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High-Angle Annular Dark-Field (HAADF) imaging is a useful tool to understand the nature of the
interaction between different materials domain boundaries, but one must overcome the
limitations imposed by the characteristics of the microscope that directly affects resolution. An
approach to face this problem is to deal with super-resolution techniques. These techniques
attempt to obtain high-resolution images from several observed low-resolution images
captured from the same scene, thus the resolution of an image can be improved by bringing
out details that might otherwise not be seen.
In this work we illustrate the application of super-resolution techniques to a series of 10 low
resolution HAADF images of Magnetite (Fe3O4), oriented along the 001 direction.
Since classical super-resolution reconstruction programs running on a standard computer may
take up to 6 hours to get the results, a specialized software suite running in GPUs [1] has been
developed to speed up this process, and now results can be obtained just in 10 minutes.
Figure 1 show an experimental low resolution image of Magnetite where the presence of noise
is noticeable. Three atoms of Fe have been marked in figure 1 and the corresponding intensity
profile is plotted in figure 2, but just two intensity peaks can be appreciated.
In the super-resolution approach two steps are applied: alignment and reconstruction. In this
work the alignment process is carried out by filtering the image with a Gaussian filter and then
applying the Vandewalle’s modification [4]. Then, a variant of the Non Local Mean algorithm
[2,3] is used in order to obtain a high-resolution image, where noise has been substantially
reduced, so that the three atoms of Fe can be clearly identified, as shown in figure 3. This fact
is made apparent in the corresponding intensity profile shown in figure 4.
These results indicate that super-resolution techniques can provide enhanced HAADF images
in terms of resolution, quality and details definition.
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Fig. 1: An experimental low resolution image of Magnetite,
three atoms of Fe has been marked with a red circle. The
presence of noise is noticeable, in fact, just two atoms can
be clearly appreciated.
 

 
Fig. 2: Intensity profile corresponding to the marked area in
figure 1, Two of the three intensity peaks can be observed.
 

 
Fig. 3: High-resolution image obtained by super-resolution
techniques, noise has been substantially reduced, so that
the three atoms of Fe marked with a red circle can be
clearly observed.
 

 
Fig. 4: Intensity profile corresponding to the marked area in
figure 3. The three atoms of Fe can be clearly identified.
 


