Faint coronal structures and the possibilities of visualization
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ABSTRACT

The pictures obtained during total solar eclipses on both digital and classical recording media contain a lot of information invisible for human eye. There exist several, let us say, classical solutions of visualization them. Unfortunately, even if these methods are useful in many branches of science their abilities are very limited. The imaging method described on this paper called 'adaptive filters' used algorithm according to the human eye method of spatial resolution. The possibilities of mentioned method are demonstrated on some total solar eclipse pictures.

1. INTRODUCTION

Human eye is still the most important tool for obtaining information from all the astronomical pictures, including the pictures of solar corona. Several years ago it was practically impossible to construct   technical equipment which would be able to reach the ability of human eye. The great progress both classical and digital photography changed this situation in some aspects. The technical parameters of used picture detectors and cameras (both digital and classical) enable to record the reality with the wide spectral and dynamic range, resolution power and so on. However, all these images finally have to be displayed and then observed by human vision. The human eye is able to distinquish 100 to 300 levels of brightness on contrast usual on nowadays display equipment (vacuum screen, LCD panels, etc.). Therefore the majority of digital display equipment uses the 8 bits per pixel representation of images. However, high quality cameras or digitising equipment use 16 bots per pixel representation (i.e. 65 536 levels of brightness) or ever better.

The solar corona is the typical representative of doubtfully displayed picture. Very sharp decrease of coronal (K+F) brightness

Ir=0.0532*r-2.5+1.425*r-7+2.565*r-17 [1]

practically disables to display the solar corona on one individual picture. There exist several methods to solve the problem of visualization of coronal pictures.

2. METHODS OF VISUALISATION 
All described methods of visualisation of solar corona pictures try to solve the main problem – the high range of dynamic of solar corona intensity. Practically we have to  display  the  picture  with  dynamic range till 1: 3000000. 

2.1.

Radial filter

Radial filter is a grey filter which density grade from edge to the centre in accordance with theoretical or expected grade of coronal intensity. It is located in focal plane in front of photographic plate [2]. This often used method has several difficulties, which complicated its application. 

The design of equipment supposes the precise orientation of all axes in optical system, which can be very lightly disturbed. Existence of grey filter in optical system extended exposure time. Moreover, there exists the difference between theoretical and practical decrease of coronal intensity.

2.2.
Redrawing the structures from the individual pictures
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Fig. 1. The raw redraw of coronal structures (left) and superposition of its to the original picture (right)  (2001, Angola, Observatory Úpice)

This method supposes obtaining of set of coronal pictures from short exposures (inner parts of solar corona) to the long exposures (outer parts of corona). These pictures are subsequently placed to the magnifier and the projected structures are manually redraw to the paper. As it is shown on Fig. 1., this method is accurate, but it is very elaborated. Moreover, this method is able to detect only shape of individual structures.

2.3.

“Dark room” processing

There are two main techniques to process coronal images. We can use one individual snapshot obtained outer parts of solar corona. We can obtain relative realistic picture of both inner and outer parts of corona by using occulting masks to overcast strongly exposed parts of inner corona.

The next technique composes individual pictures with different exposures to obtain realistic picture.

Both mentioned methods are very laborious and are practically non-reprocessed.

2.4.

“Computer dark room” processing

This method uses some picture operations like radial blur, unsharp masking, rotations, masking and so on to get as realistic as possible picture of all visible corona from the set of individual pictures.
The main problem of all these method is the creation of picture arte-facts, which could be exchanged with real events. All these methods prefer radial or tangential directions on the picture moreover.
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Fig. 2. The original set of individual snapshots obtained with different exposures  (2001, Angola, Observatory Úpice)
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Fig. 3. The composite picture (2001, Angola, Observatory Úpice)

2.5.
“Classical” numerical methods

There exist several, let us say, classical solutions of mentioned problem. The most powerful are nonlinear pixel value transformations based on image histogram analysis. The best-known one is the so-called histogram equalization.

Another solution uses the two-dimensional discrete Fourier transform. While any phase spectra manipulation cases significant image degradation, amplitude spectra modification is for human eye generally acceptable and it may increase the subjective quality of an image. It can be successfully used in visualization of images with high dynamic range. Even if these methods are useful in many branches of scientific imaging methods, their abilities are very limited.

All these methods can produce non-realistic structures in processed picture. Moreover, parameters calculated from picture characteristic and used for transformation procedure need not be proper for all parts of image.

The mentioned problems can by solved by using adaptive numerical methods for image processing – adaptive filters.

2.6.
Adaptive filters

The human vision itself gives a lot of motivation for numerical image processing. The most important feature of human vision is adaptivity. An image is by human eye not observed as the whole. It is analyzed in small elements and the parameters as sensitivity, focusing, aperture etc. are changed in order to reach optimum local view. The human eye from technical point of view is a differential analyzer and it has only limited ability to measure absolute brightness. The comparison of brightness is done on a picture element neighbourhood, which is of variable shape depending on the image content. In fact, the human eye is able to watch and perceive the scenes with extremely wide contrast range (more than 1:1 000 000). Moreover, it is able to recognize very flatness structures and objects. It seems that it overrules the possibilities of detection equipment. Actually it is possible to detect as contrast scenes with both digital and classical photography. The only one problem is to reconstruct obtained picture to make all the recorded structures visible. 

The numerical methods, which modify the process algorithm according to local image properties as human eye does, are called adaptive filters.

3. ADAPTIVE FILTERS
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Adaptive filters for high dynamic range image processing must present several types of adaptivity. The first type of adaptivity is that of pixel value transformation function. The transformation function is usually derived from image histogram, so the adaptivity may be achieved by using the local histogram computed on some pixel neighbourhood instead of whole image histogram. The so-called adaptive histogram equalization is one of these methods based on this principle. The creation of suitable pixel neighbourhood for histogram computing is very important. Any of fixed type neighbourhood (for example square) cannot give good results because it does not respect boundaries between areas with significantly different histograms. Therefore it is necessary to construct a neighbourhood according to local image properties i.e. to use adaptive neighbourhood. The third type of adaptivity is based on additive noise analysis. The pixel value transformation function must be corrected according to local parameters, usually according to standard deviation of additive noise. If the noise is independent on the image the standard deviation can be estimated by means of autocorrelation function analysis. 

Adaptive filters play an important role in visualisation of colour images with high dynamic range, too. They may improve colour saturation and they may prevent the saturation loss of very bright colours. 

4. CONCLUSION

There exist a lot of different methods to extract faint structures of eclipse white-light solar corona pictures, which are not visible in original raw photograph. Some of them product very interesting  views. Unfortunately, almost all  of them product secondary picture artifacts and/or they change any other picture parameters (resolution, photometry scale, etc.). 

It seems adaptive numerical methods for solar eclipse pictures processing are the best method for detailed analyze of coronal structure (and probably not only for it).
5. REMARK

Figs. 5., 6. and 7. were processed using the scientific image analyzer ACC (Adaptive Contrast Control) version 4.0. This PC software consists a lot of procedures for exact image processing including the unique ACC algorithm for nonlinear local contrast transformation. 

Fig. 4. ACC picture analyzer control panel
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Fig. 5. Picture of solar eclipse processed by using adaptive filters  (1998, Venezuela, Observatory Úpice)

Fig. 6. Picture of solar eclipse processed by using adaptive filters  (1999, Hungary, M. Druckmuller)
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Fig. 7. Picture of solar eclipse processed by using adaptive filters  (2001, Angola, Observatory Úpice)













