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1.  Imaging	
  strategies	
  

2.  Quality	
  control	
  

3.  Source	
  finders	
  

Overview:	
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•  First	
  make	
  sure	
  your	
  observaNons	
  
meet	
  your	
  requirements	
  

•  UV	
  coverage	
  
•  IntegraNon	
  Nme	
  
•  Field	
  of	
  view	
  
•  Expected	
  sensiNvity	
  
•  Frequency	
  
•  Bandwidth	
  
•  …	
  

•  Before	
  making	
  and	
  analysing	
  your	
  
images,	
  make	
  sure	
  your	
  images	
  will	
  
be	
  able	
  to	
  do	
  what	
  you	
  want!	
  

•  Different	
  imaging	
  strategies	
  for	
  
mapping	
  extended	
  emission	
  versus	
  
point	
  source	
  surveys	
  

Images	
  fit	
  for	
  purpose:	
  



•  Zenith	
  monitoring	
  survey	
  

•  ~5100	
  images	
  

•  4	
  observing	
  frequencies	
  (124,	
  
156,	
  164	
  and	
  185	
  MHz)	
  

•  180	
  different	
  fields	
  (6	
  beams	
  
and	
  30	
  poinNng	
  direcNons)	
  

•  Fields	
  observed	
  7	
  Nmes	
  
separated	
  by	
  ~1	
  month	
  

•  0.1	
  –	
  6	
  km	
  baselines	
  

•  ~3	
  degree	
  image	
  radius	
  

Need	
  reasonable	
  quality	
  images	
  
with	
  good	
  posiNons	
  and	
  fluxes	
  

LOFAR	
  dataset	
  –	
  Radio	
  Sky	
  Monitor:	
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Before	
  pulling	
  out	
  your	
  science	
  results	
  and	
  submiing	
  that	
  Nature/
Science	
  paper	
  -­‐	
  do	
  you	
  trust	
  your	
  data?	
  

How	
  can	
  you	
  test	
  the	
  quality	
  of	
  your	
  image?	
  

How	
  do	
  you	
  deal	
  with	
  bad	
  images?	
  

Quality	
  Control:	
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LOFAR	
  images	
  –	
  same	
  field,	
  different	
  day…	
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•  Good	
  iniNal	
  quality	
  control	
  step	
  

•  Choose	
  UV	
  coverage	
  to	
  suit	
  needs:	
  

•  Long	
  baselines	
  -­‐	
  narrow	
  field	
  of	
  view	
  
and	
  high	
  spaNal	
  resoluNon	
  

•  Short	
  baselines	
  -­‐	
  wide	
  field	
  of	
  view	
  
and	
  extended	
  emission	
  clearer	
  

For	
  example:	
  Transient	
  searches	
  -­‐	
  want	
  
field	
  of	
  view	
  but	
  not	
  extended	
  emission	
  
and	
  good	
  UV	
  coverage	
  in	
  short	
  
snapshots	
  

UV	
  data	
  first!	
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All	
  baselines:	
   <6	
  km	
  baselines:	
  

UV	
  coverage	
  in	
  11	
  min	
  LOFAR	
  snapshot	
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Look	
  at	
  your	
  calibrators!	
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•  UV	
  data	
  
•  Try	
  imaging	
  

•  Flux	
  stability	
  
•  PosiNon	
  offset	
  
•  RMS	
  noise	
  
•  …	
  

Bad	
  calibrator	
  à	
  
Bad	
  image!	
  



Poorly	
  sampled	
  restoring	
  beam	
   Well	
  sampled	
  restoring	
  beam	
  

Choose	
  your	
  imaging	
  parameters	
  carefully!	
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•  Can	
  give	
  clear	
  
indicaNon	
  that	
  an	
  
image	
  is	
  good	
  or	
  bad	
  

•  RFI	
  and	
  calibraNon	
  
issues	
  can	
  raise	
  RMS	
  

•  Poor	
  calibraNon	
  can	
  
also	
  lower	
  RMS	
  

•  Look	
  for	
  outliers	
  
when	
  using	
  mulNple	
  
images	
  using	
  
idenNcal	
  seings	
  
(e.g.	
  surveys	
  and	
  
transient	
  searches)	
  

Image	
  RMS	
  noise	
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•  Beper	
  test	
  is	
  a	
  comparison	
  to	
  
the	
  theoreNcal	
  noise	
  –	
  the	
  
best	
  noise	
  you	
  can	
  achieve	
  in	
  
the	
  image	
  

•  Calculated	
  using:	
  
•  system	
  flux	
  (Ssys,	
  

related	
  to	
  the	
  
system	
  temperature	
  
Tsys)	
  

•  Number	
  of	
  
antennas	
  (N)	
  

•  Bandwidth	
  (δν)	
  
•  IntegraNon	
  Nme	
  (δt)	
  

TheoreUcal	
  Noise	
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•  Images	
  become	
  saturated	
  
with	
  sources,	
  individual	
  
sources	
  cannot	
  be	
  
resolved	
  

•  Confusion	
  becomes	
  a	
  
problem	
  when	
  source	
  
densiNes	
  are	
  more	
  than	
  
1/50-­‐1/15	
  	
  (Hogg	
  2001)	
  

•  Classical	
  confusion	
  limit:	
  

•  Where	
  N	
  is	
  the	
  predicted	
  
source	
  count,	
  θres	
  is	
  the	
  
angular	
  resoluNon	
  and	
  
FoV	
  is	
  the	
  field	
  of	
  view	
  	
  

Confusion	
  Noise	
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Structures	
  in	
  the	
  noise:	
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•  Poor	
  calibraNon	
  is	
  not	
  always	
  obvious	
  
•  Bad	
  images	
  can	
  sNll	
  look	
  good	
  with	
  a	
  low	
  RMS	
  

•  Before	
  trusNng	
  your	
  fluxes	
  check	
  other	
  sources	
  in	
  the	
  field!	
  

Vital	
  for	
  transients/variability	
  searches	
  and	
  surveys	
  
Important	
  for	
  any	
  flux	
  measurements	
  

Flux	
  scale	
  in	
  images:	
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Compare	
  the	
  flux	
  of	
  your	
  sources	
  to	
  the	
  
expected	
  values	
  or	
  average	
  values	
  

Newborn	
  magnetars	
  as	
  sources	
  of	
  energy	
  injecNon	
  in	
  GRBs	
  	
  |	
  	
  Antonia	
  Rowlinson	
  |	
  	
  Page	
  ‹#›	
  



AWImager	
  
(special	
  for	
  LOFAR)	
  

CASA	
  
(no	
  primary	
  beam	
  model	
  for	
  LOFAR)	
  

Failing	
  to	
  correct	
  for	
  the	
  Primary	
  Beam	
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•  Important	
  for	
  source	
  
associaNon	
  across	
  
frequencies	
  and	
  
observaNons	
  

•  Offsets	
  can	
  be	
  caused	
  by:	
  
•  Poor	
  calibraNon	
  
•  RFI	
  
•  Ionospheric	
  effects	
  
•  Source	
  finder	
  errors	
  
•  …	
  

•  Understand	
  cause	
  and	
  
correct	
  for	
  it!	
  

PosiUon	
  offsets	
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Basic	
  source	
  finding:	
  
•  Measure	
  the	
  RMS	
  of	
  different	
  regions	
  

•  Find	
  islands	
  above	
  the	
  detecNon	
  threshold	
  
•  Find	
  all	
  pixels	
  around	
  the	
  islands	
  that	
  are	
  above	
  the	
  analysis	
  
•  Fit	
  a	
  Gaussian	
  to	
  the	
  pixels	
  
•  Source	
  parameters	
  are	
  taken	
  from	
  the	
  Gaussian	
  fit	
  

Great	
  for	
  point	
  sources,	
  not	
  so	
  good	
  for	
  extended	
  emission…	
  

Principles	
  of	
  source	
  finding	
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Detection Threshold 
Analysis Threshold 



•  Background	
  esNmaNon	
  

•  Completeness	
  

•  Threshold	
  definiNons	
  
•  Fixed	
  signal	
  to	
  noise	
  
•  False	
  detecNon	
  rate	
  

•  Gaussian	
  fits,	
  moments	
  
analysis,	
  wavelets,	
  isophotal	
  
contours,	
  etc…	
  

•  Complex	
  or	
  extended	
  sources	
  
can	
  be	
  problemaNc!	
  

•  Deblending	
  

Choose	
  your	
  source	
  finder	
  to	
  
match	
  your	
  needs!	
  

	
  

Source	
  finder	
  issues	
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Detection Threshold 

Analysis Threshold 



Source	
  finders	
  –	
  Flux	
  Accuracy	
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•  Simple	
  Gaussian	
  fits	
  of	
  sources	
  close	
  to	
  the	
  detecNon	
  thresholds	
  
are	
  very	
  sensiNve	
  to	
  the	
  RMS	
  noise	
  

•  In	
  each	
  image	
  the	
  Gaussian	
  has	
  a	
  slightly	
  different	
  shape	
  or	
  
posiNon	
  angle	
  à	
  slight	
  flux	
  changes	
  à	
  false	
  idenNficaNon	
  as	
  a	
  
variable	
  source	
  L	
  

•  Transients/variables	
  are	
  point	
  sources	
  
•  Should	
  take	
  shape	
  of	
  restoring	
  beam	
  

•  Force	
  fit	
  the	
  Gaussian	
  to	
  take	
  shape	
  of	
  the	
  beam	
  à	
  much	
  beper	
  
flux	
  stability	
  J	
  

Source	
  finders	
  and	
  Transients	
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•  Miriad:	
  imsad,	
  sfind,	
  imfit	
  
•  CASA:	
  findsources,	
  fitsky	
  
•  SExtractor	
  –	
  used	
  a	
  lot	
  in	
  opNcal	
  astronomy	
  
	
  

	
  
•  Duchamp/Selavy	
  –	
  (ASKAP)	
  

•  Aegean	
  –	
  	
  (ASKAP)	
  
•  PySE	
  –	
  specifically	
  designed	
  for	
  point	
  sources	
  and	
  to	
  be	
  fast	
  

(LOFAR	
  transients)	
  

•  PyBDSM	
  –	
  (LOFAR)	
  

Source	
  finders	
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•  Miriad:	
  imsad,	
  sfind,	
  imfit	
  

•  CASA:	
  findsources,	
  fitsky	
  

•  SExtractor	
  –	
  hpp://adsabs.harvard.edu/abs/1996A%26AS..117..393B	
  
hpp://sourceforge.net/projects/sextractor/	
  	
  

•  Duchamp/Selavy	
  –	
  hpp://adsabs.harvard.edu/abs/2012MNRAS.421.3242W	
  
hpp://www.atnf.csiro.au/people/Maphew.WhiNng/Duchamp/	
  	
  

•  Aegean	
  –	
  	
  hpp://adsabs.harvard.edu/abs/2012ascl.sow12009H	
  
hpps://github.com/PaulHancock/Aegean	
  	
  

•  PySE	
  –	
  hpp://docs.transientskp.org/tkp/cycle0/tools/pyse.html	
  (coming	
  soon)	
  

•  PyBDSM	
  –	
  wp://wp.strw.leidenuniv.nl/pub/tasse/lofar_imaging_cookbook_v11.pdf	
  
(see	
  secNon	
  in	
  LOFAR	
  imaging	
  cookbook)	
  

Source	
  Finder	
  Challenge:	
  
hpp://www.atnf.csiro.au/research/workshops/2013/astroinformaNcs/talks/
EMU_ASKAP_datachallenge_AMH.pdf	
  	
  

Source	
  finders	
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•  Aladin	
  and	
  TopCat	
  provide	
  interacNve	
  link	
  to	
  Vizier,	
  other	
  
catalogues	
  and	
  image	
  servers	
  

•  Great	
  for	
  looking	
  for	
  source	
  associaNons	
  and	
  mulN-­‐frequency	
  
informaNon	
  

•  Downloads	
  and	
  tutorial	
  here:	
  
•  Aladin:	
  hpp://aladin.u-­‐strasbg.fr	
  
•  TopCat:	
  hpp://www.star.bris.ac.uk/~mbt/topcat/	
  	
  

Other	
  useful	
  tools	
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1.  Make	
  observaNons	
  and	
  images	
  fit	
  for	
  purpose	
  

2.  Confirm	
  images	
  are	
  of	
  sufficient	
  quality	
  for	
  requirements	
  

3.  Choose	
  your	
  source	
  finder	
  and	
  analysis	
  tools	
  carefully	
  

Review:	
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