
Figure 9: Number of occultations versus time for GEO satellite Galaxy 3C over a 24 hour period starting on Jan. 19th,
2016 using 0.5 s time steps. The middle portion corresponds to daytime for which shadow events are not calculated.
Latitude is confined to the range [-55,55]. The viewing elevation angle is limited to be greater than 30 degrees. Only
stars with visual magnitudes of mv =[2,10] were considered.

in Kihei, HI on Maui for the night of Jan. 20th, 2016. The viewing elevation angle is limited to be greater than 30
degrees. Only stars with visual magnitudes of mv =[2,10] were considered. For this particular night 25 shadow tracks
traversed the 2 x 2 km region.

Figure 10: Left: Shadow tracks over 2 x 2 km area in Kihei, HI for the of night of Jan. 20th, 2016 from GEO
satellite YAMAL 300K (ID 38978). Red dots are computed shadow locations at a 0.1 s time step. The blue lines
are interpolated by the Matlab Mapping Toolbox plotm() function. Imagery is from the USGS Orthographic 1-foot
database. The viewing elevation angle is limited to be greater than 30 degrees. Only stars with visual magnitudes of
mv =[2,10] were considered. Right: Monte Carlo of two shadow ground track uncertainties using 100 trials. Lower
track uses a stellar position uncertainty of 9 mas, yielding a shadow track uncertainty of σ=2 m. Upper track uses a
stellar position uncertainty of 110 mas, yielding a shadow track uncertainty of σ=24 m.
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The impact of stellar astrometric errors on the shadow track location was also examined. Two near parallel shadow
tracks were selected and different astrometric uncertainties were applied to each track. These two cases are shown in
green highlight in the right of Figure 10, with an astrometric uncertainty in star position of 110 mas applied to the
top track and an uncertainty of 9 mas to the bottom track. A Monte Carlo simulation using 100 trials was performed
applying the astrometric errors per a Gaussian distribution resulting in the track uncertainties shown in the right of
Figure 10. The larger 110 mas stellar uncertainty resulted in a ground track position with a standard deviation of σ=24
m, while the smaller 9 mas star uncertainty yields σ=2 m.

5 RESULTS AND FUTURE WORK
A robust end to end shadow simulation capability has been developed which generates monochromatic and spectrally
binned irradiance patterns. A Fresnel integral version of the Gerchberg-Saxton phase retrieval algorithm was outlined
and used for image reconstruction of simulated shadows over a diverse set of observational cases. Sub-meter image
resolution is shown to be readily achievable in foreseeable shadow collection attempts. Aperture size and spectral
binning width can be set based on a particular observation scenario to optimize resolution limits, suggesting a con-
figurable collection system be considered. Image degradation from an extended source star is shown to be mitigated
by applying the star’s phase term during each iteration in the reconstruction algorithm. Future work will include im-
plementing different collection geometries and detector technologies (CCD, CMOS, etc) in the shadow simulation, in
addition to applying thresholding criteria in the image reconstruction process.

Initial results from our shadow prediction tool begins to characterize the solution space for the solving the op-
timization problem of collection system placement and for understanding the intricacies of predicting and capturing
individual occultation events. Shadow density maps and localized shadow track predictions indicate that a significant
number of shadow events from GEO satellites occur on a regular basis. Uncertainties in stellar astrometrics have
been characterized per shadow ground track displacements using low and upward error bounds from the Tycho-2 star
catalog. Future shadow prediction work will seek to identify optimal locations for collection system placement and
range of mobility. In addition, we will begin to examine density of shadow events as a function of time throughout the
year using multiple GEO satellites.
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