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• Nanomaterials exhibit distinct features when compared to 

ordinary materials and have been the subject of substantial 

research in recent decades [1].

• With the use of TEM imaging, particle segmentation is 

employed to analyze the grain boundaries of nanoparticles.

• Here we use Gabor filters for feature extraction and 

unsupervised learning in image segmentation on grain 

boundaries.

• New nanoscale analysis technique advances knowledge of 

nanomaterials without experimental or model-based 

learning.

• Gabor filters efficiently extract features with K-means 

clustering making them suitable for evaluating crystalline 

materials [2][3].

▪ Here we utilize Gabor filters and unsupervised learning to 

perform particle segmentation on nanoparticle crystalline 

grain boundaries.

▪ Testing on cross-sections of ZnO particles demonstrated 

the segmentation algorithm's effectiveness in identifying 

grain boundaries and crystal facets within complex 

microstructures.

▪ Initial parameter fine-tuning is required for the technique, 

but implementing advanced deep learning techniques can 

automate this process and improve accuracy.

▪ Developing a dependable and precise technique for 

segmenting crystalline nanoparticles holds practical 

significance for materials science and nanotechnology.
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This study investigates the use of Gabor filters and K-

means clustering to extract crystallographic data from TEM 

images of materials having grain boundaries. The purpose 

is to effectively identify faults and generate crystal 

orientation maps. Gabor filters are used to identify abrupt 

changes in intensity, and K-means clustering is utilized to 

uncover patterns in the recovered features. The results 

suggest that this method can detect flaws and extract 

considerable crystallographic information, making it a 

valuable tool for future materials research.
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Figure 1: a) Segmentation of two particles through b) skeletonization, c) cluster coloring, and d) facet 
delimitation. Source: Guillermo Barcena-Gonzalez et al. [2] 

Figure 3: Two ZnO grain boundaries a) type sigma 7 b) colorization of (a), c) sigma 13 

Figure 4: ZnO sigma 13 grain boundaries A) three crystals , D) two crystals
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