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Development of robot calibration method based on 3D laser scanning
system for Off-Line Programming

Hyun-Soo Kim
School of Mechanical Engineering, Ulsan College
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Abstract Off-line programming and robot calibration through simulation are essential when setting up a robot in a
robot automation production line. In this study, we developed a new robot calibration method to match the CAD data
of the production line with the measurement data on the site using 3D scanner. The proposed method calibrates the
robot using 3D point cloud data through Iterative Closest Point algorithm. Registration is performed in three steps.
First, vertices connected by three planes are extracted from CAD data as feature points for registration. Three planes
are reconstructed from the scan point data located around the extracted feature points to generate corresponding feature
points. Finally, the transformation matrix is calculated by minimizing the distance between the feature points extracted
through the ICP algorithm. As a result of applying the software to the automobile welding robot installation, the
proposed method can calibrate the required accuracy to within 1.5mm and effectively shorten the set-up time, which
took 5 hours per robot unit, to within 40 minutes. By using the developed system, it is possible to shorten the OLP
working time of the car body assembly line, shorten the precision teaching time of the robot, improve the quality

of the produced product and minimize the defect rate.
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Fig. 1. 3D Scanner and point cloud data
(a)Commercial scanner (b)Pointcloud of a worksite
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Fig. 2. Point cloud comparison between scan data set and
its 3D CAD model
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Table 1. Precision comparison before and after calibration
(d1: Maximum distance(mm) between scan data
and cad before calibration, nl: Average of dl,
d2: Maximum distance(mm) between scan data
and cad after calibration, 112: Average of d2, 02:
standard deviation of d2)

Robot 1
Before calibration After calibration
Sample dl ul d2 12 o 6*0
No. (mm) (mm) (mm) (mm) (mm) | (mm)
1 34.202 1.361
2 40.724 | 24.607 1.406 1.303 0.144 | 0.865
3 74.331 1.551
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4 25.552 1.056 Table 2. Measurement of setup time(tl: setup time per
5 38.442 1.383 each robot(min))
6 38.487 1.309 Robot 1
7 41.893 1.236 Sample tl average of t1 | maximum of tl
8 23.531 1.372 No. (min) (min) (min)
9 20.947 1219 1 32
10 | 52.896 1.137 2 26
Robot 2 3 2
Before calibration After calibration 4 39
Sample | dl ul a2 2 o 6*0 5 37 34 39
No. | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) j >
1 11.177 1.444
2 8.612 1.202 8 34
9 34
3 12.957 1.339 0 39
4 11.726 1.498 ryr—
5 10.026 7.597 1.467 1.348 0.182 | 1.090 Sample tl average of tl | maximum of tl
6 10.690 1.168 No. (min) (min) (min)
7 16.811 1.104 1 33
8 16.629 1.493 2 26
9 10.005 1.621 3 26
10 11.363 1.141 4 35
Robot 3 5 37 31 38
Before calibration After calibration 6 34
Sample | dl ul a2 12 o 6*0 7 25
No. (mm) (mm) (mm) (mm) | (mm) | (mm) 8 38
1 8.816 1315 9 26
2 10.508 1316 10 27
3 21.905 1.184 Robot 3
4 27331 1218 Sample tl average of t1 | maximum of tl
5 | 28540 1.543 No. (min) (min) (min)
12.648 1320 | 0.099 | 0.593 1 40
6 9.831 1.358
2 29
7 23.558 1357 3 >
8 16.856 1307 1 >
9 16.003 1.249 3 39
10 | 8948 1353 3 35 32 40
Robot 4 7 27
Before calibration After calibration 8 35
Sample dl ul d2 2 o 6*0 9 28
No. (mm) (mm) (mm) (mm) | (mm) | (mm) 10 39
1 12.946 1.351 Robot 4
2 19.459 1.277 Sample tl average of tl | maximum of tl
3 18.505 1.470 No. (min) (min) (min)
4 36.169 1.298 1 26
5 22.648 1.303 2 29
6 16513 | 17776 [ 1199 1315 | 0.084 | 0.502 3 36
4 26
7 32.670 1.269 5 37 N N
8 36.870 1.220 6 28
9 32.568 1.414 7 38
10 26.104 1.351 8 27
9 34
10 26
3.3 13
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