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3D coordinate measuring system based on laser tracking absolute
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Abstract: With today’s increase in large parts manufacturing and assembly requirements, the demand for
precision manufacturing and assembly of such products are constantly improved. High-precision
measurement and control has become an important factor restricting the development of high-ranking
manufacturing. A three-dimensional coordinate measurement system based on laser tracking and absolute
length measurement was developed. The system consisted of four absolute laser trackers and a host
computer. The ADM module in the absolute laser tracker provided the distance from the target point to
four basis points. And the three-dimensional coordinate value of the target point was calculated by the
multilateral method. The system overcame the shortcomings of the laser tracking interferometer and can
widen the application range of the measuring system. Simultaneously, in order to improve the accuracy of
the self-calibration algorithm, a distance-dependent residual model was proposed and studied. The

Y B #1.2018-03-07; f&iT H#A.2018-04-08

HETB . BEXK A RB 4 (51475328)

EE B A 50 (1975-), 5, R BZ W1 AR 0, 11 J2 3 S O KO v i i A0 ) e R R B o7 P R 48 0 R AN % 5 U7
T B AFFE . Email:wubin@tju.edu.cn

0806007-1


mailto:Email:wubin@tju.edu.cn

bk AR

% 8

www.irla.cn

% 47 %

feasibility and accuracy of the self-calibration algorithm were illustrated by experiments. After the

calibration of the system parameters was completed efficiently, the precision of the measurement system

was tested. The experimental results show that the system has a measurement error of less than +20 um

in a large space of 20 m and the measurement uncertainty is 12.3 wm. Compared with a single absolute

laser tracker system, the accuracy of the system has greatly improved. The system realizes on-line, high-

efficient and accurate three-dimensional coordinate measurement in the industry scene.
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Fig.2 Leica AT960 absolute laser tracker and the target sphere
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Fig.3 Self-calibration experiment
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Tab.1 Results of self-calibration experiment

Xo/mm Xs/mm Y,/mm X/ mm Y,/ mm Z,/mm

3748.4630 -257.9109 4021.0760 3235.0527 3119.9261 3120.2864
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Fig.5 Precision measuring experience
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Fig.6 Spatial distribution of the reference scale
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Tab.2 Results of precision measuring experience

Position Measuring point X/mm Y/mm Z/mm Measuring value/mm Error/pm

Point 1 -358.7059 10 841.3793 5189.577 2

1 . 800.014 1 -15.852 3
Point 2 247.198 10 543.257 8 5618.560 5
Point 1 -221.776 3 10 264.029 4 4 695.967 8

2 . 800.018 4 -11.606 1
Point 2 384.8235 9971.856 5128.056 7
Point 1 140.164 7 11747.259 3 6 886.307 4

3 . 800.043 3 13.2541
Point 2 -470.359 9 12 091.367 9 6500.408 2
Point 1 -30.574 13 484.0715 8688.2551

4 . 800.0359 5.9159
Point 2 -645.239 13 851.005 6 8331.038 4
Point 1 -3819.834 17 252.585 4 8196.0325

5 . 800.010 3 -19.678 8
Point 2 -4364.7613 17 372.2703 7622.668 5
Point 1 -5651.502 1 17 487.140 8 6109.3325

6 . 800.046 6 16.584 7
Point 2 -6108.564 9 17 424.116 7 5455.730 1
Point 1 -7280.5617 17 191.9157 3672.057 3

7 800.032 6 2.636 0
Point 2 -7 641.51 17 005.7353 2982.778 4
Point 1 -6063.958 8 15 408.704 3145.879

8 . 800.046 3 16.340 3
Point 2 -6448.108 3 15 260.799 2459.856 1
Point 1 -4635.4476 13192.9236 2409.1831

9 . 800.037 7 7.7312
Point 2 -4958.7758 12 963.754 9 1714.2004
Point 1 -3235.748 11 180.881 1865.087 5

10 . 800.0413 11.328 3
Point 2 -3625.1847 11031.9999 1182.2701
Point 1 -1718.726 9 9247.369 4 1569.623 5

11 . 800.045 6 15.58 7
Point 2 -2076.6139 9059.1825 879.279
Point 1 -3357.9712 14 624.743 5739.198 2

12 . 800.011 3 -18.7325
Point 2 -3758.5251 14 486.407 8 5060.642 4
Point 1 -1615.8442 12 208.686 9 5170.756 6

13 . 800.020 2 -9.8107
Point 2 -2060.1013 12 134.4237 4509.581 2
Point 1 -1164.043 12 535.682 2 6131.4498

14 . 800.0340 4.0474
Point 2 -1713.9196 12 653.429 1 5562.392 8
Point 1 -1070.376 8 11221.9121 4719.726 9

15 . 800.035 8 5.764 8
Point 2 -975.190 8 10 647.4142 4171.1387
Point 1 -2497.9506 14 206.657 7 6370.817

16 . 800.035 2 5.1850
Point 2 -2245.294 8 13569.722 3 5957.858 6
Point 1 -1586.3439 14 754.691 8171.7252

17 . 800.041 9 11.942 6
Point 2 -1474.364 2 14 171.4892 7635.6251
Point 1 229.7107 14 377.367 3 10 051.235

18 . 800.0415 11.507 5
Point 2 249.820 8 13 841.7895 9457.2498
Point 1 -4719.391 171249271 6882.3219

19 . 800.039 7 9.6778
Point 2 -4381.2018 16 473.209 5 6 564.586 6
Point 1 -3531.141 13872.716 7 4641.708 3

20 . 800.0410 11.0398
Point 2 -3162.995 13219.582 2 4362.5139
Point 1 -3702.2281 12 605.72 250.149 1

21 . 800.043 8 13.8174
Point 2 -3319.4702 11 960.263 6 2672.7459
Point 1 -4922.9913 16 438.976 5827.3579

22 . 800.036 9 6.8813
Point 2 -4558.713 15788.804 1 5536.4338
Point 1 1027.750 3 10 777.0755 6897.480 3

23 . 800.040 8 10.807 6
Point 2 917.853 3 10 336.453 7 6238.814 7
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