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Abstract 

In order to harness the full potential of X-ray diffraction methods, such as the high precision KOSSEL and X-ray 
Rotation Tilt (XRT) technique, a fast and automatic detection and evaluation process for digital recordings or 
digitized film is required. The presented method facilitates, through the implementation of largely automated 
processes, rapid access to a diverse evaluable database of many X-ray diffraction images. The method used for 
the detection of conic shaped diffraction reflection lines is composed of two parts: the rough detection of the 
desired image objects followed by the subsequent sub-pixel modeling of reflection lines. On the one hand the 
resulting database can as a whole be used for the quantitative analysis of material science-based basic 
phenomena with the aim of associating reflection abnormalities to crystallographic defects. On the other hand, 
due to the registration of the reflection fine structure, the individual data set is especially suitable for the direct 
calculation and output of precision residual stress tensors. For this application it is necessary to know the 
complete recording geometry. In this contribution we examine the focal curves for this purpose. These can also 
be used to evaluate electron backscatter diffraction pattern. 
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1. Introduction 

Over the past several years the quality of digital X-ray recordings has improved enormously. Currently, further 
research is being undertaken in this direction as well as inevitably in the field of automated procedures and 
programs to interpret the available digital image information. In our group such procedures are of great interest 
for the analysis of diffraction patterns generated during the investigation of material’s crystallographic structure, 
especially for the KOSSEL and the X-ray Rotation Tilt technique (XRT) (Bauch, 2002). For these techniques it is 
necessary to very accurately detect and evaluate the diffraction information, which comes in the form of conic 
sections. Up to now, a suitable process derived from a combination of different techniques has been developed 
and used (Bauch et al., 2011). It consists of two main parts: the detection of the generated objects followed by a 
sub-pixel modeling of the reflection lines. Firstly a three-dimensional HOUGH transform is used from which 
many initial imprecise object parameters are determined. On the basis of this approximate description a second 
subsequent step is undertaken in which the real and exact object parameters are calculated and fit into a 
geometric model. With these results, other image and lattice parameters respectively can be determined. The data 
obtained with this method from a single recording are well suited for the calculation of the precision strain tensor 
that can be transferred using the elastic constants in the residual stress tensor. This method is particularly well 
suited to the high accuracy of the KOSSEL technique. In addition, due to this new quantitative evaluation there is 
the potential to make systematic analysis of material science based basic phenomena, such as smeared or double 
reflection maxima and local maxima along a reflection, and to assign it to crystallographic effects. 

2. Method 

For the described application based exemplary on the two mentioned micro-diffraction methods: the KOSSEL- 
and XRT-technique, a multifunction KOSSEL–EBSD–SEM system and a self-development of the X-ray Rotation 
Tilt system (XRT) was used. For the mapping of KOSSEL lines a focused electron beam or collimated X-ray 
beam (diameter < 5 μm or < 100 µm) generate within the interaction volume from a single grain of the sample, 
characteristic or fluorescence X-rays. Parts of the characteristic radiation and the total bremsstrahlung leave the 
crystal un-diffracted. This leads to undesirable film blackening. Only a small part of the characteristic X-rays are 
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Figure 4. a
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Figure 8. The same diffraction image as Figure 1 with marked principal point, Miller Indices and orientation 

 

4. Discussion 

The focus of this work was initially the very precise detection of 2nd order curves in diffraction lines generated 
for example from the KOSSEL or XRT technique. From the outset it was important to make the method easy to 
use and mostly automated. As the accuracy of the KOSSEL technique is very suitable for the calculation of the 
strain tensor and residual stresses of the 3rd kind, it is useful to optimize further for a good usability of analysis. 
There is no longer an extra object in the beam path necessary due to the imaging geometry with 
specimen-to-screen distance, principal point or pattern center can only be determined over the diffraction pattern 
themselves. In addition, the accuracy can be further increased as the measurement data are not optimized for 
individual curves, but for the entire recording geometry. That is useful for other diffraction imaging techniques 
such as EBSD, which are based on conic shaped diffraction pattern. In conclusion the presented method 
demonstrates a further step in the development of a high resolution “Residual stress microscope” and facilitates, 
through the implementation of largely automated procedures, a fast detection from diffraction lines and provides 
the complete recording geometry. 
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