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    Scanning Low Energy Electron Microscopy (SLEEM) is an imaging technique, which uses low 
energy electrons while providing very good image resolution [1]. Reflectivity of very slow electrons in 
the range 0–30 eV can be correlated with the electronic structure of the material, aiming at 
determination of the local crystallographic orientation [2]. Since SLEEM is a 2D imaging method, a 
suitable algorithm is needed to analyse the image signal in dependence of the beam energy as the 
third dimension. Crucial task is to detect grain boundaries in polycrystals. Recent algorithms [3, 4], 
performing the task for the traditional EBSD method, are not able of correcting for artefacts connected 
with the specimen contamination. 
    The input data of the algorithm can be considered a 3D matrix. Indices x and y are coordinates in 
the two-dimensional image function f (x,y), which is acquired for a range of beam energies (usually 0 – 
30 eV) that represent the third dimension of the matrix. Problems connected with the input data that 
impede recognition of grain boundaries include first of all a certain inconsistency caused by variations 
in the impact angle of electrons as well as in the detection efficiency, both in dependence of distance 
from the optical axis. Second problem relates to the low S/N ratio, which prevents us from 
implementing any algorithm based on a lookup table. Fluctuations originate mainly from the statistical 
noise because of a short dwell time, combined with the quantization noise of the A/D convertor. 
Further problems relate to the low contrast between grains as well as to presence of white spots 
representing residual oxide contamination. 
    The devised algorithm is designed to work in static and dynamic mode. The static mode consists of 
7 basic steps and achieves crystallographic information for the particular beam energy. The algorithm 
consists of the image acquisition, affine transformation in order to compensate for image distortions 
mapped in advance on a reference sample, enhancement of contrast, Gaussian filtration in order to 
smooth the image, detection of grain boundaries using the Canny edge detector [5], localization and 
removal of white spots, and localization of a particular grain and its boundaries in the image. This 
mode provides data about grain boundaries but insufficient information is provided to determine the 
crystallographic orientation. 
    The dynamic mode extends the static one. Instead of using the Canny edge detector in the fifth 
step, Sobel operators are used [5]. These operators provide less of the detected boundary points 
which was found convenient when passing through the data cube. Having accumulated the grain 
representations at particular energies, it is necessary to smooth the boundary network by removing the 
unconnected and isolated pixels. In contrast to the static mode, the dynamic mode not only collects 
data for the grain border representation but also measures the signal intensity for a particular grain 
yielding the dependence of the electron reflectivity vs. beam energy, which is essential for 
determination of the crystallographic orientation [2]. 
The example presented in this contribution reveals boundaries as high brightness gradient features on 
SLEEM images of polycrystalline copper using a specifically designed sequence of detection and filter 
algorithms.  
    Using EBSD as an auxiliary tool (fig. 1. d.), it is possible to determine, which crystallographic 
orientations provide sufficient boundary contrasts at particular beam energies. Experimental evaluation 
has been performed for the grain no. 146, as shown in table 1. Here value 1 stays for a grain 
neighbourhood exhibiting contrast sufficient to detect the common boundary. Zeros stays for 
undetectable boundaries. The situation was examined at three beam energies and the boundary was 
established when at least one “1” appeared in the column of the table. 
    Fig. 1 a, b and c shows three images obtained at various energies using the SLEEM. The 
backscattered electrons obviously form energy dependent grain image signal because of different 
reflectivity, characteristic for the grain orientation. Detecting the grain boundary where the image 
signal exhibits gradient exceeding a preselected threshold, we compile the boundary representation 
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for particular electron energy. Finally, the three representations are merged yielding the complete 
boundary map – see Fig. 1.h.  
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Figure 1. Polycrystalline Cu imaged at three electron energies as labelled (A, B, C), EBSD map of the same field 

of view with numbered grains (D), grain boundary representations resulting from automatic evaluation of the 
micrographs (E, F, G), final merger of the boundary representations (H). 

 

grain no. 
(orientation) 

147 
(14,9,23) 

103 
(9,8,26) 

97 
(8,5,27) 

158 
(14,9,23) 

200 
(8,1,15) 

186 
(11,5,15) 

182 
(9,1,17) 

174 
(8,1,15) 

 

beam 
energy 

146 
(11 7 18) 

0 0 1 0 1 1 1 1 
 

10 eV 

146 
(11 7 18) 

1 1 1 1 1 1 1 1 
 

20 eV 

146 
(11 7 18) 

1 0 1 0 1 0 1 1 
 

30 eV 

Table 1. Grain no. 146 (11,7,18) edges with neighbouring grains at various beam energies. 

 

 
 

 
 
 
 
 
 
 

 

 


