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http://astrowiki.physics.ox.ac.uk/cgi-bin/twiki/view/Algorithms2008/WebHome

 Ian Heywood did most of the work
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 EVLA, e-MERLIN, ALMA and wide-band VLBI will 
produce their first science data very soon   

 They all provide large improvements in continuum 
sensitivity and spectral coverage/flexibility.

 These advances require new software, particularly:
  Automated removal of bad data
 Calibration of ionospheric and tropospheric effects
 Wide-field, wide-band imaging

 Data volumes are large and algorithms are more 
complex, so we need higher processing speeds.

 (New) users must be able to do science efficiently. 

Why did we need a workshop?Why did we need a workshop?
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 List the problems we need to solve.
 Make an inventory of the software already available 

and identify what is missing.
 Compare approaches.
 Promote discussion between different groups.
 Work out how to implement new and existing 

algorithms  in a framework which allows astronomers 
to make best use of the new instruments.

 Encourage new talent to work on the problems.
 Provide a resource for development of PhD projects, 

and proposals to observatory management, national 
and cross-border funding agencies.

What were we trying to do?What were we trying to do?
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 Workshop was focused on urgent issues for cm and 
mm-wave arrays – new or upgraded – which will start 
operation over the next 1 – 5 years.

 We were not trying to solve problems specific to very 
low frequencies or to SKA.

 Nevertheless, we recognised that there are common 
problems and welcomed two-way interaction.

Dialogue is important, but solutions may be different

Our focus was on adapting existing software to meet 
imminent new requirements 

Low-frequency instruments and SKALow-frequency instruments and SKA
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 Processing speed
 Data storage
 Automated data editing

What was missing by design?What was missing by design?
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 EVLA, e-MERLIN, ALMA, eVLBI, VLBA upgrade
 1 – 1000 GHz (maybe lower frequencies for EVLA 

later)
 Conventional dishes with single-pixel feeds
 High bandwidths, many spectral channels, flexible 

spectral configurations
 Image entire primary beam
 Wide variety of projects from small single fields to 

large surveys
 Data products from raw uv to image cubes
 Wide range of user experience

RequirementsRequirements
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 Issues are inextricably linked
 A priori correction of primary beams (all Stokes)

 Use a proper physical model
 Need to do simulations (EM and FE) and measurements
 Currently, correct azimuthally symmetric primary beam, 

with squint – must do better
 Variations (El, T, ...) are not understood for most (all?) 

instruments
 When do we need to measure and correct time-

variable effects?
 Pointing
 Ionosphere and troposphere
 Electronics (bandpass, ...)

Calibration and wide-field imagingCalibration and wide-field imaging
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 Different regimes (Lonsdale 2005)
 Methods using a sky model; apply to uv data
 Self-calibration (independent of direction)
 Field-based calibration (phase gradient constant over the 

array; Cotton)
 MIM (multi-layer model of the ionosphere; Mevius)
 SPAM (direction-dependent gains for all antennas; Intema)

 Global (expectation maximization; Yattawatta)
 Partial approaches

 Peeling (various methods) to subtract bright sources
 Differential gains for individual sources (Smirnov)

Compare approaches in different regimes

Approaches to ionospheric correctionApproaches to ionospheric correction
Relevant at L band and below
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 Important at higher frequencies where fields are 
smaller

 At (sub-)mm wavelengths, even self-calibration will be 
difficult and correction for anisoplanatism using a sky 
model will be essentially impossible

 Fortunately, anisoplanatism is only a slight nuisance
 Fast-switching and water vapour radiometry will be 

used by ALMA (Nikolic)
Understanding and modelling is as  important for the 

troposphere as for the ionosphere

Approaches to troposphericApproaches to tropospheric
 correction correction
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Simulations of fast switchingSimulations of fast switching
(Nikolic)(Nikolic)

Before

After

15s cycle, medium configuration
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Water Vapour RadiometersWater Vapour Radiometers

SMA 230GHz + prediction from WVR

rms path error reduced from
271 to 75μm
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 Correcting for the w term: well understood
 Facets (AIPS/Obit)
 w-projection (CASA)

Need to compare on the same (simulated and real) data
 Solution/correction for direction-dependent effects

 Correction in uv domain using FFT-based transforms 
(Bhatnagar)
 AW projection
 Pointing selfcal

 Image, solve for corrections, apply to model uv, compute 
residuals, iterate
 Squint and peeling (Cotton, Uson)

 Linear algebra 

Wide-field imaging approachesWide-field imaging approaches



Robert Laing
ESO CALIM0914

 Multi-scale clean approaches look promising:
 AIPS, CASA implementations
 ASP (Bhatnagar)

 MEM
 Discussion on convergence; different algorithms; image size 

limitations
 Good results in special cases
 Bayesian approach to point-source fitting, RM, etc.

DeconvolutionDeconvolution
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MEM – not so bad after allMEM – not so bad after all
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 Sault-Wieringa to higher order. Can handle variable 
sources in similar ways (Stewart/Fenech)

 MFS/MSC approach is a promising generalization 
(Rau)

 Fitting cleaned narrow-band images is an alternative
 Is RM synthesis enough to analyse variations of linear 

polarization with frequency?

Need to integrate with wide-field imaging (important 
progress reported by Urvashi Rau at CALIM09)

Wide-band imagingWide-band imaging
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 We might like to have everything we need in our 
favourite package, but in practice this will take too 
much time and effort (at least for now)

 We do not have the resources for a major new effort 
nor (in my opinion) do we need one for our 
application

 Move towards interoperability
 De facto implementation for EVLA, ALMA and e-

MERLIN will be in CASA,  with AIPS or Obit 
providing additional applications.

 Many good things in other packages: re-implement or 
interoperate?

Interoperability (1)Interoperability (1)
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 Scripting
 Python is the standard
 Parseltongue/AIPS (Kettenis), ObitTalk,  Casapy
 Bindings to allow common look and feel?

 Data interchange
 Bulk data transfer is inefficient, so do only once
 Can calibration and flagging tables be mapped? If so, this 

should allow rapid translation
 Looks promising (discussion continued at CALIM09)

Interoperability (2)Interoperability (2)
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 Document
 What problems do we need to solve? Comprehensive 

description using ME framework.
 What software is available?
 What is missing?

SOC will write a framework and ask for input (going 
slowly, but some progress)

 Wiki
 Talks from this and other meetings
 Papers, memos
 Software documentation
 Forum for interchange of ideas, mailing list 

What should we do next?What should we do next?
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 Test problems (e.g. MeqTrees)
 Perfect simulated data
 Simulated data with realistic errors
 Real data (instrument, frequency, baseline, ...) 

 One size does not fit all
 Establish domains of validity
 Understand the physics of errors

 Make algorithms easily accessible
 Several promising algorithms are quite venerable, but are not 

in routine use
 Implement in a standard package, preferably CASA, AIPS or 

Obit. 

Understanding and testing Understanding and testing 
the new algorithmsthe new algorithms
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 Essential to document algorithms in detail
 Publish, but also
 provide code/detailed description

 Funding for visits
 More meetings

 how often?
 who?

 Proposals for additional funding?
 Observatories – how to approach?
 PhD projects
 National/International funding agencies 

Promoting collaborationPromoting collaboration
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 Advanced Long Baseline interoperable User Software
 EU funded, part of Radionet FP7 (2009 - 2011)
 Successor to successful FP6 JRA (ALBUS)
 PI Huib van Langevelde (JIVE)
 All major European radio astronomy groups + 

NRAO, groups in Australia and South Africa 
participate in Radionet

 ALBiUS work packages:
 Interoperability
 Calibration
 Tools for large datasets

Additional resources to tackle key problems 

ALBiUSALBiUS
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 We have many of the algorithms we need, but not all
 Compare, document, test and refine alternative 

approaches
 Promote collaboration between development groups
 Interoperability
 Additional people and resources within our current 

development framework
 Automated editing
 Computation speed and data storage issues

Where next?Where next?


