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Robots are increasingly utilized in manufacturing and logistics, where bin-picking has become crucial for managing randomly
placed objects. However, traditional methods often rely on expensive 3D vision systems, have limited adaptability to unstructured
environments, and primarily focus on the picking process, neglecting the placing tasks. To address these challenges, this study
presents a cost-effective system that combines a depth camera, YOLO-based instance segmentation, and optimization-based
inverse kinematics for real-time object detection and stable manipulation. In the placing stage, an adaptive algorithm detects
empty tray holes and generates grid pattems, ensuring reliable placement even in the presence of tray misalignments, occupied
slots, or partial occlusions. Experimental validation revealed a 91% success rate in mixed-object environments during picking
tasks and a 94% success rate for placing tasks, even with tray displacement and occlusion conditions. The resulfs demonstrate
that the system maintains stable performance across both picking and placing processes while minimizing reliance on expensive
hardware and complex initial setups. By enhancing flexibility and scalability, the proposed approach offers a practical solution for
intelligent automation and can serve as a foundation for broader applications in assembly, logistics, and service robotics.
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Fig. 1 Hardware system for the bin-picking and adaptive placing
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Fig. 2 Bin-picking process flow chart (before adaptive placing process)
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Table 1 D-H Parameters of the Doosan Robotics A0912

D-H [T];f;ég a [mm] d[mm] [A];I:;i‘:])
Joint 1 6, 0 195 0
Link 1 6 —90 0 39 -90
Joint 2 6+ 90 560 - 0
Link 2 6, 0 516 90
Joint 3 6 0 - -90

End 73 0 124 90
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Fig. 4 Work range of the Doosan Robotics A0912
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Fig. 5 Adaptive placing process flow chart
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Fig. 8 mAP value using YOLO custom detect model
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Fig. 9 Bolt detection using the real-time instance segmentation
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Fig. 11 Experiment on the adaptive placing algorithm (tray with
zigzag-pattern)

Table 2 Experiment result of picking and placing

Experimental Number of Svuccess Mean  Standard
conditions experiment rate error  deviation
6 [mm]  [mm]
Picking
(only bolts exist) 100 95 - -
Placing
+
(only bolts exist) 95 96 0.5 10.4
Picking
(various objects exist) 100 91 - -
Placing o1 o 084 o

(various objects exist)
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Fig. 12 Picking and placing experiments in situations where objects
of various shapes exist
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