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Abstract

The freak wave warning system is developed using Al methods; however, the freak wave cases available for
training and validation poses a challenge to system development. To address this issue, this study explores the
application of data augmentation techniques to enable system construction even when case data remain insufficient.
Three commonly used data augmentation methods were selected for comparison and implementation: Noise Injection,
SMOTE, and Mixup. Noise Injection involves adding Gaussian random noise to simulate variations in real
environments, thereby enhancing the model’s generalization ability. SMOTE analyzes minority class samples and
synthesizes new samples in the feature space using the K-Nearest Neighbors algorithm to achieve class balance and
improve model training effectiveness. Mixup generates virtual samples by linearly interpolating between two existing
samples and their corresponding labels, effectively expanding the distribution of the training dataset. Preliminary test
results show that all three methods offer distinct advantages and can significantly improve model performance and
generalization under conditions of limited and imbalanced data. This study aims to identify the most suitable
technique for training rogue wave prediction models, providing a methodological foundation for future data modeling

and practical applications.
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