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Research Interests: I direct the Multi-Res Modeling group at Caltech. Most of our current research work revolves around Digital Geometry Processing (acquisition, denoising, editing, modeling, simulation, compression, final delivery) and in particular fundamental numerical algorithms and their mathematical foundations. We are also pursuing some work in Semi-Immersive displays and human computer interfaces in particular for complex three dimensional design tasks.
· 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)?
I will speak to modeling, VE and HCI only as I don’t have expertise in the others. In the case of modeling we need to understand much better how to integrate (rather than “staple together”) multiple levels of physical simulation with one another and with the underlying geometric descriptions. This brings up issues in model reduction (how to take low level physical descriptions with potentially very large numbers of degrees of freedom to coarser levels with relatively much fewer observable degrees of freedom), model validation, and model design. Because of the many length and time scales involved these must by necessity be multi-scale. Most of the resulting models can only be numerically simulated which in turn requires design of associated computational representations and algorithms that enable efficiency and robustness. That latter in particular becomes ever more important as the fidelity and size of the models and computations increases. For example, variational discretizations which maintain the structure of the underlying mechanics when going from continuous to discrete computations  turn out to be far more robust than standard discretization. Our understanding of these issues is only at the very beginning. Tools from mathematics (approximation theory, harmonic analysis, differential geometry), computation (algorithms, data structures, geometric modeling, visualization), and mechanics (discrete variational principles, control) must come together to make significant progress in this area.
In the area of HCI one issue that is not adequately addressed at all is the interaction with complex geometric models for purposes of creating them. Current practice of using standard WIMP based geometric editing tools is extremely cumbersome. Designers almost always start with paper and pencil rather than with digital tools since during the early design stages current digital interaction tools incur far too large a cognitive overhead. We are pursuing integration of semi-immersive displays with tangible UI tools to overcome this issue. Example challenge applications include industrial design and DNA design to construct nano-scale computing devices.
· What opportunities lie in the intersection of robotics, AI, VR, and HCI?

VR is needed to build future HCI solutions and only by bringing serious HCI background to these problems can we hope to build interfaces that really work and don’t get in the way. There are a multitude of enabling technologies that have to be created to make this happen, of course. These include displays, wireless sensing, and tangible tools for interaction. Trackers have to get much better. However, in the meantime there are plenty of opportunities to move this area forward.
· How can these be exploited in order to achieve new technological advancements and develop novel applications?  What are some of the possible applications?

My own interest is in creation/design of complex 3D structures. These can range from architectural scale (literally buildings) to industrial design and down to the nano-scale. The latter is particularly interesting as it involves working with structures and their representation which are not directly accessible to the senses. If we are to realize the promises of nano technology appropriate interfaces will be critical. We have gathered some experience in the area of industrial design (working with a firm as well as design school students) and found that there is a possibility to radically streamline that initial creation process by providing good digital tools for this part of the enterprise. Coupled with integrated (and sufficiently fast) physical simulation design can be much accelerated and become more fluid, allowing many more alternatives to be explored. This will no doubt lead to better solutions.

· What are the potential scientific and technological achievements expected in the near-term (3-5 years) and in the long run (5-15 years)?  
The biggest issue in all of this concerns the better management of complexity. What kind of programming languages do we need to build reliable systems? What kind of mathematics do we need to better characterize and manage uncertainty? To reason about program correctness? What will help us build robust simulations? What are the right architectures on which to run our simulations? Just building ever larger computers will not answer this. I personally believe very much that one element of this will need to be a much more rigorous approach to discretization of continuous problems for purposes of numerical simulation. These discretizations must be structure preserving to be meaningful. How do we do that?

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

I’ll answer the opposite question. If we don’t deal with the issue of complexity in our software and hardware and interfaces all of these tools will cave in under their own weight. To do so is a very large program and contains many elements. I hope to contribute at the level of scalable and efficient numerical simulation methods that are robust and at the level of semi-immersive interaction scenarios which exploit tangible interfaces.
