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Introduction - EURONEAR

The EUROpean Near Earth Asteroid Research

bl

Asteroids (NEA) research;
Born in 2006 at IMCCE Paris (by O. Vaduvescu and M. Birlan);

bl

hl

bl

(understood our logo?)

bl

paper co-authors.
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A collaborative project contributing to education and public outreach,
involving amateurs and students collaborators as reducers, discoverers and

A project aiming to increase the European contribution in the Near Eart

Including people from 14 institutions in 8 European countries plus Chile;

Proposing to improve orbital and physical properties of NEAs using a network of
existing telescopes or maybe in the future some dedicated infrastructure




The inner Solar System and the asteroids

January 2017:

Hildas

More than ...
750,000 Main Belt Asteroids (MBAs)
15,000 Near Earth Asteroids (NEAs)
1,750 PHAs (Potentially Hazardous)
500-600 Virtual Impactors (VIs)

... known objects (Minor Planet
Center, MPC)

® Jupiter

“Greeks"




Only few asteroids & NEAs were visited by space missions:

Mathilde b (951) Gaspra — Galileo 1991
& - (243) Ida — Galileo 1993
@ (253) Mathilde — NEAR 1997

NEA (433) Eros — NEAR 2000

59 kilometers




NEA (1620) Geographos — Goldstone 1994 PHA (53319) 1999 JM8 — Goldstone 1999




Earth Impact Database

= (Univ. New Brunswick, Canada http://www.passc.net/EarthimpactDatabase)

= We known about 160 craters due to cosmic collisions!



http://www.passc.net/EarthImpactDatabase

EURONEAR Discoveries (INT & ESO/MPG

EUHT461 =

EUHT171 = EUHT288 =
®ourth NEA discovered by EURONEAR

®  Fist discovered NEA by EURONEAR & %
Isaac Newton Telescope (INT) * Second discovered NEA by EURONEAR » i Torac Newor: To¥eecape (INT)

Sl e o ~ Isaac Newton Télescope (INT) . ORM L Palm, 10 Sep. 2014
ORM, La Palma, 10 Jul 2014
o

‘ -

EURC061= ; y
ThirdWiscovered NEA by EURONEAR
Isaac Newton Telestope (INT) < #
ORM, La Palma, 29 Jul-2014 *

EUHROOL= ' 4 » EUHI640 = 2 5 v EUHVO01 =
Fifth NEA discovere®by EURONEAR  * . A . Sixth NEA discovered by EURONEAR 2 * . ¢ 2 P ¢ s
*Isaac Newton Telescope (INT) ~ + e Tsaac Newton Telescope (INT) . - e . Eighth NEA discovered by EURONEAR
ORM, La Palma, 4 Nov. 2014 * e ORM, La Palma, 24 Apr. 2015 . . Isaac Newton Telescope (INT)

. 2 4 . 3 ORM, La Palma, 8 Nov. 2015

.

EUVI0S3 =
.Seventh NEA discovered by EURONEAR

Tsaac Newton Telgscope (INT).

ORM, La Palma, 15 Jun. 2015

EURV002 =
Ninth NEA discovered by EURONEAR
Isaac Newton Telescope (INT)

FeW h u nd I‘edS M BAS (tWO m | n I-SU I’VGYS), ) ORY, La P, 9 o, 2015

9 secured serendipitous NEAs (the first in La Palma,
during ToO time to recover known NEAS)

Few lost NEAs (no follow-up time or other telescopes).




Found but Lost

-

NEA candidate discovered by EURONBAR
Isaac Newton Telescope (INT)
©ORM, La Palma, 24 Mar 2015




The EURONEAR Moving Object Detection
System

~ a prototype pipeline written mainly in Python calling 3rdParty libraries for
image pre-correction and correction

Asteroids
- -




Pre-correction Module

~ Python calls to IRAF in order to apply:
~ Bad pixels
~ Bias

= Flat field

~ Input: Raw FITS Images
~ OQOutput: Reduced FITS Images




Field Correction Module

Output File:

FITS_LDAC | Input: Fits
Catalogs / a Images ID i

|
.head files &

plots




Source Extraction Module

= Pixel Based . _
=~ Space Objects Based

=~ (using star subtraction) i , ,
=~ (using sources in catalogs)

~ Using IRAF - not good enough

bl

Remove all fixed objects from
individual catalogs that match
sources from the combined catalog
(using the combined image)

bl

The remaining objects are
asteroids or noise, and should be
paired in the individual images

bl

Can be improved and used if the
operation is done with tools like
OpenCV (dedicated tool for image
processing)




Matching Module

Two Detection Techniques

=~ Improved “Blink*“ Algorithm

pl

“Synthetic (digital) tracking”

pl

~ in series of a few (4-5) images, using series of many (dozens) of

pairing (at least 3) sources moving images, in the search of unknown

linearly and rejecting noise objects moving in any direction
and with any proper motion

Track & Stack

Detection of very faint known NEAwith INT from 6 images




Problems encountered
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Problems encountered

Caused by interpolation

SAOImage ds9

File Edit View Frame &= Zoom “c:oc Color Region WCS Analysis

Help

File r1134553CCD3.resamp.fits

Object 1999DB2

Value 4.86073

wcs | | |

Physical X 2102.000 Y 3759.000

Image X 2102.000 Y 3759.000

Frame 2 Zoom 1.000 Angle 0.000

file | edit | view || frame bin | zoom | scale | calor | region wcs | help

nrgh elete .. clear Wﬁ hllk ﬂ revnus 4

23

44 66

87

109

131

152

174

195




Problems encountered

Caused by image registration

SAOImage ds9
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Problems encountered

. SAQlmage ds9 = =] x

Caused by star saturation “9
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Problems encountered
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Astronomy:
Complete the latest “blink” modules
Test the pipeline using INT-WFC archive images and a future mini-survey;

Implementing the “Digital (or Synthetic) Tracking” method, assisted by modern
computer infrastructure at two Romanian universities.

Synthetically tracking on the asteroid Synthetically tracking on background stars
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Future works

~ Computer Science:
~ Migrate modules to cloud as Docker Containers or as Virtual Machine

~ Replace some of the modules with OpenCV operations/algorithms

= After that it can become even more accelerated with the GPU and using hardware
accelerators tools such as CUDA or OpenCL (provided by NVIDIA)




Q&A

“= Thank you for your attention!!!
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