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Problem


I will investigate methods for manipulating objects of unknown geometry and mass using a single point of contact.  Ultimately, I will develop an algorithm that, given a rigid object with unknown physical properties, will attempt to manipulate that object into a specific pose.  The tradeoff between gaining information about the object and making progress towards the goal pose, and the challenge of reasoning about the dynamic response of partially unknown objects make this work interesting.  A robust solution to this problem would find applications in unknown or changing environments and require a high degree of autonomy.  For instance, an autonomous mobile rover engaged in planetary exploration might want to manipulate a rock it is investigating in order to facilitate an instrument emplacement task.  With limited time and energy the rover needs to asses how much information it needs about the mass and shape of the rock before it can safely and efficiently attempt the manipulation.  This algorithm would provide the basis for the completion of such a task.
Scope of Reading


I have investigated several papers and journal articles relating to manipulation and planning with uncertainly, including work by M. Mason, M. Erdmann, and S. Thrun.  The documents relating to manipulation have included work on manipulation dynamics in limited cases, like pushing or bipod contact, as well as manipulation in the presence of positional uncertainty.  The planning papers I’ve read focused on a range of Markov methods as well as alternatives like probabilistic roadmaps and coastal navigation and related problems such as simultaneous localization and mapping.  Additionally I have done preliminary readings relating to the problem of high fidelity dynamics simulation in the presence of over-constrained contact forces.

I will continue to do reading focusing on the problem of planning with uncertainty.  The goal of this continued reading will be to survey a range of additional approaches to this class of planning problem.  I will do additional reading in manipulation and simulation as necessary to facilitate my implementation.
Scope of Research


I will create a simulation environment capable of simulating the dynamics of pushed or rolled objects.  If possible this simulation will be built using an available dynamics package which correctly handles over-constrained contact cases.

Using this simulation I will develop a set of behaviors for a simulated single point of contact manipulator.  These might include behaviors which attempt to statically slide the object with a specified rotation, roll the object onto an adjacent contact plane, dynamically slide or roll the object, and perhaps even attempt to toss or flip the object.  There will be a mechanism for calculating expected values of the cost, chance of success, and information gain for any possible behavior.

Using this estimation mechanism I will develop a planning algorithm that attempts to combine the available behaviors such that the object is moved into the goal pose while minimizing the expected cost of the behaviors.  The entire system will reach a goal or failure state within a reasonable amount of time, at most on the order of several minutes.

I expect to evaluate the suitability of a number of approaches to representing the uncertainty in the state of the object including partially observable Markov decision processes, particle filters, and hidden Markov models.  It should be noted that none of these approaches produces an optimal solution to the problem, but rather attempts to approximate an optimal solution to the degree that the available computational equipment allows.
Expected Results


I expect this system to be capable of manipulating unknown objects into a specified goal pose in most non-pathological cases (e.g. balancing a cone on its point).  I will be able to characterize the classes of objects for which the algorithm is successful and those for which it has difficulty, and explain why these particular results occur.
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