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Abstract: The accuracy evaluation methods for a laser tracker developed by ourselves are investigated
to solve the problem that the coordinate precision in a large-size space coordinate measuring system is
difficult to be evaluated. In consideration of the great impacts of environmental conditions, equipment
status, operator skills and other factors on measurement accuracy, this paper proposes a bundle ad-
justment method to evaluate the accuracy of the laser tracker under practical conditions. The Matlab is
used to simulate the accuracy evaluation, and results show that the bundle adjustment can generally
reflect the measurement accuracy of laser tracker measurement system . Furthermore, a practical ex-
periment is performed on a laser tracker made from Faro company, and results show that the measur-
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ing accuracies of horizontal angle o, and vertical angle oy are 1. 97" and 2. 61", respectively, and meas-
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uring accuracy op for the distance is 3. 75X 10 °. As compared with the instrument accuracy of the

Faro (oy=2.0",0y=2.0",6p=4 pm), It proves that using bundle adjustment to evaluate the perform-

ance of the laser tracker developed is feasibility and correctness. The method will be useful to broaden

application of laser tracker technology and to open a way to task-oriented uncertainty evaluation.
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Fig. 1 Calibration of space coordinate measuring accuracy using laser tracking measurement system
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Fig. 2 Flow chart of bundle adjustment precision testing
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Fig. 4 Coordinate transformation for two coordinate
systems
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Tab.1 Original measurement of station 1
B} T8 3

A2 v/ rad Hrad D) mm F2 FHEXNIE1WELSH

1 1.1071 0 0. 664 06 5 678. 900 Tab. 2 Stationing parameters of other

2 —0.463 65 —0.323 62 4 717. 000 stations relative to station 1

3 0. 785 40 0.259 20 5 852. 300 o R,/ R,/ R./ T,/ T,/ T./

4 0.78540  1.266 30 4 717.000 e iz G G e Gom

5 —2.356 20 —0.339 84 3 000. 000

6 0.83298  0.607 43 5 431.400 w1 3 80 1500 10 30

7 1.249 00  —0.306 28 3 316. 600 S=u 3 2 200 —10 —1200 —40

8 0. 404 89 0.256 81 3 937.000

25 U b 1 1 150 —1 300 —1 400 35

9 0.32175 —0.156 82 3 201. 600

10 —1.107 10 0. 841 07 3 354,100

11 —2.034 40 —0.323 62 2 358.500

x3 HMEBERE 4NN LEEE
Tab. 3 Experimental data of four stations after stationing
e 3 1 o W3 2
V/rad H/rad D/mm V/rad H/rad D/mm

1 1.107 10 0.664 05 5 678.900 1 —0. 147 77 0.693 17 5 371. 900

2 —0.463 66 —0.323 61 4 717.00 2 —2.103 50 —0.351 03 3 927.700

3 0. 785 40 0.259 20 5 852.400 3 —0.576 99 0.300 72 5 199. 700

4 0. 785 40 1.266 30 4 717.00 4 0. 266 54 1.329 00 4 563. 700

5 2.356 20 —0.174 99 2 872. 300 5 1.034 40 —0.203 50 3 641. 000

6 0.927 31 0.540 42 5 830. 900 6 —0.376 20 0.591 70 5 352. 800

7 1.325 80 —0.237 95 4 242,600 7 0.037 67 —0.273 22 4 124. 600

8 0. 358 77 0.337 68 4 527,700 8 —1.039 90 0.448 59 3 652. 000

9 0. 244 98 —0.120 67 4 153. 300 9 —1.205 10 —0.126 51 3 205. 800
10 —1.107 10 0.841 09 3 354. 100 10 3.127 80 0.900 46 3 172.900
11 —2.034 40 —0.323 61 2 358.500 11 2.425 10 —0. 297 56 2 944, 800

[ vk 3 R vk 4
V/rad H/rad D/mm V/rad H/rad D/mm

1 2.756 00 0.544 84 6 447, 600 1 —2.097 30 0.530 02 6 782. 800

2 1.276 90 —0.292 73 4 383.100 2 2.940 10 —0.271 83 5 325.100

3 2. 443 60 0.216 40 6 591. 800 3 —2.351 20 0.204 23 7 221.200

4 2.741 40 1.078 50 5 062. 800 4 —2.317 40 1. 005 70 5 285. 500

5 —2.591 70 —0.190 00 3 629. 300 5 —1.251 20 —0.189 65 3 207. 200

6 2.592 30 0.452 57 6 580. 400 6 —2.234 40 0. 430 80 7 056. 300

7 2.897 00 —0.230 21 5 190. 500 7 —1.955 90 —0.199 56 5 483. 700

8 2.113 00 0.316 34 4 970. 100 8 —2.671 90 0.264 04 5 778.900

9 1. 991 50 —0.094 22 4 504. 600 9 —2.763 40 —0.089 27 5 411.700
10 0. 780 38 1.122 10 2 910. 600 10 2.686 70 0.857 43 3 328.100
11 —0. 785 69 —0.453 72 1 576.100 11 1.584 00 —0.647 97 1 271. 300
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Tab. 4 Experimental data of four stations after stationing (mm)
B} W 1 } W 2
s X Y z s X Y z
1 —1771.171 —489. 892 1 777,409 1 —4 747.492 —472.048 1791.117
2 850. 707  —2 284.434 1 499. 441 2 —4 177.504 —3 598.211 1519.472
3 6 914. 450 1 023.432 1 031.068 3 2 439.486  —5 579.201 1 049.120
4 2 722.867 4 709.610 999. 317 4 2 108. 356 —7.270 1 005.572
5 1 166. 282 5 191.502 —745. 040 ) 1 353.568 1 433.928 —741. 267
6 3 004,491 4 017.256 —1 440. 975 6 1 812. 323 —699. 898 —1 432. 984
7 4 959,061 3 328. 327 —1 430. 462 7 2 698.465  —2 573.25 —1 419. 247
8 4 356.498 1 204. 875 —1 438. 272 8 765.833 —3639.601 —1 422,878
9 3433.480 —2113.988 —1 438.723 9 —2241.572 —5 319.593 —1 416.797
10 —1 515,381 336.570 15. 244 10 —3 982. 067 —75.951 27. 388
11 —853. 437 2 471.604 136. 230 11 —1 999. 301 956. 593 144. 266
:, W 3 :. W 1
s X Y z H X Y z

1 4 419.674 1 876. 600 1 660. 067 1 —1507.910 —5 481. 161 1629.059
2 2 133.063 4 081. 442 1 373.693 2 787. 205 —3 285.785 1 338.542
3 —4 400. 188 1 829. 089 956. 700 3 —1203.171 3 326. 757 845. 341
4 —883. 340 —2 505.638 946. 284 4 —5672.786 —16. 947 834,164
5 562. 455 —3 256. 202 —798.592 ) —6 467.195 —1 448. 437 —903. 066
6 —1057.121 —1797.524 —1499.610 6 —4 940.914 105.977 —1 607. 740
7 —2 869.072 —791.742 —1 489. 226 7 —3 864. 666 1876.994 —1 606. 230
8 —1 920. 369 1 201. 051 —1 519.183 8 —1 910. 558 850.454 —1612.578
9 —456. 037 4 318.965 —1 554. 235 9 1 147.408 —735.491 —1610.852
10 4 020. 990 1 088. 987 —93. 300 10 —2 266.605 —5 068. 287 —133.734
11 3 012.337 —904. 278 50. 161 11 —4 219.639 —3 980. 813 —14. 403
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19750y =2.61";0p=13. 75X 10 "(MIXFR%)., 5§ % &
Xﬂ‘ [3[.'413(%%1%}5@5/‘]%@2 :op = 2. ON; oy = 2. 67”; op —
4 pm, YIS B A & REREIFES RS AR IR YR 22 JF B, 38 ok Matlab 3144 %t
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