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I ABSTRACT

Understanding the neural basis of cortical processing promises to lead to
advances in Human-Machine Systems with immense implications for both the
normal population and patients with devastating neurological disorders. Our work
related cortical processing and neurological disorders shows that brain machine
interface (BMI) is viable in humans using brain oscillations to control peripheral
devices such as prosthetic limbs and potentially to generate language.

Studies to date reveal that every cognitive process examined including language,
attention, memory and motor control generates high frequency oscillatory activity
in the range of 70-250 Hz (high gamma, HG). Importantly, the HG band of the
human ECoG has the most precise spatial localization and task specificity of any
frequency we and others have examined. For instance, during language
processing, HG precisely tracks the spatio-temporal evolution of language from
comprehension in posterior temporal areas to production structures in frontal
brain regions. Importantly, these HG changes track the subjects behavioral
performance in real-time over the course of the 1200 milliseconds needed to
comprehend the word, select a noun and articulate a response. Motor activity is
also tracked by brain oscillations and studies will be discussed that use these
brain oscillations to control peripheral devices in humans with implanted
electrodes. Similarly, we have developed means to extract linguistic information
from brain activity suggesting that thus approach may be useful for speech
production.



The HG response is phase locked to the trough of theta rhythms (4-8 Hz) in the
neocortex. This HG-theta coupling occurs in a task specific manner with different
cognitive tasks eliciting unique distributed spatial patterns of HG-theta coupling.
These results indicate that transient coupling between low- and high-frequency
brain rhythms may provide a mechanism for effective communication in
distributed neural networks engaged during cognitive, language and motor
processing in humans.

Future BMI real-world applications will involve the integration of theory and
concept from cybernetics, human-machine, and systems science and
engineering areas.
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