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ABSTRACT
Article Information: Selecting the most appropriate Non-Destructive Testing (NDT) method for
Research Article industries such as energy, transportation, automotive, aviation, and oil and
Received 26 December gas plays a critical role in enhancing inspection quality, minimizing human
2024 errors, and reducing operational costs. In this study, a hybrid data-driven
Revised 12 May 2025 and classification model based on Machine Learning (ML) techniques is

Accepted 30 May 2025 developed to recommend the optimal NDT method for weld inspection,
considering input features such as material, structure, weld type,
thickness, and accessibility. A dataset consisting of 500 records of NDT
inspections—including Ultrasonic Testing (UT), Eddy Current Testing (ET),
Magnetic Particle Testing (MT), Radiographic Testing (RT), and Liquid
Penetrant Testing (PT) were collected and preprocessed. Machine Learning
algorithms including Random Forest (RF), Support Vector Machine (SVM),
K-Nearest Neighbors (KNN), and Extreme Gradient Boosting (XGBoost)
were implemented using Python. The model development process
employed 10-fold cross-validation for evaluation and grid search for
hyperparameter optimization. Among the models, XGBoost achieved the
best performance, reaching 90% accuracy as evaluated by precision, recall,
and F1-score metrics. It also outperformed human experts by achieving an
average of six percent higher accuracy in predicting the appropriate NDT
method. Furthermore, the model’s predictions aligned with international
standards such as ASME Section V (2023) and ASTM E-Series, confirming its
technical validity. The findings demonstrate that the proposed hybrid
model effectively supports industrial decision-making frameworks,
enhances the consistency of inspection processes, and reduces the
likelihood of human errors.
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