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 Abstract 

Owing to the latest developments in the field of microscopy, it is now possible to acquire a large 

number of detailed images to characterize phenomena that have a microstructural origin in metals. It 

is essential to automate microanalyses to utilize the advances in microscopy fully. Manual 

microanalyses are slow, cumbersome, and subjective. The goal of this lecture is to explore the 

potential of Machine Learning-based texture recognition algorithms to identify and quantify the 1) 

metallurgical phases [1], and 2) fracture type in structural steels [2] automatically and accurately 

from micrographs and fractographs, respectively. Metallurgical phase composition dictates the 

macroscopic mechanical properties of metals like strength and ductility and hence are important for 

evaluating microstructure-property relationships [3]. On the other hand, appropriate fracture models 

cannot be employed without identifying the specific fracture initiating mechanism in metals. In this 

study, we hypothesize that individual metallurgical phases and fracture mechanisms possess unique, 

distinguishable textural features and machine learning algorithms can be trained to recognize these 

textural characteristics. To prove this hypothesis, we identified and quantified the phase 

compositions in heat-treated ASTM A36 steel and mechanisms leading to fracture in ASTM A992 

steel that are popularly used in construction industry. While the statistical properties of the grey level 

co-occurrence matrix (GLCM) are used as textural features for metallurgical phase identification, 

greyscale and rotation invariant Linear Binary Patterns (LBP) are employed to identify the fracture 

initiation mechanisms. About 735 data points that consisted of GLCM textural features are extracted 

from the micrographs are used to train four ML classifiers to identify the metallurgical phases in 

heat-treated ASTM A36 steel. Feature selection and ideal size of the window to extract textural 

features is evaluated to improve the prediction accuracy. The trained ML algorithms, unlike 

intensity-based algorithms, did not misclassify the grain boundaries. Furthermore, the end-user is not 

required to know the number of unique phases in the microstructure for using texture recognition 

algorithms. For the sake of fracture mechanism identification, 100 images are used to train a linear 

Machine Learning classifier. Block-wise and pixel-wise approaches are proposed for computational 

expediency and accuracy, respectively. The proposed Machine Learning based texture recognition 

algorithms were able to match the ground truth images for both metallurgical phase and fracture 

mechanism identification. In a nutshell, this study proves that the microstructural features in metals 

possess unique machine recognizable textures that can be employed for automatic microanalyses.   
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