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Fig. 3: Execution of the line task. Locations are marked in blue. (a) Initial condition (top view). (b) The robot places the white objects at 1
and 3. (c) The robot reaches for the black object to place at the center. (d) The human tries to do the task using 2 and 4, but places one too
far away. (e) The robot xes the human's mistake by moving the white block back to 4. Video: https://youtu.be/EGjrkirLYYs.

tried to complete the task using locations 1 and 3. Yet thg]
human wanted to complete the task using locations 2 and 4,
and misplaced an object in the process. The robot completﬁ
the task ef ciently by correcting the human's mistake.

To further analyze the performance of the algorithms, we
iteratively added obstacles to the spaces in between thé
locations of interest (1-4) in Fig. 3a. The results (mean
and standard divination) based on 10 trials are shown as in FIgl
4. Overall, we observe the general trend of lower abstractiorg
times and higher resource bounds for the non-recursive methogi
compared to the recursive approach holds for all cases. A
surprising observation is that the abstraction times are nét
signi cantly affected by the number of obstacles. That is
because once a roadmap is generated, the time to nd a path
only depends on the blocking relations of the objects,imot
the ones outside df. These obstacles, however, can affect the
resource cost. Depending on their locations, they can eith&l
increase it due to longer paths or reduce it due to causing more

roadmap samples in the free space. [10]
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g. 4: Results forj jine With increasing number of obstacles.
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VIlI. CONCLUSION

In this paper, we introduce the rst automated methoc{§6]
of abstraction construction of a manipulation domain for the
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