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The Moments of Orientation Estimations Considering Molecular Symmetry in
cryo-EM
BAR BEXRFE

Abstract: The orientation statistics are important during the reconstruction process of
three-dimensional structures of biological macromolecules. Existing approaches establish the
orientation statistics in S*2 or SO(3), while the molecular symmetry has not been explored. In this
talk, we propose a novel method for estimating the mean and variance of orientations by considering
the symmetry of macromolecules. Using the tools from non-unique-game, the proposed non-convex
formulation can be relaxed as a SDP. Moreover, a rounding procedure is developed for determining
the representatives. Experimental results show that our method can almost ideally obtain the global
minima and the proper representatives.

Spatiotemporal Imaging with Large Diffeomorphic Deformations
B PERZREFS R GRFE R

Abstract: Spatiotemporal imaging is critical in realistic applications, such as tomographic imaging
of the heart or lung in medicine. As an example in PET/CT cardiac imaging, when data is acquired
over arelatively long period of time, the unknown motion of the organs leads to severe degradation in
image quality. Furthermore, to reduce the radiation or conduct fast scanning, the low-dose or sparse
sampling is often required. Hence, such image reconstruction with high spatial and temporal
resolutions becomes particularly important but very challenging. We will talk about our recent
advances on mathematical modeling and computation for the image reconstruction in spatiotemporal
imaging, including joint image reconstruction and motion estimation, LDDMM consistent growth
model, indirect image registration, sequentially indirect image registration.
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Learning regularizations with high data heterogeneity for generalizable MRI
reconstruction
[#9#8 University of Florida
Abstract: In this work we developed a generalizable MRI reconstruction method in the
meta-learning framework. The main idea is to learn a regularization function in a nonconvex and



nonsmooth variational model for MRI image reconstruction, which is parameterized by two sets of
parameters: a task-invariant set for common feature encoding and a task-specific part to account for
the variations in the heterogeneous data. The network architecture follows exactly a convergent
learnable optimization algorithm for solve the variational model. The network is trained by a bilevel
optimization algorithm to prevent overfitting and improve generalizability. A series of experimental
results on heterogeneous MRI data sets indicate that the proposed method generalizes well to the
reconstruction problems whose undersampling patterns and trajectories are not present during
training.
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Histopathology image analysis of pancreatic ductal adenocarcinoma based on
weakly-supervised few-shot learning
RS BRIETXRE

Abstract: Histopathology image is the gold standard for cancer detection and diagnosis, and its
analysis requires strong expertise due to its high complexity. Pathologists need to search for useful
information from pathology images of huge size for disease diagnosis in clinical applications.
Further, the analysis of pathology images can also predict the trend and prognosis of the disease.
The development of deep neural networks has led to many breakthroughs in automatic
histopathology image analysis. These methods are highly dependent on the availability of a large
number of pixel-level labels, which are labor-intensive and time-consuming to obtain. To address
these challenges, we investigated algorithms for histopathology image analysis with few
coarse-grained labels. Applied to analysis of histopathology images for pancreatic ductal
adenocarcinoma(PDAC), we quantified the phenomenon of perineural invasions, and established a
correlation between perineural invasions and the prognosis of PDAC through a retrospective study
of a cohort of PDAC patients.
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Self-supervised deep learning for Inverse Problems in Imaging
L8 WK EN KF

Abstract: While deep learning has become a prominent tool for solving many challenging
problems in imaging science, most existing methods are supervised over a dataset with
ground-truth images. Such a prerequisite on the access to many ground-truth images limits the
wider applicability of deep learning in many domains, e.g. medicine and science. Recently, there is
an increasing interest on developing deep learning methods for solving inverse imaging problems
without requiring the access to truth images. In this talk, we will introduce a general
self-supervised deep learning framework for solving general inverse imaging problems, where the
main ingredient are the neutralization of Bayesian inference and data augmentation
techniques for handling noisy labels. Extensive experiments showed that the proposed
self-supervised deep learning method can compete well against existing supervised-learning-based
solutions to many tasks in imaging, including image denoising, image deblurring, compressed
sensing, and phase retrieval.

Edge adaptive hybrid regularization model for image deblurring
THER ARGKRFE
Abstract: Parameter selection is crucial to regularization-based image restoration methods.
Generally speaking, a spatially fixed parameter for the regularization term does not perform well
for both edge and smooth areas. A larger parameter for the regularization term reduces noise better
in smooth areas but blurs edge regions, while a small parameter sharpens edge but causes residual
noise. In this paper, an automated spatially adaptive regularization model, which combines the
harmonic and TV terms, is proposed for the image reconstruction from noisy and blurred
observation. The proposed model detects the edges and then spatially adjusts the parameters of
Tikhonov and TV regularization terms for each pixel according to the edge information.
Accordingly, the edge information matrix will also be dynamically updated during the iterations.



Computationally, the newly-established model is convex, which can be solved by the
semi-proximal alternating direction method of multipliers (SPADMM) with a linear convergence
rate. Numerical simulation results demonstrate that the proposed model effectively preserves the
image edges and eliminates the noise and blur at the same time.

Variational Variance Maximization Method: Theory and Applications
TR BRIRE AT
Abstract: In this talk, 1 will discuss our recent progress on variational variance maximization
method for image processing. Also, the associated mathematical theory and applications including
image decolorization and fusion are presented here.
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Interpreable Deep Learning on SSVEP-based Brain-computer Interface
=X BREIVKE

Abstract: Currently, most of the high-performance models for frequency recognition of
steady-state visual evoked potentials (SSVEPs) are linear. However, SSVEPs collected from
different channels can have non-linear relationship among each other. Linearly combining
electroencephalogram (EEG) from multiple channels is not the most accurate solution in SSVEPs
classification. To further improve the performance of SSVEP-based brain-computer interface (BCI),
we propose a convolutional neural network-based non-linear model, i.e. convolutional correlation
analysis (Conv-CA). Different from pure deep learning models, Conv-CA use convolutional neural
networks (CNNSs) at the top of a self-defined correlation layer. The CNNs function on how to
transform multiple channel EEGs into a single EEG signal. The correlation layer calculates the
correlation coefficients between the transformed single EEG signal and reference signals. The
CNNs provide non-linear operations to combine EEGs in different channels and different time. And
the correlation layer constrains the fitting space of the deep learning model. Conv-CA has good
explainability since its inputs of the correlation layer can be analyzed for visualizing what the
model learnt from the data. The structure of combining neural networks and unsupervised features
has the potential to be applied to the classification of other signals.

A Framework for Analyzing Variance Reduced Stochastic Gradient Methods and
a New One for Non-smooth Non-convex Optimization
REH LBRBARF

Abstract: Over the past years, stochastic optimization methods are becoming increasingly popular
in traditional areas including inverse problems and signal/image processing. In this talk, I will
introduce SPRING, a novel stochastic version of proximal alternating linearized minimization
(PALM) algorithm for solving a class of non-smooth and non-convex optimization problems which
arise in many statistical machine learning, computer vision and imaging applications. Theoretically,
I will show that our proposed method with variance-reduced stochastic gradient estimators, such as
SAGA and SARAH, achieves state-of-the-art oracle complexities. Numerical experiments on
sparse non-negative matrix factorization, sparse principal component analysis and blind image
deconvolution are also presented to demonstrate the efficiency of our algorithm.
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Unsupervised Deep Learning for Image Restoration
B i E LK F

Abstract: Recently, deep learning has become a prominent tool for solving image restoration
problems. Most of the deep learning methods are supervised, which requires the collection of
paired truth/measurement data. In some scenarios, it is challenging and even impossible to collect
such data pairs containing the clean images. To relax the requirement on data collection, we
proposed several unsupervised deep learning methods that only use the obtained measurements for
training. Our methods are widely applicable to many image restoration problems and achieve state
of the art performance.
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Al-based Infant Brain MRI Analysis and Dynamic Brain Development Atlas
Reconstruction
LER EBRHRAF

Abstract: The increasing availability of infant brain MRI data, such as the data collected from the
Baby Connectome Project (BCP), affords unprecedented opportunities for precise charting of
dynamic early brain developmental trajectories in understanding normative and aberrant brain
growth. However, most existing neuroimaging analysis tools, which are mainly developed for adult
brains, are not suitable for infant brains, due to extremely low tissue contrast and
regionally-heterogeneous dynamic changes of imaging appearance, brain shape and folding in the
infant brains. In this talk, 1 will introduce our over 10 years of experience in developing
learning-based computational analysis methods for quantitative characterization of baby brain
development, as well as reconstruction of dynamic brain structural and functional development
atlases. Neuroscience applications of these methods in advancing our understanding of the baby
brains will be also introduced.

Optimal Transport in Machine Learning
NG FARZBRE
Abstract: Optimal transport is originally proposed to transport the mass between two probability



measures with minimal costs. It has widely investigated from theory to algorithms and applications,
e.g., distribution transform/matching, Wasserstein distance, partial differential equations
(Monge—Ampée Equations), deep generative models, etc. In this talk, I will briefly introduce the
optimal transport, and present our preliminary research on optimal transport with keypoints-based
guidance and data mass reweighting for improving generalization ability of deep learning methods.

A Color Elastica Model for Vector-Valued Image Regularization

&FER Oxford-CityU & Mm@ TS0y (CoCHE)
Abstract: Models related to the Euler's elastica energy have proven to be useful for many
applications including image processing. Extending elastica models to color images and
multichannel data is a challenging task, as stable and consistent numerical solvers for these
geometric models often involve high order derivatives. Like the single channel Euler's elastica
model and the total variation models, geometric measures that involve high order derivatives could
help when considering image formation models that minimize elastic properties. In the past, the
Polyakov action from high energy physics has been successfully applied to color image processing.
Here, we introduce an addition to the Polyakov action for color images that minimizes the color
manifold curvature. The color image curvature is computed by applying the Laplace--Beltrami
operator to the color image channels. When reduced to gray-scale images, while selecting
appropriate scaling between space and color, the proposed model minimizes Euler's elastica
operating on the image level sets. Finding a minimizer for the proposed nonlinear geometric model
is a challenge we address in this paper. Specifically, we present an operator-splitting method to
minimize the proposed functional. The nonlinearity is decoupled by introducing three vector-valued
and matrix-valued variables. The problem is then converted into solving for the steady state of an
associated initial-value problem. The initial-value problem is time split into three fractional steps,
such that each subproblem has a closed form solution, or can be solved by fast algorithms. The
efficiency and robustness of the proposed method are demonstrated by systematic numerical
experiments.
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Convex variant Mumford-Shah model for image segmentation based on Bayesian
inference
XE A P RE
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Fractional-Order Reaction Diffusion System for the Multiplicative Noise Removal
kg me/RETI KRS

Abstract: A fractional-order nonlinear reaction diffusion system is proposed to remove the
multiplicative Gamma noise. The new reaction diffusion system consists of three equations: the
regularized Perona and Malik (PM) equation, which is used for presmoothing the image that is
contaminated by noise; the time-delay regularization equation, which is used for incorporating the
past information into the diffusion process and adjusting oversmoothing; and the fractional-order
diffusion equation, which is used for removing the multiplicative Gamma noise and maintaining
texture. The new reaction diffusion system is coupled, leading to the difficulty in theoretical
analysis. To this end, we use decoupled and Schauder’s fixed-point theorem to obtain the existence
and uniqueness of weak solution of the system. The explicit finite difference scheme is employed to
implement the fractional-order nonlinear reaction diffusion system. In addition, we test both texture
images and nontexture images. Experimental results show that the new model achieves a better
trade-off between denoising performance and texture preservation than the other three models.
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Image deblurring and blind deblurring
LB BBPIXKRE
Abstract: Image deblurring is important task in computer vision. We will discuss some related
issues such as kernel-error, quaternion representation and blind deblurring.




