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A Study on Vision-based Calibration Method for Bin Picking Robots
for Semiconductor Automation
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“Department of IT Semiconductor Engineering, Tech University of Korea,
*"Department of Mechatronics Engineering, Tech University of Korea

ABSTRACT

In many manufacturing settings, including the semiconductor industry, products are completed by producing and
assembling various components. Sorting out from randomly mixed parts and classification operations takes a lot of
time and labor. Recently, many efforts have been made to select and assemble correct parts from mixed parts using
robots. Automating the sorting and classification of randomly mixed components is difficult since various objects and
the positions and attitudes of robots and cameras in 3D space need to be known. Previously, only objects in specific
positions were grasped by robots or people sorting items directly. To enable robots to pick up random objects in 3D
space, bin picking technology is required. To realize bin picking technology, it is essential to understand the
coordinate system information between the robot, the grasping target object, and the camera. Calibration work to
understand the coordinate system information between them is necessary to grasp the object recognized by the
camera. It is difficult to restore the depth value of 2D images when 3D restoration is performed, which is necessary
for bin picking technology. In this paper, we propose to use depth information of RGB-D camera for Z value in
rotation and movement conversion used in calibration. Proceed with camera calibration for accurate coordinate
system conversion of objects in 2D images, and proceed with calibration of robot and camera. We proved the
effectiveness of the proposed method through accuracy evaluations for camera calibration and calibration between

robots and cameras.

Key Words : Bin picking technology, Calibration, RGB-D cameras, Vision-based calibration method
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Fig. 2. Coordinate System from Target to Camera.
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Table 1. Camera System Specification 08 AA| 100mm F7}sh=

T

o Fhijetel ApHeIAE W

Intel Realsense D435 ©
AE=A Aggit

Camera Model

_Il)l'

Active IR Stereo
1280x720(Max)
1920x1080 30 fps
<2% at 2ni
87°
69°

Depth Sensor

Depth Resolution

3.2 Ftola dal22old FHaEY A3
Zhjeh Az|2ao]ld H2A4dL 2D omAE 17 3D
A ks dvp Qeks] feA ARl 2D ofv]
Al A 347t 43 2D + 3D(Depth) ghofl A FF7t e

A SAT gt vt A8E KAk

Camera Resolution

3D Camera Accuracy
Depth FOV
RGB Sensor FOV

X 58°

x42°

Ideal Range 0.3mto 3m

Table 3. After Camera Calibration, Measure Ground Truth
and 2D Image

2D Image

Ending
point

Table 2. Camera System Specification (Reference)

Axis Ground

Truth

Starting
point

Error(%)
(Difference)

3.96%
(-103.96)

Model Neurumecha Indy7

DOF
Payload

6 (all revolute)
Tkg
1,2,3,4,5: %+ 175deg 6:
215deg
1,2,3:1504,5,6:180 deg/s
1m/s
1.3m

X-axis
(mm)

0 4.98 108.94

3.49%
(-103.49)

30.32%
(-69.68)

1.65%
(-46.64)

0.53%
(-44.46)

0.70%
(-44.29)

Joint Motion Range Y-axis
(mm)

8.63 112.12

Maximum Joint Speed 7-axis

(mm)

641.00 532.13 | 46245

Maximum Tool Speed

Maximum Reach

Roll(deg) -22.16 -24.59 | 22.05

Maximum Workspace w/Full
Payload

0.8m

Pitch(deg) 7.28 659 | 51.05

Repeatability

Yaw(deg) | -2.53 -1.90 | 4239

Table 4. After Camera Calibration, Measure Ground Truth
and 2D+3D(Depth) Image
2D + 3D(Depth)
Error(%)
(Difference)

3.70%
(-103.7)

3.28%
(-103.28)

4.00%
(-4.00)

1.65%
(-46.64)

0.53%
(-44.46)

0.70%
(44.29)

(Reference)
Ground
Truth

Axis Starting

point

Ending
point

X-axis

(mm) 0

0.42 104.12

Y -axis

(mm) 0.26

103.54

Z-axis

(mm) 641.00

649.00 | 545.00

Fig. 7. Robot and Camera System.
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Table 5. After Eye to Hand Calibration, Measure Ground

Truth and 2D Image
(Reference) 2D Image
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Table 6. After Eye to Hand Calibration, Measure Ground
Truth and 2D+3D(Depth) Image
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Axis Ground Resul Error(%)
Truth esult (Difference)
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Y-axis 6.71%
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