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Robust Throwing based on Dynamic Sensitivity Analysis

-Experimental Evaluation using Three-link Manipulator-
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Throwing an object by a powered robot system is an effective way for object manipulation
in long distance. The focus of the throwing is on the accuracy of the landing point with respect
to model uncertainties or disturbances. So far, we have proposed a sensitivity analysis method
of throwing with a feed-forward controlled manipulator, while feed-forward/back controlled one
is considered in this paper. The dynamic sensitivity analysis method is developed based on the
conventional method and its evaluation is executed by using a prototyped three-link manipulator.
The effectiveness of the proposed method is evaluated and a robust throwing with low sensitivity
is obtained that realizes small variance of the landing point.
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Fig.1 Locus of objects with joint error
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Fig.2 Orientation of end-effector through the throwing
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Fig.6 Prototype of three-link manipulator
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Fig.7 Snapshot of throwing
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Fig.10 Histogram of the landing point on release point 4
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Table 1 Experimental result of each release point

No. of release point 1 2 3 4
Linit 1.10 | 0.585 | 0.723 | 0.269
SD; [mm] 7.86 | 6.88 | 5.15 | 7.61
SD, [mm)] 184 | 149 | 15.6 10.2
SD5* [mm] 20.8 | 12.3 | 13.6 | 8.95
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