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All wide-field astronomical images share similar features

"Almost stationary”
Gaussian+Poisson hoise
correlated on small
scales
>+ large scale gradiepis

S/N of sources

between -6 and
+100dB/pixel

Isophotal
footprint of
objects: from 1
to 10° pixels

Most detectable
sources are faint
stars or barely
esolved galaxie

Image artifacts:
Halos
Detector blooming
Diffraction spikes
Cosmic-ray hits
Bad pixels

Unsaturated
stars can be used
to map the
variable PSF

... and 10° to 10’ sources per square degree
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Source extraction with SExtractor
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Galaxy model fitting

 Should be

— fast
— robust
— fully automated

— Integrated in preexisting SExtractor
code

« PSF model

— Requires a first pass through the
data

— Modeling implemented in a
separate tool: PSFEX
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Experimenting with PSF modeling and fitting
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Modeling the PSF: Solving in Fourier space

Reconstructed
NICMOS PSF

Lauer 1999

Problem: noise is

Aliased portion of seldom stationary on
the spectrum astronomical images!
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PSFEX: solving in direct space

« Aresampling kernel h, based on a compact interpolating function
(Lanczos3), links the “super-tabulated” PSF to the real data: the pixel j of
star i can be written as

Pij = & Zblzk:hi (Xk — X )Cbka

« Thecy’s are derived using a weighted ¥ 2 minimization.
« The a/s are obtained from “cleaned” aperture magnitude measurements
*  Regularisation required for highly undersampled PSFs (FWHM <1.5 pixel)

Interpolation function

- /2 norm (Tikhonov)
. PSF variations are assumed to be a smooth function of object coordinates "r ]

&  The variations can be decomposed on a polynomial basis X| @l 7

P :aile(xi)zzhi (Xk _Xj)cb‘/flbk “

0.2 - -

of ]

Boc o o W pos @ % T Gimama g gl

0 0.5 1 1.5 2
Wb f/’uy

X, = cste x x’ x’ y Xy x’y y? xy’ y’

E. Bertin ADASSXX 11/2010 8



Recovered PSF with simulated, undersampled data

Diffraction-limited
: FWHM = 1pixel
& Moderately crowde
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Modelling PSF variations:
Reconstructed MEGACAM average PSF in the i-band

5t order polynomial
iNn X,y: -PSFVAR KEYS
X _IMAGE,Y IMAGE
-PSFVAR DEGREES 5

Derived from 19,000
point sources

v2/d.o.f. ~ 1.3
— Proper motions
make the PSF
“noisy”

Processing time ~
100s on a 2GHz
processor
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PSF modeling on “non-linear” media

1670 point-sources from the central 4096x4096 pixels of a photographic scan (SERC J #418 survey
plate, courtesy of J. Guibert, CAl) FWHM = 3pixel
6t order polynomial in MAG_AUTO
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PSFEX quality control and metadata

PSFEX runs a variety of
diagnostics

—  Various 2D histograms
are produced

— Numbers are written to a
metadata file in XML-
VOTable format at the
end of each run.

* An XSLT stylesheet
that translates to HTML

comes with the PSFEX
package.

« High level libraries such
as vo.table for Python
can be used to parse
the VOTable

E. Bertin
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PSFEx 3.8.1 started on 2010-05-09 at 01:38:43 with 4 threads (runtime: 3 min 13 s)
by user bertin from kiravix.iap.fr in /disk2/psfex/t05

[ PSF stats per Input File | ]

| PSF stats par Extensjan | |

[ Configuration File: default. psfex | ]

Command Line |

’ Warnings (limited to the last 1000) | ]
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PSFEX quality control (cont.)

Field 784762p: FWHM map Field 784762p: ellipticity map Field 784762p: PSF asymmetry map Field 784762p: map of Moffat fit residuals
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SExtractor morphometry

PSF modeled using PSFEXx

— Sampling automatically adjusted depending on image
Models are computed using a grid size that depends on sampling
and on the object

— Image and model rasters are rebinned for very large objects
Several model components currently available:

— Background level, Point source (2 + 1 free parameters), Sersic (2 +
5), De Vaucouleurs (2 + 4), Exponential (2 + 4)

— others currently in development

— The presence of model parameters in the Sextractor .param file
triggers the fitting process

Minimization uses the LevMar implementation of the Levenberg-
Marquardt algorithm by M.Lourakis
— Adaptive Jacobian

— Initial parameter guesses made from « classical » SExtractor
measurements

— Robust fitting

— Bright pixels from neighbours automatically masked by SExtractor.
Processing speed: 10-30 galaxies/s on a single 3GHz CPU core.

— ~one million galaxies per day and per compute node.
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Weak shear measurements with SExtractor

 trends as a function of PSF ellipticity, FWHM, or
asymmetry kept below the 103 level
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PSF homogenization in the Dark Energy Survey

« Co-addition: large pointing
offsets + small number of
exposures create jumps in
the PSF at image
boundaries

— Combine exposures with
variable image quality

=» PSF homogenization
required

— Bring all images to the
same, circular PSF, using
the variable PSF models

600 7 1 T T T T T T T T T T 600 T T T T T T T T T

— “Cheap” alternative to , | _
iImage fusion/Bayesian | non-homogenized ] | homogenized
inference. -

« DECam images are
properly sampled

* Impose the target PSF = | : = ]
with median seeing to 200 |- - 200 |- .

minimize noise correlation - 1 f
— Handle noise correlations i : i \
on arcsec scales 0 0

— Masking and interpolation S e S T R

Crltlcal FLUX_RADIUS [pix] FLUX_RADIUS [pix]

400 |- - 400 |- _
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Future plans and improvements

Multi-threading
Multi-source
model-fitting
Intelligent
deblending

Improved
background
mode

Multi-band
model-fitting
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Visit AstrOmatic.net

“Wour first stop for astronamical pipeline software

Astromatic

x%]cc’mf' lo ASUOIH a[icl.

on this website you will find information about AstrOmatic software,
including download links to the latest wersions and documentation, as
well as access to the discussion forum and to dewvelopment
repositories. If you are into nerdy stuff, or to learn more on how to
use the software, you might also want to check out the AstrOomatic
technical blog. Be sure to register to leave comments on posts! If you
would  like to  contribute  to AstrOmatic software  dewvelopment,
docurmentation or to these columns, please contact the administrator,

Most recent post:

SWarp 2.19.1 release

Fosted by Emmanuel in 5Warp, releases, software on September 4, 2010 - 20:13
W comments (0]

SWarp 2.19.1 has been released! This version
brings several new bugfizes and features:
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Content

s » Welcome to AstrOmatic!
+ » About
[+] AstrOmatic softweare
[+] Technical blog

» Gallery

» Web services

Recent Posts

SWarp 2.19.1 release

MissFITS 2.4 release

SCAMP 1.7.0 release

STIFF 2.1 release

STIFF 2.0 release
¢ CFHTLS interactive image gallery
+ Tuning up your display for optimal
viewing of astronomical images
* SCAMP 1.6.2 release

Support

« AstrOmatic forum




