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Recently, robotic bin-picking tasks have drawn considerable attention, because
flexibility is required in robotic assembly tasks. Generally, stereo camera systems
have been used widely for robotic bin-picking, but these have two limitations:
First, computational burden for solving correspondence problem on sterco
images increases calculation time. Second, errors in image processing and
camera calibration reduce accuracy. Moreover, the errors in robot kinematic
parameters directly affect robot gripping. In this paper, we propose a method of
correcting the bin-picking error by using trinocular vision system which consists
of two stereo cameras andone hand-eye camera. First, the two stereo cameras,
with wide viewing angle, measure object’s pose roughly. Then, the 3rd hand-eye
camera approaches the object, and corrects the previous measurement of the
stereo camera system. Experimental results show usefulness of the proposed
method.
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Fig. 1 Trinocular vision system
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(a) Object with markers

(b) Land marker

Fig. 3 Land marker on object
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Fig. 8 Stereo accuracy test of 1% object

Fig. 9 Stereo accuracy test of 2™ object

Fig. 10 Stereo accuracy test of 3™ object
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Table 1 Stereo accuracy result of 1% object
Obtained result Error
Point 0-1 3.99 cm 0.36%
Point 1-2 5.83 cm 2.77%
Point 2-3 397 ecm 0.78%
Point 3-0 5.84 cm 2.61%

Table 2 Stereo accuracy result of 2™ object

Obtained result Error
Point 0-1 395 cm 1.22%
Point 1-2 5.84 cm 2.73%
Point 2-3 3.96 cm 1.14%
Point 3-0 5.80 cm 3.34%

Table 3 Stereo accuracy result of 3™ object

Obtained result Error
Point 0-1 4.02 cm 0.60%
Point 1-2 5.59 cm 6.79%
Point 2-3 4.07 cm 1.64%
Point 3-0 5.63 cm 6.20%
Table 4 Position error (%)
1* object 2" object 3 object
Point3.X 5.38 5.70 4.82
Point3.Y 0.73 0.67 0.47
Point3.Z 23.73 18.91 15.04
Table 5 Orientation error (%)
1* object 2™ object 3 object
Point3.cv 5.93 5.18 29.71
Point3.5 15.30 44.98 4.93
Point3.7y 1.70 7.45 3.24
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Table 6 Error of parameters of 1% object (%)

Vision type T y z «@ 16 ~v |Average
Stereo vision | 5.37 | 0.73 {23.73] 5.93 |15.30| 1.70 | 8.79%
Trinocular vision| 3.25 | 0.57 {23.73] 5.28 | 3.34 | 1.09 | 6.21%

Table 7 Error of parameters of 2™ object (%)

Vision type T y z «@ Jé) v |Average
Stereo vision | 5.70 | 0.67 [18.91| 5.18 |44.98| 7.45 | 13.82%
Trinocular vision | 4.20 | 0.62 [18.91| 1.73 | 5.46 | 1.53 | 5.41%

Table 8 Error of parameters of 3™ object (%)

Vision type T y z @ 154 v |Average
Stereo vision | 4.81 | 0.46 [15.04|29.71| 4.93 | 3.24 | 9.68%
Trinocular vision| 1.27 | 0.23 |15.04| 3.74 | 2.49 | 1.88 | 4.11%

(a) Before compensating errors (b) After compensating errors

Fig. 11 The error compensation result (captured by 3™ camera)
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