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Asteroseismology 



¡ Missing	  data	  in	  Astrophysics	  
§  Origin	  of	  missing	  data	  
§  Characteristics	  of	  missing	  data	  

¡  Sparse	  inpainting	  
§  Sparse	  and	  Compressible	  signals	  
§  Inpainting	  

¡  Applications	  
§  Application	  to	  Asteroseismology	  (1D	  signal)	  
§  Application	  to	  Weak	  Lensing	  (2D	  signal)	  
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¡  Ground-‐based	  observations	  
§  Weather	  
§  Day/Night	  Cycle	  
§  Temporary	  failure	  of	  instruments	  
§  Other	  factors	  

¡  Space-‐based	  observations	  
§  Cosmic	  Rays	  
§  Nominal	  operations	  
§  Other	  factors	  
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5	  
Bad	  columns	  

Saturation	  Pattern	  

Reflection	  ghosts	  

Saturation	  Trail	  

Cosmic	  Rays	  
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¡  The	  effect	  of	  the	  observational	  window	  will	  
depend	  on	  :	  	  
§  The	  percentage	  of	  missing	  data	  
§  The	  distribution	  of	  the	  missing	  data	  with	  respect	  to	  
the	  signal	  

¡  How	  to	  correct	  from	  missing	  data	  ?	  
§  Correction	  factor	  
§  Mask	  deconvolution	  
§  Interpolation	  of	  the	  missing	  data	  
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Y (t) = M(t)X(t)
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¡ Missing	  data	  in	  Astrophysics	  
§  Origin	  of	  missing	  data	  
§  Characteristics	  of	  missing	  data	  

¡  Sparse	  inpainting	  
§  Sparse	  and	  Compressible	  signals	  
§  Inpainting	  

¡  Applications	  
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1% of the largest coefficients in 
the Direct space 

(the others are set to zero) 

The top 1% of the coefficients 
concentrate only 8.66% of the energy : 

not sparse in the direct space 
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Wavelet transform 

1% of the largest coefficients in 
the Wavelet space 

(the others are set to zero) 



10	  missDATA	  2015,	  June	  18-‐19	  2015,	  Rennes	  

Reconstruction after throwing 
away 99% of the coefficients 

The top 1% of the coefficients 
concentrate 99.96% of the energy : 

Sparse in the wavelet space 
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¡  Local	  DCT	  (Ahmed,	  1975)	  	  

§  Sta6onary	  textures	  
§  Locally	  oscillatory	  

¡  Wavelet	  transform	  (Mallat,	  1999)	  	  

§  Piecewise	  smooth	  
§  Isotropic	  structures	  

¡  Curvelet	  transform	  (Candès,	  2006)	  
§  Piecewise	  smooth	  
§  Edge	  structures	  
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Learned	  dictioanary	  Data	  
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Beckouche	  et	  al.,	  A&A,	  2013	  



Fourier	  Transform	  of	  an	  incomplete	  sine	  Fourier	  	  Transform	  of	  a	  complete	  sine	  

Y = M�↵ with min
↵

||↵||1
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Incomplete	  Sine	  Complete	  Sine	  
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Elad	  et	  al.,	  JACHA,	  2005	  
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Complete	  Signal	  

Fourier	  Transform	  



missDATA	  2015,	  June	  18-‐19	  2015,	  Rennes	   16	  

Fourier	  Transform	  

	  Max	  
threshold	  Incomplete	  Signal	  

Original	  Signal	  
Masked	  Signal	  
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Reconstructed	  signa	  at	  iteration	  1	  
Max	  

threshold	  

Fourier	  Transform	  

Original	  Signal	  
Masked	  Signal	  
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Fourier	  Transform	  

Original	  Signal	  
Masked	  Signal	  

Reconstructed	  signal	  at	  iteration	  2	  
Max	  

threshold	  
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Fourier	  Transform	  

Original	  Signal	  
Masked	  Signal	  

Reconstructed	  signal	  at	  iteration	  N	  



50%	  

80%	  
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Elad	  et	  al.,	  JACHA,	  2005	  



¡ Missing	  data	  in	  Astrophysics	  
§  Origin	  of	  missing	  data	  
§  Characteristics	  of	  missing	  data	  

¡  Sparse	  inpainting	  
§  Sparse	  and	  Compressible	  signals	  
§  Inpainting	  

¡  Applications	  
§  Application	  to	  Asteroseismology	  (1D	  signal)	  
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¡  Direct	  Power	  spectrum	  estimation	  
§  Sine	  Wave	  Fitting	  
§  CLEAN	  
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y = a coswt+ b sinwt
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¡  Direct	  Power	  spectrum	  estimation	  
§  Sine	  Wave	  Fitting	  
§  CLEAN	  

¡  Power	  spectrum	  estimation	  based	  on	  
gap	  filling	  
§  Linear	  interpolation	  
§  ARMA	  	  
§  Sparse	  Inpainting	  
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Power	  Spectrum	  of	  the	  complete	  time	  series	  

Quasi-regular mask 
15% of missing data 
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15% of missing data 

Pires	  et	  al.,	  A&A,	  2015	  
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15% of missing data 
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15% of missing data 

Pires	  et	  al.,	  A&A,	  2015	  
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15% of missing data 
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For	  a	  time	  series	  of	  50	  days	  with	  a	  sampling	  of	  32s	  (duty	  
cycle	  =	  50	  %):	  
¡  SWF	  

§  4	  hours	  to	  compute	  one	  tenth	  of	  the	  full	  power	  spectrum	  
¡  CLEAN	  

§  about	  4	  days	  to	  compute	  one	  tenth	  of	  the	  full	  power	  
spectrum	  

¡  Linear	  Interpolation	  
§  Few	  seconds	  to	  compute	  the	  full	  power	  spectrum	  

¡  Sparse	  Inpainting	  
§  4	  min	  to	  compute	  the	  full	  power	  spectrum	  

¡  MIARMA	  
§  Few	  hours	  to	  compute	  the	  full	  power	  spectrum	  
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http://www.cosmostat.org/software/k-‐inpainting/	  
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¡  The	  Kepler	  Asteroseismic	  pipeline	  
developed	  by	  the	  Kepler	  AsteroScientic	  
Consortium	  (KASC)	  uses	  the	  software	  K-‐
Inpainting	  to	  correct	  the	  light	  curves	  from	  
missing	  data.	  

¡  The	  official	  CoRoT	  pipeline	  will	  use	  K-‐
Inpainting	  software	  to	  correct	  the	  missing	  
data	  in	  both	  asteroseismic	  and	  exoplanet	  
channel.	  	  
§  Deadline	  production	  code	  delivery:	  end	  of	  May	  
2015	  
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¡ Missing	  data	  in	  Astrophysics	  
§  Origin	  of	  missing	  data	  
§  Characteristics	  of	  missing	  data	  

¡  Sparse	  inpainting	  
§  Sparse	  and	  Compressible	  signals	  
§  Inpainting	  

¡  Applications	  
§  Application	  to	  Asteroseismology	  (1D	  signal)	  
§  Application	  to	  Weak	  Lensing	  (2D	  signal)	  
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Abell	  2218.	  Credit:	  NASA/ESA 
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Observer Gravitational lens Background galaxies 

Gravitational lens 
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Mask pattern of the CFHTLS survey of 
1° x 1° field with 20% of missing data 

Courtesy to J. Berge 
Which Image is the Original One ?	  
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Mean Power spectrum estimated from complete 
shear maps (black) and inpainted shear maps (red) 

Pires	  et	  al.,	  MNRAS,	  2009	  

Relative Power spectrum error i.e. the normalized 
difference between the two upper curves of the left panel 
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Relative bispectrum error 

Pires	  et	  al.,	  MNRAS,	  2009	  

Mean bispectrum estimated from complete shear 
maps (black), incomplete shear maps (green) and 

inpainted shear maps (red) 
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hIp://www-‐irfu.cea.fr/Ast/fastlens_soOware.php	  
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Jullo,	  Pires	  et	  al.,	  MNRAS,	  2014	  

Reconstruction of the MACS J0717+3745 galaxy cluster field using Flens code 
The filamentary structure (discovered in Jauzac et al.) is revealed 

	  



END	  
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