 —0.582 —0.167
3 2 269.44 —3 184.878 —22.0404 2 268.87 —3184.917 —22. 144 0.57 0.039 0.103 6
4 2 268.157 —3 185.048 —352.678 2 267.647 —3 185.363 —352. 834 0.51 0.315 0. 156
5 319.721 —3 047.983 —26.428 319.413 —3 048.533 —26.628 0. 308 0.55 0.2
6 321.697 —3 048.823 —379.2 321.381 —3 049. 288 —379. 154 0. 316 0.465 —0.046
7 391.581 —1 744.557 —29.63 391.894 —1 744.292 —29.722 —0.313 —0.265 0.092
8 393.118 —1 742.713 —342.613 393.707 —1 742.46 —342.762 —0.589 —0.253 0. 149
9 1339.396 —2911.523 —402. 325 1339.461 —2 911.069 —402.446 —0.065 —0.454 0.121
10 1314.472 —3 065.412 —222.826 1 315.041 —3 065.469 —222.767 —0.569 0.057 —0.059
11 937.696 —3 076.889 —245.461 937.555 —3 076.437 —245. 667 0.141 —0.452 0. 206
12 921.384 —3 243.459 —496. 654 921.685 —3 243.961 —496. 464 —0. 301 0.502 —0.19
13 837.461 —3 312.328 —218.411 837.952 —3 312.263 —218.415 —0.491 —0.065 0.004
14 414.31 —2 822.678 —420.473 414,135 —2 822.188 —420.414 0.175 —0.49 —0.059
15 355.399 —3 228.808 —221.979 355.007 —3 229.321 —222.007 0.392 0.513 0.028
16 311.478 —2 358.992 —449. 528 310.891 —2 359.542 —449. 386 0. 587 0.55 —0.142
17 1039.799 —3164.784 —463. 372 1 039.669 —3 164. 346 —463.528 0.13 —0.438 0. 156
18 1318.04 —3 156.824 —311.673 1318.106 —3 157.02 —311.82 —0.066 0.196 0. 147

RRRZE —0.589 —0.582 0. 206
R 22 (4 X0 () ¥ 0.34 0.357 111 0.116 944
e 2 AR 22 0.389 465 0.409 932 0.130 087
F2 HHEFENELLWNER
Tab.2 Measurement results after improvement (Unit: mm)

o IO OB R R G LR Y [Tee
S X, Y, Z, x v 2z Xo—x Y.~y Z,—z2
1 2399.209 —1 873.81 —127.756 2 399.297 —1 873.873 —127.735 —0.088 0.068 —0.021
2 2395.39 —1 874.96 —414.123 2 395.498 —1 874.981 —414.188 —0.108 0.023 0. 065
3 2 268.753 —3184.85 —22.126 2 268.87 —3184.917 —22.144 —0.117 0. 069 0.018
4 2 267,757 —3 185.4 —352.78 2 267.647 —3 185.363 —352.834 0.11 —0.04 0. 054
5 319.335 —3 048.64 —26.63 319.413 —3 048.533 —26.628 —0.078 —0.109 —0.002
6 321.351 —3 049.37 —379.176 321.381 —3 049. 288 —379.154 —0.03 —0.083 —0.022
7 391.986 —1 744.28 —29. 744 391.894 —1 744. 292 —29.722 0.092 0.01 —0.022
8 393.828 —1 742.51 —342.711 393.707 —1 742.46 —342.762 0.121 —0.05 0.051
9 1339.347 —2911.23 —402. 369 1339.461 —2 911.069 —402.446 —0.114 —0.164 0.077
10 1314.938 —3 065.61 —222.726 1 315.041 —3 065.469 —222.767 —0.103 —0. 145 0.041
11 937.49 —3076.53 —245. 649 937.555 —3 076.437 —245.667 —0.065 —0.095 0.018
12 921.78 —3 244.06 —496. 498 921.685 —3 243.961 —496. 464 0.095 —0.096 —0.034
13 838.057 —3 312.42 —218. 401 837.952 —3 312.263 —218.415 0.105 —0.154 0.014
14 414.095 —2 822.09 —420. 386 414,135 —2 822.188 —420.414 —0.04 0.096 0.028
15 355.105 —3 229. 46 —222.022 355.007 —3 229.321 —222.007 0.098 —0.141 —0.015
16 310.904 —2 359.38 —449, 43 310.891 —2 359.542 —449. 386 0.013 0.162 —0.044
17 1 039. 704 —3164.2 —463.58 1 039.669 —3 164. 346 —463. 528 0. 035 0.145 —0.052
18 1 318.132 —3156.91 —311. 814 1318.106 —3157.02 —311.82 0.026 0.108 0.006

ISP 0.121 —0.164 0.077
R 25 (LD 0.079 889 0.097 666 67 0.032 444
BRIEFRUEFE 0.089 545 0.109 028 0.038 37
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