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This talk will overview the design and development of the StarNav and VisNav sensors, algorithms, and their applications for navigation of aerospace and robotic systems.

The StarNav project has led to two sensor designs and upcoming space missions.  The StarNav I flight experiment aboard STS 107 will demonstrate a new algorithm (LISA) for solving the "lost in space" star identification problem.  The New Millennieum Spacecraft EO-3 has also adopted a novel, patent-pending design for a split field of view star sensor (StarNav II) and we are concurrently developing this hardware and software in cooperation with an industrial partner.  This new star pattern recognition algorithm and the associated attitude estimation algorithm is built on a legacy that started with a pioneering 1977 paper entitled "Star Pattern Recognition for On Board, Real Time Attitude Determination", Junkins, Turner, and White.  This paper is a historical starting point for most currently used star pattern identification algorithms including those recently flown on the NEAR and MSX spacecraft.  Historical algorithms fail occasionally, especially if a good a priori estimate for attitude is unavailable and the sensor is capable of measuring down to magnitude 6 stars.  The recent work under the StarNav project promises to revolutionize star identification.  A new star identification method that is at once more efficient and more reliable has been established which requires no prior knowledge of pointing.  The essential ideas of the methodology, mission plans, and night sky experiments will be presented.  The VisNav project is addressed to relative motion navigation underlying, for example, autonomous rendezvous, docking, and proximity operations, as well as many aspects of space robotic manipulation.  

The VisNav vision sensor is new design which we have developed to address well known the difficulties which arise with video-based vision navigation. The difficulties include:  often inadequate spatial accuracy, slow frame rates, image processing computational burden, difficulties with lighting requirements, occasional failure of pattern recognition methods, etc.  The new sensor has an analog detector in the focal plane with a rise time of a few microseconds.  Accuracies of better than one part in 2000 of the field of view are obtained by patented new electro-optical design.  As a consequence, we can structure the light emitted by a set of actively controlled light emmitting diodes (LEDs), in a fashion analogous to radar modulation/de-modulation, enabling easy rejection of ambient optical energy.  The laser LEDs serve as actively commanded (cooperative) beacon targets, the line of sight toward these targets can be measured precisely.  This enables, for example, six degree of freedom navigation with essentially zero image processing and no need for pattern recognition, as well as adaptively optimized signal to noise ratio for each measurement.  Six degree of freedom navigation accuracies of <.1 inches in translation and <.01 degrees in orientation, updated at 100HZ are routinely possible by this approach.  Processing of these measurements using a Kalman Filter permits estimation of relative motion velocity and acceleration with heretofore unachievable accuracy. We believe autonomous rendezvous and docking operations will be enabled as a direct consequence of precise, reliable, high bandwidth proximity navigation.  The essential ideas and results from experiments with VisNav will be presented, along with potential applications. 
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John L. Junkins; Ph.D., UCLA (1969) is the founder and Director of the Center for Mechanics and Control (1991-present).  Before joining Texas A&M in 1985, he held previous academic appointments at the University of Virginia (1970-77) and Virginia Tech (1978-85).  He also held positions at NASA MSFC (1962-65) and McDonnell Douglas (1965-70).  He was elected to the National Academy of Engineering, and the International Academy of Astronautics; and is a Fellow, of both AIAA and AAS.  He has over 350 publications, including 3 texts, 120 archival papers, and two recent patents. Two new texts are nearing completion.  Interests include mechanics, dynamical systems, control theory, optimization, structural mechanics/controls, sensing/actuation, and flight mechanics/navigation/guidance/control of space vehicles; his ideas have been implemented successfully in over a dozen major aerospace and industrial systems.  He does theory, computation, experiment, and consults on applied research.  He has directed over 60 graduate students, leading to 31 completed PhD students, and 20 MS students, and 11 post-doctoral researchers.  He has served as principal investigator for over 60 externally funded research projects, from NSF, NASA, DOD, AFOSR, ONR, ARO, SANDIA and several private industries.  He was honored to be the recipient of the AIAA Theodore von Kármán Medal and Lectureship for 1997.  In addition to the von Kármán Award, honors include the AIAA Mechanics and Control of Flight Award (1983), the AAS Dirk Brouwer Award (1987), the AIAA John Leland Atwood Award (1988), the AIAA Aerospace Literature Award (1990), the IAF Frank Malina Medal (1999), and the Association of Former Students Distinguished Achievement Research Award, TAMU (2001).

During the past year, Junkins has initiated several studies on of micro-spacecraft sensing, navigation, and control concepts, and has developed adaptive and optimal control theory for cooperative control of collections of these nonlinear systems. Two new spacecraft experiments are currently under development that implement navigation systems based on Junkins recent research.
