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Kibblewhite Diagram
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APM processing philosophy:

!
- design from ML perspective


- decide relevant parameters


- compute MVB error bounds


- tradeoff complexity -v- results


- allow for diversity of objects


- aim for majority science user


- do science with data products
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Proximity to cats



Mainly used to digitise 
14”x14”


UKST & POSSI/II

sky survey plates 7.5   

sampling

      43k x 43k pixels


!

object cataloguing

objective prism spectra


scanning images

candidate verification


!
r/o   0.5 MByte/s

!
Operational modes:


1.8 Gpixels per plate
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HyperSuprime 870 Mpixel camera



VISTA focal plane
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VST focal plane
256 Mpixel camera



UKIRT and WFCAM
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Internet transfer                        ~ 500-1000GB/night

Processing Database ingestion 
and QC

Data serving

CASU

VST @ ParanalVISTA @ ParanalUKIRT @ Mauna Kea



150TB
55TB

600TB

VST WFCAM

/year now now

120TB

VISTA

750TB

Data products volume 

VST now



" ground-based imaging surveys  ->  


– all data taken on UKIRT WFCAM (Z,Y,J,H,K.....)


– all data taken on VISTA VIRCAM (Z,Y,J,H,Ks.....)


– all VST public survey data (ATLAS, VPHAS, KiDS - u,g,r,i,z,H  )


" processing for other large area/deep imaging instruments


– CFH, CTIO, INT WFC, Subaru .......


– all UT4 HAWKI data 2008 ->


– all UT3 VIMOS imaging data 2002 ->


" processing for wide-field multi-object spectroscopic surveys 


– Gaia-ESO survey


– data management for WEAVE, 4MOST, MOONS?

VISTA Data Flow System



Astro-imaging surveys -> science 

" image processing to remove instrumental effects     
aim is a linear photon noise-limited image             
systematic + instrument specific left-overs       
deep stacking with rejection (CRs, bad pixels)


" detect and parameterise objects                       
complex background variations (local/global)                    
optimal detection via matched filters                
image segmentation into objects                                  
parameter estimation: position, flux, shape


" external calibration and object classification         
astrometric registration & photometric fluxing                           
morphological typing from shape descriptors                 


" quality control from automated measures

" matching across bands or as time series



CASU mantra 

• MEFs as container -> simplifies bookkeeping


• use lossless Rice-compression  -> (x 2-4 less space)


• FITS images and catalogue binary tables (CFITSIO) 


• FITS headers record processing details 


- derived QC parameters


- WCS astrometric calibration  


- photometric calibration


- table/image fluxes in ADU, x,y positions in pixels


- versioning and software details


• modular software -> C & perl/python scripts


• minimise external software dependencies



http://casu.ast.cam.ac.uk

http://casu.ast.cam.ac.uk




Monitoring Paranal NIR sky surface brightness 



An	example	of	QC	trend	analysis		VISTA/VIRCAM

• Variable zero-point 
(and hence survey 
depth) with time


• silvered mirror 
degradation    


• aluminised mirror


• a bit of window 
cleaning



VISTA survey progress



VST survey progress



WFCAM survey progress



A search by position returns 
images that contain that position 
and allows preview of postage 
stamps,catalogue sources and 
a view of provenance images.



Some software solutions for common issues

" nebuliser

– removes complex background variations 

– enhanced object detection & parameterisation


" despiker

– removes diffraction spikes, charge bleeding artefacts, 

and saturated stellar cores, and even satellite tracks

" artefact/noise pickup removal


– crosstalk intra- and inter-detectors

– noise pickup from other systems


" point-spread-function estimation

– automatically generates detector-level PSFs for QC

– and for performing PSF photometry



Nebuliser ->  M17 K-band WFCAM 



Nebuliser -> M31 field 23  MegaCam



Nebuliser -> M31 field 23  MegaCam



Example of

VST pickup

20130605



imcombine

of pickup

pattern  

using all

32 CCDs




!
scaled

removal

of pickup




VIRCAM focal plane



x6......
+	confidence	map
+	catalogue

+	confidence	map
+	catalogue

96	chips

VISTA	
pawprints

dither	
stacked

mosaic	
tile



Challenges when dealing with VIRCAM tiles  

" imperfect sky subtraction pawprint matching + artefacts

" variable PSF across pawprint detectors                                                                                             

" variable seeing conditions for entire pawprint                                   

" variable saturation levels of each detector                                             

" variable extinction (ZP) during tile observations                 

" astrometric distortion = photometric distortion         

" interpolation = varying correlated noise patterns

" “interesting” Modified Julian Date pattern



MJD 

variation 

across 

tiles  



VMC survey

!
!

SMC west

!
!

 and 47Tuc

!
 



VMC survey
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VMC survey SMC west & 47Tuc -> pipeline CMD



Advanced Next Generation Spectroscopic Analysis 
Systems  

Eduardo Gonzalez Solares 

Cambridge Astronomy Survey Unit, Institute of Astronomy

CASU processing for large scale spectroscopic survey facilities

WEAVE Characteristics

Telescope, Diameter WHT, 4.2m
Field of View 2 degrees

Number of fibres 960
Fibre size 1.3”

Small IFUs 20 x 11” x 12” (1.3” spaxels)
Large IFU 1.3’ x 1.5’ (2.6” spaxels)

Low resolution 5750 (4000 - 7250)
Low resolution coverage 3660 - 9590

High resolution 20000 (15000 - 25000)
High resolution coverage 4040-4650, 4730-5420, 5950-6850

Spectra / night ~ 20000 - 30000

4MOST : Characteristics

Telescope, Diameter VISTA, 3.7m

Field of View 2.5 degrees

Number of fibres 1600 (LR) + 800 (HR)

Fibre size 1.45”

Low resolution 5000

Low resolution coverage 3950 - 8950

High resolution 18000

High resolution coverage 3950-4400, 5000-5550, 6050-6750

Spectra / night ~ 50000



GAIA-ESO Data Flow

Giraffe @ CASU

Level 1 
Processing

Database Ingestion Data Serving

Database
Ingestion

+
Validation

Spectra

Working
Groups

WFAU Archive

UVES @ Aricetri

Level 2
Processing

ESO Archive

Observations

Science Team 
Target lists

Operational Repository



  

IAC, IACAIP

ROBGrid
UCM

Open Clusters:
Old, Intermediate,Young

Milky Way:
Inner/Outer Disc, Bulge Calibration:

Gaia Benchmarks, CoRoT, 
Globular Clusters

Gaia-ESO
Observations

GIRAFFE@CASU UVES@Arcetri
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• data characterisation

- biases, linearity, darks, fibreflats, arcs, twilight flats

- detector (2D) flats, “salsa” flats & arcs -> PSFs


• science calibration

- wavelength calibration -> arcs, skylines, telluric lines

- relative flux calibration -> fibreflats; spectral types 

- absolute flux calibration -> Gaia BP/RP; photometry


• survey verification & calibration

- Gaia benchmark stars -> fairly infrequent

- RV standards           ->  ditto

- standard fields e.g. Kepler, open clusters …

MOS calibration overview



• extraction issues

- what is “optimal” extraction in a close-packed MOS

- how to characterise (PSFs) and deal with crosstalk

- handling cosmic-rays single-v-multiple exposures 


• spectrum issues

- telluric lines -> modelling MOLECFIT; reference stars

- sky emission line removal

- sky continuum and scattered light removal 


• quality measures

- quality of various processing/extraction stages

- estimates of s:n, flux levels continuum/emission lines

- standard fields for inter-survey comparison

MOS quality issues overview



WEAVE simulations - derived subsampled PSF  

42

centre

edges

<cross-talk> 
!

0.3%  0.0%

<cross-talk> 
!

3.5% 0.8%



WHT+AF2	
WYFFOS	

!
fibre	profiles	

More blurb

1 Optimal extraction for MOS and IFU modes

There are several aspects to this:

optimal extraction of spectra from the individual fibres k using the normalised fibre spatial
profile information  

k

(x,�) as a function of the detector spatial coordinate x and wavelength
� (or more usefully the y-axis coordinate);

making due allowance for crosstalk of light between fibres due to a combination of the light
path down the fibre bundle and overlap of the fibre point-spread-functions (PSFs) on the
detectors;

and correct propagation of the error arrays taking account of spectral overlap in addition to
the usual Poisson and readout noise accrued in the estimation.

In principle the crosstalk between adjacent fibres can be characterised and estimated from the
predicted spatial PSF of the fibres on the detector array and its variation with wavelength,
aka y-axis coordinate. In practice both this and any cross-talk within the fibre bundle can be
directly measured by selectively illuminating, with a bright continuum source, well-spaced
fibres on the detector array (e.g. say 1 in 3 with the other fibres in their parked position)
and thereby directly characterising the PSF  

k

(x, y) and hence potential spill over of light
between fibres on the detector array. This reduces the MOS/IFU extraction problem to a
multiparameter least-squares minimisation (albeit of large dimension) at each spectral row.

Denoting the instrumental signature-free and scattered light-free data as d(x, y) at pixel x, y,
any row y in the array can be modelled by

d(x, y) =
mX

k=1

S

k

(y)  
k

(x, y) + ✏(x, y)

where m is the number of fibres, S
k

(y) is the, to be determined, spectrum of fibre k and
✏(x, y) is the error, or noise, with expected variance �2(x, y) from both Poisson and readout
noise. This yields a standard system of equations for solution of the form

2
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Fibre crosstalk and extraction
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This could yield the benefit of a more accurate mapping of QE with wavelength. It 
will be necessary to map out any low frequency spatial structure before computing the 
pixel-to-pixel response. 

2.6 Scattered Light Correction 

To a degree all spectrographs suffer from scattered light from various sources. 
Correcting for scattered light can be a challenge in a spectrograph where the fibres are 
packed reasonably tightly. The regions between fibres generally have emission from 
the tails of the fibre point-spread distributions and these generally overlap, making it 
very difficult to distinguish what is signal from the science objects and what is 
scattered light. Fortunately, the WEAVE focal plane will have small spaces between 
the fibre bundles that can be used to help model the scattered light across the detector. 
We estimate the flux in the gap region and fit a low order polynomial across the 
detector at each wavelength position. This gives a full 2-d map of the estimated 
scattered light. The latter is gently smoothed to remove any residual bumps in the 
distribution and this smoothed map is subtracted from the bias-corrected image.  

2.7 Fibre Profile and Crosstalk Modelling 

The fibres in WEAVE are fairly closely packed and hence the point-spread function 
profiles of adjacent fibres will overlap. To get around this problem, the spectra will be 
modelled using a method that fits a sum of analytic functions to the collective point-
spread profiles of the fibres at each wavelength position. Assuming for now that the 
dispersion axis is parallel to the y axis of the detector, then we can model the 
distribution of light in an image that has been corrected for instrumental signature and 
scattered light as: 

(ݕ,ݔ)݀ =  ෍ܵ௞(ݕ)߰௞(ݕ,ݔ) + (ݕ,ݔ)߳ 
௠

௞ୀଵ
 

 
where m is the number of fibres, ߰௞(ݕ,ݔ) is the normalised PSF for fibre k, ܵ௞(ݕ) is 
the, to be determined, spectrum of fibre k and ߳(ݕ,ݔ) is the error or noise with 
expected variance ߪଶ(ݕ,ݔ) from both Poisson and readout noise. This yields a 
standard system of equations for solution of the form: 
 

ۏ
ێ
ێ
ێ
ێ
(ݕ)ଵଵܥۍ (ݕ)ଵଶܥ (ݕ)ଵଷܥ ڮ (ݕ)ଵ௠ܥ
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… … … … …
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where  
 

(ݕ)௜௝ܥ = ൻ߰௜(ݕ,ݔ)หݔ)ݓ, ,ݔ)ห߰௝(ݕ   ൿ(ݕ
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is the weighted overlap integral of the PSFs of fibres i and j and  
 

(ݕ)௜ܦ =  ۧ(ݕ,ݔ)௜߰|(ݕ,ݔ)ݓ|(ݕ,ݔ)݀ۦ 
 
is the weighted overlap integral of the fibre profile i with the data vector at 
wavelength position y. 
 
At first glance this looks rather daunting to deal with, but in practice the matrix is very 
sparsely populated with most of the non-zero elements in a limited diagonal band 
representing PSF spill over from adjacent fibres on the detector array. Also we would 
expect the overlap matrix elements ܥ௜௝  to be only slowly varying as a function of 
wavelength. In practice this means that the solution for the crosstalk corrected spectra 
ܵ௞(ݕ) can be generated using a simple recursive procedure based, for example, on 
Gauss-Seidel iteration. Providing the off-diagonal elements ܥ௜௝ in general satisfy the 
condition: ܥ௜௝ଶ ا  .௝௝, which they should, then this provides a fast stable inversionܥ௜௜ܥ 
 
Fibres that are as closely packed as they are with WEAVE will have a profile that 
overlaps badly enough that it will be impossible to measure the tail of the distribution 
well. We will start this procedure then by looking at a series of 1d dome flat 
exposures where every, say, third fibre is illuminated. This will then allow us to 
characterise the PSF ߰௞(ݕ,ݔ) for each fibre in the set and hence the potential spill-
over of light between fibres on the detector array. We then repeat the exercise as 
needed for the remaining fibres. The profile parameters will depend upon the grating, 
wavelength setting, detector binning and the feed used. Hence we will need to do this 
procedure for all of the possible combinations. 7KH�YDOXHV�RI�Ȧ�DQG�Į�VKRXOG�EH�YHU\�
stable. The values of ݔ଴ (which trace the spatial curvature of the spectra across the 
detector), may change slightly when the slit assemblies are changed. These can be 
adjusted with contemporaneous 1d flat exposures, mostly just using a bulk shift 
[TBC]. 
 
Depending on how well characterised and stable the fibre PSFs are, this should yield a 
reduction in light pollution from crosstalk between fibres of a factor of 10 to 100. As 
an example, consider a worst case scenario of a 5 magnitude difference between 
adjacent targets and say a <10% final light pollution requirement for the fainter 
object. If the uncorrected fibre crosstalk is 1-2%, the faint spectrum will be dominated 
by its bright neighbour and whatever later correction is applied will have an RMS 
noise much greater (the amount depending on sky contributions) than it would 
otherwise have had. However, if we can reliably correct crosstalk by a factor of say 10 
to100 then the final spectral contamination would likely meet a 10% light pollution 
requirement. [Numbers TBC from requirements.] 

2.8 Spectral Extraction 

Once the shape parameters have been determined for the profiles at a given 
wavelength, then the flux for a given spectrum at that wavelength is given by the 
integral across the point spread function. For example, given the un-normalised Sersic 
distribution function (Sersic 1963): 
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1 Optimal extraction for MOS and IFU modes

There are several aspects to this:

optimal extraction of spectra from the individual fibres k using the normalised fibre spatial
profile information  

k

(x,�) as a function of the detector spatial coordinate x and wavelength
� (or more usefully the y-axis coordinate);

making due allowance for crosstalk of light between fibres due to a combination of the light
path down the fibre bundle and overlap of the fibre point-spread-functions (PSFs) on the
detectors;

and correct propagation of the error arrays taking account of spectral overlap in addition to
the usual Poisson and readout noise accrued in the estimation.

In principle the crosstalk between adjacent fibres can be characterised and estimated from the
predicted spatial PSF of the fibres on the detector array and its variation with wavelength,
aka y-axis coordinate. In practice both this and any cross-talk within the fibre bundle can be
directly measured by selectively illuminating, with a bright continuum source, well-spaced
fibres on the detector array (e.g. say 1 in 3 with the other fibres in their parked position)
and thereby directly characterising the PSF  

k

(x, y) and hence potential spill over of light
between fibres on the detector array. This reduces the MOS/IFU extraction problem to a
multiparameter least-squares minimisation (albeit of large dimension) at each spectral row.

Denoting the instrumental signature-free and scattered light-free data as d(x, y) at pixel x, y,
any row y in the array can be modelled by
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where m is the number of fibres, S
k

(y) is the, to be determined, spectrum of fibre k and
✏(x, y) is the error, or noise, with expected variance �2(x, y) from both Poisson and readout
noise. This yields a standard system of equations for solution of the form
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 (original cunning plan)

 (but probably need to go full 2D!)
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HERMES - arc line PSFs  #2
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