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ABSTRACT
Artificial intelligence has achieved remarkable success in medical image analysis, yet translating these advances into clinical practice remains challenging. In real-world healthcare applications, medical AI models often face limited and imbalanced datasets, imperfect supervision, small and heterogeneous anatomical structures, and the risk of producing clinically inaccurate outputs. These challenges motivate the development of methods that improve the accuracy, robustness, and data efficiency of medical image analysis throughout the imaging pipeline.
This dissertation investigates how deep learning and generative AI can address these challenges by improving three fundamental properties of medical image analysis: accuracy, robustness, and data efficiency. Rather than focusing on a single application, this work develops methods spanning image segmentation, object detection, medical image generation, and vision-language modeling. The proposed approaches improve the representation of clinically relevant structures, enable learning from imperfect annotations, generate anatomically meaningful synthetic images to alleviate data scarcity and class imbalance, and enhance the factual consistency of automatically generated radiology reports through uncertainty estimation and knowledge-guided verification.
Extensive experiments on multiple medical imaging modalities, including MRI, CT, ultrasound, retinal fundus imaging, and chest X-ray, demonstrate consistent improvements over strong baselines in predictive performance, robustness, and factual reliability. Collectively, these studies highlight the value of improving image representation, supervision, data generation, and output verification to develop more dependable medical AI systems. This dissertation contributes practical deep learning and generative AI methods for a range of medical image analysis tasks and provides insights for the development of more reliable intelligent healthcare systems. 
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