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Abstract
The National Aeronautics and Space Administration (NASA) has been making optical observations of the Low Earth Orbit (LEO) and the Geosynchronous Earth Orbit (GEO) orbital debris environment. NASA operates two telescopes located near Cloudcroft, NM that obtain these observations. The 3.0 m Liquid Mirror Telescope (LMT) is used for LEO observations and the 0.32 m Charged Coupled Device (CCD) Debris Telescope (CDT) is used for GEO observations. The optical observations are being used to help characterize the debris environment in LEO and GEO and to assist in the modeling projections generated by NASA. NASA is also collaborating with the Air Force Maui Optical and Supercomputing Site (AMOS), which is located at the 10,000 foot summit of Haleakala on the island of Maui. There are three main observational programs at AMOS. There is an imaging program utilizing the 3.67 m telescope adaptive optics system to image objects that have had anomalous events or breakups. There is a spectroscopic program utilizing spectrographs on the 3.67 and 1.6 m telescopes to determine surface materials. There is also a program utilizing instrumentation on the 3.67 m telescope to determine the albedo of objects based upon simultaneous visible and thermal IR photometry. AMOS is also obtaining statistical observations of the GEO debris environment supporting NASA and the Inter-Agency Space Debris Coordination Committee (IADC) activities using the Near-Earth Asteroid Tracking (NEAT) camera on the 1.2 m telescope, In addition, a renovated Baker-Nunn telescope is available for observations. Results from these observation programs will be presented, as well as future plans.



2. Derivation and Application of a Global Albedo Yielding an Optical Brightness to Physical Size Transformation Free of Systematic Errors 
M. MULROONEY, M. MATNEY 
We have developed a technique for estimating the intrinsic size distribution of orbital debris objects via optical measurements alone. The process is predicated on apriori knowledge of the power-law size distribution of debris (as indicated by radar RCS measurements) and the log-normal distribution of optical albedos. Since the observed distribution of optical brightness is the convolution of the parent (size) population with the albedo distribution, it is a straightforward matter to transform a given distribution of optical brightness back to a size distribution by the appropriate choice of a single albedo value. This is true because the integration of a power-law with a lognormal distribution yields a Gaussian-blurred power law distribution with identical power-law exponent. Application of a single albedo to this distribution recovers a simple power-law that is linearly offset from the original distribution by a constant whose value depends on the choice of the albedo. Significantly, there exists a unique “weighted-average” albedo, which, when applied to an observed brightness distribution, yields zero offset and therefore recovers the original size distribution. For physically realistic power-laws of negative slope, the proper choice of weighted albedo effectively removes the biases caused by the large number of small objects that look anomalously “large” (bright) and the lower number of large objects looking anomalously “small” (dim). Based on this comprehensive analysis, a global value of 0.13 should be applied to all orbital debris albedo-based, brightness-to-size transformations of debris objects, regardless of data source. This represents a modification to the canonical value of 0.1 widely employed. Herein we present the empirical and mathematical arguments for this approach and by example, apply it to a comprehensive set of photometric data acquired via NASA’s Liquid Mirror Telescope.
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