
Abstracts                                

 

Day 1:   August 15, Monday 

Time:  9:15am-10:05am 
Title:  Applications and implications of fast methods for L1 related optimization 
Speaker:  Stanley Osher, University of California Los Angeles, USA 

 
Abstract:  New and newly revived fast methods for L1, total variation and tight 
frame based optimization have led to innumerable interesting applications. I will 
discuss the medical applications ranging from multi energy CT to retinex as well as 
the methods and future applications. This is joint work with many people. 
Time:  10:25am-11:15am 
Title:  Mathematics of Thermoacoustic and Photoacoustic Tomography 
Speaker:  Gunther Uhlmann, University of California, Irvine, USA 
 
Abstract:  We will consider Thermoacoustic Tomography (TAT) and Photoacoustic 
Tomography (PAT) two hybrid medical imaging techniques that try to combine the 
high resolution of ultrasound with the high contrast capabilities of electromagnetic 
waves. We will survey recent progress that has been made in the theory and in 
developing efficient algorithms for TAT and PAT including the case of a discontinuous 
sound speed, a situation arising in brain imaging. 
Time:  11:25am-11:55am 
Title: Efficient Algorithms for Low-rank Matrix Optimization and their Applications 
Speaker:  Zaiwen Wen, Shanghai Jiao Tong University, China 
 
Abstract: Low-rank matrix optimization problems include matrix completion, robust 
PCA and nonnegative matrix factorization. Solving these problems typically requires 
costly iterations such as computing SVD or solving large linear systems. This talk 
presents algorithms derived from alternating direction method that utilize 
inexpensive (say, SVD-free) iterations and achieve high efficiency. Numerical results 
will be presented for these efficient algorithms. In particular, some of these 
algorithms also exhibit the ability to reach a global minimum with high probability in 
solving certain non-convex formulations. 
Time: 2:00pm-2:50pm 
Title: Compressive Sensing in Tomographic Imaging: Hype or Hope? 
Speaker: Xiaochuan Pan, University of  Chicago, USA  
 
Abstract: In the presentation, discussion will be given for the design and application 
of optimization-based algorithms to image reconstruction in X-ray-based 
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tomographic imaging. The discussion will hopefully provide insights into, and 
guidance for, the development of reconstruction approaches/algorithms tailored to 
specific requirements of given X-ray-based imaging scanners and/or applications. 
Using real-data examples, I will illustrate the optimization-based algorithms and their 
implications for X-ray-based imaging applications, and will clarify a number of 
confusing issues concerning, e.g., conventional sampling theorem and compressive 
sensing. Evaluation of algorithm performance will also be a focus of the presentation. 
For example, “mathematic exactness” of an algorithm is often used, unfortunately, as 
a metric measuring algorithm’s utility. I will explain that “mathematic exactness” may 
be, in general, an irrelevant metric for meaningfully assessing an algorithm’s utility in 
real-world applications, and point out that algorithm’s utility is task-specific and 
should be designed and evaluated accordingly. 
Time:  3:00pm-3:30pm 
Title:  Binary Level Set Method for Constructing Treatment Plans in Cancer 
Radiotherapy  
Speaker:  Li-Tien Cheng, University of California, San Diego,USA 
 
Abstract: Cancer is a leading cause of death worldwide.  Radiotherapy represents 
one of the most common treatment options and is often used in conjunction with 
the other options of chemotherapy and surgery.  A recent advance in radiotherapy 
treatment is volumetric modulated arc therapy (VMAT) where a gantry housing a 
radiation beam rotates around the patient, using adjustments in beam strength and 
aperture shapes to craft a desirable dose distribution.  This approach can potentially 
allow more precise dose distributions to be quickly delivered.  We consider here an 
algorithm for optimizing VMAT treatment plans that relies on image segmentation to 
identify critical and target structures and ray tracing for dose information while 
incorporating a variational model for optimization and a binary level set method to 
handle aperture shapes.  We detail the model, framework, algorithm, and test our 
results in simulations on clinical cases. 
Time:  3:50pm-4:40pm  
Title:  Framelet-Based Algorithm for Medical Imaging Applications 
Speaker: Raymond Chan, Chinese University of Hong Kong 
 
Abstract:  Framelets have been used successfully in various problems in image 
processing, including inpainting, impulse noise removal, super-resolution image 
restoration, etc. In this talk, we will introduce two new applications of the 
tight-frame algorithm in medical imaging. The first one is segmentation which is the 
process of identifying object outlines within images. We apply the framelet-based 
approach to identify tube-like structures such as blood vessels in magnetic resonance 
angiography images. Our method iteratively refines a region that encloses the 
possible boundary or surface of the vessels. Results on real 2D/3D images 
demonstrate that the method is very efficient and outperforms other existing 
methods. The second application is image reconstruction for parallel magnetic 
resonance imaging (MRI). Parallel MRI plays a very important role in reducing the 
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image acquisition time, but often the restored image suffers from reconstruction 
artifacts such as aliasing. We apply tight-frame algorithm to iteratively reconstruct 
the desired image while eliminating the artifacts. Results on phantom and real MRI 
images show that our method outperforms standard package such as SENSE in terms 
of robustness to both noise and the estimation of coil sensitivities. 
Time:  4:50-5:20pm 
Title: Studies of a Model in X-ray Dark-field Tomography 
Speaker:  Weimin Han,  University of Iowa, USA 
 
Abstract:  X-ray mammography is currently the most prevalent imaging modality for 
screening and diagnosis of breast cancers. However, its success is limited by the poor 
contrast between healthy and diseased tissues in the mammogram.  A potentially 
prominent imaging modality is based on the significant difference of x-ray scattering 
behaviors between tumor and normal tissues.  Driven by major practical needs for 
better x-ray imaging, exploration into contrast mechanisms other than attenuation 
has been active for decades, e.g., in terms of scattering, which is also known as 
dark-field tomography.  In this talk, a theoretical study is provided for the x-ray 
dark-field tomography (XDT) assuming the spectral x-ray detection technology.  For 
XDT, a generalized Fockker-Planck equation (GFPE) is employed to describe the light 
propagation for highly forward-peaked medium with small but sufficient amount of 
large-angle scattering.  Properties of GFPE are studied, such as existence of a unique 
solution and positivity of the solution.  XDT is then presented as an inverse 
parameter problem with GFPE as the forward model.   Numerical methods are 
introduced to solve GFPE and the associated XDT. Simulation results are reported on 
several numerical examples for GFPE and for XDT. 
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Day 2:   August 16, Tuesday 

Time:  9:15am-10:05am  
Title:  Computational Conformal / Quasi-conformal Geometry and Its Applications  
Speaker: Tony Chan, Hong Kong University of Science and Technology, HK  
 
Abstract: Conformal (C) / Quasi-conformal (QC) geometry has a long history in pure 
mathematics, and is an active field in both modern geometry and modern physics. 
Recently, with the rapid development of 3D digital scanning technology, the demand 
for effective geometric processing and shape analysis is ever increasing. 
Computational conformal / quasi-conformal geometry plays an important role for 
these purposes. Applications can be found in different areas such as medical imaging, 
computer visions and computer graphics. 
In this talk, I will first give an overview of how conformal geometry can be applied in 
medical imaging and computer graphics. Examples include brain registration and 
texture mapping, where the mappings are constructed to be as conformal as possible 
to reduce geometric distortions. In reality, most registrations and surface mappings 
involve non-conformal distortions, which require more general theories to study. A 
direct generalization of conformal mapping is quasiconformal mapping, where the 
mapping is allowed to have bounded conformality distortions. In the second part of 
my talk, theories of quasicoformal geometry and its applications will be presented. In 
particular, I will talk about how QC can be used for registration of biological surfaces, 
shape analysis, medical morphometry and the inpainting of surface diffeomorphism.  
 
Joint work with David Gu, Ronald Lui, Paul Thompson, Alvin Wong (PhD thesis), ST 
Yau. 
Time:  10:25am-11:15am 
Title: Near-field imaging via inverse scattering 
Speaker:  Gang Bao Zhejiang University, China and Michigan State University, USA 
 
Abstract: Near-field imaging is an emerging area of inverse problems with 
applications in nano and bio technology. The goal is to determine fine features of the 
scatterer by near-field boundary measurements of the fields and to achieve 
super-resolution or to break the diffraction limit. The speaker will analyze the 
significant role of the evanescent fields and present recent results on numerical 
reconstruction of multiscale profiles. Related issues on nano-optics modeling will 
also be highlighted. 
Time:  11:25am-11:55am 
Title:  Medical Shape Analysis using Quasiconformal Teichmuller Theory 
Speaker:  Ronald Lui, Chinese University of Hong, Kong, HK  
 
Abstract: Medical shape analysis is an important area in medical imaging for disease 
analysis. Its goal is to systematically analyze anatomical structures of different 
subjects, and to generate diagnostic images to help doctors to visualize 
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abnormalities. Quasiconformal(QC) Teichmuller theory, which studies the distortions 
of the deformation patterns between shapes, is a useful tool for this purpose. In 
practice, anatomical structures are usually represented discretely by triangulation 
meshes. In this talk, I will firstly describe how QC theories can be discretized onto 
discrete meshes. This gives a discrete analogue of QC geometry on meshes. Then, I 
will talk about how computational QC geometry can be practically applied to medical 
imaging for disease analysis. 
Time:  2:00-2:50pm 
Title:  Omni-tomography 
Speaker:  Ge Wang, Virginia Polytechnic Institute and State University, USA  
 
Abstract: Current tomographic systems need major improvements, especially when 
multi-dimensional, multi-temporal, multi-scale and multi-parametric phenomena are 
under investigation. Both preclinical and clinical imaging now depend on in vivo 
tomography, often requiring separate scans by different imaging modalities to define 
anatomical and physiological features, delineate subtle changes due to disease or 
intervention, and study complicated dynamics with interconnected aspects. Over the 
past decade, fusion of multimodality images has emerged with two approaches: 
post-hoc image registration and combined data acquisition on PET-CT, PET-MRI and 
other hybrid scanners. There are intrinsic limitations for both the approaches – 
various registration errors and physical constraints. We envision that tomography will 
leap beyond current modality fusion and towards grand fusion – a large scale fusion 
of all (or many) imaging modalities, which may be referred to as omni-tomography 
(or multi-tomography). Unlike modality fusion, grand fusion is proposed for truly 
simultaneous but often localized reconstruction in terms of all (or many) contrast 
mechanisms using CT, MRI, PET, SPECT, US, optical imaging, and more. In this 
presentation, the technical basis for omni-tomography is illustrated with a top-level 
architectural design and interior reconstruction examples. Also, major applications of 
omni-tomography are speculated along with promising research directions. 
Time: 3:00pm-3:30pm 
Title: GPU-based 4D Cone Beam CT Reconstruction and kV Monte Carlo Simulation 
for Cancer Radiation Therapy 
Speaker: Xun Jia，University of California, San， Diego, USA 
 
Abstract：This talk will present two of our recent developments on GPU-based 
medical imaging applications. (1) Four-dimensional Cone Beam Computer 
Tomography (4DCBCT) reconstruction: 4DCBCT provides respiratory phase resolved 
CBCT images in image guided radiation therapy. These images are highly correlated 
along the temporal dimension due to patient’s smooth respiratory motion pattern. 
We have developed a novel iterative 4DCBCT reconstruction algorithm utilizing a 
temporal nonlocal means (TNLM) method. Specifically, we define a TNLM energy 
term for a given set of 4DCBCT images. Minimization of this term favors those 
4DCBCT images such that any anatomical features at one spatial point in one phase 
can be found in a nearby spatial point in neighboring phases. 4DCBCT reconstruction 
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is achieved by minimizing a total energy containing the TNLM term. Quantitative 
evaluations indicate that, compared with the FDK results, our reconstruction method 
improves contrast-to-noise-ratio (CNR) by a factor of 2.56~3.13. (2) Monte Carlo 
(MC) simulation for x-ray tomography. MC simulation has been widely used to 
accurately compute radiation dose to a patient or to simulate x-ray projection images 
for the purpose of developing reconstruction algorithms or scatter removal 
techniques. It, however, suffers from extremely low computational efficiency due to 
the complicated simulation process. We have developed an MC simulation package 
for photon transport in kV energy range specifically optimized for a GPU parallel 
computing platform. It has been found that, on an NVIDIA S2050 GPU card, radiation 
dose from a CT scan can be accurately computed under a minute and a CBCT x-ray 
projection image can be simulated in ~10 minutes. 
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Day 3:   August 17, Wednesday 

Time:  9:00am-9:50am 
Title:  Image Segmentation, Stitching and Matching for Biological Images  
Speaker: Michael Ng, Hong Kong Baptist University, Hong Kong 
 
Abstract:  In this talk, I would like to study image segmentation, image stitching and 
image matching as image processing tools for biological images. Their variational 
models are discussed. Both theoretical and experimental results are reported to 
illustrate the usefulness of proposed models. 
Time:  10:00-10:30pm 
Title: Wavelet tight frame based blind image restoration and recognition 
Speaker:  Hui Ji, National University of Singapore, Singapore  
 
Abstract: Blind image restoration is about how to recover a true image from its 
degraded version when only partial information regarding degradation process is 
available, e.g., blind image de-blurring and blind image in-painting. These blind 
image restoration problems are usually challenging ill-posed inverse problem that 
requires powerful priors on images with sharp edges. 
In the first half of this talk, I will begin with the introduction of a wavelet tight frame 
based blind image de-convolution method for removing motion blurring from 
photographs. Such a framework then is extended to build up the sparse 
representations of human action from Motion capture sequences, which is used for 
human action analysis and recognition. In the second half of the talk, I will 
demonstrate how wavelet tight frame can be used for building powerful descriptors 
of both static and dynamic textures, combined with Multi-fractal analysis.   All these 
works may lead to a holistic approach for the effective interaction between blind 
image restoration and image recognition under wavelet tight frame domain. 
Time: 10:50am-11:40am 
Title:  Matrix Decomposition and its application to 4D-CT 
Speaker:  Hongkai Zhao， University of California, Irvine, USA 
 
Abstract: We present a new spatiotemporal model for 4D-CT from matrix 
perspective, Robust PCA based 4DCT model. Instead of viewing 4D object as a 
temporal collection of three-dimensional (3D) images and looking for local coherence 
in time or space independently, we explore the maximum temporal coherence of 
spatial structure among phases. This Robust PCA based 4DCT model can be 
applicable in other imaging problems for motion reduction or/and change detection. 
A dynamic data acquisition procedure, i.e., a temporally spiral scheme, is proposed 
that can potentially maintain the similar reconstruction accuracy while using fewer 
projections of the data. The key point of this dynamic scheme is to reduce the total 
number of measurements and hence the radiation dose by acquiring complementary 
data in different phases without redundant measurements of the common 
background structure. 
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Time:  11:20-11:50pm 
Title:  X-Ray CT Image Reconstruction via Wavelet Frame Based Regularization and 
Radon Domain Inpainting 
Speaker:  Jia Li, National University of Singapore, Singapore  
 
Abstract: X-ray computed tomography (CT) has been playing an important role in 
diagnostic of cancer and radiotherapy. However, high imaging dose added to healthy 
organs during CT scans is a serious clinical concern. Imaging dose in CT scans can be 
reduced by reducing the number of X-ray projections. In this presentation, we 
consider 2D CT reconstructions using very small number of projections. For some 
existed regularization based reconstruction methods, like the total variation (TV) 
based reconstruction and balanced approach with anisotropic wavelet frame based 
regularization, at least 40 projections is usually needed to get a satisfactory 
reconstruction. In order to keep radiation dose as minimal as possible, while increase 
the quality of the reconstructed images, one needs to enhance the resolution of the 
projected image in the Radon domain without increasing the total number of 
projections. This presentation is to propose a CT reconstruction model with wavelet 
frame based regularization and Radon domain inpainting. The proposed model 
simultaneously reconstructs a high quality image and its corresponding high 
resolution measurements in Radon domain. In addition, we discovered that using the 
isotropic wavelet frame regularization which is superior than using its anisotropic 
counterpart. Our proposed model can be solved rather efficiently by split Bregman 
algorithm. 
Time:  2:00pm-2:50pm   
Title: Mathematical Solution of Medical Problems: A Medical Physicist’s 
Perspective 
Speaker:  Steve Jiang， University of California, San Diego, USA 
 
Abstract: There seems a huge gap between mathematical world and medical world. 
Mathematicians and clinicians are totally two different species, speaking different 
languages, thinking in different ways, and thus having great difficulties in 
understanding, and communicating with, each other. Wonderful mathematical 
advancements may not be applied to solving medical problems, at least not in a 
timely fashion. Some important medical problems may not be comprehended 
precisely by, or may never catch attention of, applied mathematicians. Medical 
physicists, with some training in both fields and conducting research normally on the 
border, should serve as a bridge between the two worlds to advance the 
mathematical solution of medical problems. In the presentation this point will be 
illustrated with various examples, roughly falling into the following categories: 1) 
Applying cutting-edge mathematics advancements to solving seemingly unrelated 
clinical problems; 2) Providing realistic and comprehensive clinical data to 
mathematicians; 3) Helping mathematicians comprehend more realistic and 
complete pictures of clinical problems; 4) Helping mathematicians understand the 
real needs of clinicians, and 5) Collaborating closely with mathematicians in the 
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development of new algorithms. 
Time: 3:00pm-3:30pm 
Title: Reconstruction strategies in quantitative photoacoustic tomography  
Speaker: Kui Ren, Texas University at Austin, USA 
 
 Abstract: In quantitative photoacoustic tomography (qPAT) we aim at reconstructing 
physical parameters of biological tissues from “measured” data of absorbed radiation 
inside the tissues. Mathematically, qPAT problems can be regarded as inverse 
problems related to some elliptic partial differential  equations. We present in this 
talk some new reconstruction strategies for inverse problems in qPAT with different 
types of available data. 
Time: 3:50pm-4:40pm   
Title: Vector Diffusion Maps and  the Connection Laplacian  
Speaker: Amit Singer, Princeton University, USA 
 
Abstract: Motivated by problems in structural biology, specifically cryo-electron 
microscopy, we introduce vector diffusion maps (VDM), a new mathematical 
framework for organizing and analyzing high dimensional data sets, images and 
shapes. VDM is a mathematical and algorithmic generalization of diffusion maps and 
other non-linear dimensionality reduction methods, such as LLE, ISOMAP and 
Laplacian eigenmaps. While existing methods are either directly or indirectly related 
to the heat kernel for functions over the data, VDM is based on the heat kernel for 
vector fields. VDM provides tools for organizing complex data sets, embedding them 
in a low dimensional space and interpolating and regressing vector fields over the 
data. In particular, it equips the data with a metric, which we refer to as the vector 
diffusion distance. In the manifold learning setup, where the data set is distributed 
on (or near) a low dimensional manifold M^d embedded in R^p, we prove the 
relationship between VDM and the connection-Laplacian operator for vector fields 
over the manifold. Applications to structural biology (cryo-electron microscopy and 
NMR spectroscopy), computer vision and shape space analysis will be discussed.  
 Joint work with Hau-tieng Wu.  
Time: 4:50pm-5:20pm   
Title: The Energy Landscape of Complex Networks 
Speaker: Yuan Yao, Peking University, China 
Abstract: Networks are ubiquitous nowadays, from internet to biomedical imaging. 
In this talk we will discuss some new perspectives from geometry and topology on 
data analysis with complex networks. In particular we will discuss one application of 
classical Morse theory in exploration of energy landscapes of complex networks, 
from social networks to transition networks in protein folding. With this example, we 
illustrate a natural approach to define landscape on graphs and study critical nodes 
of such landscapes.  
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Day 4:   August 18, Thursday 

Time: 9:00am-9:50am   
Title: Photoacoustic Tomography:  Ultrasonically Breaking through the Optical 
Diffusion Limit  
Speaker: Lihong Wang, Washington University at Saint Louis, USA 
 
Abstract: We develop photoacoustic imaging technologies for in vivo early-cancer 
detection and functional or molecular imaging by physically combining non-ionizing 
electromagnetic and ultrasonic waves. Unlike ionizing x-ray radiation, non-ionizing 
electromagnetic waves—such as optical and radio waves—pose no health hazard and 
reveal new contrast mechanisms. Unfortunately, electromagnetic waves in the 
non-ionizing spectral region do not penetrate biological tissue in straight paths as 
x-rays do. Consequently, high-resolution tomography based on non-ionizing 
electromagnetic waves alone—such as confocal microscopy, two-photon microscopy, 
and optical coherence tomography—is limited to superficial imaging within 
approximately one optical transport mean free path (~1 mm in the skin) of the 
surface of scattering biological tissue. Ultrasonic imaging, on the contrary, provides 
good image resolution but has strong speckle artifacts as well as poor contrast in 
early-stage tumors. Ultrasound-mediated imaging modalities that combine 
electromagnetic and ultrasonic waves can synergistically overcome the above 
limitations. The hybrid modalities provide relatively deep penetration at high 
ultrasonic resolution and yield speckle-free images with high electromagnetic 
contrast. In photoacoustic computed tomography, a pulsed broad laser beam 
illuminates the biological tissue to generate a small but rapid temperature rise, which 
leads to emission of ultrasonic waves due to thermoelastic expansion. The 
short-wavelength pulsed ultrasonic waves are then detected by unfocused ultrasonic 
transducers. High-resolution tomographic images of optical contrast are then formed 
through image reconstruction. Endogenous optical contrast can be used to quantify 
the concentration of total hemoglobin, the oxygen saturation of hemoglobin, and the 
concentration of melanin. Melanoma and other tumors have been imaged in vivo. 
Exogenous optical contrast can be used to provide molecular imaging and reporter 
gene imaging. 
In photoacoustic microscopy, a pulsed laser beam is focused into the biological tissue 
to generate ultrasonic waves, which are then detected with a focused ultrasonic 
transducer to form a depth resolved 1D image. Raster scanning yields 3D 
high-resolution tomographic images. Super-depths beyond the optical diffusion limit 
have been reached with high spatial resolution. Thermoacoustic tomography is 
similar to photoacoustic tomography except that low-energy microwave pulses, 
instead of laser pulses, are used. Although long-wavelength microwaves diffract 
rapidly, the short-wavelength microwave-induced ultrasonic waves provide high 
spatial resolution, which breaks through the microwave diffraction limit. Microwave 
contrast measures the concentrations of water and ions. The annual conference on 
this topic has been doubling in size approximately every three years since 2003 and 
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has become the largest in SPIE’s Photonics West as of 2009. 
Time: 10:00am-10:30am         
Title: Variational models for multiphase segmentation and its extensions  
Speaker: Sung Ha Kang ,Georgia Institute of technology, USA 
 
Abstract: Image segmentation separates the image into different regions to simplify 
the image and identify the objects easily.  Image segmentation has been extensively 
studied, and Mumford-Shah and Chan-Vese model are one of the most well-known 
variational model in the field.  This talk will focus on the multiphase aspect of such 
problem, in particular unsupervised model and its extensions to different 
applications.  The connection to data clustering will be considered, scale 
segmentation and application to 3D flash Lidar image will presented.  This talk may 
include a model segmenting piecewise constant images with irregular object 
boundaries, and some analysis of the unsupervised model. 
Time:  10:50am-11:40am  
Title:  Recovery of Structured Solutions 
Speaker: Wotao Yin, Rice University, USA 
 
Abstract: Exploiting solution structure, particularly solution sparsity, has become a 
common task in computational sciences including image processing, compressed 
sensing, machine learning, and several other fields.  Starting from some application 
problems with structured solutions, this talk surveys recent optimization techniques 
that are designed for quickly recovering structured solutions. 
Time:  11:50am-12:20am  
Title:  A Fourier-based Approach for 3D Reconstruction from Cryo-EM Images 
Speaker: Lanhui Wang, Princeton University, USA 
 

Abstract: In structural biology, single-particle reconstruction methods using 
cryo-electron microscopy (cryo-EM) are playing a major role in determining the 3D 
structures of macromolecules. In the best-ordered structures, resolution approaches 
better than $\sim4\AA$. Typically, the 3D reconstruction is obtained from a large 
number of 2D cryo-EM images. However, the 3D reconstruction from the cryo-EM 
images is challenging for the following reasons. The cryo-EM images are noisy and 
with unknown random orientations (the viewing directions and translations). 
Moreover, the images are affected by contrast transfer function (CTF). The traditional 
iterative 3D reconstruction procedure must deal with two separate issues during 
each stage of the iteration:  1) how to find the orientations of the images; and 2) 
provided these orientations are known, how to reconstruct the macromolecule from 
the images. Here we consider issue 2). We propose a fast and accurate 
reconstruction algorithm using Fourier-based forward projector $A$ and back 
projector $A^{*}$. Due to the Toeplitz structure of the composition $A^{*}A$, the 
operation $A^{*}A$ is equivalent to convolution with a kernel  $Ker$. The kernel 
$Ker$ can be pre-computed using non-uniform Fast Fourier Transform (NUFFT). We 
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can use the kernel efficiently at each iteration step of the iterative reconstruction 
algorithms such as Circulant Preconditioned Conjugate Gradient (CPCG) method or 
Thresholded Landweber (TL) algorithm. In addition, both CPCG and TL can cure the 
ill-conditioned operation $A^{*}A$. Our approach is much faster than the traditional 
iterative algebraic approaches while maintaining their advantages over other 
approaches: our algorithm could deal with cryo-EM images with different CTFs 
simultaneously; in addition, our algorithm does not require the viewing directions of 
the images are evenly sampled.  Moreover, the time complexity of our algorithm 
has the same order of that of the popular Gridding-based direct Fourier inversion 
approach.  We provide experimental results on simulated data to demonstrate the 
speed and accuracy of our algorithm. 
Time: 2:00pm-2:50pm   
Title: Compressed Sensing in Image Reconstruction and Radiation Therapy Dose 
Optimization  
Speaker: Lei Xing, Stanford University, USA 
 
Abstract: The classical Shannon-Nyquist sampling theorem specifies that to avoid 
losing information when capturing a signal, one must sample at least two times 
faster than the signal bandwidth. In many medical applications, the Nyquist rate may 
be either impractical or too expensive to be realized practically. Compressed sensing 
provides a practically valuable approach for finding optimal solutions with under- 
sampled data. In this talk, I will summarize our recent work on using compressed 
sensing for CBCT image reconstruction, IMRT and VMAT inverse planning. We show 
that effective utilization of prior knowledge of the systems through compressed 
sensing can greatly reduce the required number of measurement samples 
determined by the Shannon-Nyquist theorem and leads to significantly improved 
CBCT images and/or IMRT/VMAT plans. Compressed sensing has significant 
interactions and bearings on fields of radiation oncology and medical imaging. 
Time: 3:00pm-3:30pm   
Title: High Order Total Variation Minimization for Interior Tomography  
Speaker: Jiasheng Yang, Peking University, China 
 
Abstract: Interior computerized tomography (CT) refers to reconstruct a region of 
interest (ROI) only using the projection data associated with the ROI. The classic 
wisdom showed that the interior CT doesn’t possess the property of uniqueness. The 
well known total variation (TV) minimization method can be utilized to capture the 
accurate solution of piecewise constants and single out the solution from all feasible 
ones. We proposed a definition of high order total variation (HTV) in order to apply 
HTV minimization method to capture the accurate solution of piecewise polynomials. 
In this talk, I will present more details about the work. 
Time: 3:50pm-4:20pm  
Title:  Simultaneous Reconstruction and Segmentation with the Mumford-Shah 
functional for X-Ray Tomography  
Speaker: Thomas Page University of Bremen, Germany 
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Abstract: The Mumford-Shah functional has provided an important approach for 
image denoising and segmentation. Recently it has been applied to image 
reconstruction in fields, such as X-Ray tomography and electric impedance 
tomography, etc. X-Ray tomography is an ill-posed problem and therefore 
regularizing methods are necessary, especially in cases of limited data. Penalized 
least-square approaches, such as Tikhonov and other regularization methods, were 
previously utilized in X-ray tomography. The regularization terms in Mumford-Shah 
functional not only force the smoothness of the images within individual regions but 
also simultaneously prevent smoothing across image edges. In this work, we use the 
regularization terms in the Mumford-Shah functional for image reconstruction in 
X-ray tomography. There are three terms in the objective functional: the data fitting 

term is the conventional least-squares, the 
2L  norm term regularizes image 

gradients within individual regions, and the third term penalizes the length of image 
edges. We first prove the existence of a minimizer for such a functional and establish 
the regularity of the minimizer under the assumption of point-wise boundedness of 
the underlying image. The regularization property of the new functional is also 
investigated under conditions on the penalty parameters and noise level.  
Furthermore, based on the theory of Γ -convergence, we propose an algorithm for 
finding an approximate minimizer of the new functional. We will report preliminary 
numerical results for X-ray tomography.  
This is a joint work with Peter Maaß, Ming Jiang. 
Time: 4:25pm-4:55pm   
Title: Sources Reconstruction for 3D Bioluminescence Tomography with Sparse 
regularization  
Speaker: Xiaoqun Zhang , Shanghai Jiao Tong University, China 
 
Abstract:  Through restoration of the light source information in small animals in 
vivo, optical molecular imaging, such as fluorescence molecular tomography (FMT) 
and bioluminescence tomography (BLT), can depict biological and physiological 
changes observed using molecular probes. A priori information plays an 
indispensable role in tomographic reconstruction. We consider both Gaussian and 
Poisson MAP restoration model together with sparsity a priori information.  In 
Gaussian noise case, the proposed l1 minimization is validated with simulated data, 
Monte Carlo-based synthetic data and a mouse-shaped phantom.  Testing with 
different noise levels and single/multiple source settings at different depths 
demonstrates the improved performance of this algorithm. In Poisson noise case, we 
show numerically that although several $\ell^1$ minimization algorithms are 
efficient for compressive sensing reconstruction, they fail for BLT reconstruction. 
Instead, we propose a novel greedy algorithm for $\ell^0$ regularization to 
reconstruct sparse solutions for BLT problem. Numerical experiments on simulated 
data both by forward system matrix and Monte-Carlo method show the accuracy and 
efficiency of the proposed method. 
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Time: 5:00-5:30pm 
Speaker: Jun Zhao, Shanghai Jiao Tong University 
Title: Multi-source CT Systems and Methods  
 
Abstract: Multiple-source cone-beam scanning is a promising mode for dynamic 
volumetric CT/micro-CT. The first dynamic CT system is the Dynamic Spatial 
Reconstructor (DSR) built in 1979. The pursuance for higher temporal resolution has 
largely driven the development of CT technology, and recently led to the emergence 
of Siemens dual-source CT scanner. Given the impact and limitation of dual-source 
cardiac CT, triple-source cone-beam CT seems a natural extension for future cardiac 
CT. Our work shows that trinity (triple-source architecture) is superior to duality 
(dual-source architecture) for helical cone-beam CT in terms of exact 
reconstruction.  In particular, a triple-source helical scan allows a perfect mosaic of 
longitudinally truncated cone-beam data to satisfy the Orlov condition and yields 
better noise performance than the dual-source counterpart. In the (2N+1)-source 
helical CT case, the more sources, the higher temporal resolution. In the N-source 
saddle CT case, a triple-source scan offers the best temporal resolution for 
continuous dynamic exact reconstruction of a central volume. The recently 
developed multi-source cone-beam algorithms include an exact 
backprojection-filtration (BPF) approach and a “slow” exact filtered-backprojection 
(FBP) algorithm for (2N+1)-source helical CT, two fast quasi-exact FBP algorithms for 
triple-source helical CT, as well as a fast exact FBP algorithm for triple-source saddle 
CT. Some latest ideas will be also discussed, such as multi-source interior 
tomography, multi-beam field-emission x-ray CT, stationary CT, conformal CT, color CT 
and moving CT. 
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