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Multilateral laser tracking system self-calibration method

based on spherical center fitting

He Jun, Zhang Fumin, Zhang Huadi, Qu Xinghua
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: With the increase of precision requirements for manufacturing, processing and assembly of large scale
workpieces and equipment, high precision measurement system is needed to measure the machining and
assembling process of workpiece. Multilateral laser tracking 3D coordinate measuring system measures the
distance data to solve the space point coordinates which can avoid the error caused by the angle measurement of
laser tracker. Based on non-target self-calibration model, a spherical center fitting-self-calibration method for
multilateral laser tracking 3D coordinate measuring system was constructed in this paper. By mounting an fixture
to the laser tracker and moving station, a four station laser tracking 3D coordinate measuring system can be
constructed. In addition, a three station system was also constructed. The experimental results show that the error
of distance between the two ends of the scale bar with nominal length 1000.943 mm measured by three-station
system is reduced from 110 pum to 28 um at the distance of 20 m, and the distance error between the two ends of
the scale bar with nominal length of 969.045 mm measured by four-station system is reduced from 67 pm to 21 pm

at the distance of 7.5 m. Compared with single-tracker measurement, the precision is improved, the number of
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station and the cost for the system are reduced compared with traditional multilateral measurement system. The

system can realize high precision for 3D coordinate measurement in industrial field.

Key words: multilateral,  laser tracker;
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Fig.1 Self-calibrated layout of four-station
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Fig.2 Design drawing and physical drawing of the fixture
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Fig.5 Schematic of self-calibration and fixture connection
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Tab.1 Spherical center fitting data and result

Position Position 1 Position 2 Position 3
Number of points 1 000 1000 1000
Common difference/mm 0.020 0.020 0.020
Number of effective point 646 617 469
X Y A X Y A X Y A
Spherical center coordinate/mm
-2212.401 -952.396 -29.726 -3132.017 -1866.354 -33.046 —4084.727 —-4692.426 -151.759
Radius/mm 134.669 134.662 134.526

42 MEHBEWIE
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25 1] i — K A bR o TR s 8 00 A I SR 56 iE
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Fig.6 Spherical center fitting
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*T“ﬁ]{ﬁjj 62.75 wm, ifi Hﬂ §ijlffﬁﬁﬁﬁ=§ﬂ E‘J*/TT?ERK Fig.7 Scale bar to be measured
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Tab.2 Comparison of scale bar length measured by four-station multilateral method and single station

Point 1 Point 2 Absolute value of
Length /mm difference/um
X/mm Y/mm Z/mm X/mm Y/mm Z/mm H

Original point tracker ~ —15546.039 —15248.192 -649.910 -14824.764 -15942.233  —659.255 1 001.008 65
Moving station tracker 1 17 834.335 —7998.228 —672.218 18258.769 —7091.881 —664.588 1 000.833 110
Moving station tracker 2 —1 628.084 18 162.704 -1 013.202 —633.001 -18269.683 —1029.440 1 000.949 6
Moving station tracker 3 -9 217.2173 12 558.486 —580.287 —-8375.950 —13100.796 —594.329 1001.013 70
Multilateral 20 315.755 7843.199 -586.987 19928.030 8764.959 —630.0941 1000.915 28
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Tab.3 Comparison of scale bar length measured by three-station multilateral method and single station

Point 1 Point 2 Length/mm Absolute value of
X/mm Y/mm Z/mm X/mm Y/mm Z/mm difference/um
Original point tracker 4 869.88 5909.79 45191 5284.89 5034.15 -439.30 969.164 119
Moving station tracker 1 4 869.82 5909.84  —452.02 5284.76 5034.17  —439.39 969.095 50
Moving station tracker 2 4869.77 5909.93 —452.01 5284.81 5034.32 -439.41 969.076 31
Multilateral 5507.68 -532449  -400.97 4601.88 -5668.67 -393.14 969.024 21
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