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of the Structured-Light Vision
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In order to realize the three-dimensional positioning function of the industrial robot to target objects, a
novel structured-light vision guided industrial robot positioning system is proposed. Structured-light auto-scanning

measurement module consisting of industrial camera, laser, and galvanometer is used as the vision senor of the

v
positioning system. By scanning target objects with laser plane through the rotation of the galvanometer, the three-
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— .

dimensional pose of target objects in camera coordinate is obtained. For the conversion of target objects three-

dimensional pose from the camera coordinate system to the robot tool coordinate system, a simultaneous calibration
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scheme of the robot hand-eye relationship and the tool coordinate system is put forward. The three-dimensional
OCIS codes
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positioning function of the industrial robot to target objects with random position and orientation can be
and accuracy can meet the requirements of industrial applications.

implemented. Experimental results show that the proposed system has high positioning accuracy, and its flexibility

machine vision; vision positioning; structured-light; auto-scanning; industrial robots
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Fig. 1 Schematic diagram of six-axis industrial robot positioning system
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Fig. 2 Calibration schematic of structure-light equipment
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Fig. 3 Robot hand-eye relationship combined with tool coordinate system calibration method
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Fig. 4 Schematic of multi-position 3D positioning experiment
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Table 1 Test results of multi-position positiong

Theoretical position Calibration position
Target position Robot orientation
3 (xsys2) /mm (x,y,2) /mm
(r,y,2) /mm (asbsc) /(D)
<direct kinematics™> <structured-light vision™>

(474.429, —186.595, 443.95)  (5.428, 164.522, 4.641) (499.751, —246.192, 566.967) (498.348, —244.805, 566.541)
(577.128, —71.529, 446.526) (22.094, 140.474, 25.096) (558.726, —137.051, 568.804) (558.648, —135.31, 567.921)
(548.654, 33.111, 444.301)  (19.232, 153.104, 35.801) (570.214, —43.431, 560.124) (572.490, —42.283, 561.040)
(547.92, —166.403, 562.246) (0.033, 161.486, —15.514) (553.224, —210.109, 692.885) (551.140, —207.42, 691.976)
(591.089, —61.895, 562.214) (—0.189, 155.912, —8.296)(588.099, —115.285, 691.041)(585.637, —112.513, 688.924)
(508.493, —4.799, 559.159) (—0.5376, 163.615, —4.07) (524.308, —65.801, 685.493) (523.073, —63.896, 683.279)
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Fig. 5 Multi-position 3D positioning error
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Fig. 6 Schematic of multi-angle 3D positioning experiment

Table 2
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Test results of multi-angle positioning

Robot orientation

Theoretical position

Calibrationposition

Case . (xsy,2) /mm (z,y,2) /mm
(as by ) /(™) . . .
<direct kinematics>> <structured-light vision™>
1 (136.791, —8.648, 80.572) (579.511, —2.911, 680.309) (578.186, —1.227, 678.187)
2 (137.352, —0.0278, 88.499) (570.999, —13.527, 681.283) (569.872, —11.876, 679.697)
3 (—18.1693, 141.819, —36.936) (565.018, —83.5283, 685.655) (564.056, —82.532, 683.79)
4 (—129.234, 19.867, —116.530) (640.728, —113.045, 689.234) (639.366, —112.189, 686.938)
5 (55.426, 152.065, 60.467) (616.607, —114.287, 690.588) (615.138, —112.703, 689.193)
6 (36.111, 134.354, 33.402) (588.541, —116.274, 685.161) (587.173, —114.209, 683.83)
351
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Fig. 7 Multi-angle 3D positioning error
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