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This tutorial presents an in-depth exploration of cutting-edge developments in generative artificial
intelligence, emphasizing its transformative potential for Synthetic Aperture Radar (SAR) imagery and,
to a more limited extent, broader radar applications. Beginning with an essential review of generative
Al's core principles, including adversarial techniques and transformer-based models, the session will
offer a comprehensive survey of its applicability. It will delve into the fusion of language and vision,
unveiling a novel paradigm of capabilities. The discussion will include concrete examples and insights
into the latest advancements. Further, we will cover aspects of database management, enhancement,
annotation, and curation. The tutorial will conclude with a discussion on practical considerations,
encompassing ethical, legal, and hardware challenges.

Duration: 3 hours

Prerequisites: Participants should have a basic knowledge of machine learning concepts and deep
learning-based methodologies, coupled with familiarity with the principles of radar imaging and its
unique attributes.

e Detailed Tutorial Plan:

e Generative Model Architectures: Overview and Fundamentals

o Introduction to generative models: Architecture, inference mechanisms,
Autoencoders/VAEs, latent space exploration, adversarial techniques, U-Net, and
ResNet architectures.

o Discussion on training methodologies, loss functions, and inference processes.
e Radar-Specific Considerations and Modelling Challenges

o Examination of radar imaging nuances: Signal dynamics, complex data processing,
statistical models, and speckle effects.

e Applications in Image Processing
o Techniques for image compression and encoding.
o Advances in object detection and image segmentation.

e Multimodal and Natural Language Processing Applications



o Overview of text encoding methods.
o Text-to-image generation through diffusion models.
o Content analysis via image-to-text conversion.

o Image-to-image transformation (style transfer, ControlNet).

Model Training and Refinement
o Exploration of training frameworks.

o Strategies for model fine-tuning and the application of LoORA methods.

Data Management Strategies

o Managing extensive datasets with generative Al: Image analysis, automated
annotation, addressing data quantity and quality, synthetic data generation, and
augmentation techniques.

e Addressing Practical Deployment Concerns

o Deployment strategies, hardware limitations, and model simplification through
distillation.

o Discussing ethics, predictability and explainability in the context of generative Al
applications.
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