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Abstract

The properties of steels are intrinsically dependent on their microstructural components, known as
phases, which form during the manufacturing process. Different steel phases can be observed in
microscopic images of steel surfaces. Automatic detection and classification of these phases from images
can significantly enhance the understanding of steel properties with improved speed and accuracy. This
paper introduces, for the first time, an intelligent and automated method for classifying steel phases
from microscopic images. This process requires defining and extracting suitable texture features unique
to these images and segmenting the images into highly irregular regions based on the extracted features.
To achieve this, the input image is initially divided into blocks, and texture features are extracted
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independently for each block. The dimensionality of these features is then reduced using Principal
Component Analysis, and the refined features are subsequently fed into a Softmax neural network for
classification.

The implementation results indicate that the proposed method achieves an accuracy of over 99% in
distinguishing between two phases: acicular ferrite and granular ferrite. Furthermore, it attains an
accuracy exceeding 86% when classifying three phases: granular ferrite, acicular ferrite, and
Widmanstiitten ferrite. This suggests that the widely used and conventional k-means clustering method,
as a traditional machine learning approach, is incapable of effectively distinguishing microscopic steel
phase blocks using extracted texture features. Notably, as of the writing of this paper, no prior research
has been conducted on the automatic classification of different ferrite phases, making this study a novel
contribution to the field.

In this research, an automated classification algorithm for ferrite phase structures in SEM images of
steel is proposed using texture feature extraction methods and machine learning models. The dataset
comprises images of 1024x768 resolution, which were divided into 128x128 blocks, with classification
performed independently for each block. Due to the limited number of blocks available for training
machine learning models, data augmentation techniques such as rotation and scaling were applied to
increase the dataset size. Various image processing methods were used to extract 128 texture features.
These extracted features were then used to classify different ferrite phases using two machine learning
models: k-means clustering and the Softmax neural network. Additionally, PCA was employed to reduce
feature dimensionality, which positively impacted the classification of granular and acicular ferrite.
While k-means clustering, as a conventional and widely used machine learning method, failed to achieve
satisfactory classification accuracy, the proposed approach using a smooth maximum neural network
demonstrated exceptional performance. Despite the complex and irregular nature of ferrite shapes, the
selected features and the proposed algorithm successfully achieved over 99% accuracy for two-phase
classification and over 86% accuracy for three-phase classification.

Keywords: Scanning Electron Microscope, Automated Classification, Steel Phases, Neural Networks, K-
Means Algorithm.
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(Figure-1): Electron microscope image of steel and the

phases of Granular ferrite (A), Widmanstatten ferrite (C),
Acicular ferrite (D)
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(Table-2): Simulation results for all proposed models for different features for two ferrites
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! t-Distributed Stochastic Neighbor Embedding
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