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	NAME OF APPLICANT (Last, first, middle initial)

Calvitti, Alan

	24.
PRIOR AND CURRENT KIRSCHSTEIN(NRSA SUPPORT.  List type (individual and/or institutional), level (predoctoral or postdoctoral), dates, and grant or award numbers.
None

	25.
APPLICATION(S) FOR CONCURRENT SUPPORT

	 FORMCHECKBOX 
 NO
	 FORMCHECKBOX 
 YES
	Using format below, list all support (training, research, supplies, travel, etc.) applied for that would run concurrently with
 the period covered by this application.  Include the type, dates, source, and amount.

	     Type: 
	     
	Dates:
	     


	    Source:
	     
	Amount:
	     

	     Type: 
	     
	Dates:
	     

	     Source:
	     
	Amount:
	     

	     Type: 
	     
	Dates:
	     

	     Source:
	     
	Amount:
	     

	26a.
TITLE(S) OF THESIS/DISSERTATION(S)  (Predoctoral and Senior Fellowships omit this section.)
Phase Locking in Coupled Oscillators as Hybrid Automata

	26b.
NAME OF DISSERTATION ADVISOR OR CHIEF OF SERVICE
(If reference report not included, explain why not.)
Randall D. Beer
	TITLE, DEPARTMENT, AND INSTITUTION
Professor of Cognitive Science and

Professor of Computer Science, University of Indiana


	27.  DOCTORAL DISSERTATION AND OTHER RESEARCH EXPERIENCE


(See Instructions – particularly Predoctoral and Senior Fellowships should follow special instructions for this section.  Use continuation pages.  Do not exceed two pages.)

	The applicant obtained a doctorate in the Electrical Engineering and Computer Science Department (formerly the Systems and Control Engineering Department) at Case Western Reserve University, Cleveland, OH, based at the Dynamics of Adaptive Behavior Research Group. The research program was sponsored by Office of Naval Research and National Science Foundation. The research topic, at the intersection of biology, robotics, and dynamical systems theory, was to analyze the dynamical behavior of an existing, nonlinear, distributed model of leg coordination in insects. The engineering motivation derives from the application of the model to control locomotion in a series of experimental, 6-legged autonomous robots. The specific goal was to discover how observed gaits stabilize and transition as model parameters such as overall forward speed and controller gains, are varied. Insects as well as robots controlled by this model undergo transitions in the sequence of stance-swing timings in legs. This is analogous to walk—run—gallop transitions in quadrupeds.  Mapping the fine detail of dynamically changing relationships among legs as a function of parameters had eluded previous analysis efforts, hindering the robotics application.

     In conjunction with his dissertation advisor, the applicant developed a computational approach by first defining the models as a class of discrete-event systems known as hybrid automata, specifically, coupled hybrid automata oscillators. The study of these objects is a recent but rapidly advancing area of dynamical systems theory adapted to systems that have both continuous and discrete elements. In the context of the locomotion model the kinematic and dynamical properties of the musculo-skeletal system were abstracted away to focus on inter-leg coordination (as per the existing model). The gaits in the original model are obtained by analyzing the synchronization properties of the coupled oscillator systems. A small set of control mechanisms, derived from studies of the stick insect effect various types of coordination by modulating the point at which legs transition from forward moving to backward-moving. Because of the mutual interaction, even simple automata can induce complex behavior not seen in classical “smooth differential equation” dynamic models.

     The applicant developed Monte Carlo-based simulations to understand their dynamical behavior, and analyzed these systems using a novel, approach that exploited the combinatorial geometry of the state-   
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