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Hundreds of such
Images per night
are produced by
each ISON
survey camera

Demand for fast
real-time
processing




General-purpose open-source astronomical
Image processing platform modeled after
IRAF, MIDAS, MATLAB, and IDL

Modern technologies — Python (flexible and
versatile scripting programming language);
packages for scientific computations and
graphics; easily extendable modular structure

Used by approx. 30 teams, Incl. 20
participating in and cooperating with ISON
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Guess where are
GEO objects
here?
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Naive detection with |
global threshold

fragmentation of
star trails
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Morphological
filtering

reduces
fragmentation
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Measure
properties of
reference stars by
PSF fitting
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Centroiding:
Image looks like a
normal stellar field T
Match to reference |
stellar catalog: o

Tycho-2 or
UCACS3
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Optical aberrations:
treated as
generalized
distortion
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Problem: eliminate [ REEEEEEEEEEEEREE
stars, leave GEO
objects intact

Solution:
morphological
filtering of the
same type as
above, but of the
opposite sign
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K=(1111111 1111111 1111111)

1 if (M*K)xy)<d K andM(xy)! 0
0 otherwise

M&x,y) =
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Filtered image
after PSF fitting
still contains some
artifacts and false
detections

Compare a set of
adjacent images
of the same field
to eliminate them
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Try all possible linear
paths in - space
Limit them by
maximum velocity |
Exclude paths with

px]

“star-like” velocity

Exclude paths with less
than [N/2]+1 detections

x [px]
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= (Object Locator - [E:\Projects\Apex\Pubs\GEO\USRSSW-201( 1 1909015. -|O] x|
| v K 0 [ty | - : -

Object:

|222.‘I 11470.2
ADU:|2031

By [0

Max: |10175

fwhm: [22.8




Currently approx. 30 seconds per 3Kx3K
frame on an average 4-core PC — compatible
with normal survey data rate (approx. 50
frames per 30 minutes)

Pixel math (incl. sky background estimation)
takes most of CPU time

Extensive use of parallelism

4Kx4K and larger chips require faster CPUs
or cluster



Apex I, a general-purpose open software
package for astronomical image analysis, IS
used as a standard tool for initial data
reduction within the ISON collaboration

One of its applications is, thanks to
algorithms described above, automatic real-
time detection of GEO (and other high orbit)
objects in regular surveys of the GEO belt



Thank you



