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Three-dimensional shape measurement system based
on dual oscillating mirrors with point scanning

LI Xu-dong. CUI Lei. ZHAO Hui-jie. JIANG Hong-zhi

(School of Instrumentation Science & Opto-electronics Engineering

Beihang University Beijing 100191, China)

Abstract: In order to measure the three-dimensional shape of a large scale object in a long distance,a
three-dimensional shape measurement system based on dual oscillating mirror scanning was designed
and implemented. Firstly, the principle and the configuration of the system were presented and the
system model was derived. Secondly, the field calibration of the structure parameters of the system
was accomplished based on the coordinate transformation by taking pictures of a special planar board
from different directions. Finally, the plane board, sphere and curved plaster figures were measured
and reconstructed by using Lissajous scanning pattern. The measurement results show that the aver-
age errors of the distance between the measuring points and the fitted plane are 0. 70 mm and
17. 85 mm at the distance of 1 m and 10 m, and the average error of the fitted sphere diameter is 0. 51
mm at the distance of 1 m. The system can be used for the three-dimensional shape measurement for

large scale objects in the long distance.
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Fig.1 Schematic diagram of system
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Fig. 2 Calibration for system parameters
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Fig. 3 System prototype
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Tab. 1 Results of plane measurement (Unit: mm)

W 5 P RN o WEBIE AH R 25
500 240X 180 0. 30 0.06%
1000 490X 360 0.70 0.07%
3000 15001 100 3.41 0.11%
5000 2 600X 1 900 6.38 0.13%
8000 4 000X 3 000 11.69 0.15%

10000 5 000X 3 900 17.85 0.18%
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Fig. 4 Reconstructed plane
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Fig. 5 Reconstructed sphere
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Tab. 2 Results of sphere measurement (Unit: mm)

I+ 7R AL b QTN e o 3%} 15 2% AT R 2
1 208. 08 1.28 0.61%
2 208.78 0.58 0.28%
3 208. 48 0.88 0.42%
4 209. 22 0.14 0.07%
5 209. 44 0.08 0.04%
6 209. 66 0. 30 0.14%
7 209. 08 0.28 0.13%
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Fig. 6 Free-form surface measurement
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Fig. 7 Reconstructed free-form surface
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