Modeling and Analysis of Biologically Inspired Motor Control

Max Berniker

Arti^cial Intelligence Laboratory Massachusetts Institue Of Technology Cambridge, Massachusetts 02139

http://www.ai.mit.edu

The Problem: How does the human neural circuitry control posture and voluntary movements? Humans are equipped with an amazing repertoire of motor skills. Despite being out^tted with what by many engineering criterion are noisy signals, slow computation times, devastating transmission delays and marginal actuators, the human system exhibits motor control and motor learning that far surpass our best engineering efforts. We seek a better understanding of how this is accomplished.

Motivation: With a clear understanding of human motor control circuitry the bene^ts afforded will be widespread. For instance, insight into human motor disorders and their possible treatment, as well as a basis for development of advanced neurological diagnostic techniques should become available. Similarly, this knowledge will provide a framework for implementing biomimetic control systems. In addition, control systems might be had that compliment the aptitudes of natural human motor control with the resources of modern control theory.

Previous Work: Many researchers have investigated both biologically plausible or motivated control systems and human neuro-motor pathways [1, 2, 3]. In regards to the former, many have focused on the role of internal dynamic models, their acquisition and role in motor control and motor learning. In regards to the latter, there exists a wealth of empirical data and hypothesis as to the many neural pathways and cortical areas involved in motor control. Great gains have been made in both approaches, but human motor control awaits a unifying cogent theory.

Approach: Neuroanatomy, biomechanics, engineering control theory, and the theory of neural networks and nonparametric regression are all key ^elds in the development of a credible model. These mathematical models must be consistent with known neurocircuitry. Therefore, not only should the models exhibit the motor behavior of normally functioning persons, they should also be capable of exhibiting the motor pathologies of persons with de^cits when similar ŤinjuriesŤ are enforced on the model. When the models have progressed suf^ciently they shall be physically embodied for further analysis with the anthropomorphic robots of the AI Leg Lab. Not only will this provide a realistic test-bed, it will offer a proving ground for biomimetic control.

Dif�culty: Human motor control and motor learning is far more advanced than the current modern control techniques employed to control robotic manipulators and robots in general. This being the case, only aspects of human motor control shall be examined. Speci^cally, interaction tasks with inertial loads, balance and walking shall all be explored.

Impact: When the questions are properly posed, the models obtained through this research shall be able to offer support for or against relevant theories of human motor control. The consequences for biomimetic control and a clearer understanding of the functionality of the human motor system are far reaching.

References:

[1] Kawato, M. Furukawa, K., and Suzuki, R. A hierarchical neural-network model for control and learning of voluntary movement. Biological Cybernetics, 57, 169-185(1987).

[2] Massaquoi, S. G. and Slotine, J-J. E. The intermediate cerebellum may function as a wave-variable processor.

Neuroscience Letters, 215, 60-64, 1996.

[3] Wolpert, D. and Kawato, M. Multiple paired forward and inverse models for motor control. Neural Networks II, 1317-1329(1998).