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CP1

Adaptive Finite Element Methods for Inverse
Imaging Problems

In many realistic 3d imaging problems, such as biomedical
tumor diagnostics or underground imaging, the resolution
requested by practitioners is unachiavable using globally
refined meshes. However, while now the leading paradigm
in PDE solvers, adaptivity has not been widely used for
inverse problems. We will present a mathematical frame-
work for imaging applications using automatically adapted
meshes, and present results obtained in optical tomography
for tumor detection and sound wave imaging applications.
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CP1

A New Approach to Inverse Problem Solving Using
Radon-Based Representations

We carry out image deconvolution by transforming the
data into a new general discrete Radon domain that can
handle any assumed boundary condition for the associ-
ated matrix inversion problem. For each associated angular
segment, one can apply deconvolution routines to smaller
(and possibly better) conditioned matrix inversion prob-
lems than the matrix inversion problem for the entire im-
age. We then devise methods for doing this scheme locally
to provide estimates based on a multi-scaled representa-
tion.
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CP1

Multiscale Formation Imaging Using Array Resis-
tivity Logging Data

Existing log interpretation methods use a single model.
Such an approach does not allow fully extracting infor-
mation from the recorded logs. Our imaging method uses
a set of log-resolution-dependent models designed for array
tools possessing different vertical resolution and depth of
investigation. We generate an image using coarse models,
inverting the logs with the lowest resolution. We then per-
form iterative image refining using multiscale models. The
method reconstructs the borehole’s surrounding features
clearly and quantitatively.
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CP1

Detecting Interfaces in a Parabolic-Elliptic Prob-

lem from Surface Measurements

Assuming that the heat capacity of a body is negligible
outside certain inclusions the heat equation degenerates to
a parabolic-elliptic interface problem. For the case that the
heat conductivity is higher inside the inclusions we show by
an adaptation of the so-called Factorization Method that
the locations of the interfaces are uniquely determined by
thermal measurements on the surface of the body. We also
present some numerical results for this inverse problem.
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CP1

A Threshold-Based Method for Inverse Solutions
to Reconstruct Complex Obstacles, with Applica-
tion to the Inverse Problem of Electrocardiography

Inspired by the inverse problem of electrocardiography, we
introduce a method to reconstruct a two-level image or im-
age sequence with multiple objects and complex transition
regions. We construct a first, two-level estimate of the so-
lution (here, heart potentials) using an adaptive threshold-
based boundary, which becomes a constraint for a second,
Tikhonov regularized, estimate. We iterate (recursively or
in time) between the two estimates. Simulation results us-
ing measured canine data show considerable improvement
over standard Tikhonov solutions.
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CP1

Electron Microscope Tomography: Calculating and
Inverting the Generalized Ray Transform

In order to ensure high quality three dimensional recon-
structions from large images, electron microscope (EM)
tomography requires compensation for the curvilinear tra-
jectories of electrons through the sample. We report on
generalizations of bundle adjustment, filtration and back-
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projection algorithms which are intended to achieve this
purpose. These techniques have been realized in a new
software system for EM tomography. Error estimates may
be obtained via the theory of Fourier integral operators
derived from the generalized ray transform.
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CP1

A New Level Set Technique for the Simultaneous
Imaging of Shapes and Material Properties from
Two-Phase Flow Data

In many imaging applications arising in the field of inverse
problems the goal is to reconstruct regions in which the
material properties assume two different values. In our
talk we will present a novel level set strategy for finding
simultaneously interfaces and properties of these regions.
As an example, we will apply our novel technique to the
situation of reservoir characterization from two-phase flow
data. Numerical examples for realistic situations in 2D are
shown as well.
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CP2

A Novel Image Registration Scheme Based on Wa-
tershed Transform and Curve Matching

We propose a novel and robust image registration scheme.
First, a novel modified watershed segmentation followed by
a region merging process is performed for the image pair
to be registered. This algorithm preserves salient regions
as well as closed region boundaries. Then a scale-space
curve matching algorithm is used to select pairs of match-
ing regions. Mutual information registration is performed
on matched regions subsequently. The curve matching al-
gorithm will provide initial values for the registration pa-
rameters. Our results will show automatic, high-quality
registration.
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CP2

Proper Image Line Interpolation

Probability densities for the interpolation of lines of im-
age pixels using Gaussian radial basis functions are consid-
ered, where the basis function variance is determined such
that the interpolation extrapolates properly. Here proper
extrapolation by definition asymptotically approaches the
well-known linear mean and quadratic variance functions
of the Gaussian probability density of the least squares
line. A derivation of proper image line interpolation and
examples of its application to real images are provided.
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CP2

A Variational Approach to Blending Based on
Warping for Non-Overlapped Images

We present a new model for image blending based on warp-
ing. With partial differential equations the model gives a
sequence of images, which has the properties of both blend-
ing of image intensities and warping of image shapes. We
modified the energy functional in the paper by Liao et. al
in order to adapt the idea of the shape warping to the im-
age blending. We cover not only overlapped images but
also non-overlapped ones.
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CP2

Mumford-Shah Super-Resolution

We introduce a new method for contructing a high-
resolution image from a sequence of low-resolution im-
ages using the Mumford-Shah functional. Minimizing the
Mumford-Shah energy also results in denoising, deblurring,
and segmentation of the images. We discuss the problem
of registration of the image sequence, a crucial first step in
constructing an enhanced high-resolution image. Results
will be presented discussing the capabilities and limits of
image super-resolution.

Todd Wittman
University of Minnesota
wittman@math.umn.edu

Fadil Santosa
School of Mathematics
University of Minnesota
santosa@math.umn.edu

CP2

Nonrigid Image Registration Using Physically
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Based Models

Though fluid model offers a good approach to nonrigid reg-
istration with large deformations, it suffers from the smear-
ing artifacts introduced by the viscosity term. To overcome
this drawback, we present an inviscid model expressed in a
particle framework, and derive the corresponding nonlinear
PDEs for computing the coordinate transformation. Our
idea is to simulate the template image as a set of particles
moving toward the target positions. The proposed model
can accommodate small/large deformations, with sharper
edges and less computational cost. We demonstrate the
performance and efficiency of the proposed model on a va-
riety of images including synthetic and real data.
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CP3

Minimal Sampling Requirements for Region-of-
Interest Fourier Imaging

We consider the problem of reconstructing a specified sub-
region of a spatially limited function from samples of the
Fourier transform of the function. For such a problem sam-
pling at Nyquist rate is not necessary in general. We derive
necessary and sufficient sampling conditions for uniform,
and for periodically non-uniform sampling patterns; and
obtain bounds on the sampling density for general non-
uniform sampling. The results are extended to Papoulis
generalized sampling scheme and applied to single-channel
and parallel MR imaging.
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CP3

Fractal Image Coding: Beyond Compression?

Historically, most research in fractal image coding (FIC) fo-
cused on its compression capabilities. As such, much of the
development was driven by bitrate considerations. What
can be done when this constraint is removed? By recourse
to a series of computer experiments, we show that a num-
ber of domain subblocks will, using affine greyscale maps,
generally approximate a given range subblock almost as
well as the optimal subblock (we also examine the distri-
bution of domain-range approximation errors as a function
of noise variance). Therefore, there is much potential for
FIC to perform a variety of image processing tasks, e.g.,
noise reduction, edge detection, noise estimation. We re-
port on a series of experiments that support this claim.
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CP3

Homeomorphisms Between Fractal Tops and Ap-
plications in Digital Imaging

New results relating to ”overlapping” IFSs and their ap-
plication to digital imaging and computer graphics will be
presented.

Michael F. Barnsley
Department of Mathematics
Australian National University
mbarnsley@aol.com

CP3

Generalized Fractal Image Coding Using Projec-
tions onto Convex Sets

We show how fractal image coding can be viewed and gen-
eralized in terms of the method of projections onto convex
sets (POCS). Our work picks up on the Ph.D. thesis of
T. Puh (1996) and his work with P. Combettes (1996) on
operator theoretic image coding, showing explicitly how
self-similarity properties of an image can be translated
into POCS-type inequality constraints. We also show how
POCS allows additional constraints to be applied along
with fractal decoding. This formulation also permits a
breaking away from the traditional idea of fractal coding
as domain-to-range mapping. We outline the mathematical
foundation of this approach along with some interesting ap-
plications including: (1) the elimination of post-processing
in fractal decoding, (2) solving the problem of image recon-
struction given an incomplete fractal code and (3) image
denoising.
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CP3

Improving the Sampling Efficiency of Fast Tomo-
graphic Backprojection Algorithms

We introduce a new O(N2logP ) algorithm that backpro-
jects an N×N pixel image from P projections. It expresses
backprojection as the hierarchical shearing and addition of
intermediate images with a distinctive ”bow-tie”-shaped
spectral support. Previous fast algorithms have not fully
exploited this support. By maintaining the intermediate
images in one frequency-variable and one space-variable,
different frequency components can be sampled with dif-
ferent sampling periods, enabling a more efficient sampling
scheme and reduced computation.
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CP3

Adaptive Sampling Based on the Frequency Distri-
bution of Function Values

We show that a function space can be incrementally sam-
pled based on the histogram of the function values in the
already collected sample set. We present an adaptive sam-
pling scheme based on active walkers whose step size adapts
with the state of the histogram. Our approach is particu-
larly suited for applications in which obtaining samples is
expensive, making algorithms based on gradient or rejec-
tion sampling inefficient. We demonstrate the performance
with various image processing examples.

Peter Molnar, Oladipo Fadiran
Clark Atlanta University
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CP3

The Discrete Fourier Transform on Regular Hexag-
onal Structures and a fast algorithm

For various application in digital image processing, the use
of hexagonal grid structures has proven advantageous over
the commonly used square grid. Recent developments in
the uses of hexagonal grids have led to several promising
applications in Soil Moisture and Ocean Salinity space mis-
sion, and Equal Area Analysis of whole world imaging. In
this talk we give an overview of hexagonally sampled im-
age processing, and present the DFT on regular hexagonal
structures and a fast algorithm. We also discuss several
advantages of those new structures over other more well-
known structures.
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CP4

Image Representation and Analysis in RNA Fold-
ing Predictions

Since the late 70’s, energy minimization methods by dy-
namic programming have been devised to predict the RNA
secondary structure given its primary sequence. The sec-
ondary structure of an RNA molecule is a representation
of the pattern complementary base pairing that are formed
between nucleic acids. The output of secondary structure
prediction methods, in the form of energy dot plots, can
be represented as images. By filtering and analyzing these
images, information can be gained about RNA secondary
structure motifs that are functionally important. Further-
more, by measuring distances between images, it is possible
to predict which point mutations will cause conformational

rearrangements by destroying or creating biologically rele-
vant motifs.
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CP4

Application of a Search Model to the Assessment
of Radiologist Performance

During image interpretation a radiologist searches an im-
age for possible lesions and marks and rates suspect re-
gions. A statistical model of this process and an estima-
tion procedure for determining its parameters have been
developed. The model accounts for the intrinsically un-
predictable number of responses generated in such ”free-
response” studies. Location and confidence level data col-
lected during mammographic image interpretations were
analyzed to yield estimates of three parameters. These
quantify the radiologist’s ability to find lesions, the radiol-
ogist’s ability to avoid non-lesion locations and the lesion’s
perceived signal-to-noise ratio. The first two of these are
search parameters that have no counterpart in the widely
used binormal model used to analyze ROC data. Knowl-
edge of the parameters can be used to determine what
type of radiologist training might be most helpful. Other
potential applications of the method, including optimiz-
ing algorithmic observers, are indicated. Since search is
a fundamental aspect of many activities in both human
and machine vision, the ability to estimate the efficiency
of an observer’s search mechanism may have considerable
significance.
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CP4

Ultrawideband Microwave Breast Cancer Detec-
tion: a Glrt for 3-D Mri-Derived Numerical Phan-
toms

Active microwave imaging is a promising modality for
breast cancer detection that exploits the dielectric-
properties contrast between malignant and normal breast
tissue. We consider an ultrawideband radar technique us-
ing a generalized likelihood ratio test (GLRT) to detect
tumors based on multichannel backscatter data obtained
from 3-D MRI-derived numerical breast phantoms. Enforc-
ing a low false discovery rate, we show that small tumors in
heterogeneous breast tissue are consistently detected and
localized.
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CP4

Solution X-Ray Scattering from Virus Particles La-
beled with a Strong Scatterer and 3-D Reconstruc-
tions

Scattering of x-rays from a solution of identical virus par-
ticles measures the spherical average of the magnitude-
squared of the electron number density in the particle.
From this 1-D data set it is possible to infer 3-D structure
at low spatial resolution. Analogous to isomorphous re-
placement in x-ray crystallography, a method is described
for improving the 3-D structure by combining information
from native and from labeled particles where the label is
a strong x-ray scatterer. These problems involve non con-
vex optimization problems which are solved by stochastic
search.
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CP4

An Ideal-Observer Model for Optimizing an En-
ergy and Depth-Dependent X-Ray Imaging Sys-
tem.

The Bayesian ideal observer sets an absolute upper bound
for observer performance in a detection task, so it should
be used for system optimization whenever possible. We
formulate analytic expressions of probability density func-
tions to estimate the likelihood ratios of an ideal-observer
for an energy- and depth-dependent x-ray system model.
This formulation uses the analytic characteristic function
of the system and object representation in the x-ray spec-
trum. This likelihood ratio can be calculated numerically
with a dimensionality-reduction method.

Subok Park
NIBIB/CDRH lab for the Assessment of Medical Imaging
CDRH, FDA
subok.park@fda.hhs.gov

Kyle Myers
CDRH, FDA
kyle.myers@fda.hhs.gov

Brandon Gallas
CDRH,FDA
brandon.gallas@fda.hhs.gov

CP4

An Iterative Approach to 3D Electron Density
Imaging Using Scattered X-Rays

We have developed an analytical Compton scatter tech-
nique to image 3D electron density distributions with a
single projection. This is the first step towards implement-
ing quantitative 3D mammography aimed at improving the
ability to detect and specify breast calcifications and tu-
mors with no increase in dose. Using Monte Carlo sim-
ulation, this technique is able to localize single 0.5 mm
diameter calcifications with a 1 × 2.5 × 2.5mm3 imaging
resolution. An ROC analysis indicates 80% sensitivity and
95% specificity.
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CP4

Using Multiple Tensor Deflection to Reconstruct
White Matter Fiber Traces With Branching

The relationship between brain structure and complex be-
havior is governed by large-scale neurocognitive networks.
Diffusion weighted imaging is a noninvasive technique that
can visualize the neuronal projections connecting the func-
tional centers. In this paper, we assume there are up to two
diffusion channels at each voxel. A variational framework
for 3D simultaneous smoothing and recovering of multi-
diffusion tensor field as well as a novel multi-tensor deflec-
tion(MTEND) algorithm for extracting white matter fiber
traces based on it are provided. By applying the proposed
model to synthetic data and human brain high angular res-
olution diffusion magnetic resonance imaging data of sev-
eral subjects, we show the effectiveness of the model in
recovering branching fiber traces. Superiority of the pro-
posed model over existing models are also demonstrated.
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CP5

Complex-Sinusoidally Modulated Imaging for Op-
tical Flow Detection

In this paper, we show a gradient-based method of optical
flow determination for a novel solid-state imaging device,
three-phase correlation image sensor, 3PCIS (IEEE Trans.
ED-50, 10, 2059-2066, 2003). It is featured as: 1) Sin-
gle frame is sufficient to obtain optical flow. No temporal
differentiation is needed. 2) It is free from inherent ve-
locity limit of the conventional optical flow equation-based
method. 3) The aperture problem and the singularity (e.g.
occlusion boundary) problem can be significantly reduced.
The result is based on the newly derived optical flow equa-
tion

(vx∂x + vy∂y)(g(x, y) − g0(x, y)) = jωg(x, y),

where

g0(x, y) =

∫ T/2

−T/2

f(x, y, t)dt

g(x, y) =

∫ T/2

−T/2

f(x, y, t)ejωtdt

are the intensity image output and the correlation image
output of 3PCIS, T is the frame interval, and ω is the
modulation frequency.
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CP5

A Study of the Discrete Maximum Principle for the
Beltrami Color Flow

We analyze the discrete maximum principle for the Bel-
trami color flow. The Beltrami flow can display linear as
well as nonlinear behavior according to the values of a pa-
rameter β, which represents the ratio between spatial and
color distances. The standard schemes fail, in general, to
satisfy the discrete maximum principle. In this work we
show that a nonnegative second order difference scheme
can be built for this flow only for small β, i.e. linear dif-
fusion. Since this limitation is too severe, we construct
a novel finite difference scheme, which is not nonnegative
and satisfies the discrete maximum principle for all values
of β. Numerical results support the analysis.
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CP5

p-norm PDEs

Minimizing the integral
∫
Ω
‖∇u‖pdΩ for an image u under

suitable boundary conditions gives PDEs with well-known
results for p = 1, 2, namely Total Variation and Lapla-
cian diffusion, respectively. Without fixing p, one obtains
a framework related to the p-Laplace equation. In this
work we derive this general framework, discuss its prop-
erties, show relations with gauge coordinate (directional
derivative) descriptions of the PDEs, and give examples of
its use in filtering.
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CP5

A Multiscale Image Representation Using Hierar-
chical (bv, l2) Decompositions

We will discuss a new multiscale image representation
model using hierarchical (BV,L2) decompositions. First,
we decompose an image f ∈ L2(Ω) into u + v, where
u ∈ BV (Ω) minimizes the Rudin-Osher-Fatemi functional
and v ∈ L2(Ω) is the residual. This decomposition depends
on a parameter λ. We iterate this process for different
monotone values of λ, applying the decomposition to the
residual of the previous step to obtain a multiscale repre-
sentation of f . We will discuss some theoretical properties
of this method as well as show numerical results. Finally,
we will show that this decomposition can also be applied
to other variational models.
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CP5

Sobolev Gradients for Imaging Applications

The use of Sobolev gradients has proved very useful for
the numerical solution of a wide class of partial differential
equations, including transonic flow, minimal surface, and
the Ginzburg-Landau equations of superconductivity. In
this talk we summarize results of applying this methodol-
ogy to a problem in imaging, namely, the f=u+v+w de-
composition of an image for edge detection and texture
discrimination.

Walter B. Richardson
Professor, Department of Mathematics
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CP5

Image Analysis on a General Domain Using Lapla-
cian Eigenfunctions

We present a method to analyze images recorded on a do-
main of general shape by expanding them into the eigen-
functions of the Laplacian defined there. To compute these
eigenfunctions, we diagonalize the integral operator com-
muting with the Laplacian using a fast algorithm based
on multiwavelets of Alpert, instead of directly solving the
Helmholtz equation on the domain (which can be quite
complicated and costly). We also present its application to
image approximation and statistical image analysis.
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CP6

A Modified Mumford-Shah Model Based Simulta-
neous Segmentation and Registration

A new variational region based model for simultaneous
image segmentation and registration using a modified
Mumford-Shah technique is proposed. The segmentation is
obtained by minimizing a modified Mumford-Shah model.
A global rigid registration is assisted by the segmentation
information and region intensity values. The experimen-
tal results with an application to synthetic and simulated
human brain MRI images show the effectiveness of the pre-
sented model to segment and register novel images simul-
taneously.
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CP6

Using the Shape Gradient for Active Contour Seg-
mentation: From the Continuous to the Discrete
Formulation

Segmentation can be formulated as a domain energy min-
imization. The shape gradient represents an infinitesimal
change in the energy when deforming the domain. Fol-
lowing a gradient descent strategy, the deformation must
ensure the shape gradient negativity. We show that this
negativity is not preserved when discretizing the “natural”
continuous deformation. Instead, we propose to choose the
deformation as a linear combination of pre-defined defor-
mations, also allowing to introduce some knowledge on the
optimal domain.

Eric Debreuve, Muriel Gastaud, Michel Barlaud

Laboratory I3S
University Of Nice-Sophia Antipolis, France
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CP6

Variational Shape Optimization for Image Segmen-
tation

We consider the geodesic active contour/surface model in
a shape optimization framework. This allows us to choose
faster and smoother descent directions. We introduce a
novel finite element discretization for the optimization in
2D and 3D with the following features: 1) No parametriza-
tion, 2) Time step adaptivity to achieve best descent at
each step, 3) Space adaptivity to resolve the data effi-
ciently, 4) Topological changes in 2D. (joint with P.Morin,
R.H.Nochetto)
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CP6

Active Contours Without Edges for Botanical
Video Segmentation

Leaves absorb CO2 through pores in their surface. The
opening of these pores results in water loss through evap-
oration, so a leaf is faced with the global optimization
problem of maximizing CO2 uptake while minimizing H2O
loss. After injecting a dye into a leaf which fluoresces when
the pores close, one can analyze the fluorescence patterns
in an experimental video to determine how a leaf locally
solves the optimization problem. We propose to segment
the videos into a multiply-connected region of active flu-
orescence and its complement using a method based on
active contours without edges which is solved in a level-set
framework using a three-dimensional semi-implicit numer-
ical scheme.

Aaron Luttman
The University of Montana
Department of Mathematical Sciences
luttman@mso.umt.edu

CP6

Background Extraction Using Statistical Without-
Edge Method

We identify the object from an image and extract the oth-
ers by segmenting an image at least into two regions and
determining which regions are in the object or in the back-
ground. We take the adaptive active-segmentation frame-
work suggested by M. Rousson and R. Deriche. We com-
pute the Gaussian parameters of the regions and use the
level set method. In the case of vector-valued image, we
use the HSV color model with multi-level sets.

Kilsu Park
KAIST
suwajin@kaist.ac.kr



IS06 Abstracts 39

Chang-Ock Lee
Division of Applied Mathematics
KAIST
colee@amath.kaist.ac.kr

Jooyoung Hahn
Division of Applied Mathematics
KAIST (Korea Advanced Institute of Science and
Technology)
jhahn@ima.umn.edu

CP6

Symmetry Based Segmentation with Level Sets

Shape symmetry is an important cue for image understand-
ing. In the absence of more detailed prior shape informa-
tion, segmentation can be significantly facilitated by sym-
metry. However, when symmetry is distorted by perspec-
tivity, the detection of symmetry becomes non-trivial, thus
complicating symmetry-aided segmentation. We present
an original approach for segmentation of symmetrical ob-
jects accommodating perspective distortion. The key idea
is the use of the replicative form induced by the symme-
try for challenging segmentation tasks. This is accom-
plished by dynamic extraction of the object boundaries,
based on the image gradients, gray levels or colors, concur-
rently with registration of the image symmetrical counter-
part (e.g. reflection) to itself. The symmetrical counter-
part of the evolving object contour supports the segmenta-
tion by resolving possible ambiguities due to noise, clutter,
distortion, shadows, occlusions and assimilation with the
background. The symmetry constraint is integrated in a
comprehensive level-set functional for segmentation that
determines the evolution of the delineating contour. The
proposed framework is exemplified on various images and
its superiority over state of the art variational segmenta-
tion techniques is demonstrated.

Tammy Riklin-Raviv, Nahum Kiryati
Department of Electrical Engineering
Tel-Aviv University, Israel
tammy@eng.tau.ac.il, nk@eng.tau.ac.il

Nir Sochen
Department of Applied Mathematics
Tel Aviv University, Israel
sochen@math.tau.ac.il

CP7

Fast and Exact Discrete Image Restoration Based
on Total Variation and on Its Extensions to Leve-
lable Potentials

We investigate the decomposition property of posterior
restoration energies on level sets in a discrete Markov Ran-
dom Field framework. This leads us to the concept of ’leve-
lable’ potentials (which TV was shown to be the paradigm
of). We prove that convex levelable posterior energies can
be minimized exactly with level-independant binary graph
cuts. We extend this scheme to the case of non-convex lev-
elable energies, and present convincing restoration results
for images degraded by impulsive noise.

Marc Sigelle
Ecole Nationale Superieure des Telecommunications
Dept. TSI
marc.sigelle@enst.fr

Jerome Darbon

Ecole pour l’informatique et les techniques avancees
jerome@lrde.epita.fr

CP7

A Majorization-Minimization Algorithm for Total
Variation Image Deconvolution

In recent work on image deconvolution, a certain class of
iterative algorithms for non-quadratic convex (very high
dimensional) optimization problems has been proposed.
These algorithms can be used for image restoration under
total variation (TV) regularization and also for wavelet-
based approaches. Monotonicity and convergence proper-
ties for this class of algorithms are well established. In this
talk, we describe recently introduced second-order (also
known as two-step) versions of these algorithms, which ex-
hibit dramatic speedups relatively to the original versions.

Mario T. Figueiredo, Jose Dias
Instituto Superior Tecnico
Instituto de Telecomunicacoes
mario.a.t.figueiredo@gmail.com, bioucas@gmail.com

CP7

A General Framework for Variational Optical Flow
and Image Registration Problems Based on a Ro-
bust Multigrid Solver

Optical flow and the related non-rigid image registration
both lead to a variational minimization problem that re-
quires robust and efficient numerical solvers due to the of-
ten non-smooth input data and the large number of un-
knowns in real applications. We present a flexible frame-
work that can handle the usual data terms, various regular-
izers and one can also include landmark or feature based in-
formation. The standard multigrid solver can be enhanced
by using Galerkin coarsening, block- or linewise smoothers
or iterant recombination. It is also possible to specify ma-
trix dependent transfer operators. These techniques lead
to good convergence rates even in the case of non-smooth
input data. Our results consist of the optical flow for 2D
image sequences and the image registration of 3D medical
data sets.

Harald Koestler, Ulrich Ruede
University of Erlangen-Nuremberg
harald.koestler@informatik.uni-erlangen.de,
ulrich.ruede@informatik.uni-erlangen.de

CP7

Efficient Solution of Optimization-Based Image De-
noising Problems

The purpose of this talk is to study different optimization
formulations for image denoising problem. Different com-
binations of fitting and regularization parts are considered
and solution methods are compared for solving the arising
nonsmooth optimization problems. Especially, we study
the applicability of the Limited Memory Bundle Method
(LMBM) for solving image processing problems. LMBM
(M. Haarala et al., Optimization Methods and Software,
Vol. 19, 2004) has especially been developed for large-scale
nonsmooth optimization.

Kirsi Majava
University of Jyvaskyla
Finland
majkir@mit.jyu.fi
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Marjo Haarala
University of the Witwatersrand,
South Africa
mshaarala@cam.wits.ac.za

CP7

Optimization Involving L∞-Norm for Image
Restoration

Energies involving a L∞ norm appear in some recent appli-
cations of image processing. Examples include the denois-
ing of uniform noise or the decomposition of an image into
an oscillating and a geometric component. Such a norm
is difficult to minimize because it is non differentiable. In
this talk, we will present a way to construct simple algo-
rithms - based on constrained optimization - to solve such
problems.

Weiss Pierre
INRIA Sophia-Antipolis
pweiss@sophia.inria.fr

Blanc-Feraud Laure
inria sophia-antipolis
laure.blanc feraud@sophia.inria.fr

Aubert Gilles
Universite de Nice-Sophia-Antipolis
gaubert@math.unice.fr

CP7

Total Variation Minimization and Graph Cuts for
Moving Objects Segmentation

Based on the recent works of Chambolle and Darbon
and Sigelle, we solve a Rudin-Osher-Fatemi problem with
Chambolle projection algorithm and threshold the result
at the level α to solve the shape optimization problem

1
2

∑
i,j

gi,j (|ui+1,j − ui,j | + |ui+1,j − ui,j |
+ 1√

2
(|ui+1,j+1 − ui,j | + |ui−1,j+1 − ui,j |)

+
∑

i
(α− fi)θi

Typically, f is an optical flow magnitude and g a classical
edge function.
The main advantage over existing methods (level sets...)
is to avoid a recomputation for each value of α. We also
investigate fast techniques like graph cuts.

Florent Ranchin
Universitat Pompeu Fabra
florent.ranchin@upf.edu

Dibos Franoise
Université Paris 13, Institut Galilée
dibos@ceremade.dauphine.fr

Chambolle Antonin
Ecole Polytechnique, CMAP
antonin.chambolle@polytechnique.fr

CP7

Total Variation Image Denoising Via Basis Pursuit:
Initial Results

While there is a direct equivalence, for 1-D signals, between
Total Variation denoising (TVDN) and Basis Pursuit de-
noising (BPDN) with a Heaviside dictionary, it is not easily

extended to 2-D without introducing anisotropy into the
gradient in the TVDN regularisation term. We propose an
isotropy-preserving approach, based on BPDN with a pa-
rameterised dictionary, and comment on performance and
computational issues.

Paul A. Rodriguez
LANL
prodrig@t7.lanl.gov

CP8

Optical Snow Analysis Using the 3D-Xray Trans-
form

There are many methods to analyze motion in computer
vision. Most of classical methods use optical flow, layered
motion or segmentation analysis in order to measure mo-
tion. In this work we detect optical snow motion in video
by using the discrete 3D-Xray transform. Optical snow is
used as an instance for a framework that analyzes many
motion types such as snowfall, tree movements, cars traf-
fic, people walking or monitoring an object in a natural
scene. The discrete 3D-Xray transform is situated as a
core algorithm in medical imaging where 3D reconstruc-
tions from projections is needed. The 3D-Xray transform
partitions the 3D space into specific planes. The detection
of optical snow motion and object tracking are achieved
through analysis of the energy distributions on these 3D-
Xray planes.

Yoel Shkolnisky, Nissim Peled
School of CS, Tel Aviv, University
shkolnis@post.tau.ac.il, peled@post.tau.ac.il

Amir Averbuch
Tel Aviv University
School of Mathematical Science
amir@math.tau.ac.il

Yosi Keller
applied math department, yale university
yosi.keller@yale.edu

CP8

Axial Representation of Shapes Based on Principal
Curves

Generalized cylinders model uses hierarchies of cylinder-
like modeling primitives to describe shapes. We propose
a new definition of axis for cylindrical shapes based on
principal curves. In a 2D case, medial axis can be generated
from the new axis, and vice versa. In a 3D case, the new
axis gives the natural (intuitive) curve skeleton of the shape
instead of complicated surfaces as medial axis. This is
illustrated by numerical experiments on 3D laser scan data.

Yan Cao
Johns Hopkins University
yan@cis.jhu.edu

CP8

Comparing Two Area Frames Using Two Sample
Non-Parametric Statistical Tests

For the June Surveys, data at the National Agricul-
tural Statistics Service (NASS) is gathered within land-use
strata on segments. With-in strata, five crops are of in-
terest to the Area Frame Survey — corn, cotton, and the
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three seasons of wheat. Creating new sample frames is la-
bor intensive, and ideally, new frames should outperform
the old frames. We wish to determine if the data collected
under the ’old’ frame for a particular year is the same un-
der the ’new’ frame for the successive year. It is desired to
compare the dispersion of the two frames. This paper dis-
cusses some non-parametric statistical tests for dispersion
and provides some results of the comparisons.

Roger L. Goodwin

USDA/NASS
roger goodwin@nass.usda.gov

CP8

Cumulus Cloud Segmentation Based on Subdivi-
sion

As part of CuPIDO
(http://geography.asu.edu/zehnder/cupido/), an observa-
tional program designed to examine cumulous cloud de-
velop associated with the Southern American Monsoon, we
have developed a method to segment cumulous clouds from
digital images. An image is recorded from a fixed camera
every 10 seconds during the active periods of the monsoon.
The foundation of our segmentation method is an adaptive
triangulation refinement scheme. This scheme is paired
with a hue-saturation histogram and a background regis-
tration model to differentiate cumulous clouds from the
sky and cirrus clouds. We address the special challenges
present in cloud segmentation.

Joseph Zehnder, Jeremy Rowe, Mahesh Chaudhar,
Jiuxiang Hu
Arizona State University
jzehnde@mainex1.asu.edu, jeremy.rowe@asu.edu,
mahesh.chaudhari@asu.edu, hu.jiuxiang@asu.edu
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PRISM
Arizona State University
razdan@asu.edu

CP8

Multi-Scale Shape Analysis Using Symmetry Sets

The Symmetry Set (SS) and its subset the Medial Axis
with the annotated version the Shock Graph - are shape
descriptors that are used to compare shapes. These meth-
ods are only considered at the scale of the given shape. We
embed the SS in a mean curvature flow (the shape suited
version of the Laplacian diffusion) driven multi-scale con-
text. Properties of this flow for shapes and the SS and
consequences for shape comparison are given.

Arjan Kuijper
Radon Institute for Computational & Applied
Mathematics
Austria
arjan.kuijper@oeaw.ac.at

Ole Fogh Olsen
IT University of Copenhagen
Denmark
fogh@itu.dk

CP8

2D Shape Model Selection Via Efficiency Measures

This talk proposes efficiency of representation as a criterion
for evaluating shape models, then applies this criterion to
compare two popular shape models: the boundary curve
and the medial axis. We will present two adaptive en-
codings for non-compact classes of shapes, one using the
boundary curve and the other using the medial axis, and
determine precise conditions for when the medial axis is
more efficient. If time allows, we will briefly mention our
construction of explicit near-optimal boundary-based ap-
proximations for compact classes of shapes and their re-
lation to the non-compact formulation. Finally, we will
present some empirical results from the application of our
efficiency criterion to three shape databases.

Kathryn E. Leonard
Dept. of Applied and Computational Mathematics
California Institute of Technology
k leonard@alumni.brown.edu

CP9

Detection and Continuation of Filaments in 3D Im-
ages

In this work, we are interested in the detection of filaments
(1D curves) in 3D images. We propose to search for curves
of minimal total curvature on a subset of the image domain,
defined from the image Hessian matrix eigenvalues.As some
filaments are interrupted due to imperfect segmentation on
noisy data, we propose a continuation method based on
Ginzburg-Landau energy where the filaments are the zeros
a complex valued function.

Alexis Baudour
INRIA
Alexis.Baudour@sophia.inria.fr

CP9

Quantitative Analysis Improvement in Optical Co-
herence Tomography (OCT)

OCT is a rapidly emerging imaging technology that enables
micron-resolution visualization of the cross sectional struc-
ture of the retina and anterior eye with higher resolutions
than any other non-invasive imaging modality. We present
specific improvements in the quantitative analysis of the
current commercial OCT system. With such quantifica-
tion, it is possible to obtain earlier detection of pathology
as well as improved monitoring of disease progression and
response to therapy.

Delia Cabrera Fernández
Bascom Palmer Eye Institute
University of Miami Miller school of Medicine
dcabrera2@med.miami.edu

Harry Salinas, Carmen Puliafito
Bascom Palmer Eye institute
University of Miami Miller School of Medicine
harrysal@hotmail.com, cpuliafito@med.miami.edu

CP9

Economizing Mach Filters for Automatic Target
Recognition

A mathematical formulation for reducing the number of
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MACH filters necessary for target recognition is developed.
A prototype method based on interpolation is used to ob-
tain a continuous model. Choice of basis functions based
on cubic Splines, Gaussian and Sinc functions are consid-
ered. A method of economizing the number of filters is
successfully implemented.

D. Han, Wu Jing
University of Central Florida
dhan@pegasus.cc.ucf.edu, ucfjing@yahoo.com

Ram N. Mohapatra
University of Central Florida
Mathematics Department
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Xin Li, M. Michalak
University of Central Florida
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CP9

Task-Specific Compressed Sensing for Hyperspec-
tral Automatic Target Detection

We demonstrate task-specific compressed sensing utilizing
near Infrared (NIR) hyperspectral Hadamard multiplexed
imaging. The sensor incorporates a digital mirror array
to realize Hadamard codes, sensing inner products of the
underlying scene rather than the scene itself. An Auto-
matic Target Recognition (ATR) metric drives the sensor
to collect only relevant information, resulting in a multi-
ple resolution hyperspectral data cube with full resolution
where targets are present and low resolution elsewhere. Es-
sentially, this is compressed sensing.

Robert R. Muise
Lockheed Martin
robert.r.muise@lmco.com

Abhijit Mahalanobis
Lockheed Martin Missiles & Fire Control
abhijit.mahalanobisalmco.com

CP9

A Parametric, Two-Dimensional Random Field
with the General Markov Autocorrelation

This paper presents a parametric, two-dimensional ran-
dom field that is useful for statistically modeling ensem-
bles of images and for generating pseudo-random images
with desired stochastic properties. The random field gen-
eralizes the autocorrelation function of a Markov random
field with parameters controlling five important charac-
teristics: vertical mean-spatial-detail, horizontal mean-
spatial-detail, rotation angle, intensity variance, and spa-
tial structure. These five parameters provide a high-degree
of statistical control over the random field. Experimen-
tal results show that the parametric autocorrelation func-
tion of the random field provides an accurate model for
ensembles of real world images. This paper also presents

a computationally efficient method to construct pseudo-
random images, by drawing random lines (consistent with
the desired axial mean-spatial-details and rotation angle),
assigning random intensity values to the resulting polygons
(consistent with the desired intensity variance), and ran-
domizing phase (consistent with the desired spatial struc-
ture). The resulting pseudo-random images are useful as
inputs for assessing performance of simulated imaging sys-
tems and image processing algorithms across a range of
images with controlled stochastic properties.

Jiazheng Shi
Radiology Department
University of Michigan - Ann Arbor, MI 48109
sjiazhen@med.umich.edu

Stephen Reichenbach, Min Chen
Computer Science Department
University of Nebraska - Lincoln, NE, 68588
reich@cse.unl.edu, mchen@cse.unl.edu

CP9

Image Denoising by Inhomogeneous Diffusion

The standard kernel estimator using the Gaussian kernel
may be written in integral form as

f(x, h) =
1√
2πh

∫ ∞

−∞
y(u) exp

(
− (x− u)2

2h2

)
du

On putting t = h2/2 and writing f(x, t) for f(x, h) it may
be easily checked that f satisfies the heat equation

∂f

∂t
=

∂2f

∂x2
.

Kernel estimators with global bandwidths are not appro-
priate for data sets which exhibit large local differences
in smoothness. Meise (2004) gives a procedure for choos-
ing local bandwidths based on the multiresolution crite-
rion of Davies and Kovac (2001). In this talk we show
how this strategy can be applied to the heat equation by
locally altering the conductivity of the medium. There
are two advantages over kernel estimators: The computing
time can be decreased by using the finite element methods
to solve the differential equation and the results can be
improved by detecting the edges of the image. Transfer-
ring the procedure to two-dimensional data, we addition-
ally need segmentations of the image, on which we have to
check the multiresolution criteria and adapt the local con-
ductivity. It is intended to combine our inhomogeneous
cooling algorithm with the fast segmentation algorithm of
Friedrich (2005). First results using a segmentation into
dyadic squares will be shown.

Rahel Stichtenoth, Laurie Davies
University of Duisburg-Essen
rahel.stichtenoth@uni-due.de, laurie.davies@uni-due.de

CP10

An Orientation-Adaptive Gaussian Scale Mixture
Model for Image Denoising

We develop a model for patches of image wavelet coeffi-
cients that is explicitly adapted to local orientation. Image
patches are described as samples of a Gaussian process that
is rotated and scaled by hidden random variables represent-
ing the local image orientation and contrast, respectively.
A Bayesian denoising method, based on conditioning on
and integrating over the hidden variables, yields visually
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superior results when compared to previous scale mixture
models that do not explicitly model orientation.

David K. Hammond
Courant Institute of Mathematical Sciences
New York University
hammond@cims.nyu.edu

Eero Simoncelli
Center for Neural Science
New York University
eero@cns.nyu.edu

CP10

3D Dyadic Wavelet Transform for Image Volume
Denoising

Reducing noise in images is a preliminary step in many
image processing applications. In this work a method for
edge-preserving denoising of three dimensional image data
is presented. It is based on the 3D generalization of the
dyadic wavelet transform and overcomes the problems pre-
sented by the extension to higher dimensions of the clas-
sical orthogonal wavelet transfor ms. In fact, a straight-
forward extension of these separable transforms to multi-
dimensional data gives very poor results, due to the lack
of translation invariance that produces undesired artifacts.
On the contrary, dyadic wavelets are truly multidimen-
sional translation invariant bases, and the coefficients of
the dyadic expansion of an image f at different scales con-
tain informations of the gradient of f smoothed according
to the scale. By integrating these geometric informations
in the smoothing process we obtain a 3D denoising algo-
rithm capable to preserve as much as possible of the signal
features while reducing the noise to a sufficiently low level.

Laura B. Montefusco
University of Bologna
montelau@dm.unibo.it

CP10

The Texas Two-Step: An Optimal Multi-Input
Single-Output Deconvolution Framework

Multi-input single-output deconvolution (MISO-D), a com-
mon problem in areas such as medical imaging, astronomy,
and seismic imaging, aims to extract a crisp deblurred
estimate of the target signal from several noisy, blurred
observations. Texas Two-step (TX2) is a new, powerful
two-step framework to solve the MISO-D problem. First,
TX2 reduces the MISO-D problem to a dual single-input
single-output deconvolution (SISO-D) problem using suffi-
cient statistics (SSs). Second, TX2 invokes an appropriate
SISO-D technique to solve the simpler dual problem. Re-
markably, if the SISO-D used by the TX2 is optimal, then
the cumulative TX2 MISO-D algorithm is also optimal.
Based on these insights, we discover classes of MISO-D
problems for which wavelet-based and curvelet-based ap-
proaches are asymptotically optimal.

Ramesh Neelamani
ExxonMobil Upstream Research Company
Houston, TX
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CP10

A Fourth Order Dual Method for Staircase Reduc-
tion in Texture Extraction and Image Restoration
Problems

We propose a fourth order dual method for the minimiza-
tion of the non-smooth semi-norm ‖Δ · ‖1 when in amalga-
mation with new staircase reducing texture decomposition
and restoration models of image processing. We claim that
the dual method is faster and more stable than the current
gradient descent time marching algorithms often used to
minimize such energies. Moreover, proofs of convergence
of the proposed method, in conjunction with the new imag-
ing models, will be provided.

Fred Park
Department of Mathematics
University of California - Los Angeles
fpark@math.ucla.edu

CP10

Empirical Bayes Least Squares Estimation Without
An Explicit Prior

Bayesian estimation often requires prior probability mod-
els, which can be difficult to infer from noisy measurements.
We show that for additive noise, Bayesian least-squares es-
timators can be derived from noisy data distributions. For
Gaussian noise, the estimator is based on the logarithmic
derivative of this distribution. We develop a local adaptive
approximation of the logarithmic derivative , and simulate
its behavior on various distributions. Despite its general-
ity, the estimator performs well in denoising photographic
images.

Martin Raphan
Courant Inst. of Mathematical Sciences, New York
University
raphan@cims.nyu.edu
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Courant Institute of Mathematical Sciences
New York University
eero.simoncelli@nyu.edu

CP10

Fractal Image Coding As a Nonlocal PDE-Based
Imaging Method

Let T be a contraction mapping on an appropriate Banach
space B. Then the evolution equation yt = Ty−y produces
a continuous evolution y(x, t) from an arbitrary initial con-
dition to the fixed point ȳ ∈ B of T . One application of
this result (J. Bona and ERV, Fractals in Engineering Con-
ference, 2005) has been where T is a contractive fractal
transform that replaces “range” subblocks of an image I
with spatially contracted and greyscale modified “domain”
subblocks of I. In conventional fractal image coding, T
is applied discretely. But with the evolution equation ap-
proach, it can be applied continuously in the form of a
nonlocal differential equation. In this paper, we report on
more recent experiments where diffusion terms have been
added, e.g., ∂y

∂t
= ε�y + Ty − y, for both positive and
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negative diffusion. Applications to fractal image denoising
methods are examined. As well, we look at an evolution
equation in the wavelet domain that performs a continuous
fractal-wavelet transform.

Edward R. Vrscay
University of Waterloo, Canada
ervrscay@uwaterloo.ca

MS1

Sampling Signals from a Union of Subspaces

One of the fundamental assumptions of traditional sam-
pling propositions is that the signals to be sampled come
from a single vector space. However, in many cases, the
signals of interest live in a union of subspaces. Exam-
ples include piecewise polynomials, sparse approximations,
nonuniform splines, signals with unknown spectral support,
overlapping echoes with unknown delay and amplitude,
and so on. For these signals, traditional sampling schemes
are either inapplicable or highly inefficient. In this talk,
we present a new sampling scenario where the signals come
from a known union of subspaces and the sampling oper-
ator is linear. Geometrically, the sampling operator can
be viewed as projecting the signals into a low dimensional
space, while still preserves all the information. We show
the necessary and sufficient conditions for such sampling
operators to exist and show that these conditions are sat-
isfied for large classes of signals. Furthermore, we explicitly
find the minimum sampling requirement for several cases,
which indicates the power of this framework.

Minh N. Do, Yue Lu
University of Illinois at Urbana-Champaign
Department of Electrical and Computer Engineering
minhdo@uiuc.edu, yuelu@uiuc.edu

MS1

Shrinkage for Redundant Representations

Shrinkage is a well known and appealing denoising tech-
nique, introduced originally by Donoho and Johnstone in
1994. The use of shrinkage for denoising is known to
be optimal for Gaussian white noise, provided that the
sparsity on the signal’s representation is enforced using a
unitary transform. Still, shrinkage is also practiced with
non-unitary, and even redundant representations, typically
leading to satisfactory results. In this talk we shed some
light on this behavior. First, we show that such simple
shrinkage could be interpreted as the first iteration of an
algorithm that solves the basis pursuit denoising BPDN)
problem. Several other recently proposed iterated shrink-
age algorithms are also discussed, describing their inter-
relations, and discussing their convergence properties. Fi-
nally, we demonstrate how such algorithms are applicable
for an effective denoising of images.

Michael Zibulevsky
Dept. of Electrical Engineering, Technion
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Boaz Matalon
The EE department
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MS1

Rate-Distortion Performance of Sparse-Signal
Coding with Random Measurements

One recently proposed technique for sparse-signal compres-
sion is to encode with scalar quantized versions of a large
number of random measurements (linear functionals) of the
signal. Through a convex optimization, the decoder simul-
taneously infers the sparsity and estimates the source sig-
nal from the quantized measurements. This work quantifies
the performance penalty incurred from using random mea-
surements and optimizes the rate-distortion performance of
this scheme as a function of the overall quantization rate
and dictionary size.
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EECS Dept - UC-Berkeley
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Flarion Technologies, Inc.
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MS1

Recovering Structured Representations

In many recent results on sparse approximation with dic-
tionaries it is assumed that all atoms from the dictionary
are mutually quasi-orthogonal in order to get a decent ex-
act recovery condition. In this talk we show how to re-
place this global quasi-orthogonal hypothesis by a relaxed
“local” quasi-orthogonal condition. This allows us to ob-
tain exact recovery conditions for dictionaries that have
clusters of very coherent atoms. We study one example
in detail: a dictionary made up of the union of a wavelet
basis and a Gabor system (in infinite dimension) for which
exact recovery through Basis Pursuit/FOCUSS is theoret-
ically possible.

Remi Gribonval
Projet METISS, IRISA-INRIA
35042 Rennes cedex, France
remi.gribonval@inria.fr

Lasse Borup
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lasse@math.aau.dk

Morten Nielsen
Math, Aalborg, Denmark
mnielsen@math.aau.dk

MS3

Diffusion MRI: Modeling and Applications

We present the diffusion MRI signal, its applications, and
describe three major processing tasks: First, we show how
to perform the estimation and statistical segmentation of
Diffusion Tensor images by exploiting the information ge-
ometry of the space of normal distributions. Next, we for-
mulate the cerebral connectivity mapping problem as com-
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puting geodesics on a manifold whose metric derives from
the diffusion tensors. Finally, recent techniques extending
the diffusion tensor model to higher orders are introduced.

Christophe Lenglet, Maxime Descoteaux
Odyssée Lab
INRIA Sophia Antipolis
Christophe.Lenglet@sophia.inria.fr,
maxime.descoteaux@sophia.inria.fr
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Rachid.Deriche@sophia.inria.fr

MS3

3D Curve Inference and Diffusion MRI Analysis

We develop a differential geometric framework for regular-
izing diffusion MRI data. White matter fibers are modeled
as 3D space curves and a notion of co-helicity is used to
indicate the compatibility between fibre orientation esti-
mates at each voxel with those in a local neighborhood.
We validate the approach quantitatively on a biological
phantom and on synthetic data, and qualitatively on data
acquired in vivo from a human brain. We also discuss the
use of this technique to improve on fiber tracking results
using geometric flow based algorithms.

Peter Savadjiev
McGill University
School of Computer Science, Centre For Intelligent
Machines
petersv@cim.mcgill.ca

Jennifer Campbell
McGill University
Brain Imaging Centre, Montreal Neurological Institute
jcampbel@bic.mni.mcgill.ca

Bruce Pike
McGill University
Brain Imaging Centre, Montreal Neurological Institute
bruce.pike@mcgill.ca

Kaleem Siddiqi
McGill University
Centre for Intelligent Machines, School of Computer
Science
siddiqi@cim.mcgill.ca

MS3

Uncertainty in White Matter Fiber Tractography

Conventional white matter tractography methods estimate
fibers by tracing the direction of maximum water diffusiv-
ity. A main limitation of this traditional approach is that it
gives an impression of being very precise. However, in prac-
tice there are several factors that introduce uncertainty in
the tracking procedure. Noise, crossing fibers, and image
artifacts are all examples of factors that cause variability.
A stochastic tractography method that handles noise in a
theoretically justified way is described.

Ola Friman, Carl-Fredrik Westin
Department of Radiology
Harvard Medical School, Brigham and Women’s Hospital
friman@bwh.harvard.edu, westin@bwh.harvard.edu

MS4

Overview of Higher Order PDEs in Image Process-
ing

Many problems in image processing require analysis and
manipulation of curvature and related information regard-
ing edges. This naturally leads to higher order PDEs for
applications ranging from denoising of piecewise linear sig-
nals to image inpainting. This talk will review some of the
recent work in this area along with some new methods for
inpainting of binary images and segmentation of objects
with sharp corners. Part of this work is joint with Marc
Droske, Selim Esedoglu, and Alan Gillette.

Andrea Bertozzi
UCLA Department of Mathematics
bertozzi@math.ucla.edu

MS4

Higher Order Corner-preserving Regularization of
Active Contours

Recently Tumblin and Turk have devised a fourth order im-
age restoration technique, that includes a coefficient which
depends on second derivatives of the the image and suc-
cessfully applied it to real images for contrast enhancement.
For image segmentation with active contours, we introduce
a curvature dependent, geometrically intrinsic regulariza-
tion scheme, which depends on the curvature of moving
contour, designed in such a way that corners are not pro-
hibited, which would be the case for classical regularization
schemes.

Marc Droske
University of California, Los Angeles
droske@math.ucla.edu

Andrea Bertozzi
UCLA Department of Mathematics
bertozzi@math.ucla.edu

MS4

A Curvature Depending Functional for Image Seg-
mentation with Occlusions and Transparencies

We consider a functional for image segmentation which
takes into account the occlusions and/or the transparen-
cies (or shadowing) between different shapes. The func-
tional includes a Mumford-Shah type energy and a term
involving the curvature of the contours. The functional
also depends on a function which represents an ordering
relation. The order is spatially local so that interwoven
shapes are allowed. The qualitative properties of the func-
tional are studied by using the relaxation method of the
Calculus of Variations. The relation with the Nitzberg-
Mumford-Shiota variational model is also discussed.

Riccardo March
Istituto per le Applicazioni del Calcolo, CNR
march@iac.rm.cnr.it

Giovanni Bellettini
Dipartimento di Matematica, Univ. Roma II
belletti@mat.uniroma2.it

MS4

Simultaneous Non-Smooth Convex Flow Estima-
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tion and Decomposition

For the analysis of non-rigid motions variational ap-
proaches that are well-posed through regularization but do
not penalize relevant flow structures are of interest. Ex-
tending Meyer’s structure/texture decomposition model to
vector fields we focus on the simultaneous optical flow esti-
mation and decomposition using higher-order regularizers.
Applying the mimetic finite difference method we discretize
the relevant differential operators while preserving the in-
tegral identities. Numerical experiments based on convex
second-order conic programming demonstrate the feasibil-
ity of our approach.

Gabriele Steidl
Institute of Mathematics und Computer Science
Universitaet Mannheim, Germany
steidl@math.uni-mannheim.de

Christian Schnoerr, Yuan Jing
University of Mannheim
schnoerr@uni-mannheim.de, yuanjing@uni-mannheim.de

MS5

A Computational Method for the Restoration of
Images With an Unknown, Spatially-Varying Blur

In many image restoration problems, the point spread func-
tion (PSF) is both unknown and spatially-varying. In this
talk, we present a computational method for use on such
problems. The method sections the image of interest into
sub-regions on which an accurate spatially-invariant ap-
proximation of the PSF can be obtained using phase diver-
sity. The image is then restored globally using a method for
the restoration of images with a known, spatially-varying
blur. Test results on star cluster data will be presented.

Johnathan M. Bardsley
University of Montana
bardsleyj@mso.umt.edu

MS5

Numerical Methods for Strongly Coupled Super
Resolution Problems

The process of combining, via mathematical software tools,
a set of low resolution images into a single high resolution
image is often referred to as super-resolution. Algorithms
for super-resolution involve two key steps: registration and
reconstruction. Most approaches proposed in the litera-
ture decouple these steps, solving each independently. This
can be effective if there are very simple, linear displace-
ments between the low resolution images. However, for
more complex, nonlinear, nonuniform transformations, es-
timating the displacements can be very difficult, leading to
severe inaccuracies in the reconstructed high resolution im-
age. This paper presents a mathematical framework and
optimization algorithms that can be used to jointly esti-
mate these quantities. Efficient implementation details are
considered, and numerical experiments are provided to il-
lustrate the effectiveness of our approach.

Eldad Haber
Emory University
Dept of Math and CS
haber@mathcs.emory.edu

MS5

A Multilevel Approach to Image Processing

We consider image reconstruction and restoration problems
modeled by a linear forward model resulting from the dis-
cretization of an integral equation. Our goal is to design
fast, preconditioned iterative regularization algorithms for
these problems that make use of implicit regularization at
coarser grid levels. In particular, unlike many successful
preconditioners for discrete ill-posed problems, these mul-
tilevel preconditioners have the benefit of being indepen-
dent of matrix structure. Numerical examples illustrate
the promise of this approach.

Misha E. Kilmer
Tufts University
misha.kilmer@tufts.edu

Malena I. Espanol
Department of Mathematics
Tufts University
malena.espanol@tufts.edu

MS5

Some Computational Issues in Spectral Imaging

Numerical unmixing algorithms for the characterization
of non-resolved objects from spectral image data mea-
surements from pixels are discussed. Spectral unmixing
is a challenging problem that entails the determination
of constituent distinct spectra (endmembers) as well as
their relative fractional abundances from spectral images
of an object. We pay especial attention to methods based
approximate nonnegative matrix factorizations (ANMF)
techniques. We show using numerical experiments that
ANMF combined with sensible penalty terms and initial-
izations can improve the quality of endmember determi-
nation and subsequent inverse computation of fractional
abundances.

Victor P. Pauca
Wake Forest University
paucavp@wfu.edu

Robert J. Plemmons
Wake Forest University - USA
plemmons@wfu.edu

MS6

Image Denoising via Sparse and Redundant Rep-
resentations over Learned Dictionaries

We address the image denoising problem, where zero-mean
white and homogeneous Gaussian additive noise is to be re-
moved from a given image. The approach taken is based on
sparse and redundant representations over trained dictio-
naries. Using the K-SVD algorithm, we obtain a dictionary
that describes the image content effectively. Two training
options are considered: using the corrupted image itself, or
training on a corpus of high-quality image database. Since
the K-SVD is limited in handling small image patches, we
extend its deployment to arbitrary image sizes by defining a
global image prior that forces sparsity over patches in every
location in the image. We show how such Bayesian treat-
ment leads to a simple and effective denoising algorithm.
This leads to state-of-the-art denoising performance, equiv-
alent and sometimes surpassing recently published leading
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alternative denoising methods.

Alfred M. Bruckstein
Computer Science Department
Technion IIT, Haifa, Israel
freddy@cs.technion.ac.il

Michal Aharon
The CS department
The Technion - Israel
michalo@cs.technion.ac.il

Michael Elad
Computer Science Department
Technion
elad@cs.Technion.AC.IL

MS6

Sparse Representations and Univariate and Multi-
variate Bayesian Restoration

This work is concerned with Bayesian denoising within
the context of sparse representations. A general univari-
ate bayesian prior model on the representation coefficients
is introduced and its properties are established. We prove
that such a prior is well adapted to capture sparsity of
the representations (leptokurticity and heavy tailness). We
also shed the light on the relationship between the hyperpa-
rameters of this prior and those of the Besov space within
which realizations of such a prior are likely to fall. Sev-
eral Bayesian estimators (conditional posterior mean and
maximum a posteriori) are also given. All these results are
extended to the multivariate case where dependency be-
tween neighbouring coefficients is imposed. Some special
cases of the general prior are finally considered and their
computational issues are solved.

Larbi Boubchir
GREYC CNRS UMR 6072
larbi@greyc.ensicaen.fr

Jalal Fadili
University of Caen, France
Jalal.Fadili@greyc.ensicaen.fr

MS6

Exploiting Sparsity-Based Modeling in Hyperspec-
tral Data Processing

Hyperspectral data processing has numerous applications
in agriculture, forestry, prospecting, hazardous material
identification and material mapping. A modern data set
contains data across a few hundred spectral bands, with
each individual band image consisting of more than a half
million pixel values (where each pixel has a spatial reso-
lution of at least a few square meters). A typical goal is
to exploit the high density of spectral sampling to identify
surface composition with subpixel accuracy. We discuss the
use of sparsity-based modeling and modifications of sparse
approximation techniques in denoising hyperspectral data
sets and estimating surface composition.

Vivek K. Goyal
Massachusetts Institute of Technology
Dept Electrical Engineering and Computer Science
vgoyal@MIT.EDU

Adam Zelinski
Dept. of Electrical Engineering and Computer Science

Massachusetts Institute of Technology
zelinski@mit.edu

MS6

Sparse Solutions of Underdetermined Linear Equa-
tions by Linear Programming

Consider an underdetermined system of linear equations
y = Ax with known y and d × n, matrix A with d = δn
for δ ∈ (0, 1). We seek the sparsest solution, i.e., the x
with fewest nonzeros satisfying y = Ax. In general this
problem is NP-hard. However, for many matrices A there
is a threshold phenomenon: if the sparsest solution is suf-
ficiently sparse, it can be found by linear programming.
Quantitative values for a strong and weak threshold will
be presented. The strong threshold guarantees the recov-
ery of the sparsest solution xo, whereas a weaker sparsity
constraint ensures the recovery of the sparsest solution for
most xo. These thresholds are surprisingly large, indicating
the utility of l1 convex relaxation in recovering the spars-
est solution. For instance, with aspect ratio n/d = 2 the
strong and weak thresholds are approximately .13d and
.55d respectively as n → ∞. Interesting properties used
in the proof of these results include the neighborliness of
polytopes in high dimensions.

David L. Donoho
The Stat. Department
Stanford University
donoho@stat.stanford.edu

Jared Tanner
Statistics
Stanford
tanner@math.utah.edu

MS7

Diffusion Coarse-Graining with Applications to
Texture Analysis

As mentioned in the previous talk, one can — using a
Markov random walk point of view — define a system of
coordinates with a metric that reflects the connectivity of
a data set. Here we describe how to coarse-grain the orig-
inal random walk while at the same time preserving most
of its spectral properties. This construction offers a sys-
tematic way of simultaneous parameterization, dimension
reduction and clustering of arbitrary data sets in high di-
mension using intrinsic geometries. Applications to texture
classification and analysis are presented.

Ann B. Lee
Department of Statistics
Carnegie Mellon University
annlee@stat.cmu.edu

MS7

Non-normalized Kernels for Extrinsic Geometry
Embedding

Popular dimensionality reduction schemes based on the
graph Laplacian only capture the intrinsic geometry of
data sets. Yet, for a particular class of applications relying
on the notion of shape, the extrinsic geometry is central
and must be preserved. In this talk, we move beyond the
diffusion framework by presenting a new data embedding
scheme based on non-normalized kernels. The representa-
tion that we obtain is density-invariant, hence responding
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to the concern of dealing with different samplings of the
same object. We demonstrate the effectiveness of our ap-
proach by applying it to curve retrieval.

Yosi Keller
applied math department, yale university
yosi.keller@yale.edu

MS7

Data Organization and Multisensor Integration Us-
ing Diffusion Techniques

In this talk, we present a unified framework for dimen-
sionality reduction based on the computation of diffusion
spectral coordinates. The diffusion embedding gives rise
to efficient data organization schemes that can be used
for improving clustering, classification and regression al-
gorithms. We also address the fundamental questions of
density-invariant representations of data, the out-of-sample
extension of the embeddings, and the integration of mul-
tiple streams of information into a unified representation.
Examples related to imaging and audio and visual pattern
recognition are presented.

Stéphane Lafon
Google Inc.
stephane.lafon@gmail.com

MS8

The Beltrami Framework in MR-DWI

The Magnetic Resonance Diffusion Weighted Imaging
(MR-DWI) is studied from the differential geometry point
of view. The imaging process as well as the regularization
and analysis are formulated via the Beltrami framework.
This study treats fiber tracking in the white matter in the
brain and is emploied in various segmentation and phe-
nomena separation tasks.

Nir Sochen
Department of Applied Mathematics
Tel Aviv University, Israel
sochen@math.tau.ac.il

Ofer Pasternak
Dept. of Computer Science
Tel-Aviv University
oferpas@post.tau.ac.il

MS8

von-Mises Mixtures for Representation of HARD-
MRI and its Segmentation

High angular resolution diffusion imaging (HARDI) per-
mits the computation of water molecule displacement prob-
abilities over a sphere of possible displacement directions.
This probability is often referred to as the orientation dis-
tribution function (ODF). In this paper we present a novel
model for the diffusion ODF namely, a mixture of von
Mises-Fisher (vMF) distributions. Our model is compact
in that it requires very few variables to model complicated
ODF patterns which occur specifically in the presence of
heterogeneous nerve fiber orientation. We also present a
Riemanian geometric framework for computing intrinsic
distances, in closed-form, and performing interpolation be-
tween ODFs represented by the vMF mixtures. As an ex-
ample, we apply the intrinsic distance within a fast active
contour implementation of the Mumford-Shah segmenta-

tion scheme. We present results of this segmentation for
HARDI images of rat spinal cords – which show distinct re-
gions within both the white and grey matter. It should be
noted that such a fine level of parcellation of the gray and
white matter can not be obtained either from contrast MRI
scans or Diffusion Tensor MRI scans. We validate the seg-
mentation algorithm by applying it to synthetic data sets
where we know the ground truth.

Baba C. Vemuri
Department of Computer & Information Science and
Engineering
University of Florida
vemuri@cise.ufl.edu

Timothy McGraw
West Virginia University
t.e.mcgraw@gmail.com

Thomas Mareci
University of Florida
thmareci@ufl.edu

MS8

Estimation of ADC Profiles from High Angular
Resolution Diffusion MRI

We will discuss the problem of the estimation of ADC
profiles from High Angular Resolution Diffusion Images
(HARDI) as well as the characterization of the diffusion
anisotropy using an information theoretic approach. We
show how to perform the simultaneous estimation and
smoothing of ADC profiles using spherical harmonic se-
ries. We also present a simplified model of approximation
for the ADC profiles in up to two fibers diffusion cases. We
finally propose a method to characterize the local diffusion
anisotropy using the cumulative residual entropy.

Yunmei Chen, Murali Rao
University of Florida
yun@math.ufl.edu, rao@math.ufl.edu

Weihong Guo
PHD student at Department of Math
University of Florida
guo@math.ufl.edu

Qingguo Zeng
PHD student at Department of Mathematics,
University of Florida
qingguo@math.ufl.edu

MS9

Image Inpainting using the Cahn-Hilliard Equation

The Cahn-Hilliard equation models the behavior of metal
alloys under heating. We use a modified version of the
Cahn-Hilliard equation to achieve digital inpainting of bi-
nary (two-state) images. Due to the varied numerical
schemes available for the Cahn-Hilliard equation, this tech-
nique for image inpainting is quite fast. Super-resolution
using this method will also be discussed.

Alan Gillette
University of California, Los Angeles
USA
mellowal@yahoo.com
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MS9

Higher Order Flows on Surfaces

We will examine recent methods for solving PDEs defined
on codimension-one surfaces in RN . By using geometric
tools from level set methods (see Sethian, 2000, or Osher
and Fedkiw, 2003), we compute PDEs on these curved do-
mains using only finite difference schemes and standard
Cartesian grids in the embedding space. In addition to be-
ing easy to implement, the methods are readily adaptable
to problems where the surface evolves by some external ve-
locity field. These methods suffer the disadvantage of being
defined on a larger domain – a small band around the curve
or surface. In addition, well-behaved PDEs like the heat
equation become degenerate diffusions when computed in
the ambient space. We will discuss current work in this
area, including an application of this method to fourth or-
der equations on surfaces. The Cahn-Hilliard equation and
a model for a thin film of fluid driven down a sphere by
gravity are among the examples discussed. We also present
a newer formulation of these level set methods that avoids
the degeneracy problems mentioned above.

Andrea Bertozzi
UCLA Department of Mathematics
bertozzi@math.ucla.edu

Guillermo Sapiro
University of Minnesota
guille@ece.umn.edu

John Greer
Courant Institute
New York, NY, USA
greer@courant.nyu.edu

MS9

Saddle Point Formulation for a Texture-noise De-
composition

We consider the decomposition of an image into a cartoon
and texture part introduced by Y. Meyer. The cartoon part
is found by minimizing the G-norm of the error with an
bounded variation regularization. We rephrase the prob-
lem as a saddle point formulation, which can be used for
numerical computation.

Stefan Kindermann
RICAM Institute, Linz
Austria
kindermann@indmath.uni-linz.ac.at

MS9

Feature Preserving level-set Surface Smoothing via
Anisotropic Diffusion of Normal Vectors

I will discuss a nonlinear energy for feature preserving
smoothing of surface normal vectors and how it can be
used in a level-set surface processing framework. A gradi-
ent descent on the proposed energy preserves sharp discon-
tinuities in the normals while removing noise, and it is a
natural generalization of edge-preserving methods in image
processing. This is combined with the minimization of a
second energy that measures differences between the level-
set surface normals and the denoised surface normals from
the first energy. Our approach results in a system of two
second-order partial differential equations that provide a
computationally cheaper approach to higher-order energy

minimization.

Tolga Tasdizen

Scientific computing and imaging institute (SCI)
Salt Lake City, Utah, USA
tolga@sci.utah.edu

MS10

Graph Cut Energy Minimization Methods for
Computer Vision and Medical Imaging

See minitutorial abstract.

Ramin Zabih
Cornell University
rdz@cs.cornell.edu

Ashish Raj
UC San Francisco
ashish@itsa.ucsf.edu

MS11

An Adaptive Computational Strategy for Optimal
Sparse Signal Approximation

Sparse approximation using redundant signal dictionaries
has the reputation of being a computationally intensive, al-
most intractable task. Yet, algorithms as simple as thresh-
olding sometimes provide solutions that are surprisingly
close to those obtained with more time hungry techniques
such as Matching Pursuit, Basis Pursuit or FOCUSS. We
propose an adaptive computational strategy to compute,
with as simple techniques as possible, nearly as good sparse
approximations as with substantially more complex ones.
The strategy is based on a low cost a priori prediction of
the behaviour of complex algorithms which serves as an a
posteriori test of the “success” of simple algorithms. We
will discuss the tradeoff between the accuracy and the com-
putational cost of the test with numerical examples, and
provide simple tests for the thresholding, Matching Pur-
suit and Basis Pursuit algorithms. Preliminary proposals
for FOCUSS type algorithms will also be discussed. The
proposed tests – which rely on combined properties of the
signal dictionary and the computed sparse approximation
– are more accurate and only slightly more complex than
known tests based on the (cumulative) coherence of the
dictionary and the number of terms of the sparse approx-
imation. To our knowledge, our results tests also provide,
for the first time, practical tools that are applicable in real
settings, for many standard dictionaries that are not nec-
essarily “quasi-incoherent” such as the union of Gabor and
wavelet systems.

M. Nielsen
Math Department
University of Aalborg, Denmark
mnielsen@math.aau.dk

P. Vandergheynst
EPFL, Lausanne, Switzerland
pierre.vandergheynst@epfl.ch

Remi Gribonval
INRIA - France
Remi.Gribonval@irisa.fr

MS11

Super-Gaussian Latent Variable Models for SBL
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and ICA

We present a unifying theoretical framework of the model
y=Ax+e with strongly super-gaussian mixture source den-
sities having multiple peaked modes or heavy tails. The
framework allows the development of provably convergent
generalized expectation maximization (GEM)-like estima-
tion algorithms for a large class of parametric statistical
signal models arising in problems of sparse Bayesian Learn-
ing (SBL) and independent component analysis (ICA).

Jason Palmer
ECE Dept. & Swartz Center for Computational
Neuroscience
University of California, San Diego
japalmer@ucsd.edu

Scott Makeig
Swartz Center for Computational Neuroscience
University of California, San Diego
scott@sccn.ucsd.edu

Kenneth Kreutz-Delgado
ECE department - UCSD
kreutz@ece.ucsd.edu

MS11

Robust Signal Recovery from Incomplete Observa-
tions

Recently, a series of exciting results have shown that it is
possible to reconstruct a sparse signal exactly from a very
limited number of linear measurements. If our underlying
signal f can be written as a superposition of M elements
from a known basis, it is possible to recover f from a pro-
jection onto a generic subspace of dimension about M log
N. We will show that the recovery is robust. That is, if
the measurements are perturbed, the reconstruction is still
stable. We will discuss the implications of this results for
applications such as signal compression and tomographic
imaging.

Emmanuel Candes
California Institute of Technology
Applied & Computational Mathematics Dept
emmanuel@acm.caltech.edu

Justin Robmerg
Applied Math.
Caltech
jrom@acm.caltech.edu

MS11

On the Lebesgue Type Inequalities for Greedy Ap-
proximation

We study the efficiency of greedy algorithms with regard to
redundant dictionaries in Hilbert spaces. We obtain upper
estimates for the errors of the Pure Greedy Algorithm and
the Orthogonal Greedy Algorithm in terms of the best m-
term approximations. We call such estimates the Lebesgue
type inequalities. We prove the Lebesgue type inequalities
for dictionaries with special structure. We assume that the
dictionary has a property of mutual incoherence (the co-
herence parameter of the dictionary is small). We develop
a new technique that, in particular, allowed us to get rid
of an extra factor m1/2 in the Lebesgue type inequality for

the Orthogonal Greedy Algorithm.

David L. Donoho
The Stat. Department
Stanford University
donoho@stat.stanford.edu

Vladimir Temlyakov
Department of Mathematics
University of South Carolina
temlyak@math.sc.edu

Michael Elad
Computer Science Department
Technion
elad@cs.Technion.AC.IL

MS12

Surfacelets: Exploring Higher Dimensions with
Fewer Tears

With the growing capabilities of modern computers and
imaging devices, high-resolution 3-D and even higher di-
mensional volumetric data are increasingly available in a
wide gamut of applications, including biomedical imaging,
extragalactic astronomy, computer vision, and video pro-
cessing and compression. To efficiently analyze and make
sense of such huge amount of data, we need to create and
employ new tools from various fields of engineering, in-
cluding signal processing. In this talk, we will introduce
a new signal representation, called surfacelets, that can be
used to capture and represent signal singularities lying on
smooth manifolds of co-dimension 1 (e.g. surfaces in R3).
Such singularities are often observed in 3-D medical signals
and image sequences (video), where the signals are mostly
smooth except on some boundary surfaces. The proposed
surfacelets constitute a tight frame, and can be efficiently
implemented by a tree-structured filter bank with low re-
dundancy. In the talk, we will also show a few potential
applications of the surfacelets, including denoising on 3-D
medical data and video sequences.

Yue Lu, Minh N. Do
University of Illinois at Urbana-Champaign
Department of Electrical and Computer Engineering
yuelu@uiuc.edu, minhdo@uiuc.edu

MS12

Multiscale Geometry for Images and Textures

The geometry of images is multiscale, because edges of nat-
ural images are often blurry, and textures contain a broad
range of geometric structures. We handle this geometry us-
ing a multiscale geometric association field over the wavelet
domain. This scheme is discrete, can be orthogonal or re-
dundant, and leads a description of the geometric content
of an image in a multiscale fashion. We apply these new
tools to image compression, and to the statistic modelling
of turbulent textures.

Gabriel Peyré
CMAP, Ecole Polytechnique
gabriel.peyre@polytechnique.fr

MS12

Source Separation by Morphological Diversity

We describe two extensions of the recent Morphologi-
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cal Component Analysis (MCA) method to multichannel
data. MCA takes advantage of the sparse representation
of structured data in large overcomplete dictionaries to
separate features in the data based on their morphology.
It was shown to be an efficient technique in such prob-
lems as separating an image into texture and piecewise
smooth parts or for inpainting applications. A first exten-
sion, MMCA, achieves a similar source separation objec-
tive based on morphological diversity. A second extension,
GMCA, takes advantage of the highly sparse representa-
tions of the sources that can be built using MCA. Indeed,
parsity is now generally recognized as a valuable property
for blind source separation. The efficiency of MMCA and
GMCA is confirmed in numerical experiments.

Jean-Luc Starck
DAPNIA/SEDI-SAP
CEA-Saclay
jstarck@cea.fr

Jalal Fadili
University of Caen, France
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Computer Science Department
Technion
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MS12

Random Projections of Signal Manifolds

Random projections have recently found a surprising niche
in signal processing. The key revelation is that the relevant
structure in a signal can be preserved when that signal is
projected onto a small number of random basis functions.
Recent work has exploited this fact under the rubric of
Compressed Sensing (CS): signals that are sparse in some
basis can be recovered from small numbers of random lin-
ear projections. In many cases, however, we may have a
more specific low-dimensional model for signals in which
the signal class forms a nonlinear manifold in RN . This
paper provides preliminary theoretical and experimental
evidence that manifold-based signal structure can be pre-
served using small numbers of random projections. The
key theoretical motivation comes from Whitney’s Embed-
ding Theorem, which states that a K-dimensional manifold
can be embedded in R2K+1. We examine the potential ap-
plications of this fact. In particular, we consider the task
of recovering a manifold-modeled signal from a small num-
ber of random projections. Thanks to our (more specific)
model, the ability to recover the signal can be far superior
to existing techniques in CS.

Michael B. Wakin
ECE Department
Rice University
wakin@rice.edu

Richard G. Baraniuk
Rice University

Electrical and Computer Engineering Department
richb@rice.edu

MS12

The Wave Atom Basis and its Numerical Imple-
mentation

We introduce the orthonormal basis of wave atoms. Being
a close relative to the curvelet frame, the wave atom basis
obeys a similar parabolic scaling, namely the wavelength
of a wave atom is roughly equal to the square of its side
length. As a result, each wave atom can be viewed as a
stack of curvelets at the same scale and this new orthonor-
mal basis enjoys many useful properties of the curvelet
frame. Our construction is a non-standard 2D extension
of the recent work of L. Villemoes on wave packets with
uniform time-frequency localization. Our numerical imple-
mentation, which uses a ‘wrapping’ technique to compute
the decimated coefficients, is highly efficient and preserves
orthonormality up to machine accuracy. We will briefly
discuss the application of the wave atom basis in numer-
ical computation. This is a joint work with L. Demanet
and E. Candes.

Lexing Ying
California Institute of Technology
lexing@acm.caltech.edu

MS13

Limited Data x-ray Tomography Using Nonlinear
Evolution Equations

A novel approach to the X-ray tomography problem with
sparse projection data is proposed. Non-negativity of the
X-ray attenuation coefficient is enforced by modelling it as
max{Φ(x), 0} where Φ is a smooth function. The function
Φ is computed as the equilibrium solution of a nonlinear
evolution equation analogous to the equations used in level
set methods. The reconstruction algorithm is applied to (a)
simulated full angle projection data of the Shepp-Logan
phantom with sparse angular sampling and (b) measured
limited angle projection data of in vitro dental specimens.
The results are significantly better than those given by tra-
ditional backprojection-based approaches.

Ville P. Kolehmainen
Department of Applied Physics
University of Kuopio
Ville.Kolehmainen@uku.fi

MS13

Thermoacoustic Tomography - Reconstruction of
Data Measured under Clinical Constraints

Thermoacoustic tomography (TCT) is a hybrid imaging
technique proposed as an alternative to xray mammogra-
phy. Ideally, electromagnetic energy is deposited into the
breast tissue uniformly in space, but impulsively in time,
heating tissue and causing thermal expansion. Cancerous
masses absorb more energy than healthy tissue, creating
a pressure wave, which is detected by standard ultrasound
transducers. Idealized TCT data represents integrals of the
tissue’s EM absorptivity over spheres centered about the
receivers.

Sarah K. Patch
Department of Physics
UW-Milwaukee
patchs@uwm.edu
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MS13

Wavelet-based Reconstruction for Limited-angle
X-ray Tomography

The aim of X-ray tomography is to reconstruct an unknown
physical body from a collection of projection images. When
the projection images are only available from a limited an-
gle of view, the reconstruction problem is a severely ill-
posed inverse problem. Statistical inversion allows stable
solution of the limited-angle tomography problem by com-
plementing the measurement data by a priori information.
In this work, the unknown attenuation distribution inside
the body is represented as a wavelet expansion, and a Besov
space prior distribution together with positivity constraint
is used. The wavelet expansion is thresholded before re-
construction to reduce the dimension of the computational
problem. Feasibility of the method is demonstrated by nu-
merical examples using in vitro data from dental radiology.

Maaria Rantala
Palodex Group
Finland
maaria.rantala@iki.fi

MS13

D-bar Reconstruction Method for Electrical
Impedance Tomography

In electrical impedance tomography (EIT) one applies a
set of electric voltage distributions at the boundary of an
unknown physical body, measures the resulting currents
through the boundary and reconstructs electric conductiv-
ity inside the body. A regularized reconstruction method
for two-dimensional EIT is presented and applied to mea-
sured data. The method is based on the dbar method first
introduced for 2D EIT by A. Nachman.

Samuli Siltanen
Tampere University of Technology
samuli.siltanen@tut.fi

Jennifer L. Mueller
Colorado State University
Dept of Mathematics
mueller@math.colostate.edu

MS14

The Geometry of Higher-order Flows in Imaging

In this talk we discuss the formulation of higher-order flows
in imaging as gradient flows in metric spaces and similar
structures. This allows to gain new insight into the dissipa-
tion and convergence properties of the flow, as well as their
multiscale nature. For flows that can be set up in Banach
spaces, one can also derive a dual flow, which allows to
reveal hidden structures of the flow such as segmentation
properties (since the dual variables are often edge detec-
tors).

Martin Burger
Industrial Mathematics Institute
JK University Linz
martin.burger@jku.at

MS14

Threshold Dynamics for Shape Reconstruction and

Disocclusion

Not available at time of publication.

Selim Esedoglu
Department of Mathematics
University of Michigan
esedoglu@umich.edu

MS14

On the Use of Ginzburg Landau Models in Image
Processing and Computer Vision

Models based on the superconduction theory of Ginzburg
and Landau have recently arisen some interest in the im-
age processing and computer vision community. On its
basis algorithms haven been invented for inpainting, de-
noising, segmentation, image sharpening and singularity
detection, with this list being all but complete. Further, we
have successfully used a Ginzburg-Landau energy for the
regularization of ill-posed inverse problems. We will give
a short introduction to the Ginzburg-Landau model and
highlights some of its applications. We will also comment
on numerical aspects of the implementation of Ginzburg-
Landau based algorithms.

Harald Grossauer
Institute of Computer Science
University of Innsbruck, Austria
Harald.Grossauer@uibk.ac.at

MS14

Anisotropic Geometric Gradient Flows in Image
Processing

For denoising, inpainting or restoration of images, we have
exploited numerical methods relying on morphological im-
age paradigms. This requires a two step procedure. First
we locally classify the level sets and their singular surface
structures (corners and egdes) via a local description of sur-
face shapes by Wulff shapes. Then we drive an anisotropic
level set evolution to process the image morphology. We
proposed a novel concept of shape prior for the segmenta-
tion and fairing of 3D MRA data.
Furthermore, we apply anisotropic mean curvature motion
and anisotropic Willmore flow for a truly co-dimension 2
edge enhancing image denoising and restoration.

Martin Rumpf
Rheinische Friedrich-Wilhelms-Universität Bonn
martin.rumpf@ins.uni-bonn.de

Oliver Nemitz
Institute of Numerical Simulation
University of Bonn, Germany
oliver.nemitz@ins.uni-bonn.de

MS15

A New Algorithm Approximating the Differential
Equations of Dilation and Erosion

We consider a new algorithm for the approximation of the
differential equations of morphological dilation / erosion.
The proposed method is a compressive flux corrected trans-
port method. The transport mechanism of dilation / ero-
sion is realised numerically by a diffusive basis scheme, and
afterwards the numerical diffusion is annihilated by a dis-
crete stabilised reverse diffusion process. The method not
only yields a very sharp resolution of edges, it is also mathe-
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matically validated in terms of a multidimensional discrete
minimum-maximum-principle.

Michael Breuss
TU Braunschweig
m.breuss@tu-bs.de

Joachim Weickert
Mathematical Image Analysis Group
Saarland University
weickert@mia.uni-saarland.de

MS15

Image Registration on OcTrees

n this talk we concentrate on efficient methods for image
registration that work on an OcTree structure. We will
show that the complexity of the problem can be signifi-
cantly reduced and that efficient algorithms can be devel-
oped using such structures.

Eldad Haber
Emory University
Dept of Math and CS
haber@mathcs.emory.edu

Stefan Heldman
Emory University
heldman@mathcs.emory.edu

MS15

A Combined Variational Approach to Homogeniza-
tion and Registration

In addition to the correction of distortion, some registra-
tion problems also require a compensation of grayscale vari-
ations. A typical example is the registration of a histolog-
ical serial sectioning. We propose a registration approach
which allows for an automatic correction of grayscale inho-
mogeneities. This variational based approach is attractive
for grayscale compensation in a variety of applications, in-
cluding histological serial sectioning (staining), optical flow
(illumination), ans digital radiography (attenuation).

Stefan Wirtz
University of Luebeck
Institute of Mathematics
wirtz@math.uni-luebeck.de

Jan Modersitzki
Luebeck University
modersitzki@math.uni-luebeck.de

MS15

De-speckling of Medical Ultrasound Images

Speckle noise is an inherent property of medical ultrasound
imaging, and it generally tends to reduce the image resolu-
tion and contrast, thereby reducing the diagnostic value of
this imaging modality. As a result, speckle reduction an im-
portant prerequisite, whenever ultrasound is employed for
tissue characterization. Among the many methods which
have been proposed to perform this task, there exists a
class of approaches that utilize a multiplicative model of
speckled image formation and take advantage of the loga-
rithmical transformation in order to convert multiplicative
speckle noise into additive noise. The present study shows
conceptually and experimentally that assuming the latter

to be a white Gaussian noise as it is done in a domi-
nant number of cases is an oversimplified and unnatural
assumption which may lead to inadequate performance of
the filtering methods used to suppress the noise. The study
introduces a simple preprocessing procedure, which modi-
fies the acquired radio-frequency images (without altering
the anatomical information they bear), so that the noise
in the domain of the logarithmic transformation becomes
very close in its behavior to white Gaussian noise. It al-
lows filtering methods based on assuming the noise to be
white and Gaussian, to perform in nearly optimal condi-
tions. The study evaluates performances of three different
non-linear filters wavelet de-noising, total variation filter-
ing, and anisotropic diffusion and demonstrates that in all
these cases, the modified processing results in a dramatic
improvement in the quality of resultant images. Our nu-
merical tests include a series of computer-simulated and in
vivo experiments.

Allen R. Tannenbaum
Georgia Institute of Technolog
Department of Electrical and Computer Engineering
tannenba@ece.gatech.edu

Oleg Michailovich
GA Tech
oleg@ece.gatech.edu

MS16

Compressive Imaging: A New Framework for Com-
putational Image Processing

Imaging sensors, hardware, and algorithms are under in-
creasing pressure to accommodate ever larger and higher-
dimensional data sets; ever faster capture, sampling, and
processing rates; ever lower power consumption; commu-
nication over ever more difficult channels; and radically
new sensing modalities. Fortunately, over the past few
decades, there has been an enormous increase in computa-
tional power and data storage capacity, which provides a
new angle to tackle these challenges. We could be on the
verge of moving from a ”digital signal processing” (DSP)
paradigm, where analog signals (including light fields) are
sampled periodically to create their digital counterparts for
processing, to a ”computational signal processing” (CSP)
paradigm, where analog signals are converted directly to
any of a number of intermediate, ”condensed” represen-
tations for processing using optimization techniques. At
the foundation of CSP lie new uncertainty principles that
generalize Heisenberg’s between the time and frequency do-
mains and the concept of compressibility. As an example
of CSP, we overview ”Compressive Imaging”, an emerging
field based on the revelation that a small number of linear
projections of a compressible image contain enough infor-
mation for image reconstruction and processing. The im-
plications of compressive imaging are promising for many
applications and enable the design of new kinds of imaging
systems and cameras.

Michael B. Wakin
ECE Department
Rice University
wakin@rice.edu

Richard G. Baraniuk
Rice University
Electrical and Computer Engineering Department
richb@rice.edu
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Marco Duarte, Dror Baron
Rice University
duarte@ece.rice.edu, drorb@rice.edu

MS16

Highly Efficient Algorithms for Signal Recovery

I will provide an overview of several recent highly efficient
algorithms for signal reconstruction and information recov-
ery.

Martin J. Strauss
Depts. of Mathematics and EECS
University of Michigan
martinjs@umich.edu

Anna Gilbert
Department of Mathematics
University of Michigan
annacg@umich.edu

Joel Tropp
Dept. of Mathematics
University of Michigan
jtropp@umich.edu

MS16

Large-scale Convex Optimization and Sparse Re-
covery

L1 minimization has proven to be an extremely effective
way to recover sparse signals from undersampled measure-
ments. We will discuss some of the computational chal-
lenges in solving these programs for large signals (e.g. im-
ages with millions of pixels).

Justin Romberg
Applied and Computational Mathematics
Caltech
jrom@acm.caltech.edu

MS16

Recent Algorithmic Advances in Sparse Signal Re-
covery

We discuss recent algorithmic advances in sparse signal re-
covery.

Martin J. Strauss
Depts. of Mathematics and EECS
University of Michigan
martinjs@umich.edu

MS17

Methodololgy of Partial Inverse Problems in the
Context of Biomedical Imaging

So-called non-stationary inverse problems arise in several
biomedical imaging applications, including impedance to-
mography, perfusion imaging, and inverse electrocardiog-
raphy. These are actually elementary instances of partial
inverse problems, which are characterized by a source func-
tion to be determined that is subject to component opera-
tors that individually do not address all of the source vari-
ables. A recently derived theoretically favored approach
for regularization of such problems will be described and

contrasted with traditional ad hoc methodologies.

Fred Greensite
University of California, Irvine
Dept. of Radiological Sciences
fredg@uci.edu

MS17

Electrical Source Imaging of Neural and Cardiac
Activation

Bioelectrical activity is distributed in the three physical di-
mensions and evolves in time. It is of importance to image
bioelectrical activity with high resolution in both the space
and time domain. In this presentation, we will discuss elec-
trical source imaging as applied to estimate dynamic elec-
trical sources associated with brain and cardiac activation
from noninvasive EEG/ECG. We will review the state of
art of electrical source imaging, and our recent development
and validation studies in electrophysiological neuroimaging
and cardiac imaging.

Bin He
Department of Biomedical Engineering
University of Minnesota
binhe@umn.edu

MS17

Accurate Image Reconstruction from Highly
Sparse Data

In various imaging applications, because of practical con-
straints, one may encounter issues reconstructing accurate
images of limited data. In this work, we will consider
limited-data problems that occur in tomographic imaging
by presenting a new, total-variation (TV)-based algorithm
for image reconstruction from limited divergent-beam pro-
jection data. We also compare the result of our TV-based
algorithm with those obtained with the widely used EM
and ART algorithms.

Xiaochuan Pan
The University of Chicago
Department of Radiology
xpan@uchicago.edu

MS17

Local Basis Function Expansions for the
MEG/EEG Inverse Problem

The magneto/electro-encephalography (MEG/EEG) in-
verse problem is reformulated using a local basis function
expansion by segmenting the cortical surface into a set of
overlapping patches and describing each using a small num-
ber of basis functions. The basis functions for each patch
are designed to minimize the average representation error.
The local basis function expansion approach improves com-
putational tractability and performance by significantly re-
ducing the number of free parameters and parsimoniously
modeling realistic cortical activity patterns.

Barry Van Veen, Tulaya Limpiti, Andrew Bolstad, Rob
Nowak
Department of Electrical and Computer Engineering
University of Wisconsin-Madison
vanveen@engr.wisc.edu, tlimpiti@wisc.edu,
akbolstad@wisc.edu, nowak@ece.wisc.edu

Ron Wakai
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Department of Medical Physics
University of Wisconsin-Madison
rtwakai@wisc.edu

MS18

Multimodal Image Registration Based on General-
ized Morphology

Multimodal image registration significantly benefits from
previous denoising and structure segmentation and vice
versa. A variational approach is presented, which com-
bines the detection of corresponding edges, an edge pre-
serving denoising and the morphological registration via a
non-rigid deformation for a pair of images with structural
correspondence. The morphology of an image function is
split into a singular part consisting of the edge set and a
regular part represented by the field of normals on the en-
semble of level sets while the deformation itself is regular-
ized by nonlinear elasticity techniques. Numerical experi-
ments underline the robustness of the presented approach
and show applications on medical images.

Martin Rumpf
Rheinische Friedrich-Wilhelms-Universität Bonn
martin.rumpf@ins.uni-bonn.de

Marc Droske
Department of Mathematics
UCLA
droske@math.ucla.edu

Wolfgang Ring
University of Graz
wolfgang.ring@uni-graz.at

MS18

Enforcing Local Shape Priors for Brain Segmenta-
tion

This paper presents a segmentation algorithm incorpo-
rating local shape priors. A shape representation based
on integral kernels is introduced and ”meaningful” corre-
spondences are established in a variational framework by
the construction of diffeomorphisms. The diffeomorphisms
lead to build shape priors that allows enforcing local shape
information of region boundaries in the segmentation. The
shape descriptor is robust to noise and forms a scale-space
in which an appropriate scale can be chosen depending on
the size of features of interest. The segmentation algo-
rithm is presented in a variational framework incorporat-
ing shape energy preserving local shapes in the procedure
of the matching.

Luminita A. Vese
University of California, Los Angeles
Department of Mathematics
lvese@math.ucla.edu

Byung-Woo Hong
UCLA
hong@CS.UCLA.EDU

Soatto Stefano, Prados Emmanuel
Computer Science Department
UCLA
soatto@cs.ucla.edu, eprados@cs.ucla.edu

MS18

Simultaneous Surface and Volume Registration Us-
ing 2D and 3D Mappings

Harmonic and linear elastic maps between two Riemannian
manifolds, and their p-harmonic generalizations, are pow-
erful tools for the analysis of biomedical images. Their low
computational complexity and their tendency to be bijec-
tive in practical applications makes these maps particularly
attractive for the registration of both surface and volumet-
ric images. In this talk we review the underlying theoretical
and practical aspects of these mappings and present a new
method which combines volumetric registration with sur-
face registration to ensure that volumes are registered sub-
ject to the constraint that surface features are also aligned.
We demonstrate this approach in application to coregistra-
tion of brain volumes such that the sulcal features on the
cortical surface are also aligned.

David Shattuck
CCB
UCLA
shattuck@loni.ucla.edu

Richard Leahy
USC
leahy@usc.edu

Paul M. Thompson
Department of Neurology
UCLA School of Medicine
thompson@loni.ucla.edu

Anand Joshi
USC
ajoshi@sipi.USC.edu

MS18

Brain Matching via Minimizing Lipschitz Exten-
sions

Based on the notion Minimizing Lipschitz Extensions and
its connection with the infinity Laplacian, a computational
framework for surface warping and in particular brain
warping (the nonlinear registration of brain imaging data)
is presented in this paper. The basic concept is to com-
pute a map between surfaces that minimizes a distortion
measure based on geodesic distances while respecting the
boundary conditions provided. In particular, the global
Lipschitz constant of the map is minimized. This frame-
work allows generic boundary conditions to be applied and
allows direct surface-to-surface warping. It avoids the need
for intermediate maps that flatten the surface onto the
plane or sphere, as is commonly done in the literature on
surface-based non-rigid brain image registration. The pre-
sentation of the framework is complemented with examples
on synthetic geometric phantoms and cortical surfaces ex-
tracted from human brain MRI scans.

Paul M. Thompson
Department of Neurology
UCLA School of Medicine
thompson@loni.ucla.edu

Facundo Memoli, Guillermo Sapiro
University of Minnesota
memoli@math.stanford.edu, guille@ece.umn.edu
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MS19

Lenslet and Photoreceptor Array Acquired Image
Superresolution

The objective is to contribute towards the design of end-
to-end optimized optical-digital high-resolution (HR), large
field-of-view (FOV), miniaturized cameras that is a topic
of intense current research interest because of surveillance
needs and for development of future generations of mobile
phones and computers. Digital HR algorithms recently de-
veloped will be summarized and preliminary results on the
lenslet-photoreceptor array plexus for attaining large FOV
will be discussed.

Nirmal Bose
Electrical Engineering
Penn State University
nkb@stspbkn.ee.psu.edu

Nilesh Ahuja
Electrical Engineering
Pennsylvania State University
naa136@psu.edu

MS19

Image Registration

Image registration refers to finding a mapping between two
images based on intensity differences. This ill-posed prob-
lem is often regularized by an elastic strain energy. We
present an optimal control formulation of the problem in
which the L2 misfit between images is constrained by elas-
ticity equations, and the control variable is the body force.
This permits anisotropic, heterogeneous regularization of
the control, thereby better addressing the null space of the
misfit functional. Applications to cardiac MRI images are
presented.

Volkan Akcelik
Stanford Linear Accelerator Center
na

Sudhir Pathak
Carnegie Mellon University
skpathak@andrew.cmu.edu

Omar Ghattas
University of Texas at Austin
omar@ices.utexas.edu

MS19

Gabor Methods in Seismic Imaging

The Gabor transform, a sampled version of the short time
Fourier transform, forms the basis of our nonstationary
deconvolution technique for seismic signals. A recording
of seismic waves co-mingles reflectivity data of geological
structures in the earth with spectral data of the seismic
source (typically, a dynamite blast). Deconvolution re-
moves the source signiture blurring, leaving a sharper im-
age of the migrated reflectivity data. Operating in the
Gabor domain allows us to correctly model the physics of
time-variant source signature changes. Our Gabor decon-
volution is a nonstationary extension of Wiener deconvo-
lution, which has proven to be competitive with industry
standard TVSW decon.

Michael P. Lamoureux, Gary Margrave
University of Calgary

mikel@math.ucalgary.ca, margrave@ucalgary.ca

MS19

Regularization and Prior Error Distributions in Ill-
posed Problems

In this work we given an alternative, stochastic view of
Tikhonov regularization. Tikhonov regularization is a com-
mon approach to finding parameter estimates for image
restoration that minimizes data errors in a weighted least
squares sense when the problem is ill-conditioned. A regu-
larization term is added to the minimization problem but
rather than view it as regularization, we view the process as
minimizing weighted errors in initial parameter estimates.
Thus when we regularize we are actually minimizing initial
parameter estimate errors in addition to data errors. If
parameters and data are thought of as random variables,
then a priori information about their errors can be used
as weights in the minimization. We will assume that a
priori information about data errors are known and give
a condition through which a priori information about ini-
tial parameter estimates can be inferred. This allows us
to improve parameter estimates and give estimates of their
uncertainty.

Jodi Mead
Department of Mathematics
Boise State University
mead@math.boisestate.edu

MS19

Image Restoration and Feature Extraction: Signif-
icance and Overview

Stable extraction of information from Positron Emission
Tomographic brain images is required for improved un-
derstanding and comparison of brain decline during aging,
mild cognitive impairment and Alzheimer’s Disease. We
illustrate how sophisticated total variation deblurring of
PET images improves image registration in longitudinal
PET studies, and wavelet decomposition provides detail of
functional change. Combination of novel approaches thus
serves to enhance capabilities for sensitive drug studies.

Wolfgang Stefan
Department Of Mathematics
Arizona State University
stefan@mathpost.la.asu.edu

Haewon Nam
Department of Mathematics
Arizona State University
nam@math.asu.edu

Kewei Chen
BAnner Health PET Center
Phoenix
kchen@math.asu.edu

Rosemary A. Renaut
Arizona State University
Department of Mathematics
renaut@asu.edu

MS20

Some New Results and Examples about TV Mini-
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mizers

Suppose f is a minimizer for a functional of the type intro-
duced by Rudin, Osher and Fatemi or Chan and Esedoglu.
Such f may be thought of a denoisings of some source im-
age s, although they have other interesting interpretations
as well. We will show that the sets {f ≥ y}, −∞ < y < ∞,
satisfy an auxiliary variational problem depending on y.
We will also give some new and interesting examples of
minimizers.

William Allard
Duke University
Department of Mathematics
wka@math.duke.edu

MS20

SOCP Methods for Solving Hard Total Variation
Regularization Models

Not available at time of publication.

Donald Goldfarb
Department of Industrial Engineering and Operations
Research
Columbia University
gold@ieor.columbia.edu

MS20

Bregman Iteration and Inverse Scale Space for
Wavelet Soft Thresholding

We generalize the iterated refinement and nonlinear inverse
scale space ideas to wavelet shrinkage and denoising. We
obtain the surprising result that soft thresholding iterates
to hard thresholding and this iterative procedure improves
the results in the sense of Bregman distance.

Stanley J. Osher
University of California
Department of Mathematics
sjo@math.ucla.edu

MS21

A Single Pixel Camera Based on Compressed Sens-
ing

Digital micromirror devices have proven to be a commer-
cially viable MEMs technology for the video/projector dis-
play market. Inspired by the success of this technology,
we have combined a microcontrolled mirror with a single
optical sensor so that it additionally acquire images, rather
than merely adapt current camera technology to serve as
an optical sensor. In this project, we have developed a
practical image/video camera based on this concept and
realized it through the use of compressed sensing. Our de-
sign has additional desirable properties including scalable
output bit stream, variable image resolutions and video
frame rates. We will also discuss the generalization of com-
pressed sensing as a way of image formation for other single
detector systems.

Kevin Kelly
Electrical and Computer Engineering Department
Rice University
kkelly@rice.edu

MS21

Compressive Sampling vs. Conventional Imaging

Compressive sampling (CS), or “Compressed Sensing”, has
recently generated a tremendous amount of excitement in
the image processing community. CS involves taking a rel-
atively small number of non-traditional samples in the form
of randomized projections that are capable of capturing the
most salient information in an image. If the image being
sampled is compressible in a certain basis (e.g., wavelet),
then under noiseless conditions the image can be much
more accurately recovered from random projections than
from conventional imaging (point samples or low frequency
projections). However, the performance of CS can degrade
markedly in the presence of noise and consequently in real-
istic imaging problems the advantages of CS are less clear.
We compare CS to conventional imaging methods in the
presence of noise by considering a canonical class of piece-
wise smooth images (images that are twice-continuously
differentiable except along boundaries/edges that are twice
continuously differentiable curves). It is shown that for this
class of images, CS coupled with wavelet-based reconstruc-
tion offers no advantage over conventional imaging, de-
spite the fact that piecewise smooth images are compress-
ible using wavelets. However, CS combined with curvelet-
based reconstruction can outperform conventional imaging
methods in such cases. This is possible because piecewise
smooth images are highly compressible using curvelets.
Our general conclusion is that CS can be advantageous in
practical (noisy) imaging problems if the underlying image
is highly compressible.

Robert Nowak
Electrical and Computer Engineering
University of Wisconsin
nowak@eceserv0.ece.wisc.edu

MS21

Sampling Moments and Reconstructing Signals
with Finite Rate of Innovation: Shannon meets
Strang-Fix

Consider the problem of sampling signals which are not
bandlimited, but still have a finite number of degrees of
freedom per unit of time, such as, for example, piecewise
polynomial or piecewise sinusoidal signals, and call the
number of degrees of freedom per unit of time the rate
of innovation. Classical sampling theory does not enable
a perfect reconstruction of such signals since the band is
not limited. Recently, it was shown that by using an ade-
quate sampling kernel and a sampling rate greater or equal
to the rate of innovation, it is possible to uniquely recon-
struct such signals. These sampling schemes, however, use
kernels with infinite support and this leads to complex and
unstable reconstruction algorithms. In this talk, we show
that many signals with finite rate of innovation can be sam-
pled and perfectly reconstructed using kernels of compact
support and a local reconstruction algorithm. The class of
kernels that we can use is very rich and includes functions
satisfying Strang-Fix conditions, Exponential Splines and
functions with rational Fourier transforms. Our sampling
schemes can be used for either 1-D or 2-D signals with finite
rate of innovation.

Pancham Shukla, P. L. Dragotti
Imperial College London
p.shukla@imperial.ac.uk, p.dragotti@imperial.ac.uk

M. Vetterli, T. Blu
Ecole Polytechnique Fédérale de Lausanne
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martin@lcavsun1.epfl.ch, thierry.blu@epfl.ch

MS22

Quantitative Analysis Improvement in Optical Co-
herence Tomography

OCT is a rapidly emerging imaging technology that enables
micron-resolution visualization of the cross sectional struc-
ture of the retina and anterior eye with higher resolutions
than any other non invasive imaging modality. We present
specific improvements in the quantitative analysis of the
current commercial OCT system. With such quantifica-
tion, it is possible to obtain earlier detection of pathology
as well as improved monitoring of disease progression and
response to therapy.

Delia Cabrera Fernandez
Miller School of Medicine
University of Miami
dcabrera2@med.miami.edu

MS22

Assessment of Retinal Vascular Development for
Feedback Regulation of Retinopathy of Prematu-
rity

We present an approach to the automated assessment of
physiological indicators of proliferative retinopathy. Reti-
nal images are smoothed and filtered using two-dimensional
matched filters to extract vascular networks; the tortousity
of individual length-thresholded vessels is then calculated
to develop image-wide tortuosity profiles. Our method is
verified using artificial vascular netwoks with known distri-
butions of vessel geometry, and our software is calibrated
to return diagnostic evaluations consistent with those of
clinical physicians.

Varun Mittal
Mechanical & Industrial Engr
U Illinois Urbana-Champaign
mittal1@uiuc.edu

Scott Kelly
Department of Mechanical & Industrial Engineering
University of Illinois at Urbana-Champaign
sdk@uiuc.edu

MS22

Bayesian Approaches to Automated Analysis of
Changes in Retinal Images

An integrated Bayesian method to detect and classify mul-
tiple structural and functional changes in longitudinal se-
quences of retinal imagery from multiple modalities in-
cluding color and dual-wavelength images, and fluorescein
angiograms. Changes indicate disease onset/progression,
and/or response to treatment. Structural changes in the
vasculature and the non-vascular regions are distinguished.
Functional changes focus on blood oxygenation in retinal
vessels. Applications include clinical practice, quantitative
scoring of clinical trials, computer-assisted reading centers,
and medical research.

Badrinath Roysam
Department of Electrical, Computer, and Systems
Engineering
Rensselaer Polytechnic Institute
roysam@ecse.rpi.edu

MS22

Feature-Based Fundus Image Registration and Mo-
saic Formation

Image registration is a fundamental problem in devel-
oping automated tools for retinal image analysis. High
accuracy alignment enables construction of fundus-wide
mosaics, multimodal visualization, and pixel-level, longi-
tudinal change detection. We have developed a series
of feature-based algorithms for solving both the image
pair registration problem and the multi-image registration
problem. This talk will give a summary of these meth-
ods, describe the highly accurate and reliable results, and
discuss open problems.

Charles Stewart
Department of Computer Science
Rensselaer Polytechnic Institute
stewart@cs.rpi.edu

MS23

Current Problems

This talk will discuss some of the current problems in radar
imaging.

Brett Borden
Physics Department
Naval Postgraduate School
bhborden@nps.edu

MS23

Radar Background

Radar imaging is a technology that has been developed,
very successfully, within the engineering community dur-
ing the last 50 years. The key component that makes radar
imaging possible, however, is mathematics, and many of
the open problems are mathematical ones. This tutorial
will explain, in terms suitable for a mathematical audi-
ence, the basics of radar and the mathematics involved in
producing high-resolution radar images.

Margaret Cheney
Rensselaer Polytechnic Inst
Dept of Mathematical Sciences
cheney@rpi.edu

MS24

Structured Total Least Squares for Color Image
Restoration

Color image restoration is considered. As the point spread
function and the observed image are contaminated by
noise, total least squares (TLS) methods are an appropri-
ate approach to restoring the original image. The way in
which the blurring matrices represent the errors leads to-
ward a structured total least squares (STLS) approach to
compensate for the contamination of the point spread func-
tion. The ill-conditioning of said blurring matrices requires
Tikhanov regualization to stabilize the solution. Since the
STLS method requires the solution of a nonlinear least
squares problem based upon imposing Neumann boundary
conditions, solving the large linear systems resulting from a
Gauss-Newton iteration can be done very efficiently using
a conjugate gradient method preconditioned by a Discrete
Cosine Transform (DCT) based preconditioner.

Jesse L. Barlow
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Penn State University
Dept of Computer Science & Eng
barlow@cse.psu.edu

Haoying Fu
Penn State University
Computer Science & Engineering Department
hfu@cse.psu.edu

Michael Ng
Hong Kong Baptist University
Department of Mathematics
mng@math.hkbu.edu.hk

MS24

Implicit Regularization Using Discontinuous
Galerkin Method

In this talk, we will discuss the one dimensional version of
the exponentially ill-posed inverse problem of diffuse op-
tical tomography using the Discontinuous Galerkin (DG)
method. We will show that DG method acts as an implicit
regularization for the inverse problem. We will present
simulation results comparing Continuous Galerkin and the
DG inverse solutions.

Taufiquar R. Khan
Clemson University
khan@clemson.edu

MS24

Automatic Linguistic Indexing of Pictures by a Sta-
tistical Modeling Approach

A statistical modeling approach is developed for automatic
annotation of pictures. Categorized images are used to
train a dictionary of hundreds of 2-D multiresolution hid-
den Markov models, each representing a concept. During
annotation, we first rank the likelihoods of an image under
all the profiling models. Words are then selected from the
annotation of the top ranked concepts. A prototype sys-
tem has been implemented and tested on a photographic
image database of 600 different concepts.

James Wang
The Pennsylvania State University
jwang@ist.psu.edu

Jia Li
Department of Statistics
Penn State University
jiali@stat.psu.edu

MS24

Image Deblurring and Multiscale Feature Extrac-
tion Using a Tunable Besov Space Characterization
Applied to PET Images

Established and new methods are used to improve PET
scans. TV deconvolution is used, estimating the PSF from
phantom scans, and blind deconvolution. A version of the
u + v algorithm decomposing the picture into bulk and
details by imposing, traditionally u ∈ BV and v ∈ H−1 is
considered. We replace BV by B1,1

1 and H−1 by H−β using
wavelet representations. β Is used to tune the space to
highlight small changes or remove reconstruction artifacts.

Wolfgang Stefan

Department Of Mathematics
Arizona State University
stefan@mathpost.la.asu.edu

MS25

Diffusions, Wavelets, and Image Processing

Though the anisotropic diffusion approach is fundamental
to the study of digital image noise reduction, various prob-
lems arise and have been addressed from different points of
view. Of particular interest is the introduction of bilateral
filtering. We will show that bilateral filtering is intimately
related to the formulation of diffusion maps, and hence mo-
tivates a somewhat different approach to the investigation
of diffusion wavelets

Charles Chui
Institute of Computational Harmonic Analysis
University of Missouri
charleskchui@yahoo.com

MS25

Handling Anisotropy via Level Sets

Not available at time of publication.

Ronald DeVore
Department of Mathematics
University of South Carolina
devore@math.sc.edu

MS25

Exact Solutions of Some Variational Image Analy-
sis Models

In this talk I present joint work with Selim Esedoglu on ex-
act solutions to variational image analysis methods. These
methods are nonlinear and typically difficult to deal with
analytically. Computational methods though are slow,
with convergence behavior that is still not carefully stud-
ied. Exact solutions are therefore of interest since they can
be compared to computed minimizers or computed trajec-
tories to the minimizers. I will focus on some properties of
exact minimizers. Though the details are rather involved,
the insights are very geometric and I will use this to give
an intuitively accessible look at our results.

Kevin R. Vixie
Los Alamos National Laboratory
Los Alamos, NM 87544
vixie@lanl.gov

MS25

A Novel Method of Edge Detection by the Super
Fast Fourier Transform

We propose a novel method for recovering edges in piece-
wise smooth functions. Our approach is based on a sublin-
ear super Fast Fourier Transform (sFFT), which is used to
detect (finitely many) jump discontinuties. Instead of the
usual Fourier bases, we extend the sFFT to more general
concentrate kernels which enable us to process the spec-
tral content by separation of scales. Numerical results are
encouraging. This is a joint work with Dr. Eitan Tadmor.

Jing Zou
CSCAMM
University of Maryland
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MS26

Segmentation And Quantitative
Evaluation Of Brain MRI Data With Multiphase
Three-Dimensional Implicit Deformable Models

We present the implementation and quantitative evalua-
tion of a multiphase three-dimensional deformable model
in a level set framework for automated segmentation of
brain MRIs. The segmentation algorithm performs an opti-
mal partitioning of three-dimensional data based on homo-
geneity measures that naturally evolves to the extraction
of different tissue types in the brain. Random seed initial-
ization is used to minimize the sensitivity of the method to
initial conditions while avoiding the need for a priori infor-
mation. This random initialization ensures robustness of
the method with respect to the initialization and the mini-
mization set up. Post processing corrections with morpho-
logical operators was applied to refine the details of the
global segmentation method. Results from a clinical study
on a database of 10 adult brain MRI volumes are presented,
comparing the multiphase level-set segmentation to three
other methods: idealized intensity thresholding, fuzzy con-
nectedness and expectation maximization classification us-
ing hidden Markov random fields. Quantitative evalua-
tion of segmentation accuracy was performed with compar-
ison to manual segmentation computing true positive and
false positive volume fractions. A statistical comparison
of the segmentation methods was performed and showed
very high quality and stability of the multiphase three-
dimensional level set method. Two methodological exten-
sions of the multi-phase level set segmentation methods are
also presented: First we introduce a non convex homogene-
ity measure, enabling segmentation of brain MRI data sets
with lower image quality.; Second, we derive a vectorial-
based approach of the multiphase level set segmentation
method with fusion rules suited for multi-protocol brain
MRI segmentation. Experiments on clinical data are pre-
sented for both methodological extensions.

Brett Mensh, Andrew Laine, Ting Song
Columbia University
bm189@columbia.edu, laine@columbia.edu,
ts2060@columbia.edu

Elsa Angelini
Ecole National Superieure des Telecommunications
elsa.angelini@enst.fr

MS26

Image Segmentation Using a Multilayer Level Set
Approach with Application to MRI data

We propose a piecewise-constant image segmentation
model based on a curve evolution approach in a varia-
tional formulation. The problem to be solved is a partic-
ular case of the minimal partition problem, as formulated
by Mumford and Shah, and can be viewed as extensions
of the Chan-Vese active-contour model. We represent the
set of boundaries of the segmentation implicitly, by a mul-
tilayer of level-lines of a continuous function. In the stan-
dard approach of front propagation, only one level line is
used to represent the boundary. The multilayer idea is in-
spired from previous work on island dynamics for epitaxial
growth. Using a multilayer approach, the computational
cost can be reduced in segmenting certain images. We
demonstrate one application of our model to 3D MRI med-
ical images. We then introduce an indicator function for

the brain region so that we segment the brain region only,
in White Matter, Gray Matter and CSF. This enables us to
reduce the number of the level lines to be used, resulting in
a further reduction of the computational cost. Validation
of our model will be addressed as well via sensitivity and
specificity analysis.

Luminita A. Vese, Jason Chung
University of California, Los Angeles
Department of Mathematics
lvese@math.ucla.edu, senninha@math.ucla.edu

MS26

Image Segmentation on Riemann Surfaces Using
the Conformal Mapping and its Application to the
Automatic Landmark Tracking

Anatomical features on the cortical surface are usually
represented by landmark curves, called sulci/gyri curves.
These landmark curves are important information for neu-
roscientists to study brain diseases and to match different
cortical surfaces. Manual labeling of these landmark curves
is time-consuming, especially when there is a large set of
data. In this paper, we proposed an automatic way to
detect the sulci landmark curves. This is done by extract-
ing the high curvature region on the cortical surface using
the Chan-Vese segmentation. This involves solving a PDE
on the manifold using the global conformal parameteriza-
tion. To do this, we have to define a new set of differential
operators on the manifold such that they are coordinates
invariant. Since the Jacobian of the conformal mapping is
simply a multiplication of the conformal factor, the modi-
fied PDE on the parameter domain will be very simple and
easy to solve. Experimental results show that the landmark
curves detected by our algorithm can closely resemble to
those manually labeled curves.

Tony F. Chan
University of California, Los Angeles
TonyC@college.ucla.edu

Yalin Wang
Mathematics Department
University of California, Los Angeles
ylwang@math.ucla.edu

Lok Ming Lui
UCLA
malmlui@math.ucla.edu

MS26

Anatomical Structure Parsing for Brain Imaging

One of the problems in brain imaging is to design algorithm
to perform anatomical structure parsing. The task is to
automatically decompose an input 3D brain volume into
anatomical objects such as caudate, thalamus, hippocam-
pus. This requires to model the shapes and appearances
of various objects, and to design efficient computing algo-
rithm to make inference of them. We will present a method
which integrates discriminative and generative models for
anatomical structure parsing.

Song-Feng Zheng, Alan Yuille
Dept. of Statistics
UCLA
sfzheng@stat.ucla.edu, yuille@stat.ucla.edu

Arthur Toga
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UCLA
Center for Computational Biology
ivo.dinov@loni.ucla.edu

Zhuowen Tu
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MS27

New Families of Shift-invariant and Mathemati-
cally Exact Cone-beam Filtered Backprojection Al-
gorithms Using Factorized Weighting Functions

Weighting function design is key to cone-beam image re-
construction algorithms. In this talk, using a novel fac-
torized weighting function, we present how to develop
infinitely many shift-invariant and mathematically exact
filtered backprojection image reconstruction algorithms.

Specifically, the general weighting function w(�x, k̂; t) was

decomposed into three components w1(�x, k̂), w2(�x, t), and

sgn(k̂ ·�y′(t)), viz. w(�x, k̂; t) = w1(�x, k̂)w2(�x, t)sgn(k̂ ·�y′(t)).
Based upon the normalization condition of the weighting

function, the first component w1(�x, k̂) may be calculated
using the second component w2(�x, t). Thus, as long as the
second component is specified, the weighting function is
completely determined. After this weighting function has
been specified, the Katsevich formula for a general source
trajectory may be utilized to develop efficient FBP image
reconstruction algorithms.

Guang-Hong Chen
Department of Medical Physics
University of Wisconsin, Madison
gchen7@wisc.edu

Shuai Leng, Tingliang Zhuang, Biran Nett
Department of Medical Phyiscs
University of Wisconsin
sleng@wisc.edu, tzhuang@wisc.edu, benett@wisc.edu

MS27

Cone-beam Tomography from Truncated Projec-
tions Measured on a C-arm System

Not available at time of publication.

Frederic Noo
Department of Radiology
noo@ucair.med.utah.edu

MS27

Region of Interest Image Reconstruction from
Truncated Data

In many applications of tomographic imaging, it may not
be possible to acquire non-truncated projection data. Al-
though it is impossible to reconstruct exactly the entire im-
age function from truncated data, it is of practical signifi-
cance to investigate image reconstruction in certain regions
of interests (ROIs) within the object from truncated data.
Conversely, in many applications, one is interested only in
image reconstruction within an ROI. In this situation, it

is also of practical significance to investigate whether it is
possible to reconstruct exactly ROI images from truncated
projection data covering only the ROI instead of the entire
object. In this work, we investigate ROI-image reconstruc-
tion from truncated projection data. Our theoretical and
numerical results indicate that it is possible to reconstruct
exact ROI-images from truncated data.

Xiaochuan Pan
The University of Chicago
Department of Radiology
xpan@uchicago.edu

MS27

Development of Spiral Cone-Beam CT Methods

Because of the importance of the so-called long object prob-
lem, spiral cone-beam computed tomography (CT) has be-
come a hot area in the CT field. As a main stream in
the development of the next generation medical CT, spiral
cone-beam CT has been greatly improved in terms of recon-
struction methods since it was first proposed in 1991. Now,
the state-of-the-art cone-beam algorithms can reconstruct
images exactly from longitudinally truncated data collected
along a rather general scanning trajectory. Here we present
a brief overview of this area with an emphasis on the re-
sults achieved by our team. In our opinion, spiral cone-
beam CT algorithms have been developed in four phases.
In the practical reconstruction phase (1991-1996), various
approximate algorithms were proposed. Among these are
generalized Feldkamp algorithms. In the multi-turn-based
reconstruction phase (1997-2001), quasi-exact/exact heli-
cal cone-beam algorithms were developed based on a gener-
alized Grangeat condition. In these algorithms, longitudi-
nally truncated data are needed from multiple helical turns,
which prevent these theoretically exact solutions from be-
ing practically applicable. In the PI-line-based reconstruc-
tion phase (2002-2004), the Katsevich helical cone-beam
CT method was invented to rely only on data associated
with the PI-arc for exact reconstruction. Inspired by his
filtered backprojection formulism, a backprojected filtra-
tion method was proposed by Zou and Pan, enabling the
minimum data based reconstruction. In the general scan-
ning based reconstruction phase (2004-present), there has
been a remarkable surge in research on exact image recon-
struction in the case of general cone-beam scanning. Our
group generalized helical cone-beam BPF and FBP algo-
rithms for exact reconstruction from data collected along
a general smooth curve. Our general algorithms and oth-
ers independent algorithms such as the M-line method by
Noo et al. can work with truncated data and do not need
to specify any weighting function. Further directions on
spiral cone-beam CT are also discussed.

Ge Wang, Hengyong Yu
Department of Radiology
University of Iowa
ge-wang@uiowa.edu, hengyong-yu@uiowa.edu

Yangbo Ye
Department of Mathematics
University of Iowa
yangbo-ye@uiowa.edu

MS27

Extension of the Reconstruction Field-of-view Us-
ing Sinogram Decomposition: Application to Cone
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Beam CT

Sinogram truncation is a common problem in tomographic
reconstruction; it occurs when a scanned object or patient
extends outside the scan field-of-view. The truncation ar-
tifact propagates from the edge of truncation towards the
center, resulting in unacceptable image quality. Several
methods have been proposed recently to reconstruct the
image artifact-free within the scan FOV; however it is of-
ten necessary to recover image outside the scan FOV. We
propose a novel truncation correction algorithm that ac-
curately completes unmeasured data outside of the scan
field-of-view, which allows us to extend the reconstruction
field-of-view. Contrary to a simple 1D extrapolation, we
perform interpolation in the view direction along the so-
called sinogram curves. First, we propose an approach
to parameterize the family of sinogram curves for efficient
sinogram decomposition. Secondly, we propose two ways
to estimate the truncated data outside the field-of-view.
Both methods are combined for more accurate sinogram
completion. Our extensive evaluation shows the validity of
our approach with image quality superior to the current
correction methods. Even objects completely outside the
FOV can be accurately reconstructed, which is impossible
with any current method. The proposed method can be
used with any modality where sinogram truncation occurs,
such as CT, C-arm, PET/CT, etc.

Alexander A. Zamyatin
Bio-Imaging Research, Inc
azamyatin@birinc.com

Satoru Nakanishi
Toshiba Medical Systems Corp.
Tochigi 324-8550, Japan
satoru.nakanishi@toshiba.co.jp

MS28

A Level Set Method for Constrained Object Seg-
mentation

In a previous work we presented a approach to find in a
3D image the boundary surface of an object knowing two
curves on this object. The surface was defined as a set
of minimal paths that link the two curves together. We
now extended this work to more than two curves. Also,
we introduced a level set method that finds directly a sur-
face that contains the given curves and all minimal paths
between them.

Roberto Ardon
Philips Medical Systems Research Paris
roberto.ardon@philips.com

MS28

Distance Maps Computation on Parametric non-
Euclidean Three-Dimensional Manifolds

We present an efficient numerical algorithm for compu-
tation of weighted distance maps on parametric three-
dimensional manifolds. Our approach is based the fast
marching method for solving the eikonal equation in O (n
log n) steps by numerically simulating wavefront propaga-
tion. Two wave propagation models – the spherical and
the planar, are presented and their suitability for different
types of sources from which the distance is computed is dis-
cussed. Numerical simulations demonstrate the advantages
and the disadvantages of each of the two schemes. We also
show a simple solution that allows to handle tessellations

with obtuse angles.

Alex Bronstein
Computer Science Department,
Technion, Haifa 32000, Israel.
bron@tx.technion.ac.il

MS28

Fast Marching and Deformable Models in Image
Analysis

We have used minimal paths for finding multiple contours
for contour completion in 2D or 3D images. Fast Marching
can be used as well for segmentation of tubular shapes and
finding central lines. Based on Fast Marching on a surface,
we defined a remeshing algorithm on a given surface with
an adaptive or uniform density of vertices. We show appli-
cations of these techniques to segmentation and tracking
in biomedical images and virtual endoscopy.

Laurent D. Cohen
CEREMADE Universite Paris Dauphine and CNRS
cohen@ceremade.dauphine.fr

MS28

Flexible Local or Global Minima: Dual-Front Ac-
tive Contours

Most variational active contour models are designed to find
either the local minima or the completely global minima.
However, sometimes the completely-global minimum is just
as undesirable as a minimum that is too local. We pro-
pose a novel, fast, and flexible dual front implementation
of active contours, motivated by minimal path techniques,
which is easily manipulated to yield minima with variable
“degrees” of localness and globalness. We illustrate various
2D/3D implementations of this model.

Hua Li
School of ECE, Georgia Institute of Technology
Atlanta, GA 30332 USA
hua.li@ece.gatech.edu

Anthony Yezzi
Georgia Institute of Technology
Electrical & Computer Engr Dept
ayezzi@ece.gatech.edu

MS28

O(N) Implementation of the Fast Marching

We present an implementation of the fast marching algo-
rithm for solving Eikonal equations that reduces the orig-
inal run-time from O(N log N) to linear. This lower run-
time cost is obtained while keeping an error bound of the
same order of magnitude as the original algorithm. This
improvement is achieved introducing the straight forward
untidy priority queue, obtained via a quantization of the
priorities in the marching computation. We present the
underlying framework, estimations on the error, and ex-
amples showing the usefulness of the proposed approach.

Liron Yatziv
Department of Electrical and Computer Engineering
University of Minnesota, Minneapolis, MN 55455, USA
liron@ece.umn.edu

Guillermo Sapiro
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MS29

Radar Detection and Imaging Using Waveforms
with Spatial and Spectral Diversity

The talk will focus on exploiting signals from a transmitter
that has both spatial and spectral diversity to form high
resolution radar detection maps or images. We will ex-
amine cases where the transmitter antenna locations are
sparse as well as when the waveform is sparse in frequency.
A simple example is when each antenna transmits on a
different frequency from a random location is space.

Jamie Bergin
Information Systems Laboratories
jsb@isl-inc.com

MS29

Doppler-only Synthetic-Aperture Imaging

Conventional Synthetic Aperture Radar transmits high-
range-
resolution waveforms from disparate directions/locations,
and uses the scattered field to form an image. From a mov-
ing platform, however, there is a complementary imaging
mode that uses a singe-frequency waveform and then re-
lies on Doppler frequency shift measurements rather than
on range measurements. The Doppler measurements from
different directions/locations can be combined to form an
image. The fact that high-resolution imaging can be done
from these two extreme types of waveforms (high range res-
olution and high Doppler resolution) suggests that it may
be possible to design high-resolution imaging systems for a
wide variety of other waveforms as well.

Margaret Cheney
Rensselaer Polytechnic Inst
Dept of Mathematical Sciences
cheney@rpi.edu

Brett Borden
Physics Department
Naval Postgraduate School
bhborden@nps.edu

MS29

Wavelets and Radar

This paper considers the general wideband model for radar
echoes from a continuous distribution of objects. The echo
is an inverse wavelet transform of the reflectivity density
function, where the role of the analyzing wavelet is played
by the transmitted signal. The null space of the inverse
wavelet transform is nontrivial, which leads us to consider
transmitting an orthogonal basis – or, more generally, a
frame – of signals

Gerd Teschke
Zuse Institute Berlin, Germany
National Institute of Standards and Technology (NIST)

teschke@zib.de

MS29

Not available at time of publication

Not available at time of publication.
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Birsen Yazici
Department of Electrical, Computer and Systems
Engineering
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MS30

Some Variations on Variational Image Smoothing

We ask a simple question: What happens when one re-
places the first-order differences in BV variational image
smoothing by second-order differences? Specifically, what
do the algorithms and the resulting images look like? How
can you interpret the results mathematically? We have
some answers.

Bradley Lucier
Department of Mathematics
Purdue University
lucier@math.purdue.edu

MS30

On a Multiscale Representation of Images as Hier-
archy of Edges

We discuss a multiscale image decomposition which of-
fers hierarchical representations of general images. The
starting point is a variational decomposition of an im-
age, f = u0 + v0, where [u0, v0] is the minimizer of
a J-functional, J(f, c0;X,Y ) = infu+v=f ‖u‖X + c0‖v‖2

Y .
Such minimizers are standard tools for manipulations of
images. Here, u0 should capture ‘essential features’ of f
which are to be separated from the spurious components
in v0, and c0 is a fixed threshold which dictates separa-
tion of scales. To proceed, we iterate the refinement step
[uj+1, vj+1] = arginfJ(vj , c0 ∗ 2j), leading to the nonlinear

hierarchical decomposition, f =
∑k

j=0
uj + vk. We focus

our attention onthe particular case of (X,Y ) = (BV,L2)-
decomposition. The questions of convergence, energy de-
composition, localization and adaptivity are discussed. Nu-
merical results illustrate applications to synthetic and real
images (both grayscale and colored images).

Eitan Tadmor
University of Maryland
USA
tadmor@cscamm.umd.edu
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MS30

Not available at time of publication

Not available at time of publication.

Joachim Weickert
Mathematical Image Analysis Group
Saarland University
weickert@mia.uni-saarland.de

MS30

Total Variation-based Image Restoration and
Cartoon-texture Decomposition via Second-order
Cone Programming

We present methods for image restoration and cartoon-
texture decomposition based on the total variation min-
imization framework of Rudin, Osher and Fatemi and
second-order cone programming. Analyical results will be
presented as well as computational results illustrating the
effectiveness of our approach.

Wotao Yin
Columbia University
wy2002@columbia.edu

MS31

Multiscale Methods in Geometric Detection

Multiscale approach has been proven to be effective in de-
termining the state-of-the-art boundaries in detectability
problems. We review some new results in this direction.
More specifically, the existing results give the asymptotic
rate of the boundaries. More precise distributional results
can be derived, and they reveal more accurate properties of
the detectability boundaries. Some of these results will be
presented in my talk. Potential applications are described.

Xuelei Ni, Xiaoming Huo
Georgia Institute of Technology
xni@isye.gatech.edu, xiaoming@isye.gatech.edu

MS31

Multiscale Strips and the Geometry of Sets of Local
Filter Coefficients of Images

We describe the problem of characterizing a cloud of points
centered around a curve in a Euclidean space in the pres-
ence of significant outliers. We suggest an algorithm (Mul-
tiscale Strip Construction) for solving this problem and
describe its properties. We then explore the geometry
of vectors corresponding to local filters of a given image
(in particular local patches). This geometry fits into the
cloud structure described above, where the outliers may
correspond to edges in the original image. However, we
emphasize the nontrivial geometry of outliers in this case
and develop techniques to characterize and interpret them.
This last part (geometry of outliers) is joint with G. Chen,
whereas the rest of the talk is joint J. McQuown and B.
Mishra.

Joseph McQuown
Moody’s KMV
joseph.mcquown@mkmv.com

Guangliang Chen
University of Minnesota
chen0796@umn.edu

Bud Mishra
New York University
mishra@nyu.edu

Gilad Lerman
Department of Mathematics
University of Minnesota
lerman@umn.edu

MS31

Multiscale Constructions Induced by Diffusions on
Sets

We show how novel constructions of multiscale analy-
ses and wavelets on graphs and point clouds allow to
perform signal processing on such discrete structures.
This is applied to image (2D,3D, hyper-spectral) analysis
and processing by mapping (nonlinearly) images to high-
dimensional graphs, and the multiscale structure of these
can be used to perform nonlinear signal processing on the
original image. This is joint work with R.R. Coifman and
A.D. Szlam.

Mauro Maggioni
Department of Mathematics
Yale University
mauro.maggioni@yale.edu

MS31

Minimax Optimal Level Set Estimation

This talk addresses the identification of level sets of an
image from noisy observations. Theoretical analysis reveals
that the level set estimation criterion must be distinctly
different from that typically used for image reconstruction
to achieve optimal error decay rates. Using fundamental
statistical concentration inequalities, it is possible to derive
error performance bounds for the proposed estimator and
demonstrate that it exhibits near-optimal minimax error
decay rates for large classes of level set problems.

Rebecca Willett
Electrical and Computer Engineering
Duke University
willett@duke.edu

MS32

Some Mathematical Problems of Thermoacoustic
Tomography

Thermoacoustic tomography is one of newly developing
and extremely promising modalities of medical imaging.
Mathematically speaking it is about inversion of the gen-
eralized Radon transform that integrates functions over
spheres centered at a given set. The talk will address
the following tomographic issues: uniqueness of reconstruc-
tion, inversion procedures, limited data reconstructions,
and range conditions. All of these have been resolved for
the standard X-ray CT scan, but are only partially under-
stood for the spherical transform.

Gaik Ambartsoumian
Mathematics Department
Texas A&M University
haik@tamu.edu

Peter Kuchment
Department of Mathematics, Texas A&M University
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MS32

Identification and Utilization of Data Redundan-
cies in Thermoacoustic Tomography

We review the existence of data redundancies in thermoa-
coustic tomography (TAT). A novel layer-stripping proce-
dure is formulated, revealing two-fold data redundancy ex-
ists in a complete TAT data. Identified data redundancies
can be exploited in various ways that may have significant
implications for practical TAT imaging systems. In addi-
tion to reducing the amount of required measurement data,
data redundancies can be exploited for the simultaneous
reconstruction of both the electromagnetic and acoustic
properties of the object.

Mark Anastasio, Jin Zhang
Dept. of Biomedical Engineering
Illinois Institute of Technology
anastasio@iit.edu, zhanjin2@iit.edu

MS32

Thermoacoustic Tomography Using Integrating
Area and Line Detectors

The usual approach in TCT is to use point like detectors to
measure thermoacoustic pressure signals. In this case TCT
is connected with the spherical Radon transform. Since
small transducers are used to simulate point measurement
data, this approximation limits the spatial resolution. Our
new approach is to use large plane (long line) detectors. In
that case we measure exact projections over planes (cylin-
ders). We present experimental setups and reconstruction
algorithms for some special configurations.

Markus Haltmeier
Institute of Computer Science
University of Innsbruck
markus.haltmeier@uibk.ac.at

Peter Burgholzer
UAR Linz, Austria
peter.burgholzer@uar.at

Guenther Paltauf
University Graz, Austria
guenther.paltauf@uni-graz.at

Christian Hofer
UAR Linz, Austria
christian.hofer@uar.at

Otmar Scherzer
University Innsbruck
otmar.scherzer@uibk.ac.at

MS32

Thermoacoustic Imaging: The Struggle to Become
Clinically Relevant

While the underlying physical principles of thermoacoustic
imaging have been applied to biologic systems over the past
25 years, clinical applications of the technology have yet to
displace more established technologies, such as those based
on ultrasound, magnetic resonance, and x-rays. There are
three major reasons for this failure: poor image quality,

non-disease-specific image contrast, and complex hardware
implementation. These deficiencies can be addressed by de-
veloping: better instrumentation, improved reconstruction
algorithms, and new molecular probes.

Robert A. Kruger
OptoSonics, Inc.
rkruger@optosonics.com

MS33

Diversity Channels for Mitigation of Wavefront
Ambiguity

Not available at time of publication.

David Gerwe
Boeing IDS
Lasers & Electro Optics
David.R.Gerwe@Boeing.com

MS33

Biased CRB Calculations for Estimators Lacking
Closed-form Expressions

Biased Cramr-Rao lower bound (CRB) theory produces
lower bounds to the variances achievable by any algorithm
that has the bias gradients used to generate those bounds.
To calculate these bounds, an analytical expression for the
estimator bias gradient is needed, an expression that is of-
ten not available. Here we present an approach to deriving
an analytical expression for the biased CRBs when an an-
alytical expression for the bias gradient is not available.

Alim Haji, Charles L. Matson
Air Force Research Laboratory
alim.haji@kirtland.af.mil, charles.matson@kirtland.af.mil

MS33

Performance Analysis and Bounds for Registration,
Fusion, and Super-resolution of Aliased Image Se-
quences

Recently, there has been much work developing super-
resolution algorithms for combining a set of low quality
images to produce a set of higher quality images. Either
explicitly or implicitly such algorithms must perform the
joint task of registration and fusing of the low quality im-
age data. While many such algorithms have been proposed,
very little work has addressed the performance bounds for
such problems. In this work, we analyze the performance
limits from statistical first principles using the Cramer-Rao
inequality. Such analysis offers insight into the fundamen-
tal super-resolution performance bottlenecks as they relate
to the subproblems of image registration, reconstruction,
and image restoration.

Peyman Milanfar
Electrical Engineering
University of California
milanfar@ee.ucsc.edu

Dirk Robinson
Ricoh Innovations, Inc.
dirkr@rii.ricoh.com

MS33

Taxonomy of Fisher Information Based Variance
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Bounds and Their Application to Imaging

Fisher information (FI) defines a useful lower bound on
the variance of any estimator based on statistical data. In
the presence of multiple estimation parameters and prior
knowledge, a number of FI based lower bounds can be de-
rived. This talk will explore the inter-relationships among
these various bounds, and will illustrate them with appli-
cations drawn from imaging.

Sudhakar Prasad
University of New Mexico
sprasad@unm.edu

MS34

Adaptive Structure-Texture Image Decomposition

In this work, we explore new aspects of the image decom-
position problem using modern variational techniques. We
aim at splitting an original image f into two components
u and v, where u holds the geometrical information and v
holds the textural information. Our aim is to provide some
necessary variational tools and suggest suitable functional
spaces to extract specific types of textures. Our model-
ing uses the total-variation semi-norm for extracting the
structural part and a new tunable norm, based on Gabor
functions, for the textural part. A way to select the split-
ting parameter based on the orthogonality of structure and
texture is also suggested.

Jean-Francois Aujol

CMLA, CNRS (UMR 8536), ENS Cachan
aujol@cmla.ens-cachan.fr

Stanley J. Osher
University of California
Department of Mathematics
sjo@math.ucla.edu

Tony F. Chan
University of California, Los Angeles
TonyC@college.ucla.edu

Guy Gilboa
UCLA Mathematics
gilboa@math.ucla.edu

MS34

Image Decompositions Using Bounded Variation
and Homogeneous Besov Spaces

This talk is devoted to the decomposition of an image f
into u + v, with u a piecewise-smooth or “cartoon” com-
ponent, and v an oscillatory component (texture or noise),
in a variational approach. In 2001, Y. Meyer theoretically
proposed weaker and more refined texture norms than the
standard L2 norm to model oscillatory components. Moti-
vated by his remarks, we study cases where the oscillatory
component v belongs to generalized homogeneous Besov
spaces, while keeping the piecewise-smooth component u
of bounded variation. Numerical results will be presented
to validate the proposed models.

Triet Le
Department of Mathematics
University of California, Los Angeles
tle@math.ucla.edu

Luminita A. Vese

University of California, Los Angeles
Department of Mathematics
lvese@math.ucla.edu

John Garnett
Department of Mathematics, UCLA
jbg@math.ucla.edu

MS34

Variational Methods in Cartoon + Texture Decom-
position

Recently a number of interesting techniques have been pro-
posed for decomposing an image into a piecewise smooth
function, commonly referred to as a cartoon, and an oscil-
lating function containing textures and noise. In this talk
we give an overview of some of the new techniques based
on Meyers variational formulation for cartoon + texture
decomposition. We will also discuss a new model which
uses an adaptive TV type energy to reconstruct a piecewise
smooth cartoon (in particular, one that avoids staircasing)
with a corresponding adaptive energy for the oscillating
part that reduces the presence of structure in this com-
ponent. Theoretical results demonstrate this method is
mathematically sound, and numerical results to illustrate
the effectiveness of the model in image decomposition.

Stacey E. Levine
duquesne university
department of mathematics and computer science
sel@mathcs.duq.edu

MS34

Nonlinear Inverse Scale Space Methods

We generalize the iterated refinement method, introduced
by Osher, Burger, Goldfarb, Xu and Yin, to a time-
continuous inverse scale-space formulation. The method
arises as a limit for a penalization parameter tending to
zero while the number of iteration steps tends to infinity.
When a discrepancy principle is used as the stopping cri-
terion, the error between the reconstruction and the noise-
free image, in the sense of Bregman distance, decreases
until termination, even if only the noisy image is available.
We show that noise can be well removed with minimal loss
of contrast. Also, following Chan-Esedoglu and Yin, Gold-
farb Osher, we use this technique to get excellent BV/L1
cartoon/texture decompositions.

Martin Burger
Industrial Mathematics Institute
JK University Linz
martin.burger@jku.at

Stanley J. Osher
University of California
Department of Mathematics
sjo@math.ucla.edu

Guy Gilboa, Jinjun Xu
UCLA Mathematics
gilboa@math.ucla.edu, jjxu@math.ucla.edu

MS34

High Order Dual Methods for Staircase Reduction
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in Texture Extraction Problems

Not available at time of publication.

Fred Park
Department of Mathematics
University of California - Los Angeles
fpark@math.ucla.edu

MS35

DEM Compression Using Level Set Methods

We have developed a simple addon to standard image com-
pression methods and have used it for digital terrain eleva-
tion data. The results are quite promising, especially in the
retention of geometric features. Additionally we have com-
bined this compression with new dynamic visibility algo-
rithms to show that path planning using compressed data
is feasible. This is joint work with: H-K Zhao, Y. H Tsai,
and S. Chen

Stanley J. Osher
University of California
Department of Mathematics
sjo@math.ucla.edu

MS35

A Novel Image Registration Scheme Based on Wa-
tershed Transform and Curve Matching

We propose a novel and robust image registration scheme.
First, a novel modified watershed segmentation followed by
a region merging process is performed for the image pair
to be registered. This algorithm preserves salient regions
as well as closed region boundaries. Then a scale-space
curve matching algorithm is used to select pairs of match-
ing regions. Mutual information registration is performed
on matched regions subsequently. The curve matching al-
gorithm will provide initial values for the registration pa-
rameters. Our results will show automatic, high-quality
registration.

Anshuman Razdan
PRISM
Arizona State University
razdan@asu.edu

MS35

Requirements for Mathematical Processing of
Geospatial Data

NGA is exploring the applicability of advances made over
the last decade in the mathematical analysis of images and
fostering new developments for applications including im-
age registration, compression, contouring and information
extraction. Significant emphasis is placed on automation
for robust, real-time applications. This presentation pro-
vides an overview of geospatial data, an examination of
the processing currently performed, and processing require-
ments for the future. The presentation concludes with a
summary of opportunities for research at NGA.

Paul Salamonowicz
National Geospatial-Intelligence Agency
salamonp@nga.mil

Edward Bosch
NGA
bosche@nga.mil

MS35

Contouring Noisy DEMs Using PDE Techniques

We present a framework for smoothing grid-like digital ter-
rain elevation data, which achieves fair shape by means
of minimizing an energy functional. The minimization
is performed under the side-condition of hard constraints
which come from available horizontal and vertical accuracy
bounds in the elevation specification. We introduce the
framework and demonstrate the suitability of this method
for the tasks of accuracy-constrained smoothing, feature-
preserving smoothing, and filling of data voids.

Guillermo Sapiro
Department of Electrical and Computer Engineering
University of Minnesota, Minneapolis, MN 55455, USA
guille@umn.edu

Michael Hofer, J Wallner
Geometric Modeling and Industrial Geometry
Vienna University of Technology
hofer@geometrie.tuwien.ac.at,
hannes@geometrie.tuwien.ac.at

MS36

Bregman Iteration, Inverse Scale Space, Car-
toon/texture Decomposition, Recovery of Signal
from ”Noise” and Other New Techniques in PDE
Based Image Restoration

See minitutorial abstract.

Stanley J. Osher
University of California
Department of Mathematics
sjo@math.ucla.edu

MS37

Image Invariants from Lie Group Representations

The effective use of harmonic analysis on non-commutative
Lie groups for problems in computer vision and other appli-
cations requires a computationally effective means to find
their operator-valued Fourier transform and its inverse. We
present a general scheme for a class of Lie groups given by
semidirect products that include the affine and euclidean
motion groups. Our approach emphasizes induced repre-
sentations and integral operators.

Robert Boyer
Drexel University
Mathematics Department
boyerrp@drexel.edu

Amal Aafif
Department of Mathematics
Drexel University
aa52@drexel.edu

MS37

3D Motion Recovery via Spherical Filtering

A multitude of computer vision applications are linked by
the fundamental problem of matching, whether it be sig-
nal alignment for image mosaicing, point matching for laser
scan alignment, and feature matching for 3D motion esti-
mation. This talk will touch on the application of har-
monic analysis techniques for all three examples, but the
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focus will be on the last one. We will present a novel ap-
proach for the estimation of 3D-motion directly from two
images using the Radon transform. The feasibility of any
camera motion is computed by integrating over all feature
pairs that satisfy the epipolar constraint. This integration
is equivalent to taking the inner product of a similarity
function on feature pairs with a Dirac function embedding
the epipolar constraint. The maxima in this five dimen-
sional motion space will correspond to compatible rigid
motions. The main novelty is in the realization that the
Radon transform is a filtering operator: If we assume that
the similarity and Dirac functions are defined on spheres
and the epipolar constraint is a group action of rotations
on spheres, then the Radon transform is a correlation inte-
gral. We propose a new algorithm to compute this integral
from the spherical harmonics of the similarity and Dirac
functions. Generating the similarity function now becomes
a preprocessing step which reduces the complexity of the
Radon computation by a factor equal to the number of fea-
ture pairs processed. The strength of the algorithm is in
avoiding a commitment to correspondences, thus being ro-
bust to erroneous feature detection, outliers, and multiple
motions.

Ameesh Makadia
University of Pennsylvania
Computer and Information Systems
makadia@grasp.cis.upenn.edu

MS37

Spherical Convolution for Inverse Rendering in
Computer Graphics

Realism in computer-generated images requires accurate
input models for lighting and reflectance functions. One
of the best ways of obtaining high-quality data is through
measurements of scene attributes from real photographs
by inverse rendering. This talk introduces a new signal-
processing framework for inverse rendering under complex
lighting. We describe the reflected light as a spherical
convolution of lighting and the BRDF (bi-directional re-
flectance distribution function) or reflectance properties of
the surface. Mathematically, we express the reflected light
as a product of spherical harmonic coefficients of the light-
ing and BRDF. Within this theory, reflection can be viewed
as taking the incident illumination signal, and filtering it
by the BRDF kernel, with inverse rendering seen as decon-
volution. We apply our theory to a number of inverse prob-
lems, understanding why certain problems are ill-posed or
ill-conditioned and developing new frequency domain algo-
rithms, including for lighting and BRDF estimation and
deconvolution.

Ravi Ramamoorthi
Columbia University
Computer Science Dept.
ravir@cs.columbia.edu

MS37

Range-Doppler Target Estimation Using Harmonic
Analysis of the Affine and Heisenberg Groups

This talk presents a new framework to simultaneously
achieve multiple objectives in wideband radar signal pro-
cessing. These objectives include high resolution range-
Doppler imaging, clutter rejecting adaptive diversity wave-
form design, removal of range-Doppler clutter, and use of
a priori knowledge. Our approach is based on the Fourier
transform of the affine and Heisenberg group and a novel

Wiener type spectral domain filtering for reconstruction.
This approach leads to a framework in which the wave-
form design and imaging problems are naturally coupled.
We will present several algorithms that exploit joint de-
sign of transmission and reception. The methods can be
also viewed as a synthetic wideband imaging method using
multiple antennas with limited aperture operating inde-
pendently.

Birsen Yazici
Department of Electrical, Computer and Systems
Engineering
Rensselaer Polytechnic Institute
yazici@ecse.rpi.edu

MS38

Resolution Issues in Radar and X-ray CT

Radar imaging and X-ray Computed Tomography (CT)
are both based on inverting the Radon transform. Yet
radar can make images from as little as two degrees of
aperture while X-ray CT typically requires an aperture of
at least 120 degrees. This work examines the point spread
function for limited-aperture imaging in order to determine
the resolution in the two cases.

Brett Borden
Physics Department
Naval Postgraduate School
bhborden@nps.edu

Frank Natterer
University of Muenster
Department of Mathematics
nattere@math.uni-muenster.de

Margaret Cheney
Rensselaer Polytechnic Inst
Dept of Mathematical Sciences
cheney@rpi.edu

MS38

Thermoacoustic Tomography

A mathematical idealization of the problem of thermoa-
coustic tomography is the recovery of the initial data (as-
suming only one datum is non-zero) of a solution of the
wave equation in domain from the trace of the solution on
a portion of the boundary. The boundary data is highly
structured. We give a range characterization when the do-
main is a ball in an odd-dimensional space. We also discuss
the problem of anisotropy of detector response, and show
that for a special type of anistropy in three dimensions,
inversion is still possible in the spherical geometry.

David Finch
Assoc. Prof. of Mathematics
Oregon State University
finch@math.oregonstate.edu

MS38

Local Tomography in SPECT

The author will present a local algorithm and reconstruc-
tions for slant-hole SPECT. Using microlocal analysis, he
will explore the ill-posedness of the problem. The talk will
provide a short introduction to microlocal analysis and a
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quick overview of the other topics in the minisymposium.

Eric Todd Quinto
Tufts University
todd.quinto@tufts.edu

MS38

The Formula of Grangeat for Tensor Fields and its
Consequences in Vector Field Tomography

The cone beam transform for symmetric tensor fields of
order m reads as

Df(a, ω) =

∞∫
0

〈f(a + tω), ωm〉dt .

The development of inversion methods for that transform is
of large interest in vector field tomography where the X-ray
sources a lie on a curve Γ which usually is a union of circles
or a helix. To this end the generalization of Grangeats
formula to symmetric tensor fields

∂(n−2)

∂s(n−2)
Rfa(ω, 〈a, ω〉) = (−1)(n−2)

∫
Sn−1

Df(a, θ) δ(n−2)(〈θ, ω〉) dθ ,

where fa(x) = 〈f(x), |x − a|−m(x − a)m〉 are projections
of the tensor field f and R denotes the 3D Radon trans-
form, promises to be a starting point for designing such
methods. The talk discusses possibilities to compute re-
construction kernels or to develop inversion algorithms for
D with the help of Grangeats and related formulas. But
it also shows restrictions of this formula compared to that
for scalar fields.

Thomas Schuster
Fachbereich Mathematik
Universitaet des Saarlandes
schuster@num.uni-sb.de

MS39

A Boundary Parameterization Algorithm

Suppose R is a continuously differentiable region in the
plane and G is a rectangular grid. Mark each point in the
grid black if it is inside R and white otherwise. We give
an algorithm for parameterizing the boundary of R and
computing its arclength. The error in the arclength is at
most a simple constant times the modulus of continuity of
the boundary normal. In fact, a straightforward variation
of the method works for parameterizing the boundary and
computing the surface area of the boundary of a region in
space.

William Allard
Duke University
Department of Mathematics
wka@math.duke.edu

MS39

Feature Extraction from Severely Undersampled
3D Radiogaphic Muon Data

Background-muon signatures can be used for 3D imaging.
While conceptually appealing for applications in homeland
security, the sparsity of data makes imaging difficult in time
sensitive applications. The problem of extracting features
from effectively blurred and undersampled image data is

considered through anisotropic data-dependent metrics ap-
plied to likelihood and clustering interpretation methods.
Results show that some meaningful answers are obtainable
within reasonable times.

Tom Asaki
Los Alamos National Laboratory
Computer and Computational Sciences (CCS-2)
asaki@lanl.gov

MS39

Segmentation of X-ray Images

This talk will present a novel method for image segmenta-
tion that is applicable in many scientific imaging contexts.
The specific type of image that will be discussed is based on
x-ray imaging. This work is also applicable to other types
of radiographic images such as proton radiographs, where
segmentation algorithms must be robust in the presence of
noise.

Selim Esedoglu
Department of Mathematics
University of Michigan
esedoglu@umich.edu

MS39

Comparing Simulation and Experimental Images
via Shape Metrics

Geometric measure theory provides a strong theoretical ba-
sis for shape and image analysis that can be applied to the
verification and validation process of computational sci-
ence. This talk demonstrates the applicability of shape
metrics and a suite of image processing tools to compar-
ing simulated and experimental data for shocktube experi-
ments. The application of measure theoretic densities as a
shape metric to perform time registration of simulated data
with the corresponding experimental results is discussed.

Matthew Sottile
Los Alamos National Laboratory
matt@lanl.gov

MS40

Macromolecular Ultra-Structure Elucidation from
Cryo-Electron Microscopy

Hybrid experimental approaches for capturing large macro-
molecular structures (henceforth, complexes), utilizing sin-
gle particle cryo-electron microscopy (cryo-EM), and elec-
tron tomography (ET), need to be ably complemented with
faster and more accurate image processing for ultrastruc-
ture elucidation at the best level of resolution that is pos-
sible. This talk shall describe some of our recent efforts in
geometric and signal processing once a volumetric EM or
ET map (henceforth a 3D Map) has been reconstructed, as
essential steps towards an enhanced and automated compu-
tational structure refinement pipeline. In particular I shall
address 3D Map filtering, automated structural feature de-
termination including local symmetry detection, structural
alignment, and helix and beta-sheet identification. This re-
search is supported in part by NSF ITR grant EIA-0325550
and NIH grant 1R01-GM074258-021

Chandrajit Bajaj, Samrat Goswami, Zeyun Yu
Computational Visualization Center
The University of Texas - Austin
bajaj@cs.utexas.edu, samrat@ices.utexas.edu,
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zeyun@cs.utexas.edu

MS40

Maximum Likelihood 3-D Reconstruction from
Noisy Projections with Unknown Orientations and
Cryo Electron Microscopy of Viruses

Model-based statistical inference using maximum likeli-
hood is a powerful method for dealing with uncertainty in
data. Mathematical models for cryo electron microscopy
(cryoEM) studies of viruses are described that include un-
certainty in the 3-D orientation and 2-D center location
of the virus particle, the noisy character of the image, the
contrast transfer function, and uncertainty in the type of
virus particle present (from among a known number of
types). Model-based maximum likelihood 3-D reconstruc-
tion of the scattering intensity from cryoEM images and
parallel computational methods will be presented.

Peter C. Doerschuk
School of Electrical and Computer Engineering
Purdue University
doerschu@ecn.purdue.edu

MS40

Non-uniform Fourier Transforms in Cryo-EM Data
Processing

A key step in Cryo-Em data processing is the alignment
of 2-D particle images to 2-D projections of a 3-D model
volume. Unfortunately, interpolation error in the standard
algorithms for both 2-D rotations and 3-D projections leads
to notably degraded reconstructed images. We show how
non-uniform fourier transforms (gridding) can be used to
avoid such interpolation errors, thereby improving the fi-
delity of the reconstructed volume.

Pawel Penczek, Grant Goodyear
University of Texas - Houston Medical School
Pawel.A.Penczek@uth.tmc.edu,
grant.goodyear@uth.tmc.edu

MS40

A Quasi-Newton Method for Structure Determina-
tion from Cryo-EM Projections

Given a low resolution initial guess to the 3-D macromolec-
ular structure to be reconstructed from a large set of 2-D
cryo-electronic microscopy images (with unknown orienta-
tions), a higher resolution 3-D model can be computed by
using a Quasi-Newton method to minimize the discrepancy
between the experimental images and projections of the re-
constructed 3-D model. The computational details of this
approach, such as gradient calculation, the effect of noise,
and contrast transfer function correction will be presented.

Pawel Penczek
University of Texas - Houston Medical School
Pawel.A.Penczek@uth.tmc.edu

Chao Yang
Lawrence Berkeley National Lab
CYang@lbl.gov

Vanessa Lopez
Computational Research Division
Lawrence Berkeley National Laboratory
vllopez@lbl.gov

MS42

Efficient Sampling in Helical Tomography

In tomography, the fan beam geometry symmetry yields a
reflected lattice associated to each sampling lattice. In a
recent work, Izen, Rohler and Sastry showed that the union
of a standard lattice and its reflected lattice builds the
union of shifted coarse standard lattices. Thus, generalized
sampling theorems can be applied in order to exploit the
reflected lattice for sampling in fan beam tomography. We
present applications of these ideas to helical tomography.

Laurent Desbat
TIMC-IMAG, In3S, Faculté de Médecine, UJF
38706 La Tronche, FRANCE
laurent.desbat@imag.fr

MS42

Sampling Theory and High-resolution Tomography

Tomography entails the reconstruction of a function from
finitely many measurements of its line integrals. The Shan-
non sampling theorem and its generalizations can be used
to determine data acquisition schemes allowing for optimal
resolution. This first talk of the session provides an intro-
duction to the area and presents recent progress in using
periodic sampling theory for improving resolution in the
commonly used fan-beam sampling geometry.

Adel Faridani
Oregon State University
faridani@math.orst.edu

MS42

Improving Resolution in Fan-beam Tomography
through Non-periodic Sampling Theory

An interpolation algorithm based on the theorem for sam-
pling on unions of shifted lattices is introduced which
exploits the symmetry property in two-dimensional fan
beam computed tomography and permits the reconstruc-
tion of images with twice the resolution as the standard
reconstruction by increasing only the number of measured
views per rotation. Numerical results are presented which
demonstrate the improvement in the quality of images from
real and simulated data.

Larry Gratton
Berea College
Mathematics and Computer Science
Larry Gratton@berea.edu

MS42

Asymptotics of Jacobi Polynomials and Sampling
Requirements for Fan-beam Tomography

In the course of a sampling analysis of a commonly used
fan-beam CT reconstruction algorithm, it was discovered
that the region of essential support of the integral kernel’s
Fourier transform is governed by the asymptotic decay rate
of a particular family of Jacobi Polynomials. That asymp-
totic behavior will be obtained theoretically, and illustrated
numerically. Examples will be shown which confirm the
predicted behavior of the Jacobi Polynomials and illustrate
the application to fan-beam tomography.

Steven Izen
Mathematics Department
Case Western Reserve University
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shi@cwru.edu

MS43

Image Registration Using RANSAC

Computing a low dimensional pixel map between images
based on feature correspondence can fail due to feature
mismatch. The random sample consensus (RANSAC) pro-
cedure was specifically developed for this problem. A short
description of RANSAC is presented emphasizing efficient
sample space search, post-processing quality assessment,
and automatic parameter selection. New results are given
in these areas and illustrated by registration problems for
affine and homographic transforms with emphasis on the
effects of model mismatch.

Charles S. Kenney, M. Zuliani
Department of Electrical and Computer Engineering
University of California, Santa Barbara, CA 93106-9560
kenney@ece.ucsb.edu, zuliani@ece.ucsb.edu

Bangalore Manjunath
Dept. of Electrical & Comp. Engr.
Univ. of California, Santa Barbara
manj@ece.ucsb.edu

MS43

Human Understandable Explanatory Models for
Geospatial Imagery

In some fields such as optical character recognition it is
not critical whether a mathematical model is human un-
derstandable or not. The analysis of geospatial vector data
(maps) and raster imagery often requires that the model
has explanatory power for an imagery analyst in addi-
tion to accuracy. In this talk we propose an approach to
build explanatory models for geospatial imagery analysis
based on abstract algebraic structures and the representa-
tive measurement theory.

Boris Kovalerchuk
Dept. of Comp. Sci.
Central Washington Univ.
borisk@tahoma.cwu.edu

MS43

Bilinear Models of Natural Images

Our goal in this work is to understand how invariant repre-
sentations of objects are formed in the visual system. Here
we show how one can learn independent representations
of ’what’ (form) and ’where’ (transformations) in natural
images through the use of a bilinear model. The model
shows promise for use in a variety of practical image anal-
ysis tasks where it is desired to factor apart the shape of
an object from its transformation.

David K. Warland
Dept. of Neurobiology , Physiology and Behavior
UC Davis
dkwarland@ucdavis.edu

Bruno A. Olshausen
Redwood Center for Theoretical Neuroscience
University of California, Berkeley
baolshausen@berkeley.edu

Jack Culpepper

Dept. of Electrical Engineering and Computer
UC Berkeley
bjc@cs.berkeley.edu

MS43

Generalized Dual-Bootstrap Image Registration

A registration algorithm is described that reliably aligns
a wide variety of image pairs, including multimodal pairs,
pairs having low overlap, and pairs involving substantial
changes in illumination or content. The algorithm gener-
ates initial transformation estimates using invariant index-
ing. These are refined using a combination of feature-based
matching, robust estimation, region growing and model se-
lection. A robust decision criteria determines which align-
ments are correct. Experimental results demonstrate the
effectiveness of the algorithm and its individual compo-
nents.

Chuck Stewart
Dept. of Comp. Sci.
Rensselaer Polytechnic Inst.
stewart@cs.rpi.edu

MS44

Blind Deconvolution of Hubble Space Telescope
Imagery

Astronomical images present challenging problems in im-
age analysis, because of their delicate fine textures. Such
images are very far from fitting the bounded variation im-
age model, and cannot be handled by Perona-Malik or
Total Variation approaches. This talk will discuss suc-
cessful recent applications of APEX blind deconvolution
to galaxy images, including some spectacular color Hubble
Space Telescope imagery.

Alfred S. Carasso
Nat’l Inst of Standards & Tech
alfred.carasso@nist.gov

MS44

Sparse Representations and EM Algorithm for
Joint Image Decomposition and Inpainting

Representing the image to be inpainted in an appropriate
sparse dictionary, and combining elements from bayesian
statistics, we introduce an expectation-maximization (EM)
algorithm for image inpainting. From a statistical point of
view, the inpainting can be viewed as an estimation prob-
lem with missing data. Towards this goal, we propose the
idea of using the EM mechanism in a bayesian framework,
where a sparsity promoting prior penalty is imposed on the
reconstructed coefficients. The EM framework gives a prin-
cipled way to establish formally the idea that missing sam-
ples can be recovered based on sparse representations. We
first introduce an easy and efficient sparse-representation-
based iterative algorithm for image inpainting. A side ef-
fect of such an algorithm is decomposition of the inpainted
image in different mophological components as recently in-
troduced by Starck et al. We give a formal description of
the problem and derive its theoretical convergence proper-
ties for a wide class of penalties. Particularly, we establish
that it converges in a strong sense, and give sufficient con-
ditions for convergence to a local or a global minimum.
Compared to its competitors, this algorithms allows a high
degree of flexibility to recover different structural compo-
nents in the image (piece-wise smooth, curvilinear, texture,
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etc). We also describe some ideas to automatically find the
regularization parameter.

Jalal Fadili
University of Caen, France
Jalal.Fadili@greyc.ensicaen.fr

Jean-Luc Starck
DAPNIA/SEDI-SAP
CEA-Saclay
jstarck@cea.fr

MS44

Image Restoration and Decomposition in Spatial
and Frequency Domains

We present a new ’class’ of models for image restora-
tion and decomposition based on the Total-Variation-
Minimization framework of Rudin-Osher-Fatemi. In our
model, the data image f is decomposed into the sum of
u and v = f − u, where u is the piecewise-smooth (car-
toon) component of f and v the oscillatory (noisy and tex-
tured) part. Motivated by Y. Meyer’s suggestions to model
the v component with norms weaker than the L2 norm,
by Osher-Solé-Vese (BV,H−1) model, and by Mumford-
Gidas’s work infering that generic images live in H−s for
some s > 0 and that Gaussian white noise is supported
in ∩ε>0H

−1−ε
loc , we impose in our model that u be in the

space of bounded variations BV (Ω) and v be in the ’class’
of negative-powered Hilbert spaces H−s(R2) with s > 0.
Under these constraints, the derived energy functional is
strictly convex, hence existence and uniqueness of solu-
tion is guaranteed. When s = 0, our model reduces to
the (BV,L2) decomposition of Rudin, Osher, and Fatemi.
We present a numerical algorithm for computing the H−s

norm for images, as well as for computing the minimizer
of the energy functional in our model. We give the defini-
tion for a semi-norm | · |∗ with which we are able to give
characterizations of minimizers. We also derive Neumann
boundary condition for the solution via duality formulation
of optimization problems.

Luminita A. Vese
University of California, Los Angeles
Department of Mathematics
lvese@math.ucla.edu

Linh Lieu
UCLA
llieu@math.ucla.edu

MS44

Edge Detection Using Spectral Data

We discuss the reconstruction of piecewise smooth data
from (pseudo-) spectral information. Spectral projections
enjoy superior resolution provided the data is globally
smooth. The presence of jump discontinuities, however,
is responsible for spurious O(1) Gibbs oscillations in the
neighborhood of such jumps, and an overall deterioration
to the unacceptable first-order convergence rate of spec-
tral projections. The purpose is to regain the superior
exponential accuracy in the piecewise smooth case, and
this is achieved in two separate steps: (i) Localization. A
detection procedure which based on appropriate choice of
concentration factors which identify finitely many edges —
both their location and their amplitudes. This is followed
by (ii) Mollification. We present a two-parameter family of
spectral mollifiers which recover the data between the edges

with exponential accuracy. We conclude with examples for
applications in image and geophysical data processing.

Eitan Tadmor
University of Maryland
USA
tadmor@cscamm.umd.edu

MS44

Multi-frames and Thresholding Iterations for Non-
linear Inverse Problems in the Context of Image
Restoration

Not available at time of publication.

Gerd Teschke
Zuse Institute Berlin, Germany
National Institute of Standards and Technology (NIST)
teschke@zib.de

PP0

Inexact Newton Methods for Total Variation Min-
imization

We present Gauss-Newton-Krylov algorithms for Total-
Variation models. Our methods employ Krylov solvers to
determine inexact solutions of the approximated Gauss-
Newton system. We devise positive-definite operators and
promote efficiency by adopting a matrix free scheme. Line
search in conjunction with multiscale and continuation
strategies are used to achieve robustness. We present con-
vergence results and compare our methods with other com-
petitive approaches. Our algorithms are targeted at brain
image processing and high resolution biomedical images.

Alexandre Cunha
Center of Computational Biology - Laboratory of
NeuroImaging
University of California Los Angeles
cunha@ucla.edu

Arthur Toga
UCLA
Laboratory of Neuro Imaging
toga@loni.ucla.edu

PP0

3-D Reconstructions of Viruses with Tails and
Other Deviations from Symmetry

Because virus particles are typically large, greater than 250
Angstrom in diameter, the presence of symmetries in the
protein shell of the virus particle is important to compu-
tational structural biology. The most common symmetry
is icosahedral, which has 60 rotational symmetry opera-
tions. Statistical models for two classes of virus problem
where less symmetry is present, a bacteriophage including
its tail where the tail breaks the symmetry of the capsid
and a virus where the nucleic acid core lacks symmetry are
described and used in experimental design and 3-D recon-
struction calculations.

Peter C. Doerschuk
School of Electrical and Computer Engineering
Purdue University
doerschu@ecn.purdue.edu

Cory Prust
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PP0

Speeding Up the Convergence of the Chan-Vese
Segmentation Model

In this paper, a new level set method to optimize the active
contour model with edges by Tony F. Chan and Luminita
A. Vese in 2001 is presented. The foundation of our method
is to incorporate Bing Song and Tony Chan’s a fast algo-
rithm for level set based optimization and Yonggang Shi
and william Clem Karl’s a fast level set method without
solving PDEs. This method will directly calculate the en-
ergy to check if the energy is decreased by switching one
point to another then use the convergence status to initial-
ize the level set for narrowband method to insure the result
from Bing Song’s method has reached global minimum oth-
erwise evolve the level set to global minimum. This method
has speed of Bing Song’s algorithm while the convergence
to the global minimum is guaranteed by Yonggang Shi’s
method.

Luminita A. Vese
University of California, Los Angeles
Department of Mathematics
lvese@math.ucla.edu

Tony F. Chan
University of California, Los Angeles
TonyC@college.ucla.edu

Sol Eun
UCLA
seun@ucla.edu

PP0

Registration of Dti Images with a Built-in Reori-
entation

Diffusion Tensor Imaging (DTI) is a new 3-D imaging tech-
nique that measures the diffusion of water molecules. This
new technique has generated much enthusiasm and high ex-
pectations. The registration of DTIs is a delicate problem,
as a proper reorientation of the tensor-valued data has to
be taken into account. Here, we present a novel scheme for
non-rigid registration of DTI images with a built-in reori-
entation. The performance of the scheme is demonstrated
for a variety of examples.

Bernd Fischer
Institute of Mathematics
University of Luebeck, Germany
fischer@math.uni-luebeck.de

Matthias Bolten
University of Luebeck, Germany
matthias@bolten.de

PP0

Highly Accurate Segmentation Using Geometric

Attraction-Driven Flow in Edge-Regions

We propose a highly accurate segmentation algorithm for
objects in an image that has simple background colors.
There are two main concepts, “geometric attraction-driven
flow” and “edge-regions”, which are combined to give an
exact boundary. The method can be successfully done by
a geometric analysis of eigenspace in a tensor field on a
color image as a two-dimensional manifold and a statistical
analysis of finding edge-regions.

Jooyoung Hahn
Division of Applied Mathematics
KAIST (Korea Advanced Institute of Science and
Technology)
jhahn@ima.umn.edu

Chang-Ock Lee
Division of Applied Mathematics
KAIST
colee@amath.kaist.ac.kr

PP0

Image Enlargement Based on Adaptive Fuzzy In-
terpolation

In this paper we propose a novel interpolation algorithm
based on adaptive fuzzy interpolation, in order to improve
the resolution of a given image, i.e. enlarge a given image.
Traditionally, Bi-linear interpolation algorithm is widely
applied to enlarge a given image. But this method have a
disadvantage that the edge of an enlarged image is usually
blurred, whereas the edge of the image is the most impor-
tant information of an image. Our adaptive interpolation
algorithm effectively preserve the edge of an image during
enlargement based on some rules.

Li Hongsong
School of Information and Electronic Science
Yunnan University,Kunming,Yunnan,China
hongsong li@163.com

PP0

Heart Motion Analysis Using Spatio-Temporal
Model and Tagged Mri

Heart motion can serve as an excellent indicator for the
existence of cardiac pathological conditions. We present
a new approach for describing tag-point trajectories in
tagged MRI using a set of optimally designed spatio-
temporal basis functions. We design the basis functions
using potential stress-strain energy function of myocardium
and asymptotic periodicity of heart motion. We estimate
the unknown parameters using generalized multivariate
analysis of variance and evaluate our results using three-
dimensional tagged MR images.

Aleksandar Jeremic
McMaster Univeristy
jeremic@mail.ece.mcmaster.ca

Arye Nehorai, Nidhal Bouaynaya
The University of Illinois at Chicago
nehorai@uic.edu, nidhal1@uic.edu

PP0

Reconstruction of Images with Sharp Edges with
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Radial Basis Functions

Reconstructing a smooth surface with Radial Basis Func-
tion (RBF) yields accurate results. If the image has sharp
edges, however, the Gibbs ringing artifacts contaminate
the reconstructed image. To resolve this, we develop two
methods: 1) the projection method which projects the re-
constructed image to orthogonal polynomial space, and 2)
the adaptive RBF method that exploits null shape param-
eters locally across the edges. Both reduce the Gibbs ar-
tifacts considerably. Results are demonstrated using real
data.

Jae-Hun Jung
University of Massachusetts, Dartmouth
Department of Mathematics
jjung@umassd.edu

PP0

Structural Identification Using Digital Image Pro-
cessing Techniques

This paper presents an experimental methodology devel-
oped to obtain the dynamic responses of structures that
cannot be monitored by conventional sensors, based on
the digital image processing techniques. The importance
of this methodology is to perform large displacements
measurement without making contact with the structure,
therefore, not introducing undesirable modifications in the
behavior of the structure. The numerical and experimen-
tal results were consistent, confirming the accuracy and
versatility of the present methodology.

Daniel Jurjo

Civil Engineering Program - COPPE/UFRJ
jurjo@coc.ufrj.br

Carlos Magluta, Ney Roitman
Civil Engineering Program
COPPE/Federal University of Rio de Janeiro
magluta@coc.ufrj.br, roitman@coc.ufrj.br

PP0

Simulation of Highly Uneven Curves and Surfaces
Using Fractal Interpolation

The present paper is about new construction methods of
Coalescence Fractal Interpolation Functions and Coales-
cence Fractal Interpolation Surfaces,that may be specially
suited to image compression, zooming problems and Frac-
tal Terrain Modeling. The simulation of highly uneven
curves or surfaces is successfuly achieved using our con-
struction methods. Our approach of construction settles
several open questions of Barnsley and Harrington [J. Ap-
prox. Theory, 1989] besides providing smoothness and be-
ing stable.

G. P. Kapoor
Professor, Indian Institute of Technology Kanpur, India
gp@iitk.ac.in

PP0

Investigating The Resolution Properties of Double-
Mirror Catadioptric Sensors

Obtaining a wide field of view is very desirable in image
science, for many applications such as surveillance, photog-
raphy, robot navigation. Catadioptric sensors which are

combined of a reflective surface(catoptrics) and an optical
component(dioptrics), present an effective solution to this
problem A major property of catadioptric sensors are their
lack of uniformity of resolution. In this work, we inves-
tigate resolution properties of double-mirror catadioptric
sensors whose primary mirrors are surfaces of revolutions
of conical sections.

Ronald Perline, Emek Kose
Drexel University
ronald.k.perline@drexel.edu, ek58@drexel.edu

PP0

Non-Convex Diffusion and Texture-Free Residual
Parameterization for Image Denoising and Edge
Enhancement

Total variation-based models can easily lose fine structures
during image denoising. To overcome the drawback, this
talk introduces two strategies: the non-convex diffusion
and the texture-free residual parameterization. A non-
standard numerical procedure is suggested and its stability
is analyzed to effectively solve the new model. It will be
numerically verified that the resulting algorithm not only
reduces the noise satisfactorily but also enhances edges ef-
fectively. Various numerical examples are shown to confirm
the argument.

Seongjai Kim
University of Kentucky
skim@math.msstate.edu

Hyeona Lim
Mississippi State University
hlim@math.msstate.edu

PP0

Statistical Modeling of Images in the Fractal Do-
main

Fractal image compression works, there is no doubt about
that. There is also little doubt that most people don’t use
it (or care about it). Since this is the way it is, what else
can we do with fractal image techniques? Fortunately, the
answer is: Lots of things! For example, it makes sense to
use fractal (and/or fractal-wavelet) methods in image de-
noising. Another application area is Content Based Image
Retrieval (CBIR). In this talk, we present some statisti-
cal models for images in the IFS fractal domain. We use
Markov Random Fields to model the spatial correlation
between individual fractal parameters. These models illu-
minate the meaning of IFS parameters and allow one to
generate synthetic images.

Franklin Mendivil
Acadia University, Wolfville, Nova Scotia
franklin.mendivil@acadiau.ca

PP0

An Upwind Method for Optical Flow Velocity Es-
timation

Since the optical flow constraint is a hyperbolic equation,
central-differencing-based techniques for estimating the op-
tical flow velocity components (e.g., Horn and Schunck,
Lucas-Kanade) are either unstable or produce spurious os-
cillations, especially near motion boundaries. For devel-
oping an upwind scheme one faces the question: How to
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upwind the flux computations when the velocity compo-
nents are unknown? This paper shows that the local time
derivative has the necessary information to develop an up-
wind scheme.

Beddhu Murali
Essential Knowledge Systems, LLC
University of Southern Mississippi
embed@bellsouth.net

PP0

Multiscale Image Registration

Often in image processing, images must be spatially aligned
in order to perform quantitative analyses of the images;
the process of determining the optimal transformation that
maps one image to another is called image registration. Al-
though numerous successful registration techniques have
been published, ordinary methods fail when one or more of
the images contains significant levels of noise. We present
a multiscale image registration technique using the hier-
archical multiscale image decomposition of Tadmor, Nez-
zar, and Vese. We demonstrate that this new technique
provides accurate registration of images that contain noise
levels significantly greater than those at which ordinary
registration fails.

Doron Levy
Stanford University
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PP0

Dicom Image Compression based on HVS using
Wavelet Transform

DICOM grayscale and color images are disintegrated into
luminance and chrominance attributes and to each of these,
wavelet transform is applied. The obtained coefficients
are weighted with perceptual weighting mask from con-
trast sensitivity function (CSF) of human visual system
(HVS). Further, coefficients are quantized using SPIHT
algorithm, followed by arithmetic coding. Upon recon-
struction, got a lossy compressed version of the input im-
age.Results are compared based on different compression
ratios with jpeg2000 for Quantitative (PSNR evaluation)
and Qualitative (subjective evaluation) performances.

Bandi Prabhakar
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PP0

Optimal Multi-Channel Time-Sequential Sampling

in Dynamic Parallel MRI

Spatio-temporal modeling with adaptive acquisition has
been previously proposed for minimum-rate sampling and
reconstruction of Fourier encoded signals, with applications
in dynamic MRI. We extend the method to signals with
mixed Fourier and spatial encoding. While allowing over-
laps in the reciprocal domain, we provide conditions for re-
constructibility. An efficient sampling design algorithm is
proposed, bounding the reconstruction error in the result-
ing inverse problem. The theory is then applied to cardiac
MRI with phased-array coils.

Yoram Bresler
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PP0

A New Approach for Image Denoising Based on
Directional Wavelet Transforms

This paper introduces an approach for image denoising
based on the one-dimensional redundant wavelet trans-
form computed along lines of the image and using adaptive
or non adaptive thresholding. Denoising results are supe-
rior to methods like undecimated two-dimensional wavelet
transform, curvelet transform, and wavelet-based Hidden
Markov tree method. Redundancy of the wavelet trans-
form and its property to detect singularities are used to re-
move noise without smearing edges. Denoising is improved
at increased computational cost.

Ricardo F. Von Borries, Arun Prasad Ranganathan V.
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PP0

Refraction-Based Computed Tomography from
Viewpoint of Geometrical Optics

Conventional absorption-based x-ray computed tomogra-
phy (CT) delineates an object cross-section using an imag-
inary part of the complex refractive index n = 1 − δ + iβ.
However, β of low atomic-number elements such as hydro-
gen, carbon, nitrogen, and oxygen, does not produce suffi-
cient contrast. In order to image a phase object with β = 0
such as biological sample in hard x-ray regions, it is much
more advantageous to detect variations of the propagation
direction of incident ray using analyzer of high angular sen-
sitivity. So far, a variety of imaging schemes for a phase
object have been proposed, while Maksimenko et al. re-
cently devised a novel tomograhic imaging protocol based
on a mathematically well-defined reconstruction algorithm
using geometrical optics and paraxial-ray approximation to
experimentally obtain satisfactory results. We outline the
principle.
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PP0

Joint Prior Models of Mumford-Shah Regulariza-
tion for Blur Image Deconvolution and Segmenta-
tion

We study the Mumford-Shah in the context of prior mod-
els for combining restoration and segmentation. A newly
introduced prior solution space of point spread functions
in Bayesian estimation supports good initial value for im-
proving the results in the Mumford-Shah. A graph-theory
is integrated into Mumford-Shah regularization to group
blurred objects. The approach is robust in that it can han-
dle images that are formed in different environments with
different types of blur and amounts of noise.

Hongwei Zheng, Olaf Hellwich
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