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Abstract

In the steel industry, it is crucial to control surface quality and to promptly
detect defects such as cracks, pores, and impurities, as these flaws can
compromise the mechanical performance, durability, and reliability of
steel. In this study, a novel approach for image segmentation and
intelligent detection of steel surface defects is presented using a
combination of the Genetic Algorithm and Random Forest. In the
proposed method, image features are extracted using Gabor filters, and
then the pixels are classified into groups with similar characteristics
through the Random Forest algorithm. The hyperparameters of the Gabor
filters are considered as the genes of chromosomes in the Genetic
Algorithm and are optimized to enhance the segmentation performance.
The fitness function, based on the F1-score, measures the classification
performance. The results indicate that optimizing the Gabor filter
hyperparameters with the Genetic Algorithm enhances both the accuracy
and efficiency of steel surface defect segmentation, achieving an F1-score
of 0.9807 and an accuracy of 0.9810, and demonstrating that this method
is an effective and reliable tool for automated quality control in steel
production lines.
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