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Hybrid Deep Feature Extraction and Ensemble Learning for Fetal Brain MRI Plane 

Identification: Investigating Data Augmentation Efficacy 

Precise classification of fetal brain planes is a crucial step in prenatal diagnosis, as each plane offers distinct 

anatomical information necessary for the physicians to accurately diagnose neurological abnormalities and 

the formulation of timely intervention strategies. However, manual identification of fetal brain planes through 

observing Magnetic Resonance Imaging (MRI) is time-consuming, expertise-dependent, and susceptible to 

variability, particularly in resource-constrained settings. Thus, in this study, a hybrid deep learning framework 

is proposed, combining a fine-tuned pre-trained model for feature extraction with a stacked ensemble of 

machine learning models to classify fetal MRI planes (axial, coronal, and sagittal). Multiple deep learning 

architectures were developed and evaluated through a systematic experimental framework. The models are 

trained and evaluated on a dataset of 52,561 images from 741 patients, in which the proposed model with 

ConvNext pre-trained model and XGBoost as the meta learner variation achieved an accuracy of 95.51% 

without data augmentation, outperforming conventional CNN and other pre-trained architectures. Moreover, 

ablation studies comparing augmented versus non-augmented training data revealed that the inherent 

variability within the large fetal MRI dataset provided sufficient diversity for robust model training; thus, data 

augmentation in this study reduced model performance across all architectures. Therefore, this work highlights 

the potential of hybrid deep learning-ensemble frameworks to advance automated fetal brain assessment, 

particularly in clinical environments, providing a scalable solution to enhance diagnostic accessibility in 

resource-limited settings. 
 

 

 


