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Global calibration of visual inspection system based on universal robots

WANG Yi, LIU Chang-jie., REN Yong-jie, YE Sheng-hua

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

Abstract: An on-line and flexible visual inspection system based on universal robots was introduced for
the car body-in-white (BIW) and two practical global calibration methods by using a laser tracker and
a measuring arm were described in complexity field environments. The method based on a measuring
posture realized the coordinate transformation between the sensor coordinates and the system reference
coordinate by combining the sensor coordinates with the target coordinates through the mechanical
constraint. And the method based on the robot kinematics realized the global calibration at arbitrary
postures by establishing a robot coordinate frame in fields and by obtaining hand-eye calibration rela-
tion through the coordiate transformation. Experimental results show that the standard deviations of
repeatability for the measurement equipment and the system are 0. 07 mm and 0. 13 mm respectively,
which indicates that both the methods can meet the requirement of monitoring the manufacture dimen-
sion changes of BIW. Futhermore, the coordinate measuring errors of the system are +0. 2 mm and
+0. 8 mm from the two methods, respectively.
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Fig.1 On-line and flexible visual inspection system

based on universal robots
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Fig. 2 Coordinates on field
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Tab.1 Link parameters of UP50N

a/mm d/mm a/ (%) 0/
1 145 0 —90 0
2 870 0 — 180 0, —90
3 110 0 —90 05
4 0 —1 025 90 0,
5 0 0 —90 0s
6 0 —175 —180 0s
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Tab. 2 Repeatability errors of measurement equipments

(mm)
FE T A I T iz g e A
o 0 55 e N
. 1) A I Ty 1% ) AR T T 9
7 x y z x y z

3 0.07 0.03 0.02 0.07 0.03 0.02
8 0.02 0.01 0.03 0.02 0.02 0.03
18 0.02 0.02 0.07 0.0z 0.0Z2 0.07
32 0.02 0.03 0.02 0.02 0.03 0.02
33 0.02 0.02 0.05 0.02 0.02 0.05
38 0.02  0.04 0.07 0.02 0.04 0.07
63 0.06 0.02 0.02 0.06 0.02 0.02
67 0.03 0.03 0.03 0.03 0.03 0.03
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Tab.3 Repeatability errors of visual inspection system (mm)
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Tab.4 Measurement results for calibration based on measuring posture (mm)
TSR 52 5 56 5
x v z x v z x v z
1 2532.44 —558.65 1178.21 175. 39 500. 00 704. 66 1047.00 589.252 1 111.96
2 2 532.43 —558.68 1178.21 175. 38 499. 93 704.68 1 047. 04 589.25 1111.934
3 2532.47 —558.69 1178.17 175. 35 500. 01 704. 68 1047.01 589. 26 1112.00
4 2532.43 —558.69 1178.14 175. 38 499. 96 704.70 1047.03 589. 29 1 111.96
5 2532.44 —558.64 1178.21 175. 38 499. 98 704. 64 1 047.05 589. 28 1111.92
=AMrFR 2532.52 —558.73 1178.06 175. 44 499. 91 704. 54 1 046. 95 589. 35 1111.82
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Tab.5 Measurement results for calibration based on kinematics (mm)
7 SR I AR 62 5 i P A5 66 5 i Pl A5
x y z x y z x y z
1 253231 —558.24 1177.70 175.28  500.06  704.90 1047.27  589.48 1 112,22
2 2532.34 —558.23 1177.71 175.26  500.08  704.93 1047.25 589.45 1112.18
3 2532.30 —558.27 1177.70 175.26  500.07 704,94 1047.28 589.48  1112.23
4 253234 —558.20 1177.71 175.25  500.01  704.89  1047.25  589.45 1 112.26
5 253234 —558.22 1177.77 175.25  500.08  704.89  1047.24 589.47 111224
=AMfR 2532.52 —558.73 1178.06 175. 44 499.91 704. 54 1 046. 95 589. 35 1111.82
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