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Figura 2.1 - Mosaico de imagens obtidas pelo instrumento TRACE na faixa espectral do

ultravioleta extremo, nos comprimentos de onda de 171 Å, 195 Å e 284 Å.
Fonte: NASA/Lockheed Martin.

2.2 Magnetogramas

No final do século XIX e ińıcio do século XX, o f́ısico alemão Pieter Zeeman publicou

trabalhos onde investigava a variação do comportamento espectral da luz na presença

de campos magnéticos, o chamado efeito Zeeman (Zeeman, 1911). O efeito Zeeman se

manifesta pela separação das linhas espectrais em relação à linha central, aquela que

seria a única a ser observada caso não existisse a presença de um campo magnético.

A separação das linhas equidistantes em relação à linha central é proporcional à

intensidade do campo, de forma que a medida desta separação permite obter a

intensidade do campo magnético. O efeito Zeeman inverso (efeito Zeeman sobre

as linhas de absorção) é utilizado para produzir mapas do campo magnético solar

fotosférico chamados de magnetogramas, que representam então a intensidade dos

campos magnéticos solares no ńıvel fotosférico.

Se a observação ocorre na direção perpendicular ao campo é posśıvel visualizar

três linhas espectrais, mas se a observação ocorre na direção paralela ao campo,
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We present in this work a methodology to extract and classify the filamentary patterns
formed by solar coronal magnetic field lines. After processing a set of EUV images, we
quantify the asymmetry of this set using the Gradient Pattern Analysis (GPA) technique.
With the GPA classification on the image set was possible to identify automatically the
frames where it occurs satellite detector saturations. We will continue our analysis
refining the GPA use to study the magnetic field line dynamics.

The Solar coronal region presents a diversity of magnetic field structures. The magnetic
field lines captured by the ambient plasma particles trapped by the Lorentz’s force
generates emission mainly at soft X rays and extreme ultra violet bands. On the last few
years was possible to rely in the high spatial resolution images observed at EUV to
improve the comprehension of the solar corona. Thus, extraction and characterization of
the coronal field lines are of fundamental importance to understand the formation and the
dynamics of many events associated to solar magnetic field lines.
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Development

Post-segmentation
Hough Transform [2] is a mathematical feature extraction technique, originally used to detect
straight lines segments in noisy images. To improve the segmentation stage in our work, we
introduce this transform as a novelty. For this, we divide our images in fragments with same
size, applying the transform and recovering lines with a defined minimum number of pixels.
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In this work our objective was to extract the magnetic field lines patterns formed at solar
corona, from EUV images, and then to characterize these patterns. To do this, we used a
set of 203 EUV images obtained from TRACE satellite of 1998 May 19, 22:21 UT. In this
initial stage we worked on the digital image pre-processing [3,4], segmentation and
post-segmentation of the images. The objective was the extraction of the filamentary
patterns of magnetic field lines, using the analysis of asymmetries of the gradient field of
the pre-processed images.

Pre-processing

1 2

3 4

1. Original 171 Å TRACE 
image of 1998 May 19, 
22:21 UT

2. Pre-processing image 
(3x3 boxcar median filter)

3. Unsharp mask applied 
(original image was 
subtracted from its 
blurred version with 
11x11 boxcar smooth 
filter)

4. Contrast enhancement, 
using a square root filter; 
final result of pre-
processing stage.

Segmentation
On segmentation stage we work with image curvi-linear segments from magnetic field lines
brightness gradients. For this, we use Strous's Algorithms [1], where each pixel is compared
with its 3x3 neighborhood areas, thorough directions , generating an accumulator
matrix that represents the segmented image.
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Pre-processing stage

We initiate the stage of extraction and characterization of
patterns using the GPA [5] as a tool for evaluate the
asymmetry in spacetime series, analyzing the image
gradient fields. We applied the GPA on three 256x256
images series: original, Strous and Hough. We obtained as
a first result in Strous and Hough series the identification of
the frames where satellite detectors saturation occurs.

Conclusion and References
GPA Analysis

Original

Strous

Hough

For 256x256 images of Strous and Hough series, we verify a possible automatic
identification of the frames where satellite detectors saturation occurs. For series with
smaller images the result are unsatisfactory. The application of Strous's Algorithm and
Hough Transform contributed decisively for the identification of saturated frames using
GPA. The next important step is to recognize the field segmented lines from the
background noise.
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In this work our objective was to extract the magnetic field lines patterns formed at solar
corona, from EUV images, and then to characterize these patterns. To do this, we used a
set of 203 EUV images obtained from TRACE satellite of 1998 May 19, 22:21 UT. In this
initial stage we worked on the digital image pre-processing [3,4], segmentation and
post-segmentation of the images. The objective was the extraction of the filamentary
patterns of magnetic field lines, using the analysis of asymmetries of the gradient field of
the pre-processed images.

Pre-processing

1 2

3 4

1. Original 171 Å TRACE 
image of 1998 May 19, 
22:21 UT

2. Pre-processing image 
(3x3 boxcar median filter)

3. Unsharp mask applied 
(original image was 
subtracted from its 
blurred version with 
11x11 boxcar smooth 
filter)

4. Contrast enhancement, 
using a square root filter; 
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with its 3x3 neighborhood areas, thorough directions , generating an accumulator
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In this work our objective was to extract the magnetic field lines patterns formed at solar
corona, from EUV images, and then to characterize these patterns. To do this, we used a
set of 203 EUV images obtained from TRACE satellite of 1998 May 19, 22:21 UT. In this
initial stage we worked on the digital image pre-processing [3,4], segmentation and
post-segmentation of the images. The objective was the extraction of the filamentary
patterns of magnetic field lines, using the analysis of asymmetries of the gradient field of
the pre-processed images.
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2. Pre-processing image 
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(original image was 
subtracted from its 
blurred version with 
11x11 boxcar smooth 
filter)

4. Contrast enhancement, 
using a square root filter; 
final result of pre-
processing stage.

Segmentation
On segmentation stage we work with image curvi-linear segments from magnetic field lines
brightness gradients. For this, we use Strous's Algorithms [1], where each pixel is compared
with its 3x3 neighborhood areas, thorough directions , generating an accumulator
matrix that represents the segmented image.
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For 256x256 images of Strous and Hough series, we verify a possible automatic
identification of the frames where satellite detectors saturation occurs. For series with
smaller images the result are unsatisfactory. The application of Strous's Algorithm and
Hough Transform contributed decisively for the identification of saturated frames using
GPA. The next important step is to recognize the field segmented lines from the
background noise.
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In this work our objective was to extract the magnetic field lines patterns formed at solar

corona, from
EUV images, and then to characterize these patterns. To do this, we used a

set of 203 EUV images obtained from
TRACE satellite of 1998 May 19, 22:21 UT. In this

initial stage
we

worked
on

the
digital image

pre-processing
[3,4], segmentation

and

post-segmentation
of the images. The objective was the extraction of the filamentary

patterns of magnetic field lines, using the analysis of asymmetries of the gradient field of

the pre-processed images.
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4. Contrast enhancement, 
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final result of pre-
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Segmentation

On segmentation stage we work with image curvi-linear segments from
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cada freqüência ⌫ escolhida através do código gyrosync. Cada setor do arco com dimensão �L é
preenchido com os coeficientes de acordo com as coordenadas (x, y, z). Então, para cada freqüência
⌫ e para cada instante de tempo t calcula-se a transferência radiativa na fonte tridimensional,
através da equação

I
⌫

(x, y) =
z=0X

Lz

j
⌫

(x, y, z)
k

⌫

(x, y, z)
{1� e�k⌫(x,y,z)�L} + I

⌫

(x, y, z � 1)e�k⌫(x,y,z)�L. (4.12)

A Eq. 4.12 representa a transferência radiativa através da dimensão z, orientada em direção ao
observador, resultando em um mapa da intensidade de radiação I

⌫

(x, y, t). A densidade de fluxo
F

⌫

(x, y, t) é obtida multiplicando cada pixel da imagem pelo seu ângulo sólido ⌦ (Eq. 4.13), e para
obter a densidade de fluxo total basta somar todos os pontos do mapa, ou seja,

F
⌫

(x, y, t) = I
⌫

(x, y, t)⌦. (4.13)

Um diagrama representativo da geometria do cálculo da transferência radiativa pode ser visto na
Fig. 4.6.

Figura 4.6 - Representação do cálculo da transferência radiativa através do arco magné-
tico.
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Resumo

Apresentamos os resultados de uma modelagem em 3D dos parâmetros físicos que
descrevem ondas magnetoacústicas ao longo de loops coronais. O estudo foi realizado
sobre imagens em EUV da região ativa NOAA 111272, na qual aconteceram flares de
classe B e C. Ondas estacionárias e viajantes com períodos entre 36 s e 19 min foram
detectadas usando o método Pixelised Wavelet Filtering. A velocidade Alfvénica ao
longo das linhas de campo, mostra uma assimetria coerente com a distribuição do
brilho nos loops observados em EUV a qual tem seu origem no campo magnético
obtido da linha. As ondas estacionárias também foram vistas antes e durante os
flares de classe C o qual sugere que podem estar relacionadas com pulsos quase
periódicos de baixas frequências.
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Conteúdo

I - Relação das ondas magnetoacústicas com o equilíbrio térmico
na atmosfera solar
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Resumo da Situação

• Cromosfera e coroa perdendo energia por radiação
[Rosner, Tucker e Vaiana 1978]

• É preciso de uma fonte mecânica de calor para manter o equilíbrio
térmico [Walsh e Ireland 2003]

• A energia dissipada pelo amortecimento das ondas magneto-
acústicas podem balancear a perda de energia por radiação
[Nakariakov e Verwichte 2005, Moortel 2009]

Regiões ativas no Sol que continuamente apresentam diferentes
classes de Flares e onde existe alta probabilidade de encontrar ondas
[De Moortel 2006, Kim, Nakariakov e Shibasaki 2012]
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Observação e Análise de Ondas em NOAA 111272

Dados obtidos desde os instrumentos Atmospheric Imaging Assem-
bly (AIA) [Lemen et al. 2012] e Helioseismic and Magnetic Imager
(HMI) [Scherrer et al. 2011] do Solar Dynamics Observatory (SDO)
[Pesnell, Thompson e Chamberlin 2011]

1700 Å 1600 Å 304 Å

171 Å 193 Å 211 Å

131 Å 335 Å 94 Å

SDO/AIA

NOAA 111272

2011−08−17 T04:19:00 UT 4500 Å

• Posição: S19E53

• Flares de classe: B3.8, C1.9 e C2.3

• início: 16/08/2011 23:45:00 UT

• Fim: 17/08/2011 05:39:48 UT
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Método Pixelised Wavelet Filtering (PWF)

PWF determina distribuição espacial e evolução temporal de fontes
de oscilação em cubos de dados 3D [Sych e Nakariakov 2008].

Sequência de imagens
igualmente espaceadas.

Ondas estacionárias de
19 min em loops a, b e c
da região NOAA 111272
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(c) Amplitude 193Å  02:52:12 UT
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[Conde, Costa e Cedeño 2016]
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Ondas Viajantes
(a) 1700 Å  01:49:43 UT
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Modelo 3D para Velocidades ao Longo dos Loops
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Linhas de campo que melhor battem com
os loops observados em EUV

Velocidade Alfvén (va kms−1) ao longo
dos loops a, b e c.
[Conde, Costa e Cedeño 2016]
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