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Background incl. aims

Channeling contrast in the Scanning Electron Microscope (SEM) facilitates the
imaging of crystals and their defects. A name for this approach has been
coined as ECCI for “Electron Channeling Contrast Imaging”. This contrast
arises from the diffraction of the electron beam as it traverses through the
crystalline sample, and is intricately linked to the crystalline orientation of the
underlying crystal. Within a grain, the channeling contrast hence aids in the
recognition of crystalline defect. In a polycrystalline sample, neighbouring
grains can be differentiated by the channeling contrast due to their difference
in orientation. However, obtaining multiple ECCI images with different angles
of electron beam incidence on the crystal is necessary: (i) to identify the
defect character (such as screw or edge dislocations) and (ii) to ensure that all
grains are detected within a polycrystalline region of interest. Eventually, the
acquired ECCI image series have to be treated quantitatively to extract
valuable information about the microstructure. In this context, machine
learning, particularly clustering algorithms, is extremely beneficial for
analyzing ECCI data. As an example, defects like dislocations and stacking
faults can be detected in an ECCl image series by clustering [1-2]. In the
present work, the idea is to process ECCl image series by clustering: (i) to
extract the grain size distribution rapidly in an automatic and reproducible
manner, (ii) to extract meaningful information about the microstructure, i.e.,
recrystallized fraction in an aluminum alloy [3], and (iii) to reduce dramatically
the computation time of orientation maps using the eCHORD approach [4].

Methods

The raw dataset consists of a series of ECCl images acquired by rotating the
region of interest (ROI) in the SEM, with the sample being tilted to~10-15°.
Such an image series constitutes a datacube from which intensity profiles can
be extracted at each ROI position, reflecting the variation of the
backscattered electron (BSE) signal due to the sample rotation. To
demonstrate the effectiveness of clustering algorithms for estimating grain
size distributions, a copper thin film of 3 um thickness exhibiting submicronic
twins as thin as 80 nm in thickness is employed as a test sample. For
determining the recrystallisation fraction, a 6XXX aluminum sample is
considered and subjected to heat treatment to achieve a ~75% recrystallised
microstructure. Finally, to explore the possibilities for fast-indexing within the
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framework of the eCHORD approach, duplex steel with coexisting austenite
and ferrite phases is adopted.

Results

The intensity profiles defined at each place in the ROl will be used to cluster
the data for grain size distribution calculations. The HDBSCAN algorithm [5]
was selected for clustering, as it does not require the number of clusters (i.e.,
of grains) as an input. Furthermore, the algorithm automatically determines a
reasonable criterion for defining a cluster. The influence of the intensity
profiles pre-treatments is discussed, as well as the minimal number of images
required for the clustering is explored, which is found to be between 10 to 20
ECCl images only.

For the recrystallisation fraction, it appears that the non-recrystallised area in
the ROI corresponds to pixels that are left apart within the “noisy” class
during the clustering using HDBSCAN. The results show good agreement with
the recrystallised fractions as determined by EBSD on the same ROI.
Concerning eCHORD orientation mapping, the approach involves grouping
similar intensity profiles into clusters, computing the mean profile for each
cluster, and subsequently indexing it by comparing it to an eCHORD database.
In this case, over-clustering is not a problem, and the KMEANS algorithm has
been used with a significantly higher number of clusters than the apparent
grain count, ensuring a reasonable spatial resolution is maintained. If some
clusters belong to the same grain, the indexing operation will yield the same
crystallographic orientation in the final map. This approach has been applied
to the image series of duplex steel, allowing it to discriminate between the
austenite and ferrite phases. Due to the tremendous GPU-computed indexing
speed, it is possible to compare all the cluster profiles to both austenite and
ferrite databases in order to perform phase mapping and retrieve the correct
orientations.

Conclusion

This work demonstrates that clustering the ECCI image series using several
types of clustering algorithms (HDBSCAN, KMEANS) can be extremely
beneficial for several applications such as grain size distribution calculation,
recrystallization fraction determination, phase discrimination, and orientation
map computation.
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Graphic:

Figure 1: Duplex steel microstructure characterization a) ECCl image at rotation 0°, b)phase map with
austenite (yellow) and ferrite (blue), c) IPF Z.
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