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· 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)?

We would consider the principle technical limitations to be:

1. Sensorization:  --- E.g. developing hands/arms with integrated force and tactile sensing; computer vision technologies to provide information and feedback to the user.

2. Low-level modeling: Organic and tissue and tool-tissue interaction modeling, FEM/BEM models that reflect accurate material properties for deformable objects.  Most of today’s models aren’t based in physical reality.
3. High-level modeling of complex actions or tasks.  In order to develop a robot that can interact with humans, there has to be a model of that interaction.  For example, sensing human intent (based on a model of the current task) using stochastic or deterministic models.


4. Compact, lightweight, integrated power-effective mechatronic designs (sensors and actuators) that could be manufactured for reasonable cost and become widely available. 

If there issues were to be overcome, there are a host of research and technological issues related to processing and use of sensor information.  For example, processing data from a high resolution tactile skin for feedback (for autonomous operation) or rendering to a user. 

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

1. Reality-Based Modeling: The general set of problem related to acquiring and modeling physical and “social” reality.  For example robotics is necessary for controlled interaction with real materials for measurement and modeling of force interactions.  At the same time, this data would be used with other models to e.g. shake hands with a user, create realistic virtual environments, or perform cooperative manipulation in a complex task.


2. Large-scale fusion of multi-modal sensor data:  Consider high density tactile data, visual (possibly stereo) data, and tens of channels of force data.  How can these be combined, particularly in the context of models as developed in (1) above for autonomy? assistance? VR display?
3. Broad spectrum systems: Developing systems that can smoothly move between a broad spectrum of interaction levels --- from full autonomy to passive assistance to direct teleoperation and display, and do so in an intelligent and user-responsive manner.

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

1. Develop a realistically grounded training and pre-operative planning system for surgery.

2. Develop systems that can perform skillful tasks with varying level of user assistance in remote, hazardous, or inaccessible environments

3. Develop systems for physical assistance or rehabilitation of disabled or impaired persons.

· What are the potential scientific and technological achievements expected in the near-term (3-5 years) and in the long run (5-15 years)?  
3-5 years: In the short term, advances in computing will enable processing and use of large-scale data (e.g. real-time stereo) which in turn will enable significant advances in reactivity and functionality at a “control” level.  Advances in learning and modeling will likely improve realism in virtual environments.  

5-15 years: Advances in mechatronics and device integration will lead to new, more compact devices.  Likely impact will be more exposure to consumer market as well as deeper integration of Human-Machine interaction in areas such as surgery, hazardous environments (mining, undersea) and so forth.

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

Robots that assist humans in dangerous or difficult tasks will improve outcomes (e.g., surgical) and safety. It may allow expert operators to perform more complex tasks than previously possible, or allow novice operators to perform tasks they could not have done otherwise. Creation of a more highly skilled and quickly retrainable workforce will enable our nation to complete more effectively in a ever more global and technologically advanced and dynamic economic environment.

