
E. Bertin ADASSXX 11/2010 1

Automated morphometry with 

Sextractor and PSFEx

E.Bertin (IAP)



E. Bertin ADASSXX 11/2010 2

Collaborators

V1-2.x: Mireille Dantel, Frédéric Magnard, Chiara Marmo, 

Gregory Sémah and the TERAPIX team at IAP

V3.x: Tony Darnell, Shantanu Desai, Greg Daues, Joe Mohr 

and the Dark Energy Survey Management team at 

University of Illinois and NCSA

Philippe Delorme

Valérie de Lapparent

Gary Mamon



E. Bertin ADASSXX 11/2010 3

All wide-field astronomical images share similar features

òAlmost stationaryó 
Gaussian+Poisson noise 

correlated on small 
scales

+ large scale gradients

S/N of sources 
between -6 and 
+100dB/pixel

Image artifacts:
Halos

Detector blooming
Diffraction spikes

Cosmic-ray hits
Bad pixels

Most detectable 
sources are faint 
stars or barely 

resolved galaxies

Unsaturated 
stars can be used 

to map the 
variable PSF

Isophotal 
footprint of 

objects: from 1 
to 10 6 pixels

... and 105 to 107 sources per square degree
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Source extraction with SExtractor
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Galaxy model fitting

ÅShould be

ïfast

ïrobust

ïfully automated

ïintegrated in preexisting SExtractor 

code

ÅPSF model

ïRequires a first pass through the 

data

ïModeling implemented in a 

separate tool: PSFEx
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Experimenting with PSF modeling and fitting

Å PSF modeling and 
fitting in 
PSFEx/SExtractor 
operating in an 
experimental way since 
2001 (e.g. Cuillandre et 
al. 2001, Kalirai et al. 
2001)

Å Fitting routine fits 
groups of blended stars

ï currently maintained 
by Philippe Delorme.

Å Much work went into 
handling arbitrary PSFs 
and undersampled 
data.
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Modeling the PSF: Solving in Fourier space

Aliased portion of 

the spectrum

Lauer 1999

Reconstructed 

NICMOS PSF

Problem: noise is 

seldom stationary on 

astronomical images!
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PSFEx: solving in direct space

Å A resampling kernel h, based on a compact interpolating function 

(Lanczos3), links the ñsuper-tabulatedò PSF to the real data: the pixel j of 

star i can be written as

Å The cbôs are derived using a weightedc2 minimization.

Å The aiôs are obtained from ñcleanedò aperture magnitude measurements

Å Regularisation required for highly undersampled PSFs (FWHM <1.5 pixel)

ð l 2 norm (Tikhonov)

Å PSF variations are assumed to be a smooth function of object coordinates

F The variations can be decomposed on a polynomial basis Xl 
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Recovered PSF with simulated, undersampled data

Diffraction-limited
FWHM å1pixel
Moderately crowded


