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Coordinate measurement based on attitude angle sensor and

rotating rangefinder
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(1. School of Mechanical Science & Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: In order to realize the coordinate measurement of hidden parts in the large —scale space, a
combined non-contact measurement system which combined attitude angle sensor, angle encoder, laser
rangefinder and total station, was proposed. A mathematical model of the measurement system was
established. The calibration target was designed and the measurement system was calibrated. For the
measurement system, a calibration method based on the weighted least squares was proposed and the
weight value was determined according to the spatial distribution of the control points. The precision of
the combined system was verified by comparing the error of the same test point between the spatial
coordinate measured directly by the total station and that of measured indirectly by the combined system.
Experimental results show that the measurement system could expand the scale and achieve reliable
precision during combined measurement and the measurement error of the weighted least squares method
is smaller than that of the general least square method.
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Fig.1 Schematic diagram of measurement system
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Fig.3 Sketch map of measurement system calibration
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Tab.1 Spatial coordinate and deviations calculated by the weighted least square method and by the

unweighted least square method (Units: m)

Calculated by the weighted least

Calculated by the unweighted least

Measured by total station directly square method square method Deviation
X, Y % X Vin Zm X' Vo' Zn' A, Ay’

2.9886 -1.1492 1.2346 2.988 4 -1.1494 1.2341 2.988 4 -1.1497 1.2340 0.000 6 0.000 8
3.424 6 1.5392 1.404 3 3.4255 1.5381 1.4059 3.4230 1.5378 1.404 1 0.001 5 0.002 4
5. 6091 -1.4173 0.6720 5.6076 -1.4185 0.6728 5.607 8 -1.4197 0.674 2 0.002 1 0.003 5
11.1054 -2.8474  -0.5769 11.1037  -2.8461 -0.5789 11.1038  -2.8451 -0.5779 0.0029 0.003 0
8.7928 2.2575 —-0.3211 8.794 2 2.258 6 -1.3222 8.794 5 2.256 4 -1.3230 0.002 1 0.002 8
7.466 6 -2.3409 0.244 3 7.4679 -2.343 3 0.244 2 7.4650 -2.344 5 0.2451 0.002 7 0.004.0
18.303 3 -1.8047 -0.1561 18.301 1 -1.8059 -2.1540 18.300 2 -1.8065 -2.1538 0.003 3 0.004 3
15.096 6 -0.9450 -0.8736 15.0974  -0.9430 -0.8746 15.098 3 -0.9430 -0.8754 0.003 1 0.004 0
6.7673 4.408 8 2.5029 6.767 8 4.4105 2.503 7 6.768 5 4.4108 2.503 7 0.0019 0.002 5
4.969 2 -3.1407 2.943 2 4.967 3 -3.1415 2.943 6 4.967 4 -3.1398 2.941 3 0.002 1 0.002 8

The deviation: A=V (x,—x)*+(z,—2)*+(z.,—2)* ,
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