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Recognition of Task States in Insertion of Deformable Tubes
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This paper describes the recognition of task states in the insertion of a deformable tube into a
plug. In the insertion of a hose into a plug, human contacts a hose with a plug, and recognizes
its deformation and the depth of insertion from force sensation. In addition, human controls the

motion of a hose skillfully by use of visual and force sensation. Human sensation and motion during
the insertion process is thus measured by use of a 3D digitizer and a force sensor. The measurements
are then analyzed in order to identify th relation between human motion and sensation. The
insertion process consists of three states, that is, (a) approach state, (b) contact state, and (c)

insertion state. It is found that human action in each state is different from one another and that
human recognizes the transitions among these states through the difference of force sensation.
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Manipulation, Insertion, Recognition, Deformation, Force Sensation
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Fig.1 Process of hose insertion into plug
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Fig.2 Sensor feedback and situation feedback
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Fig.3 Experimental setup
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Fig.7 Differnce of force with respect to time
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Fig.9 Example of measurements
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