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ABSTRACT

We will give a series of three lectures, covering the state-of-the-art in the area of redundant and non-redundant wavelet representations, and presenting novel approaches for constructing such representations in arbitrarily high dimensions.

Lecture I (Amos Ron) is devoted to an overview of the basic ingredients of wavelet/framelet theory. Specifically, the following topics will be discussed:

(1) The raison d'^etre of the wavelet representation.

(2) The Fast Wavelet Transform and its interpretation.

(3) L2-performance of the wavelet representation I: frames and Riesz bases.

(4) L2-performance of the wavelet representation II: Jackson-type and Bernstein-type performance.

(5) Characterization of performance in terms of the mother wavelets.

(6) The wavelet representation: non-linear approximation vs. linear approximation.

(7) Frame constructions: the Unitary Extension Principle and the Oblique Extension Principle.

(8) The Fast Framelet Transform.

(9) The double role played by the dual system and the power of redundancy.

(10) The highlights of the CAP methodologies (or why attending the second lecture is a must).
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ABSTRACT

We develop single and two channel sampling formula in the translation invariant subspaces arising from the multi resolution analysis 
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 of a wavelet theory. First, we give a single channel sample formula in 
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, which extends results by G. G. Walter and W. Chen and S. Itoh. We then find necessary and sufficient conditions for two channel sampling formula to hold in 
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ABSTRACT

This paper is concerned with non-stationary subdivision schemes. First, we derive new sufficient conditions for 
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 smoothness of such schemes. Next, a new class of interpolatory 
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-point non-stationary subdivision schemes based on Gaussian interpolation is presented. These schemes are shown to be 
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 is the integer smoothness order of the known 
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-point Deslauiers-Dubuc interpolatory schemes. 
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ABSTRACT

The talk will start with an introduction to the important topic of the Gibbs-Wilbaham Phenomenon, considering the general audience, and with a historical touch. It is followed by a summary of the appearance of this phenomenon in the Fourier series, Fourier integrals, splines, wavelets and other functions representations. The later part of the talk will outline a summary of further research since the appearance of the speaker's _rst book on the subject since 1998. There will also be emphasis on methods for reducing this \stubborn" error in the applications, i.e., resenting di_erent methods of _ltering it. In this summary-type paper we shall emphasize the interesting historical development with its clear conicts about assigning credits, and the basic analysis. It is followed by a brief summary of the appearance of the phenomenon in other expansions. Most recent developments will be left for the lecture.
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ABSTRACT

   Localization of sequences with respect to Riesz bases for Hilbert space are comparable with perturbations of Riesz bases or frames. We introduce the definition of localization. It can be shown that a localized sequence with respect to a Riesz basis is always a Bessel sequence. We present an additional condition which guarantees that a localized sequence with respect to a Riesz basis is a frame for Hilbert space. 

Deconvolution: A Wavelet Frame Approach
Zuowei Shen
National University of Singapore
E-mail: matzuows@math.nus.edu.sg


ABSTRACT

This talk devotes to deconvolution algorithms based on wavelet frame approach. I start by introducing algorithms used in high resolution image reconstruction. Then, a complete formulation of deconvolution in terms of multiresolution analysis and its approximation is given. This formulation converts the deconvolution process to the one of filling missing wavelet frame coefficients. The missing wavelet frame coefficients are recovered iteratively together with a built-in denoising scheme that removes noise in the data set such that noises in the given data will not blow up while iterating. This approach has already been proven to be efficient in solving various problems in high resolution image reconstructions. This talk focuses on the analysis of the convergence and stability of algorithms, and optimal properties of solutions.  

Internal structure of the multiresolution analyses defined by the unitary extension principle
Jae Kun Lim†, Hong Oh Kim‡ and Rae Young Kim‡
†Computational Math. & Informatics, Hankyong National University
67 Seokjeong-dong, Anseong-si, Republic of Korea
‡Division of Applied Mathematics, KAIST
373-1, Guseong-dong, Yuseong-gu, Daejeon, 305-701, Republic of Korea
E-mail: jaekun@hknu.ac.kr, hkim@amath.kaist.ac.kr, rykim@amath.kaist.ac.kr


ABSTRACT

[image: image11.png]We analyze the internal structure of the multiresolution analyses
of L*(Re) defined by the unitary extension principle (UEP) of Ron
and Shen. Suppose we have a wavelet tight frame defined by the
UEP. Define Vi to be the closed linear span of the shifis of the scaling
function and Wy that of the shifts of the wavelets. Finally, define V;
to be the dyadic dilation of Vy. We characterize the conditions that
Vi = Wi, those that Vi = Vo + Wy and those that Vi = Vo & Wo.

In particular, we show that if we construct a wavelet frame of L2(R)

from the UEP by using two trigonometric filters, then Vi = Vp + 1Wo;
and show that Vi = W, for the B-spline example of Ron and Shen. A
more detailed analysis of the various ‘wavelet spaces’ defined by the
Bespline example of Ron and Shen is also included. As a by-product

we recover a major part of the results by Mu, Zhang and Zhang [Appl.
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ABSTRACT
The fusion of multispectral images with high spectral and low spatial resolution and panchromatic image with low spectral and high spatial resolution is a very useful technique in various applications of remote sensing. Recently, some studies showed that a wavelet-based image fusion method provides high quality spectral content in fused images. However, most wavelet-based methods yield fused results with spatial resolution that is less than that obtained via the Brovey, IHS, and PCA fusion methods. In this talk, we introduce two types of the framelet-based image fusion to increase the spatial resolution of fused result. The proposed method simultaneously provides richer information in the spatial and spectral domains. We have been used to merge IKONOS panchromatic and multispectral images.
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ABSTRACT

Some results on wavelet frames are presented in this talk, including regular and nonregular, 

1-dimension and high-dimension. 
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ABSTRACT

Lecture II (Youngmi Hur) is devoted to the main aspects of the CAP representation. The talk will cover the generic CAP representation, its derived CAMP representation, and the solution that these approaches provide to the challenge of constructing very local high performance wavelet Riesz bases. The main topics to be covered include:

(1) The Laplacian pyramid and its connection to standard wavelet/framelet pyramids.

(2) The CAP pyramid as a variant of previous pyramidal representations.

(3) The performance of the CAP representation (L2-case only).

(4) The double role played by the dual system revisited (or the birth of the CAP methodologies).

(5) Comparisons of the CAP representation with the wavelet and framelet representations.

(6) The CAMP representation.

(7) An application: construction of amazingly local wavelet Riesz bases.
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ABSTRACT

G-frames are generalized frames which include ordinary frames, bounded invertible linear operators, as well as many recent generalizations of frames, e.g., bounded quasi-projectors and frames of subspaces. G-frames are natural generalizations of frames and provide more choices on analyzing functions from frame expansion coefficients. We give characterizations of g-frames and prove that g-frames share many useful properties with frames. We also give a generalized version of Riesz bases and orthonormal bases. As an application, we get atomic resolutions for bounded linear operators.
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ABSTRACT

[image: image13.png]Nonstationary frames provide a tool for analysis and wavelet-type decomposition of
irregularly distributed data. We report on a new method for the time-domain construc-
tion of nonstationary frames on bounded and unbounded domains, which was developed
jointly with C. K. Chui and W. He. Our method provides the “filter coefficients” for
decomposition and reconstruction in terms of column vectors of some (sparse) cocfficient
matrix. We begin with a nonstationary multiresolution analysis Vo C Vi (with ir-
regular refinement) where each V; is spanned (in the sense of a Bessel family) by locally
supported functions ;4. Localization of these Bessel families can roughly be described by
the simple assumption, that the support of ; 5. shrinks to zero as j tends to infinity. The
central ingredient of our construction is the formulation of approximate duals {p;4} C Vj.
This concept is closely related to the terminology of quasi-projection or quasi-interpolation
operators

Qf =Y tsese
B

which reproduce polynomials up to a certain degree. In our time-domain approach, the
approximate dual is defined in terms of a positive semi-definite matrix § where cach col-
umn represents the coefficients of a function ; 4 which is expanded in terms of the given
Bessel family in V;. The positive semi-definiteness of § implies that the operator Q; is
semi-definite as well, and this is a crucial property which is needed for the subsequent
construction of tight frames. One of the highlights of our work is the explicit construction
of approximate duals of B-splines of order m for an arbitrary irregular knot vector. Sub-
sequent steps for the construction of tight frames rely on matrix factorization techniques
for banded semi-definite matrices.

By our method, we can recover the constructions of univariate tight spline frames
for the shift-invariant setting by the Fourier-domain approach, often called the "oblique
extension principle”. We also provide new examples of tight spline frames with multiple
knots for regular dyadic refinement on an interval I C R, where I can be bounded, [0, 5c)
or the real line. This improves known results for stationary frames based on vector-valued
MRA.
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ABSTRACT

In finitely generated shift-invariant subspaces of 
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, we first provide a process to construct tight frame sequences. We then obtain a series of equivalent conditions for the existence of the dual frame sequences and show how to construct oblique dual frame sequences. As applications of our results, we consider frame sequences generated by B-splines, which admit biorthogonal wavelets.

Riesz Multiwavelet bases
Sang Soo Park
Institute of Mathematical Science, Ewha Womans University
11-1, Deahyun-Dong, Seoul, Korea
E-mail: pss4855@hanmail.net


ABSTRACT

Compactly supported Riesz wavelets are of interest in several applications such as image processing, computer graphics and numerical algorithms. In this talk, we shall investigate compactly supported MRA Riesz multiwavelet bases in 
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. An algorithm is presented to derive Riesz multiwavelets bases with short support from refinable function vectors. 
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ABSTRACT

We consider the multi-input and multi-output(in short MIMO) system which has a vector input of N band-limited signals and a vector output of M band-limited signals, which are obtained through M x N LTI system. We want to reconstruct the input vector signal by sampling output signal. D. Seidner and M. Feder considered this vector sampling problem with the delta-method. In this work, we consider the problem by the Riesz basis method. We fill some gaps in reasoning by D. Seidner and M. Feder and obtain necessary and sufficient conditions for a generalized sampling formula as a Riesz basis expansion to hold in this MIMO system. We also obtain an upper bound of the aliasing error which occurs when we apply the generalized sampling formula to non-band-limited vector signals.   
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ABSTRACT

In this talk we present a method to construct a family of refinable orthonormal cardinal functions from Blaschke products. We consider the smoothness and the asymptotic behavior of the family
REFERENCES
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ABSTRACT

Lecture III (Amos Ron) serves as an introduction to the L-CAMP representation, a novel methodology for constructing high performance wavelet representations with extreme locality and fast algorithms. The main topics to be covered include:

(1) The current wavelet constructions scale poorly with the dimension.

(2) The L-CAMP representation introduced (piecewise-constant version only).

(3) The fast L-CAMP transform and its complexity analysis.

(4) The performance of the L-CAMP representation.

(5) Examples of L-CAMP systems.

(6) Summary: comparison of L-CAMP systems with other systems (wavelets, CAP, CAMP, very local Riesz bases) in terms of localness and performance.
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ABSTRACT

For sufficiently small translation parameters we prove that any function, whose integer-translates form a partition of unity, generates a Gabor frame, having a dual which is a finite linear combination of shifts of the function. For arbitrary translation parameters and modulation parameters, an extension of the construction yields a multi-generated Gabor frame, where the frame generators and the dual frame generators are given explicitly. 
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ABSTRACT

The orthonormal multiresolution analysis with a single scaling function was introduced in order to construct an orthonormal wavelet basis. The conditions for an orthonormal wavelet to be associated with a multiresolution analysis were known. In contrast to a multiresolution analysis, a frame multiresolution analysis with a single scaling function may or may not have a singly generated wavelet. It was shown that there always exist at most two frame wavelets derived from a frame multiresolution analysis.

In this talk, we introduce the concepts of semi-orthogonal tight frame wavelets, which are generalizations of orthonormal wavelets, and give some examples derived from a frame multiresolution analysis. We find the necessary and sufficient conditions for which two wavelets are semi-orthogonal tight frame wavelets. These conditions include the orthonormal case. Finally, we characterize the semi-orthogonal tight frame wavelets which are associated with a frame multiresolution analysis.
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