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Abstract 

This paper studies robotic insertion planning for board-like objects as an assembly primitive motion. 
Assembly of industrial parts in mass production is a bottleneck for factory automation because such a 
complicated and combined task requires robots to handle various parts, including deformable objects. In 
addition, synthesizing these primitive motions for assembly and other supplemental equipment is essential, for 
example, parts feeding and work transfer. This paper briefly summarizes the trend of robotic assembly research 
and competitions. It also introduces our perception and planning method for the insertion task by a robotic 
manipulator and a depth camera. 
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Fig. 2 Snap Assembly. The elastic deformation 
of the inserted object facilitates to place the 
convex parts into the hall. 
(1) The object is inserted along the body of 
another part. 
(2) The  elasticity  of  the  object  causes 
deformation of the object while insertion. The 
protrusion slides along the wall. 
(3) The protrusion gets into the corresponding 
dimple. 
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Fig. 1: A peg-in-hole task. The robotic gripper 
inserts a bolt into the aligned holes of two parts 
simultaneously. 
(1) The robot gripper brings the bolt near the 
hole. 
(2) The endpoint of the bolt contacts with the hole 
aligning each position. 
(3) The gripper inserts the bolt in parallel to the 
central axis of the hole. 
(4) The gripper releases the bolt. 
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Abstract 

In the production of vascular and cardiac cell constructs, the use of the multicellular spheroids with mixture of 
fibroblasts and endothelial cells has been found to be effective. It is necessary to suppress variation factors that 
occur from human operation by using automation, improving data accuracy, and obtaining reproducible spheroids. 
Therefore, the aim of this study was to develop a multicellular spheroid formation system for the fabrication of 
cell structures for regenerative medicine. As a result of the research, it was found that the multicellular spheroids 
obtained varied according to the different timing of dispensing. 

 
Keywords Cell-construct, Multicellular spheroid, Rapid prototyping system, Tissue engineering 
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