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Novel Grating Projection System Based on Assistant Line

and its Calibration Method
Wang Tao Sun Changku

Shi Yongqiang Wang Peng
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract The structure of the traditional grating projection system is difficult to construct for its rigid geometry
constraints. In addition. the reference plane is inevitably employed in the system which limits the range of the
measurement and the application. In order to resolve the above problems., an assistant line is introduced to the
system. The equation of translation from relative phase to absolute phase is deduced according to the assistant line
Space mapping method and its optimization algorithm are employed, by which the object s real 3D data can be
calculated. A circle liner target is designed, with which the extraction of feature points, target phase and feature line

can be accomplished by only one image, and the procedure of the calibration is simplified. Last, the profile of a
rotating planes is 0. 03°.

plaster model is measured by the system with two images. and the accuracy of the result is proved, the mean-square

deviation (MSE) of the distance between ten shifting planes is 0. 02 mm, and the MSE of the angle between ten
The experiment shows that the method is accurate, fast, and easy to construct and
calibrate, which has improtant application values
Key words image processing; 3D profile measurement; assistant line; space mapping method; calibration
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Fig. 1 System structure
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Fig. 2 Sketch map of system calibration
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Fig. 3 Circle line target
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Fig. 4 Processing of the target image. (a) original target with assistant line, (b) effect after the ellipse extraction,

(c) assistant line detected by the Hough transform
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Table 2 Translational distance between each target

Position
Distance /mm Average /mm MSE /mm
number
2-1 0. 965
3-2 0. 991
4-3 1.009
5-4 0. 984 0.991 0.018
6-5 1.011
7-6 0.983
8-7 0.998
3 A HUbR T RE R A L ) BE
Table 3 Angle between each target
Position
Distance /(%) Average /(°)  MSE /(*)
number
2-1 1.028
3-2 0.974
4-3 0.977
5-4 1. 004 1. 000 0.025
6-5 1. 005
7-6 1.026
8-7 0.972
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Fig. 5 Assistant line on plaster
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Fig. 6 Grating fringe on plaster
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Fig. 7 Effect drawing of the result 3D measurement
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