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Waiting for a student to help finish the work...

aveyron.com
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Several objectives

Measure the solar diameter, oblateness, etc.

Detect changes in the solar limb shape

Detect and extract solar features above the limb 
(prominences, ...)

...
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Outline: various strategies

Parametric approaches
physical model for the limb shape
Hough transform

Non-parametric approaches
cake slice
point of inflexion
multiscale (aka wavelet)
...
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Parametric 
approaches



PICARD,	  Paris,	  25/9/2013

Use limb profile model

Several empirical models of the limb profile 
[Rozelot et al., 2003, Neckel (2005), Haberreiter et al., 2008, ...]

Precision on limb position ˜10 mas
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What is the proper metric for locating 
the edge of the limb ?                   ?            ⌧5000 = 1
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Use limb profile model

Advantage : physically sound

Disadvantage : results depend on model assumptions
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Fig. 1.—(a) Intensity profile calculated with the Fontenla et al. (2007) and
Kurucz (1991) solar atmosphere structures for the 5000 continuum (dottedÅ
and dash-dotted curves) and the MDI continuum (solid and dashed curves).
(b) Derivative of the four intensity profiles. The local minimum is the position
of the inflection point (crosses), which is 365 km for MDI and 347 km for
5000 (see Table 1). Note that the distance to is 14 km less.Å t p 2/3Ross

TABLE 1
Distances

t5000 p 1

Atmosphere Structure
MDI

Continuum
5000 Å

Continuum

Kurucz (1991) . . . . . . . . . . . . . . 0.367 0.344
Fontenla et al. (2007) . . . . . . 0.370 0.350
Dz . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.003 0.006

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .z̄ 0.368 0.347

Notes.—Distances z (Mm) between the inflection point
and the radius ( p 695.68 Mm) for two dif-t p 1 R5000 ,

ferent atmosphere structures and wavelengths. The dis-
tance to is in the mean 0.014 Mm less.t p 2/3Ross

3. RESULTS

Figure 1a shows the mean intensity variation for the MDI
continuum at the solar limb applying all five MDI filter func-
tions, and the continuum at 5000 calculated with the LTEÅ
and NLTE model atmosphere structures. Distance zero refers
to the “seismic” solar radius p 695.68 Mm, i.e.,R t p, 5000

at disk center.1
For the exact determination of the inflection point we cal-

culate the derivative (x being the outward coordinate) ofdI/dx
all four limb profiles, shown in Figure 1b. The two atmosphere
structures agree well in the photosphere and lead to very similar
intensity profiles. The derivative of the intensity is always neg-
ative and shows a local minimum at the inflection point. The
distances of the local minima for all four limb profiles are given
in Table 1. The mean value of the distance for the two atmo-
sphere structures for is 0.347 ! 0.006 Mm, where˚l p 5000 A
we used the difference between the two atmosphere structures
as a criterion to derive the error introduced by the atmosphere
structures. This result is close to the value of 0.370 Mm es-
timated by Wittmann (1974) based on the atmosphere structure
by Holweger (1967).

In evolutionary models the radius is typically defined as the
point where the temperature equals the effective temperature,

i.e., where . From our calculations we find that thet p 2/3Ross

height where is in the mean 0.014 Mm farther outt p 2/3Ross

than where . Thus the correction of an inflection pointt p 15000

measurement to the seismic radius is 0.333 Mm. This correction
explains the discrepancy between the modeled and observed f-
mode frequencies. We conclude that the standard radius used
in the evolutionary models has to be corrected by this value,
leading to 695.66 Mm.

4. DISCUSSIONS

For consistency we investigate whether recent inflection
point measurements are compatible with the mean of seismic
radii relating to , i.e., where the temperature equalst p 2/3Ross

the effective temperature, by applying this correction term.
Table 2 gives the solar radii based on (1) IP measurements and
(2) seismic radii. Note that radius by Brown & Christensen-
Dalsgaard (1998) is determined from solar transit observations
and has been corrected to . Therefore, we group itt p 2/3Ross

also as seismic radius. Furthermore, the authors applied a de-
tailed limb analysis to the observations, which is in some ways
similar to the work presented here, but specifically tailored to
their observation. The mean values of the IP measurements
and seismic radii deviate by ∼0.24 Mm. In Table 3 we correct
the mean radius values of the inflection point observation by
0.333 Mm and compare the result with the mean seismic radius,
leading to a difference of 0.09 ! 0.17 Mm. We conclude that
the inflection point measurements and the seismic radius can
be reconciled by applying the correction of 0.333 Mm.

Our calculations further indicate that the position of the MDI
continuum inflection point is 0.02 Mm further out than for
5000 . The radius value determined by Kuhn et al. (2004)Å
(see Table 2) refers to the inflection point of the intensity profile
observed by MDI. The difference of 0.02 Mm cannot explain
the somewhat lower radius value by Kuhn et al. (2004).

We emphasize that we do not consider any variation of the
solar diameter over the solar cycle (Emilio et al. 2007; Thuillier
et al. 2005; Kuhn et al. 2004; Toulmonde 1997; Parkinson et
al. 1980), which however could explain some of the deviation
of the radius values. Furthermore, our considerations are with
respect to the quiet Sun.

The potential effect of granulation on the position of the
inflection point is also worth mentioning. From observations
and 3D simulations we know that the quiet Sun shows hori-
zontal temperature inhomogeneities (Uitenbroek et al. 2007;
Cheung et al. 2007; Stein & Nordlund 2006; Wedemeyer et al.
2004). As tangential rays on the limb pass through all the
different components of the quiet-Sun atmosphere it is nec-
essary to apply a mean structure of the quiet Sun for the cal-

Haberreiter	  et	  al.,	  2008
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Use limb profile model

How applicable are these limb models ?

8

Empirical (data-driven) 
approaches are often preferable
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Hough transform

Assume the parametric expression of the solar diameter 
to be known, e.g.

9

(x� x0)
2 + (y � y0)

2 = R
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Hough transform

Assume the parametric expression of the solar diameter 
to be known, e.g.

Detect the position of the limb by some adequate 
technique, i.e. point of inflexion
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Hough transform

Now scan the binary image with parameterised curves
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⇢
x = u+R cos ✓

y = v +R sin ✓
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Hough transform

Now scan the binary image with parameterised curves

Count number of limb pixels intersecting these curves
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⇢
x = u+R cos ✓

y = v +R sin ✓

x

y

v

u

image	  in	  real	  space #	  of	  counts	  in	  (u,v)	  space

locus	  of	  
circle

vary u and v
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Hough transform

Example with coins

13

Example 3–Partial Circles

Finding circles that are partially hidden
is possible with the CHT if enough of the
boundary is visible.

Shown at the right is an image in which
some of the objects are partially occluded
by others.

DIP Lecture 10 12

Example 3 (cont)
The search program was given set up to
search for 15 circles with specified radii.
Results are shown below and in the image
at the right.

k R C

x

C

y

Count
1 73 489 409 266
2 73 149 258 212
3 59 281 106 196
4 67 489 416 192
5 59 335 145 187
6 73 153 258 184
7 73 489 406 183
8 59 189 106 174
9 67 215 307 171

10 73 423 279 169
11 73 211 304 167
12 59 503 237 165
13 67 219 307 163
14 73 485 413 159
15 73 485 406 158

DIP Lecture 10 15

H.	  Rhody,	  2005



PICARD,	  Paris,	  25/9/2013

Hough transform

Why the Hough transform is not appropriate 

Requires a robust criterion for detecting the limb

Works well for circles, but intractable for more complex 
shapes (e.g. oblate Sun with bulges) : 
N parameters = search in N-dimensional space

14
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Non-parametric 
approaches
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Cake slice

Determine limb edge by intensity
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Find (x,y) such that I(x, y) = I0
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Cake slice

Why the cake slice approach is not appropriate

Sensitive to image calibration (flat-field, ...)

How to correct for variations that affect the intensity 
(solar-cycle, orbit, ...) ?

No robust criterion for the limb edge

17



PICARD,	  Paris,	  25/9/2013

Inflexion point

Limb edge is located at inflexion point 
[Raponi et al., 2012, Djafer & Irbah, 2012, ...]
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Inflexion point

Why the inflexion point is not appropriate, although 
physically sound

Second order derivate is very sensitive to noise

Limb edge determined by using local information only 
(not using neighbourhood)

19
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Use coherency

The shape of the limb is very coherent
= local deviations from a standard shape are likely to 
be due to noise or to solar features 
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Use coherency

STEP 1 convert limb into polar coordinates

Requires good estimate of centre of the solar disc

21

Bad	  es>mate	  of	  centre	  
=	  cos(φ)	  modula>on
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Use coherency

STEP 1 convert limb into polar coordinates

Requires good estimate of centre of the solar disc

22

Good	  es>mate	  of	  centre	  
=	  no	  cos(φ)	  modula>on
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Use coherency

STEP 2 extract standard limb shape

Assume the following limb shape model (locally for φ)

23

I(r,�) = f(r) · g(�) + ✏(r,�)

Incoherent part
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Use coherency

STEP 2 extract standard limb shape

Assume the following separable limb shape model 
(locally for a range of φ,	  typically	  20°)

Assume incoherent part consists of
large scale variations (in φ): solar diameter changes
small scale variations (in φ): instrumental noise, 
prominences, ...)

24

I(r,�) = f(r) · g(�) + ✏(r,�)

Incoherent part
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Use coherency

We fit the model

and keep f(r) for further use

25

I(r,�) = f(r) · g(�) + ✏(r,�)
�1  � < �2

Advantage : no need to care about 
amplitude, contained in g(φ)

In practice : f(r) and g(φ) are 
estimated by Singular Value 
Decomposition (SVD)
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Use coherency

Example with angular resolution of 30˚
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Use coherency

Example with angular resolution of 30˚
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The filtering is done simultaneously in 
angle and radius = very different from 

filtering alternatively in radius and angle
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Use coherency

STEP 3 locate limb edge by using inflexion point

Do NOT use 2nd order derivative (even if limb profile 
is now much more regular)

28
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Use coherency

STEP 3 locate limb edge with inflexion point

Do NOT use 2nd order derivative (even if limb profile 
is now much more regular)

Use continuous wavelet transform instead: ideally 
suited for detecting discontinuities

29
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Use coherency

Example: detection of 
geomagnetic jerks 
[de Michelis et al., 2005]

30

In order to show the differences between the results
obtained by the standard wavelet analysis applied by
Alexandrescu et al. [3] and those obtained using the
LIM method with the condition LIMa,b

2 N3, we ana-
lysed the geomagnetic time series recorded at Cham-
bon la Forêt (CLF) geomagnetic observatory.
Geomagnetic data used in this work are monthly
means (defined as averages over all days of the
month) of the geomagnetic eastward (Y) component,

which is supposed to be not seriously affected by
external disturbance fields. The time series have
been subjected to a careful preliminary analysis
since, for the purpose of our study, length, continuity
and quality of the magnetic field record play a funda-
mental role.

Plate I shows the results coming from LIM ana-
lysis in comparison with those related to the applica-
tion of standard wavelet analysis in the case of CLF
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Plate I. Monthly mean values of the geomagnetic secular variation for the eastward component ( Y) measured at Chambon la Forêt (CLF)

observatory from 1890 to 2002 (panel a). Wavelet transform absolute value obtained using Alexandrescu et al. [3] methodology (panel b).

Results from LIM analysis using the condition LIMa,b
2N3 (panel c).

P. De Michelis, R. Tozzi / Earth and Planetary Science Letters 235 (2005) 261–272264

geomagne=c	  field

con=nuous	  wavelet	  transform

local	  intermi?ency	  measure

Wavelet ridges are 
ideally suited for 
detecting inflexion 
points
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Results 

31

résultat nous allons étudier la comparaison sur un intervalle bien choisi localisé
autour du point d’inflexion. Comme nous l’avons vu dans la figure 5 le point
d’inflexion varie avec la longueur d’onde, donc cet intervalle dépendra principa-
lement de la longueur d’onde dans laquelle l’image solaire a été prise.

La procédure :

1) Déterminer le point d’inflexion du profil moyen SVD (c’est-à-dire dans le
mode V1 (r)).

2) Faire une régression linéaire de ce profil sur chaque bande de l’image en
coordonnées polaires, par la méthode des moindres carrés.

3) Comparer la distance entre le point d’inflexion du mode SVD et les profils
obtenus par moindres carrés.

Figure 37 – Comparaison de la méthode du point d’inflexion (bleu) avec la
méthode par comparaison svd (rouge) pour di↵érentes longueurs d’ondes.

Le problème de cette méthode est visible sur la figure 37 : pour une image
prise à 535nm, le résultat obtenu est symétrique au résultat attendu. Ce phéno-
mène provient directement des moindres carrés et peut être corrigé en localisant
notre méthode non pas sur un seul point mais sur un intervalle entourant le
point d’inflexion. Cependant il est évident que cette méthode sou↵re d’un dé-
faut important : elle ne peut décrire correctement un changement de diamètre.
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Conclusions

High-resolution technique exploits coherency of limb 
shape 

filtering in r and φ
improved inflexion point location by using continuous 
wavelet transform

But this is worthless as careful validation is still 
needed (bias, uncertainties, pixellisation, ...)

By-product: extract solar features above the limb

32
Thank you !


