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Research Interests: robotics, multibody dynamics, simulation, computational topology, intelligent automation with integral metrology, time-stepping methods and parallel methods for simulation of differential complementarity problems.

· What are the technical barriers and enablers (i.e., the research that needs to be accomplished) in robotics, modeling, artificial intelligence (AI), virtual environments (VE), and human-computer interaction (HCI)?

The ultimate goal is build autonomous agents that can manipulate their world.  The following two barriers are highly coupled:  Human/Machine Interfaces and Inverse Problems in Nonsmooth Mechanics.  Applications such as automated assembly and dexterous manipulation await these advances.  We also need methods for verifying mathematical models and the versions of these used in simulation, especially those used for contact operations.  Before one can plan, one must be able to predict.

Regardless of how good we think our models are, they are still uncertain.  We need to develop better methods for dealing with uncertainty.  Sometimes it may be appropriate to use robust planning techniques, other times sensing combined with deterministic models may be sufficient.  We need to better understand these trade-offs and we must develop mathematical tools for making decisions such as these.  These are large-scale systems questions.

· What opportunities lie in the intersection of robotics, AI, VR, and HCI?

If you include my topics from above, then opportunities include VR training for all sorts of tasks involving contact – assembly, driving on irregular terrain, computer-aided drug design, …  Opportunities also exist in design – for assembly, of high-performance off-road vehicles, …  Opportunities for automated military operations in urban environments – one person controls 10 semi-automated tasks from a command center, one person can control the construction of multiple space construction robots.    Computer/Robot-aided disaster response – which beam should first be lifted from a pile of rubble so that the pile remains stable and does not shift onto potential buried survivors?

· How can these be exploited in order to achieve new technological advancements and develop novel applications?  What are some of the possible applications?

· What are the potential scientific and technological achievements expected in the near-term (3-5 years) and in the long run (5-15 years)?  
Most of what I’ve described is likely to need 5 or more years to reach pay-off points.  However, there are some simpler new related technologies that I am currently building into SolidWorks.  The goal there is to develop computer-aided assembly tools that are based on collision-detection and contact mechanics models.

· What are the implications of success to the nation and our society?

Stronger military, stronger manufacturing.

