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NASA’s 9th Discovery Mission 



Traveling Back in Time 



Planetary Perspective 



An Instantaneous View 
of the Main Asteroid Belt 



Dawn’s Trajectory 



Computational Opportunity: 
Trajectory Prediction 



Hubble Views 



Closer 



Satellite Search:  

•  Search for satellites of Vesta for 
–  Spacecraft safety 
–  Scientific interest related to dynamical history 

•  Approach: opnavs and sat search mosaics 
–  Register, stack and blink opnav images 
–  Difference images (OpNavs only) 
–  High pass/unsharp mask filter 
–  Determine astrometry 
–  Identify asteroids in Vesta centric coordinates 
–  Identify uncatalogued objects and register and stack 



Mosaic Design 



Spatial and Temporal Cadence 



Orienting the Images  
in World Coordinate System 

Thank you 
Sam Roweis, Dustin Lang & Keir 

Mierle 
  University of Toronto 

David Hogg & Michael Blanton 
   New York University 

We start with a catalogue of stars in the 
sky,  

and from it build an index which is used to 
assist us in locating (‘solving’) new test 

images. 



Image Processing 

Long Exposure 270s Unsharp Mask filter 9x9 box filter 



•  http://www.astrometrica.at/ 
•  Reads Fits format (8, 16 and 32 bit integer files). 
•  Image calibration (Dark Frame and Flat Field correction). 
•  Blinking with image registration. 
•  Zoom and 'Magnifying Glass' for close-up image inspection.  
•  Reference star identification, moving object detection and 

identification. 
•  Track and Stack' function to follow fast or very faint moving objects. 
•  Access to new-generation star catalogues (PPMXL, UCAC 3 and 

CMC-14). 
•  Dave Skillman asked the developer to insert Dawn’s trajectory 

coordinates. 
•  Latest version is 4.6.5.389 Version 4.6.5.389 





Detectability 
Fast moving objects will trail several pixels in 270 exposures 

almost all possible satellites will stay in a single pixel during a 20s exposure,  
and almost all satellites will trail across multiple pixels on the 270s exposures. 



Catalogue Comparison 

•  Input 
–  Raw FITS/LBL files (DSC) 
–  WCS files from Astrometry.net 

processing (GSFC) 
–  GSC/UCAC3 catalogs (STScI/

USNO) 
•  Image Processing 

–  Run object detection algorithm 
–  Match objects to catalogs 
–  Perform image calibration with 

reference catalogs (mag<12) 
•  Astrometry ~ 2-4” rms per axis 
•  Photometry ~0.2-0.5 mag rms 

–  Match objects between frames 
to reject cosmic ray hits and bad 
pixels from object list 

–  Identify real detected objects 
that do not match catalogs for 
further investigation 

•  Output 
–  Self-contained FITS files with useful 

keyword metadata 
–  Mean/Median images from each 

observing sequence 
–  Mean/Median dark frames 
–  JPG images of each frame with 

matched and unmatched candidate 
objects 

–  MP4 file of all frames in an 
observation sequence with candidate 
objects identified 

–  Text files with details of candidate 
observations from each observing 
sequence 

Detection limit ~10 m diameter 



Findings 
Almost Nothing 

8/30/11 LMcF 19 

4 sequential exposures separated by 5 seconds 
Right to left, 270 s, 1.5 s, 20 s, 270 s 



Results 
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One Satellite of Vesta 


