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Abstract The line structured light galvanometer scanning system realizes three-dimensional profile measurement of
the measured objects via swinging a mirror, which has the advantages of strong environmental adaptability, fast
measurement speed and compact structure. To reduce the difficulty of system installation and improve the
universality of calibration method, a calibration idea is proposed to directly establish the relationship between the
coefficients of reflected laser plane equation and the swing angle of galvanometer. The general expressions of
coefficients of the laser plane and the swing angle of the galvanometer are deduced and obtained by considering the
relative position relationship between the components of the system. According to the coefficients of the laser plane
equation obtained at the specific swing angles, the undetermined coefficients in the expressions are obtained by the
least square method. The experimental results show that maximum relative height deviation of the steps measured
by the measurement system calibrated by the proposed method is — 0.3029%, and the multi-scale features of
complex surface can also be acquired successfully.
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Fig. 2 Relative position relationship among laser plane, mirror and rotational axis. (a) Ideal state; (b) laser plane is

parallel to x axis; (c) laser plane intersects x axis; (d) mirror is parallel to ideal position, and laser plane passes

through x axis; (e) mirror is not parallel to ideal position, and laser plane passes through x axis; (f) mirror is not

parallel to ideal position, and laser plane intersects x axis
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Fig. 6 Calibration of laser plane. (a) Image of chess board; (b) laser stripes on chess board at different swing angles
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(b)=(f) measurement results under different arrangements of steps
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Table 1  Step height measurement results and relative error
Arrangement of steps H,/mm R,/% H,/mm R,/ % H,/mm R,/%
Fig. 12(b) 14. 6414 —0.0695 29.4291 —0.2271 44,5262 —0.2392
Fig. 12(c) 14. 6159 —0.2435 29. 4595 —0.1241 44.5168 —0.2603
Fig. 12(d 14. 6198 —0.2169 29. 4867 —0.0319 44,4978 —0.3029
Fig. 12(e) 14.6126 —0. 2660 29. 4796 —0. 0559 44.5304 —0.2298
Fig. 12(D 14. 6309 —0.1411 29. 4524 —0. 1482 44,5089 —0.2780
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Fig. 9 Surface with multi-scale features and measurement results. (a) Physical diagram of measured surface;

(b) measured points; (c¢) measured surface; (d) pentagram feature
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