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Calibration method and error analysis of laser triangulation measurement

WANG Zhenyu', LI Ye*, YU Feng', SHI Haiging’
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Abstract: In order to solve the problem that the distance between laser port and calibration object couldn’t be measured
directly and accurately, a new method based on distance difference of calibration was presented. The moving distance of
calibration object was used as the calibration input to improve the traditional calibration method of measurement system.
Gaussian-Newton iterative method was used to calculate the parameters of measurement system. The extraction error and non-
vertical error of laser image point were analyzed. The results show that the precision can reach 4. 000mm. The method can be
used to calibrate the distance between calibration object and laser port accurately.
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Fig. 1 Vertical laser triangulation measurement
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Fig.2 Relationship between gray value and cross section width
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Fig.3 The diagram of the moving direction of calibration object
JEHR T 18K AR o FIBRE BRI IR 22 e HIOCR AT B «
e =1 —-1xcosa 9)
XF A ERZE I TR SR 2 T R TR AT U

2 HA=ANERZHNREIRSHERAR

HICHE RO = MR RS SRR A, AR SO
FEI i R GEREF R GUA AT - O s LLINIEST bR E
PIRIAH Bl O A% FARALIE € 7 TAE G L, i 4
FioR

Fig.4 Experimental device of laser triangulation distance measurement
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Fig.5 Moving process of laser line on camera imaging plane
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Table 1  Recalculate of calibration distance

number of distance between laser beam actual moving distance of
moves port and calibration object/mm calibration object /mm
1 430.993 0. 000
2 477.480 46.487
3 526.487 49.007
4 578.472 51.985
5 628.450 49.978
6 679.815 51.365
7 732.246 52.431
8 782.891 50. 645
9 831.363 48.472
10 878. 855 47.492
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Table 2 Two recalculation of calibration distance

number of check distance with the actual moving distance check distance with two times calculation
moves no improvement method/mm without improved method/mm improvement method/mm calibration distance/mm
1 370. 653 0.000 430.993 60. 340
2 414.078 43.425 477. 480 63.402
3 460.716 46.638 526.487 65.771
4 511.181 50. 465 578.472 67.291
5 560. 690 49.509 628. 450 67.760
6 612.618 51.928 679.815 67.197
7 666.752 54.134 732.246 65.494
8 720. 159 53.470 782.891 62.732
9 772.333 52.174 831.363 59.030
10 824.489 52.156 878.855 54.366
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Fig. 6 Relationship between calibration distance error and «
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Fig.7 Laser triangulation measurement with non-vertical error

Table 3 Comparison of actual distance and measurement distance for a =5°

number of moves actual distance/mm measuring distance/mm

1 450.0 451.723
2 500.0 501.914
3 550.0 552.105
4 600.0 602.296
5 650.0 652.487
6 700.0 702.678
7 750.0 752.869
8 800.0 803.059
9 850.0 853.250
10 900.0 903.441
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