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Abstract

In this study, the main challenges in detecting surface defects of steel
sheets—including data imbalance, feature overlap, and the difficulty
of identifying influential features—were investigated. The primary
objective of the research was to identify the most effective features
for improving the accuracy of defect classification models such as
scratch, stain, and bump detection. To achieve this, a three-stage
analysis was conducted. The first and second stages involved
applying the Random Forest and Extreme Gradient Boosting
(XGBoost) algorithms to the raw data, while the third stage applied
the same algorithms to data balanced using the SMOTE technique.
The results showed that employing SMOTE increased the accuracy
of the XGBoost model from 79.18% to 91.7%, and that of the
Random Forest model from 80.21% to 91.0%. The main innovation
of this study lies in integrating machine learning methods with data
balancing and numerical feature-importance analysis. Furthermore,
common features such as geometric dimension parameters, spatial
indices, and brightness characteristics were identified as stable
indicators that can serve as the foundation for designing intelligent
quality-control systems in the steel industry. The considerable
variation in the list of important features across algorithms and data
conditions demonstrated that feature selection in this problem is not
fixed but depends on the learning method and data preprocessing
approach. This methodology not only provides deeper scientific
insights into steel defect detection but also supports more precise
decision-making in selecting key features for similar industrial
applications.
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