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Abstract; The coordinate transformation algorithm of a laser tracker was investigated to solve the
problem that random measurement error from the coefficient matrix of classical least square algorithm
influences on transformation precision. The linear Errors-in-Variables (EIV ) model and Weighted
Total Least Square (WTLS) were put forward and the form of indirect adjustment was used to solve
the parameters of coordinate transformation in iteration. Simulation experiments using Matlab and
practical experiments with API laser tracker were performed. The simulation results indicate that the
average value and the standard deviation of mean square error of unit weight of WTLS are 4/5 and 1/5
times of those of traditional Weighted Least Square (WLS) respectively. The results of practical
experiments show that mean square errors of unit weight of WTLS and WLS are 2. 003 5 mm and
2.225 3 mm, respectively. These results verify that the WTLS achieves higher transformation
precision and better stability than those of the WLS. Meanwhile, this method can provide the

foundation for establishment of laser tracker measuring networks and optimization of network
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arrangement.

Key words: laser tracker; Weight Total Least Square (WTLS); Error-in-Variable CEIV) model;

transformation precision; iterative algorithm
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Fig. 2 Station transformation of laser tracker
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Fig. 3 Flow chart of iterative solution to WTLS
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Tab.1 Coordinates of measuring points at station A and B (mm)
S A B A AR AR vhiL B A A AR AR
hce s
X Y Z X’ Y’ A
P, —835.609 6 —4 201. 305 8 1 448.409 0 P! 4 040,404 6 —6 225.070 0 1410.373 4
P, 7.888 2 —4 188.491 0 3 184.878 7 P 4 639.077 6 —5 635.701 8 3 148.537 3
P; 334.834 6 —4 123.669 8 —405. 864 1 P; 4 822.230 8 —5 344,958 6 —441.232 3
P, —3695.454 8 2071.2475 —2410.793 6 P, —2389.428 3 —3704.765 1 —2426.605 4
P —1793.151 3 —877.594 8 —1839.0218 P; 1 031.169 3 —4 495,036 2 —1 864.169 8
Py  —2697.080 3 —4 147.599 0 —4 234.622 3 P; 2 658.952 7 —7 458.523 4 —4276.011 4
MEANRRFS J5 , BG4 AL B B = B9 28 4R T 3
F2 HEMIREF,HA AB RN SNLRFENE
Tab. 2 Average of coordinates of measuring points with noise at station A and B (mm)

it g P 3 5 A T A R T 2

MM P S R B A 84

5 T
nX nY nzZ nX' nY nZ'
P, —835.485 0 —4 201.584 6 1 448.586 6 P! 4 040,174 2 —6 224.998 5 1410.472 9
P, 8.376 9 —4 188.638 1 3 185.136 9 P, 4 639.618 9 —5635.558 2 3 149. 300 5
P; 334.892 3 —4 123,447 5 —405.858 0 P} 4 822.612 6 —5 345.106 9 —441.200 7
P, —3695.733 2 2071.411 2 —2410.9217 P, —2389.1854 —3704.2450 —2425.9327
Ps  —1792.684 0 —877.272 2 —1839.443 1 P; 1 031.257 2 —4 495,588 1 —1 863.8116
P —2697.219 1 —4 147.869 2 —4 235.036 1 P§ 2 658.505 1 —7459.004 1 —4 275.345 8
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Tab.3 Results of WTLS and WLS (mm)
AL A BN R A AR A v A FguiiR s

HE FS T
nX’ nY’ nZ' XX’ onYY' onz7'
WTLS P 4040.4379  —6225.046 2 1410.8950 PP} 0.263 7 —0.047 7 0.422 0
P, 4639.4432  —5635.316 5 3148.9172 PPy  —0.1757 0.2417 —0.3833
P; 4822.4035  —5345.6612 —441.0362 PPy  —0.209 1 —0.554 3 0.164 6
P, —2389.6335 —3704.4754 —2425.8401 PP, —0.4481 —0.230 3 0.092 6
P; 1031.493 7  —4494,.8022 —1864.0139  PP; 0.236 5 0.785 9 —0.202 3
P; 2 658.5750  —7459.166 6 —4 275.5223 PP 0.069 9 —0.162 5 —0.176 5
WLS P 4040.3437  —6224.886 0 1410.9237 PP, 0.169 6 0.112 5 0.450 8
P, 4639.3615 —5635.1597 3148.9399 PP,  —0.257 4 0.398 5 —0.360 6
P; 4822.3114  —5345.614 1 —440.9875 PP,  —0.3012 —0.507 2 0.213 2
P, —2389.6201 —3704.3691 —2425.8714 PP, —0.4347 —0.124 1 0.061 4
P; 1031.4553  —4494,7328 —1864.004 6  PP; 0.198 1 0.855 3 —0.193 0
Ps 2 658.448 0  —7459.047 2 —4 275,468 5 PPy —0.057 1 —0.043 1 —0.122 7

F4 WTLSHF WLS AR ERHMNERSH
Tab. 4 Parameters of coordinate transformation solved by WTLS and WLS
WTLS WLS

S 0.717 218 —0.697 025 0.001 610 0.717 224 —0.697 003 0.001 614
0.696 698 0.716 835 —0.004 300 0.696 642 0.716 817 —0. 004 275
0.001 776 0.004 410 0.999 952 0.001 783 0. 004 400 0.999 945
T 1708.720229 —2624.893 784  —17.606 492 1.708.720 229  —2 624,893 784  —17.606 492
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Average value and standard deviation of mean

Tab. 5

square error of unit weight in WTLS and WLS

(mm)
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Fig. 4  Statistical results of mean square error of unit

weight in WTLS and WLS
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Tab. 6 Optimum estimated value of coordinates of measuring points at station A and B (mm)
i A B A A whi s B S AR bR

s Fps

X Y Z X’ Y’ 7
P, 538.028 4 584.885 8 —1172.901 4 P! —2067.908 1 2 167.163 5 —1153.318 2
P, —1122.6199 2 041.834 8 —302.271 8 P} —4 256.060 4 1 881.749 3 —276.415 2
Py —2558.044 6 598.091 4 —305.877 7 P; —4 120. 360 0 —149.625 0 —282.904 1
P, —1312.2329 193.724 8 —1170.075 6 P, —2996.453 7 519.645 0 —1149.710 6
P'; —206.225 2 —503.660 9 —1174.272°7 P —1742.305 9 889. 346 2 —1 157.228 4
P's —1519.7416 —1097.189 5 —1178.199 7 P; —2164.374 6 —488.859 0 —1161.5517

Rx7 WTLSH WLS A AR RHWERSH

Tab. 7 Parameters of coordinate transformation solved by WTLS and WLS

WTLS WLS
S 0. 660 567 —0.75 0762 0.003 032 0. 660 568 —0.750 761 0.003 032
0.750 772 0. 660 565 —0.001 224 0.750 770 0.660 564 —0.001 225
—0.001 073 0.003 060 1.000 038 —0.001 075 0.003 059 1. 000 038
T —1 980. 645 926 1 375.437 303 18.413 751 —1 980. 645 926 1375.437 303 18.413 751

K8 WTLSH WLS B AEHNMELER

Tab. 8 Results of WTLS and WLS (mm)
ulir AR e 3 s A bR A vhifn A fg kiR 2
Hik rs 75
nX' nyY’ nZ' XX’ oYY’ onz7'
WTLS Pi —2067.9081 2167.1649  —1153.3194 PP, 0.000 0 0.001 4 —0.001 1
P, —4256.0608 1881.740 2 —276.417 6 PP,  —0.000 4 —0.009 0 —0.002 4
Py —4120.3588 —149.617 7 —282.901 7 PP} 0.001 3 0.007 4 0.002 4
Py —2996.453 0 519.650 4  —1149.7058 PP, 0. 000 6 0. 005 4 0.004 8
P;  —1742.302 4 889.346 5  —1157.2232 PP} 0.003 5 0.000 3 0. 005 2
P;  —2164.3816 —488.8638 —1161.5577 PP,  —0.007 1 —0.004 8 —0.006 0
WLS PI —2067.9076 2167.1644 —1153.3210 PP| 0.000 5 0.000 9 —0.002 8
P, —4256.0598 1881.740 4 —276.418 0 PP, 0. 000 5 —0.008 8 —0.002 8
P,  —4120.3606 —149.614 5 —282.897 5 PP,  —0.000 6 0.010 5 0.006 6
Py —2996.454 6 519.652 6  —1149.7034 PP,  —0.0010 0.007 6 0.007 2
P; —1742.303 7 889.347 6 —1157.2220 PP; 0.002 2 0.001 5 0. 006 4

P; —2164.384 7  —488.860 5 —1161.5532 PP —0.010 2 —0.001 4 —0.001 5
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