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Abstract
large complex shapes, a combination measurement scheme is proposed, which is characterized by global control means

To eliminate the contradiction between global measurement and local precision control in 3D digitizing of

with large space measuring device, and acquiring detail data with terminal close device, as well as global calibration
of the system and data fusion of multi-views. In order to calibrate the global measurement control net, observations
are performed at a number of sites to acquire redundant data. They are then fed into an optimization algorithm to
precisely position the net. In order to uniquely define the measurement foundation during the whole measuring process,
a global measurement coordinate system as well as the physical relation to the control network is setup. By means of
fixing a number of observing target points on the scanner, a base coordinate system is built for detecting the pose and
orientation of the scanner with the laser tracker. Moreover, a coordinate mapping model of the scanner is established,
and its high precision calibration is carried out based on measurement adjustment optimization technology. During the
measurement, multi-view shape data detail is obtained through moving the scanner, meanwhile the laser tracker performs
on-time positioning and posture detecting of the scanner at each site. Combined with observation of the control net,
global calibration of data of each local view and data fusion of them are achieved. Experimental results show that the
combination measurement and calibration method proposed can effectively expand the measurement space and control
the global measurement error. In addition, it avoids interfering with the measurement, due to the fact that additional

calibration equipment and operation are no longer needed.
Key words Combination measurement, measurement control net, adjustment optimization, calibration, multi-view data
fusion
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Fig.1 Measurement principle of the combination system
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Table 1 Adjustment optimization data and correction data of global control points (mm)

BbRY (Xi. Y5, Z:) (AX;,AY;,AZ;) (X2,Y7,Z9)
1 (12252.98, 322.26, 4 504.09) (0.0486, —0.0426, —0.0299) (1076.31,16 337.32, 2945.28)
2 (8945.73, 9267.59, 2873.47) (0.0965, —0.0399, 0.0369) (—3016, 8188.10, —289.44)
3 (965.34, 12538.02, 4 226.69) (—0.0569, 0.0989, —0.0696 (0, 0, 0)
4 (—8322.58, 9342.42, 3693.69) (—0.0545, 0.0086, 0.0180) (8725.40, —4496.77, —637.45)
5 (—11840.10, —966.31, 2930.69) (0.0270, 0.0891, 0.0735) (18655.78, 0, 0)
6 (—9244.90, —7760.16, 1234.16) (0.0514, —0.0918, 0.0151) (21908.71, 6708.09, —430.51)
7 (—31.87, —11310.17, 3332.17) (—0.0643, 0.0806, 0.0671) (18010.96, 15437.26, 2807.94)
8 (7904.81, —8381.42, 417.06) (—0.0695, 0.0144, —0.0519) (10644.53, 19671.15, 0)
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Fig.4 Positioning of the global measurement control net and the global measurement coordinate system being build
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Table 2 Local adjustment optimization results

Foowb () wh(9) wE(9) t5 (mm) & (mm) ¢ (mm)
1 2.476 6.158 —1.404 —19.584 —35.066 279.667
2 2.481 6.154 —1.408 —19.273 —34.968 279.514
3 2.487 6.159 —1.403 —19.393 —34.865 279.604
4 2.485 6.167 —1.395 —19.421 —35.083 279.424
5 2.494 6.149 —1.413 —19.345 —35.181 279.514
6 2.495 6.144 —1.418 —19.719 —34.976 279.426
7 2.492 6.155 —1.407 —19.472 —-35.186 279.678
8 2.500 6.154 —1.408 —19.668 —35.155 279.779
9 2.492 6.148 —1.414 —19.586 —34.941 279.689
10 2.493 6.157 —1.405 —19.55 —35.169  279.652

KM 3.2 7 IR TP I AE VR 1 SR
DA T TR 5 1A% St b 32 45 R 458 6, B b 5
G5 B Ty HALPRAS #2500 (2.49002, 6.1550,
—1.4078, —19.501, —35.059, 279.594).

DL 2 TR B 10 2 Bl A7 b e 45 5 0 M,
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k=1,2,---10, XHHFSA A T77%, A 10 dlbr e 25
FER AT R k8. o IR s — 4
B, APPSR B Z A A T Hbs g g5 50, TRt
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Fig.6 Deviation statistics of Euler angles
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product digital model
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