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Purpose 

  This contribution describes the methods used 
to accurately disentangle the  components 
observed on a very large series of images of 
the solar corona.  

  This series consists of 12 years of continuous 
observations provided by the LASCO/C2 
coronagraph aboard SOHO (the SOlar and 
Heliospheric Observatory) 



Solar corona on the 1998 eclipse                    (S.Koutchmy image) 

  Solar activity analysis 
observing the corona 

  Study of CME’s (coronal 
mass ejections) 

  Quantitative analysis of  
other coronal features… 

  Discovering of                  
new sun-grazers comets. 

Objectives 



How to observe the corona?  

  Coronal brightness < 10-9 Sun brightness 
  To observe solar corona is necessary: 

  To occult the solar disk from the direct view 
  To reduce straylight as much as possible: 

  Protect the optics from direct sun rays 

  The best method: Use the moon during a 
solar eclipse, but occasions are rare… 

  The only « any time » method: the 
coronagraph -> coronagraph in space 
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Purpose 

• Three components can 
be observed in the images 

• A fuzzy background 
due to the dust which 
surrounds the Sun  
(F-corona) 

• A set of ray-like 
structures (K-corona) 

• A conspicuous 
annulus or fringe due 
to stray light 

Vertical profile passing through the 
centre.  
1) the blind circular centre, 
2) the fringe annulus and  
3) the outer circle where the F corona 
dominates 

F-corona Straylight (fringe) 
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Observations 

  the “polarization 
series” (at least one 
observation every day) 

  The set of observations is composed of two huge 
series of images:  

  the “white light 
series” (more than 50 
images every day) 
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Initial data characteristics 

Polarization Texture Period Variation scale 

F-corona Unpolarized No texture  (low 
freq) 

~1 year Cycle small variations 

K-corona Polarized Ray-like 27.4 days period 
+ fast changes  

highly variable 

Straylight Unpolarized Fringe + patterns ~fixed tiny variations 

Main characteristics of image components (observables) 

  Polarization set (POL): 
  ---------------------------------- Polarized brightness (PB) 
  ---------------------------------- Unpolarized brightness (UB) 

  Total brightness (TB) 

Observation sequences 
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  1) Total brightness (TB) sequence          ~140 images/day  
  2) Polarization (POL) sequence               ~1 set of 3+1 /

day                                               .     from this one we get two: 
  sequence of Unpolarized brightness (UB) ~1 image/day (low cadence) 
  sequence of Polarized brightness (PB)     ~1 image/day  

They are 2 image sequences 

The purpose is 
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High cadence “F-corona” is deduced from the low cadence 
data. The key is the assumption of “F-corona” sparsity in both 
t  and (i,j) coordinates 

The daily and precise restoration of “F-corona + straylight” 
image set is the basis to the high cadence K-corona sequence 
restoration .  

High cadence K-corona sequences are relevant for coronal 
tomography, to detect and to measure the coronal mass 
ejections (CMEs) and to perform the analysis of solar activity. 



Image sequence model 

Image intensity on pixel (i, j) at time t 

IFS(t, i, j) = (F(t, i, j) + K(t, i, j)) V (i, j) + S(t, i, j) + N(t, i, j) 

= FV (t, i, j) + KV (t, i, j) + S(t, i, j) + N(t, i, j) 

straylight vignetting Poisson noise F corona 
Residuals of 
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Hypothesis for annual period 

2nd harmonic 

1st harmonic 
F-corona             
plane of symmetry 



Annual variations 

•  The total flux of each image is tightly dependent of the distance d(t) 
between SOHO and the Sun. However effects are different for the F corona 
and for straylight.  

•  Straylight (S) in the fringe area varies as the inverse of distance  

•  F-corona (F) shows a more complex pattern mixing the distance effect and 
the annual changes of Soho in latitude relative to the zodiacal cloud. 
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F corona Straylight 
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U = FV(t,i,j) U = S(t,i,j) or Let’s be 

Flux vs. Distance 
graphs for:  

1)  F-corona area 
(left)  

2)  Fringe & 
straylight  area 
(right) 



The Flux – Distance relationship is a power law U=U0(d/d0)p of exponent p. It is 
observed for a very small scale of distances and appears linear in practice. 
Exponents are deduced from linear coefficients :  

straylight 

F corona (vignetted) 

With the specific exponents pF=-2.3 and pS=-5.7 we can modelize F corona 
and straylight : 

where is the normalized distance between SOHO and the Sun 
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or 





A) Denoising the unpolarized 
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A) Denoising the unpolarized 
brightness sequences (UB) 
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are deduced fitting       
a Fourier series 
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Let’s be 





 Harmonics 1, 2, 3, 4 



 Harmonics 1, 2, 3, 4 



 Harmonics 1, 2, 3, 4 



Each image of complex coefficients cFS(i,j,n)  is composed 
of F corona and straylight. However for n>0 the straylight 
contribution is  negligible except in the fringe annulus 

The next step is to disentangle cF0(i,j)  from 0CS*(i,j) on cFS,0(i,j) map 
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…in summary 



1)  The mean image is mapped in a polar frame and de-vignetted, i.e. div by V
(i,j) 

2)  Each polar profile (in log scale)  is fitted with a piecewise polynomial of 
order 4 (as inferior envelope)  

3)  The radial profiles (in log scale) are fitted with a polynomial of order 2 
4)  Polar frame is mapped back to Cartesian one and to linear values scale 
5)  The F image is returned to initial status i.e. is vignetted: cF,0(i,j)  

cFS,0(i,j)/V(i,j) 

B) Dissociating F corona 
from straylight 
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Polar development of F + Straylight 
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quadratic 
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C) Extracting K corona from 
total brightness sequences (TB) 

TB sequences  

Straylight 

Normalized TB 

Subtract bias and divide by exposure time 

Vignetting Image F corona (vignetted) 

High Cadence K 
corona 

Subtract Divide 



Results: Rebuilt F corona sequence 
and K corona (images and profiles) 
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Conclusion 

  The precise determination of F + S values for any 
day of the observation period, renders possible for 
the first time the quantitative restitution of the K 
images from the WL series  

  The slow rate of one « K-corona » image per day is 
increased to the 20 minutes cadence. That is crucial 
in order to restore quantitatively the fast events 
arriving on the solar corona 
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