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The objective of this research is to create interfaces that enable people with impaired sensory-motor function to control interactive cyber-physical systems such as artificial limbs, wheelchairs, automobiles, and aircraft. The approach is based on the premise that performance can be significantly enhanced merely by warping the perceptual feedback provided to the human user. A systematic way to design this feedback will be developed by addressing a number of underlying mathematical and computational challenges.

The intellectual merit lies in the way that perceptual feedback is constructed. Local performance criteria like stability and collision avoidance are encoded by potential functions, and gradients of these functions are used to warp the display. Global performance criteria like optimal navigation are encoded by conditional probabilities on a language of motion primitives, and metric embeddings of these probabilities are used to warp the display. Together, these two types of feedback facilitate improved safety and performance while still allowing the user to retain full control over the system.

If successful, this research could improve the lives of people suffering from debilitating physical conditions such as amputation or stroke and also could protect people like drivers or pilots that are impaired by transient conditions such as fatigue, boredom, or substance abuse.

A significant milestone after one year of work has been to enable a human pilot to fly an unmanned aircraft with input only from an electroencephalograph (EEG), which is used in this case to distinguish between left- and right-hand motor imagery in the brain. These correlates of motor intent come at a low rate and with a low signal-to-noise ratio (1 bit at 1 Hz with a 10% crossover probability), so each input cannot be mapped directly to a control signal as would be done with a joystick. Instead, it takes a sequence of inputs, prompted with feedback from annotated onboard video, to specify a desired path for the aircraft. Viewing this process as communication, the problem becomes constructing an optimal communication protocol that says exactly how user inputs and sensory feedback should be generated in order to specify a path as quickly and robustly as possible. Tools from feedback information theory have been applied to solve this problem. Hardware experiments with a real aircraft show that the approach works in practice.

