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Research on industrial robot calibration system based on point constraint
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Abstract; In order to calibrate the joint angle of industrial robot
quickly and accurately, a calibration system of industrial robot
based on point constraint is designed. The principle is to calibrate
the laser beam to irradiate in the center of the first PSD (Position
Sensing Device) and reflected to the second PSD center in four
positions by controlling the laser pointer on the end-effector of
the industrial robot, and obtain four groups of joint angles, and
calculate the linear equations of the position and orientation of the
end-effector by the joint angles respectively. According to the fact
that the intersection point of each linear equation is the same
point (point constraint) , the Isqnonlin function is used to search
the angle deviation of industrial robot joint. Based on the model of

calibration system. six calibration experiments are carried out
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with ABB Companys IRB120 industrial robot as the experimental
platform. The experimental results show that the industrial robot
calibration system based on point constraints can calculate the
J2~1]6 joint angle deviation of the industrial robot quickly and ac-
curately, and the joint angle J1 cannot be calibrated temporarily
because of the transformation matrix.
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Figure 1 Schematic diagram of industrial

robot calibration
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Figure 2 Hardware configuration of industrial robot

calibration system
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Position sensing fixing device
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Table 1 D-H parameters of IRB120 industrial robot

& FF d/mm a/mm a/rad
L, 290.0 0 —1.571
L, 0.0 270 0.000
Ls 0.0 —70 1.571
Ly 302.0 0 —1.571
Ls 0.0 0 1.571
Lg 108.8 108 0.000
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Figure 4 Laser beam calibration y axis position error
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Table 2 The measurement data of laser calibration rad
o951 R 52 AR
KA
i 1 i 2 fiE 3 i 4 (A i 2 A (A
J1 —0.9317 —0.9107 —0.016 3 —0.0159 —0.8922 —0.8777 —0.0156 —0.0153
J2 1.089 7 0.999 4 0.019 0 0.017 4 0.943 4 0.921 2 0.016 5 0.016 1
J3 —0.7946 —0.595 1 —0.0139 —0.010 4 —0.467 7 —0.408 7 —0.0082 —0.007 1
J4 1.789 4 1.873 9 0.031 2 0.032 7 1.930 8 1.960 9 0.033 7 0.034 2
J5 0.970 1 0.978 6 0.016 9 0.017 1 0.986 0 0.988 3 0.017 2 0.017 2
J6 —0.9192 —1.0532 —0.016 0 —0.0184 —1.1425 —1.186 8 —0.0199 —0.0207
o503 R 54 R
ESLR : ; : : : : : :
{1 L 2 {3 g 4 (VAT {7 2 fiL ' 3 L 4
J1 —0.934 0 —0.9093 —0.016 3 —0.0159 —0.8804 —0.8759 —0.0154 —0.0153
]2 1.040 1 0.958 6 0.018 2 0.016 7 0.894 3 0.890 0 0.015 6 0.015 5
J3 —0.696 3 —0.5108 —0.0122 —0.0089 —0.3550 —0.3431 —0.006 2 —0.006 0
J4 1.832 0 1.913 7 0.032 0 0.033 4 1.989 3 1.994 8 0.034 7 0.034 8
J5 0.977 9 0.987 3 0.017 1 0.017 2 0.998 3 0.998 5 0.017 4 0.017 4
16 —0.9818 —1.1095 —0.0171 —0.019 4 —1.2232 —1.2325 —0.0213 —0.0215
505 % E RN E
KA
71 7 2 73 {7 4 (VA & 2 1 3 (A
n —0.9188 —0.8807 —0.016 0 —0.01514 —0.8807 —0.9482 —0.016 5 —0.0160
J2 1.183 1 1.013 8 0.020 6 0.017 7 1.013 8 1.116 2 0.019 5 0.017 2
J3 —0.9744 —0.6112 —0.0170 —0.0107 —0.611 2 —0.858 5 —0.0150 —0.009 9
J4 1.709 3 1.855 6 0.029 8 0.032 4 1.855 6 1.765 5 0.030 8 0.032 9
J5 0.958 7 0.965 2 0.016 7 0.016 8 0.965 2 0.973 3 0.017 0 0.017 1
J6 —0.804 8 —1.0439 —0.0140 —0.018 2 —1.043 9 —0.876 3 —0.015 3 —0.018 7
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Table 3 Calibration results of Industrial robot joint angles rad
KA %141 %241 3 Al %541 6 4l e INIES
J1 0.059 6 0.078 1 0.070 0 0.066 2 0.072 3 0.076 5 0.018 5
J2 0.078 5 0.078 5 0.078 5 0.078 5 0.078 5 0.078 5 0.000 0
J3 0.078 5 0.078 5 0.078 5 0.078 5 0.078 5 0.078 5 0.000 0
J4 —0.0638 —0.0785 —0.0678 —0.0624 —0.0692 —0.06538 0.016 1
J5 0.032 0 0.025 7 0.030 4 0.024 9 0.031 5 0.028 2 0.007 1
J6 0.025 3 0.033 8 0.030 8 0.038 5 0.036 2 0.036 9 0.013 2
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Table 4 Calibration results of Industrial robot joint angles (/A J1=0) rad
KA %14l %24l %341 %441 %541 %6 4l B e R 22
J2 0.052 6 0.052 4 0.051 8 0.052 7 0.052 2 0.052 4 0.000 9
J3 —0.066 5 —0.0659 —0.0667 —0.0665 —0.0661 —0.0656 0.000 8
J4 —0.0493 —0.0492 —0.0495 —0.0490 —0.0495 —0.0495 0.000 5
J5 0.000 4 0.000 5 0.000 5 0.000 4 0.000 3 0.000 4 0.000 2
J6 0.057 3 0.056 5 0.056 6 0.056 9 0.057 3 0.056 8 0.000 8
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