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High Precision Calibration Model of Laser 3D Projection
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Abstract: In order to improve the calibration reliability of laser 3D projection calibration system and to
obtain the best calibration parameters,according to the basic principle of the system,a method is proposed
to combine the laser 3D projection observation model with the calibration parameter solution model to
build a laser 3D projection calibration model approach. The method uses two steps to solve the calibration
parameter of laser 3D projection calibration system. The first step is to establish the solution model of
laser 3D projection observation by the isometric method, and to introduce the solution of the initial value
of the model. The design results of this initial value avoid the drawbacks of the Newton iterative method.
In the second step, the quaternion method is used to establish the model of the calibration parameters.
The simulation results show that the error of the 3D projection calibration system is less than 0.3 mm
when the mean value of the normal distribution is 0 and the standard deviation is 0.5". At the same time,
the laser tracker system is used as a benchmark to verify the calibration precision and reliability of the
method. The results show that the maximum error is within 0.4 mm in the range of 3 to 5 m, which
meets the projection of laser 3D projection system positioning accuracy. The calibration model can realize
the calibration of the laser 3D projection calibration system, and the calibration precision is high and the
calibration method converges fast and improves the system calibration rate which provides a new
algorithm for the development of laser projection system.
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Table 1 Location parameter of target point before and after adding noise

. Parameter of target point without noise Parameter of target point with noise
Target point
H/®) V/() (r,y,2z)/mm H/®) V/() (r,y,2z)/mm

P, —19.08216 18.55387 (—560,570,0) —19.08241 18.55387 (—560,570,0)
P, —0.31546 10.31554 (540,550,0) —0.31537 10.31548 (540,550,0)
P, —5.97693 —8.66698 (590, —520,0) —5.97708 —8.66701 (590, —520,0)
P, —26.01485 —2.86824 (—530,—550,0) —26.01499 —2.86831 (—530,—550,0)
P —22.53544 7.75021 (—520,0,0) —22.53527 7.75019 (—520,0,0)
P —4.23506 0.90481 (510,0,0) —4.23486 0.90482 (510,0,0)
P, —9.71178 13.70472 (0,530,0) —9.71198 13.70487 (0,530,0)
Py —16.73013 —6.59082 (0,—580,0) —16.72989 —6.59051 (0,—580,0)
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Table 3 Comparison of iterative time and error of target point/mm

The number of target point in calibration 4 5 6 7 8 9
Iterative time 5 5 5 9 5 12
RMS/mm 3.16740 0.30360 0.02244 0.25099 0.04659 0.10393
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