Al-Driven Workflows for Enhanced Processing and Analysis of Complex X-ray Microscopy Datasets

Artificial Intelligence (Al) has evolved into a central discipline in computer science, aimed at replicating
human-like cognitive functions such as learning, reasoning, and language understanding. Since the 2010s,
advances in deep learning (DL) and convolutional neural networks (CNNs) have profoundly impacted image
processing and analysis across scientific and industrial domains.

We demonstrate the application of Al algorithms, primarily based on DL models, in the field of X-ray
Microscopy (XRM), a non-destructive imaging technique that enables the acquisition of high-resolution,
three-dimensional datasets across multiple scales. We show how Al integration enhances various stages of
the imaging workflow: accelerating dataset reconstruction by reducing acquisition time or improving signal-
to-noise ratio, enabling accurate semantic and instance segmentation, and supporting fully automated
pipelines for quantitative data extraction. These approaches are especially valuable when dealing with large
volumes of images, repetitive tasks, or when traditional methods such as histogram-based segmentation
prove inadequate.

These results highlight the versatility, scalability, and transformative potential of Al-powered tools in scientific
imaging. Ultimately, this work underscores the importance of interdisciplinary, Al-driven methodologies for
advancing research across diverse application domains.



