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Mathematical Imaging and Beyond:
From Variational Models to Learning in Non-Reflexive Spaces

& A Prof. Ke Chen (University of Strathclyde)
BfjEl:  2025.12.29 (J§ —) F 4 2:00--2:40

R BRIRRXEKDT03

BN =R BU%

BWE: The quest to solve ill-posed imaging problems has driven the field from simple linear filters

to sophisticated mathematical frameworks. This talk begins by exploring this journey, starting with
classical methods (linear/non-linear filtering, thresholding) and revealing their limitations. We then
bridge to the continuous domain, highlighting the pivotal role of variational models and the critical
failure of classical Sobolev spaces (like H") for realistic imagery. The groundbreaking introduction of
the Rudin-Osher-Fatemi (ROF) model and the Space of Bounded Variation (BV) provided a
rigorous foundation for handling discontinuities (edges), a theme later extended to segmentation via
the Mumford-Shah model. However, new challenges in tasks like image registration demanded
even more advanced tools. We discuss how the Beltrami representation emerged as a game-
changer, elegantly enforcing diffeomorphic constraints. Today, the field is undergoing another
transformation with the rise of deep learning. We will explore this paradigm shift, examining how
learning-based methods address longstanding challenges in segmentation and registration. A key
focus will be on our novel DL framework for supervised registration, which innovatively solves
difficulties in the deformation space (¢) by working in its associated Beltrami space (u), achieving
state-of-the-art, few-shot results. Finally, we will present DL2, a generative model for registration,
pointing towards a future where the analytical rigor of variational calculus in non-reflexive spaces is
powerfully combined with the adaptability of learned priors.
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