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Shearlets
A long long time ago, echoing philosophical and aesthetic principles that existed
since antiquity, William of Ockham enounced the principle of parsimony, better
known today as Ockham’s razor: “Entities should not be multiplied without neces
sity. ” This principle enabled scientists to select the ”best” physical laws and
theories to explain the workings of the Universe and continued to guide scienti?c
research, leadingtobeautifulresultsliketheminimaldescriptionlength
approachtostatistical inference and the related Kolmogorov complexity approach
to pattern recognition. However, notions of complexity and description length are
subjective concepts
anddependonthelanguage“spoken”whenpresentingideasandresults. The?eldof
sparse representations, that recently underwent a Big Bang like expansion, explic
itly deals with the Yin Yang interplay between the parsimony of descriptions and
the “language” or “dictionary” used in them, and it became an extremely exciting
area of investigation. It already yielded a rich crop of mathematically pleasing,
deep and beautiful results that quickly translated into a wealth of practical
engineering applications. You are holding in your hands the ?rst guide book to
Sparseland, and I am sure you’ll ?nd in it both familiar and new landscapes to see
and admire, as well as ex cellent pointers that will help you ?nd further valuable
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treasures. Enjoy the journey to Sparseland! Haifa, Israel, December 2009 Alfred M.
Bruckstein vii Preface This book was originally written to serve as the material for
an advanced one semester (fourteen 2 hour lectures) graduate course for
engineering students at the Technion, Israel.

Photogrammetric Image Analysis
Aims and Scope This book is both an introductory textbook and a research
monograph on modeling the statistical structure of natural images. In very simple
terms, “natural images” are photographs of the typical environment where we live.
In this book, their statistical structure is described using a number of statistical
models whose parameters are estimated from image samples. Our main
motivation for exploring natural image statistics is computational m- eling of
biological visual systems. A theoretical framework which is gaining more and more
support considers the properties of the visual system to be re?ections of the
statistical structure of natural images because of evolutionary adaptation
processes. Another motivation for natural image statistics research is in computer
science and engineering, where it helps in development of better image processing
and computer vision methods. While research on natural image statistics has been
growing rapidly since the mid-1990s, no attempt has been made to cover the ?eld
in a single book, providing a uni?ed view of the different models and approaches.
This book attempts to do just that. Furthermore, our aim is to provide an accessible
introduction to the ?eld for students in related disciplines.

Optimally Sparse Representation in General (non-orthogonal)
Dictionaries Via L1 Minimization
This volume is designed as a textbook for an introductory course on wavelet
analysis and time-frequency analysis aimed at graduate students or advanced
undergraduates in science and engineering. It can also be used as a self-study or
reference book by practicing researchers in signal analysis and related areas. Since
the expected audience is not presumed to have a high level of mathematical
background, much of the needed analytical machinery is developed from the
beginning. The only prerequisites for the first eight chapters are matrix theory,
Fourier series, and Fourier integral transforms. Each of these chapters ends with a
set of straightforward exercises designed to drive home the concepts just covered,
and the many graphics should further facilitate absorption.

Compressed Sensing
This volume constitutes the thoroughly refereed post-conference proceedings of
the 7th International Conference on Curves and Surfaces, held in Avignon, in June
2010. The conference had the overall theme: "Representation and Approximation
of Curves and Surfaces and Applications". The 39 revised full papers presented
together with 9 invited talks were carefully reviewed and selected from 114 talks
presented at the conference. The topics addressed by the papers range from
mathematical foundations to practical implementation on modern graphics
processing units and address a wide area of topics such as computer-aided
geometric design, computer graphics and visualisation, computational geometry
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and topology, geometry processing, image and signal processing, interpolation and
smoothing, scattered data processing and learning theory and subdivision,
wavelets and multi-resolution methods.

Distributed Optimization and Statistical Learning Via the
Alternating Direction Method of Multipliers
The present collection of four lecture notes is the very first contribution of this type
in the field of sparse recovery. Compressed sensing is one of the important facets
of the broader concept presented in the book, which by now has made connections
with other branches such as mathematical imaging, inverse problems, numerical
analysis and simulation. This unique collection will be of value for a broad
community and may serve as a textbook for graduate courses.

Waveform Design for Active Sensing Systems
Compressed sensing is an exciting, rapidly growing field, attracting considerable
attention in electrical engineering, applied mathematics, statistics and computer
science. This book provides the first detailed introduction to the subject,
highlighting recent theoretical advances and a range of applications, as well as
outlining numerous remaining research challenges. After a thorough review of the
basic theory, many cutting-edge techniques are presented, including advanced
signal modeling, sub-Nyquist sampling of analog signals, non-asymptotic analysis
of random matrices, adaptive sensing, greedy algorithms and use of graphical
models. All chapters are written by leading researchers in the field, and consistent
style and notation are utilized throughout. Key background information and clear
definitions make this an ideal resource for researchers, graduate students and
practitioners wanting to join this exciting research area. It can also serve as a
supplementary textbook for courses on computer vision, coding theory, signal
processing, image processing and algorithms for efficient data processing.

Audio Source Separation
Ideal for researchers and practitioners looking to develop and use computational
algorithms for waveform design in diverse active sensing applications.

Curves and Surfaces
The theme of the 2010 PCMI Summer School was Mathematics in Image Processing
in a broad sense, including mathematical theory, analysis, computation algorithms
and applications. In image processing, information needs to be processed,
extracted and analyzed from visual content, such as photographs or videos. These
demands include standard tasks such as compression and denoising, as well as
high-level understanding and analysis, such as recognition and classification.
Centered on the theme of mathematics in image processing, the summer school
covered quite a wide spectrum of topics in this field. The summer school is
particularly timely and exciting due to the very recent advances and developments
in the mathematical theory and computational methods for sparse representation.
This volume collects three self-contained lecture series. The topics are multiPage 3/15
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resolution based wavelet frames and applications to image processing, sparse and
redundant representation modeling of images and simulation of elasticity,
biomechanics, and virtual surgery. Recent advances in image processing,
compressed sensing and sparse representation are discussed.

Handbook of Mathematical Methods in Imaging
At the intersection of mathematics, engineering, and computer science sits the
thriving field of compressive sensing. Based on the premise that data acquisition
and compression can be performed simultaneously, compressive sensing finds
applications in imaging, signal processing, and many other domains. In the areas
of applied mathematics, electrical engineering, and theoretical computer science,
an explosion of research activity has already followed the theoretical results that
highlighted the efficiency of the basic principles. The elegant ideas behind these
principles are also of independent interest to pure mathematicians. A Mathematical
Introduction to Compressive Sensing gives a detailed account of the core theory
upon which the field is build. With only moderate prerequisites, it is an excellent
textbook for graduate courses in mathematics, engineering, and computer science.
It also serves as a reliable resource for practitioners and researchers in these
disciplines who want to acquire a careful understanding of the subject. A
Mathematical Introduction to Compressive Sensing uses a mathematical
perspective to present the core of the theory underlying compressive sensing.

Sampling Theory
The theme of the 2010 PCMI Summer School was Mathematics in Image Processing
in a broad sense, including mathematical theory, analysis, computation algorithms
and applications. In image processing, information needs to be processed,
extracted and analyzed from visual content, such as photographs or videos. These
demands include standard tasks such as compression and denoising, as well as
high-level understanding and analysis, such as recognition and classification.
Centered on the theme of mathematics in image processing, the summer school
covered quite a wide spectrum of topics in this field. The summer school is
particularly timely and exciting due to the very recent advances and developments
in the mathematical theory and computational methods for sparse representation.
This volume collects three self-contained lecture series. The topics are multiresolution based wavelet frames and applications to image processing, sparse and
redundant representation modeling of images and simulation of elasticity,
biomechanics, and virtual surgery. Recent advances in image processing,
compressed sensing and sparse representation are discussed.

Introduction to Tensor Analysis and the Calculus of Moving
Surfaces
An up-to-date account of the interplay between optimization and machine learning,
accessible to students and researchers in both communities. The interplay
between optimization and machine learning is one of the most important
developments in modern computational science. Optimization formulations and
methods are proving to be vital in designing algorithms to extract essential
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knowledge from huge volumes of data. Machine learning, however, is not simply a
consumer of optimization technology but a rapidly evolving field that is itself
generating new optimization ideas. This book captures the state of the art of the
interaction between optimization and machine learning in a way that is accessible
to researchers in both fields. Optimization approaches have enjoyed prominence in
machine learning because of their wide applicability and attractive theoretical
properties. The increasing complexity, size, and variety of today's machine
learning models call for the reassessment of existing assumptions. This book starts
the process of reassessment. It describes the resurgence in novel contexts of
established frameworks such as first-order methods, stochastic approximations,
convex relaxations, interior-point methods, and proximal methods. It also devotes
attention to newer themes such as regularized optimization, robust optimization,
gradient and subgradient methods, splitting techniques, and second-order
methods. Many of these techniques draw inspiration from other fields, including
operations research, theoretical computer science, and subfields of optimization.
The book will enrich the ongoing cross-fertilization between the machine learning
community and these other fields, and within the broader optimization community.

Generalized Principal Component Analysis
This book provides a comprehensive introduction to the latest advances in the
mathematical theory and computational tools for modeling high-dimensional data
drawn from one or multiple low-dimensional subspaces (or manifolds) and
potentially corrupted by noise, gross errors, or outliers. This challenging task
requires the development of new algebraic, geometric, statistical, and
computational methods for efficient and robust estimation and segmentation of
one or multiple subspaces. The book also presents interesting real-world
applications of these new methods in image processing, image and video
segmentation, face recognition and clustering, and hybrid system identification
etc. This book is intended to serve as a textbook for graduate students and
beginning researchers in data science, machine learning, computer vision, image
and signal processing, and systems theory. It contains ample illustrations,
examples, and exercises and is made largely self-contained with three Appendices
which survey basic concepts and principles from statistics, optimization, and
algebraic-geometry used in this book. René Vidal is a Professor of Biomedical
Engineering and Director of the Vision Dynamics and Learning Lab at The Johns
Hopkins University. Yi Ma is Executive Dean and Professor at the School of
Information Science and Technology at ShanghaiTech University. S. Shankar Sastry
is Dean of the College of Engineering, Professor of Electrical Engineering and
Computer Science and Professor of Bioengineering at the University of California,
Berkeley.

Sparse Modeling
This contributed volume contains articles written by the plenary and invited
speakers from the second international MATHEON Workshop 2015 that focus on
applications of compressed sensing. Article authors address their techniques for
solving the problems of compressed sensing, as well as connections to related
areas like detecting community-like structures in graphs, curbatures on
Grassmanians, and randomized tensor train singular value decompositions. Some
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of the novel applications covered include dimensionality reduction, information
theory, random matrices, sparse approximation, and sparse recovery. This book is
aimed at both graduate students and researchers in the areas of applied
mathematics, computer science, and engineering, as well as other applied
scientists exploring the potential applications for the novel methodology of
compressed sensing. An introduction to the subject of compressed sensing is also
provided for researchers interested in the field who are not as familiar with it.

Complex-valued Neural Networks
This book constitutes the refereed proceedings of the ISPRS Conference on
Photogrammetric Image Analysis, held in Munich, Germany, in October 2011. The
25 revised full papers presented were carefully reviewed and selected from 54
submissions. The papers are organized in topical sections on orientation, matching,
object detection, 3D reconstruction and DEM, classification, people and tracking, as
well as image processing.

Multi-pitch Estimation
Over the last 20 years, multiscale methods and wavelets have revolutionized the
field of applied mathematics by providing an efficient means of encoding isotropic
phenomena. Directional multiscale systems, particularly shearlets, are now having
the same dramatic impact on the encoding of multidimensional signals. Since its
introduction about five years ago, the theory of shearlets has rapidly developed
and gained wide recognition as the superior way of achieving a truly unified
treatment in both a continuous and a digital setting. By now, it has reached
maturity as a research field, with rich mathematics, efficient numerical methods,
and various important applications.

A Mathematical Introduction to Compressive Sensing
Surveys the theory and history of the alternating direction method of multipliers,
and discusses its applications to a wide variety of statistical and machine learning
problems of recent interest, including the lasso, sparse logistic regression, basis
pursuit, covariance selection, support vector machines, and many others.

Data-Driven Science and Engineering
Frames are overcomplete sets of vectors that can be used to stably and faithfully
decompose and reconstruct vectors in the underlying vector space. Frame theory
stands at the intersection of many areas in mathematics such as functional and
harmonic analysis, numerical analysis, matrix theory, numerical linear algebra,
algebraic and differential geometry, probability, statistics, and convex geometry.
At the same time its applications in engineering, medicine, computer science, and
quantum computing are motivating new research problems in applied and pure
mathematics. This volume is based on lectures delivered at the 2015 AMS Short
Course “Finite Frame Theory: A Complete Introduction to Overcompleteness”, held
January 8–9, 2015 in San Antonio, TX. Mostly written in a tutorial style, the seven
chapters contained in this volume survey recent advances in the theory and
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applications of finite frames. In particular, it presents state-of-the-art results on
foundational frame problems, and on the analysis and design of various frames,
mostly motivated by specific applications. Carefully assembled, the volume quickly
introduces the non-expert to the basic tools and techniques of frame theory. It
then moves to develop many recent results in the area and presents some
important applications. As such, the volume is designed for a diverse audience
including researchers in applied and computational harmonic analysis, as well as
engineers and graduate students.

Wavelets and Statistics
Curves and Surfaces provides information pertinent to the fundamental aspects of
approximation theory with emphasis on approximation of images, surface
compression, wavelets, and tomography. This book covers a variety of topics,
including error estimates for multiquadratic interpolation, spline manifolds, and
vector spline approximation. Organized into 77 chapters, this book begins with an
overview of the method, based on a local Taylor expansion of the final curve, for
computing the parameter values. This text then presents a vector approximation
based on general spline function theory. Other chapters consider a nonparametric
technique for estimating under random censorship the amplitude of a change point
in change point hazard models. This book discusses as well the algorithm for ray
tracing rational parametric surfaces based on inversion and implicitization. The
final chapter deals with the results concerning the norm of the interpolation
operator and error estimates for a square domain. This book is a valuable resource
for mathematicians.

A Friendly Guide to Wavelets
The Handbook of Mathematical Methods in Imaging provides a comprehensive
treatment of the mathematical techniques used in imaging science. The material is
grouped into two central themes, namely, Inverse Problems (Algorithmic
Reconstruction) and Signal and Image Processing. Each section within the themes
covers applications (modeling), mathematics, numerical methods (using a case
example) and open questions. Written by experts in the area, the presentation is
mathematically rigorous. The entries are cross-referenced for easy navigation
through connected topics. Available in both print and electronic forms, the
handbook is enhanced by more than 150 illustrations and an extended
bibliography. It will benefit students, scientists and researchers in applied
mathematics. Engineers and computer scientists working in imaging will also find
this handbook useful.

Natural Image Statistics
A thrilling adventure story chronicling the perilous journey of the scientists who set
out to prove the theory of relativity--the results of which catapulted Albert Einstein
to fame and forever changed our understanding of the universe. In 1911, a
relatively unknown physicist named Albert Einstein published his preliminary
theory of gravity. But it hadn't been tested. To do that, he needed a photograph of
starlight as it passed the sun during a total solar eclipse. So began a nearly decadePage 7/15
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long quest by seven determined astronomers from observatories in four countries,
who traveled the world during five eclipses to capture the elusive sight. Over the
years, they faced thunderstorms, the ravages of a world war, lost equipment, and
local superstitions. Finally, in May of 1919, British expeditions to northern Brazil
and the island of Príncipe managed to photograph the stars, confirming Einstein's
theory. At its heart, this is a story of frustration, faith, and ultimate victory--and of
the scientists whose efforts helped build the framework for the big bang theory,
catapulted Einstein to international fame, and shook the foundation of physics.

Proving Einstein Right
In recent years, complex-valued neural networks have widened the scope of
application in optoelectronics, imaging, remote sensing, quantum neural devices
and systems, spatiotemporal analysis of physiological neural systems, and artificial
neural information processing. In this first-ever book on complex-valued neural
networks, the most active scientists at the forefront of the field describe theories
and applications from various points of view to provide academic and industrial
researchers with a comprehensive understanding of the fundamentals, features
and prospects of the powerful complex-valued networks.

Sparse Image and Signal Processing
Sparse models are particularly useful in scientific applications, such as biomarker
discovery in genetic or neuroimaging data, where the interpretability of a
predictive model is essential. Sparsity can also dramatically improve the cost
efficiency of signal processing. Sparse Modeling: Theory, Algorithms, and
Applications provides an introduction to the growing field of sparse modeling,
including application examples, problem formulations that yield sparse solutions,
algorithms for finding such solutions, and recent theoretical results on sparse
recovery. The book gets you up to speed on the latest sparsity-related
developments and will motivate you to continue learning about the field. The
authors first present motivating examples and a high-level survey of key recent
developments in sparse modeling. The book then describes optimization problems
involving commonly used sparsity-enforcing tools, presents essential theoretical
results, and discusses several state-of-the-art algorithms for finding sparse
solutions. The authors go on to address a variety of sparse recovery problems that
extend the basic formulation to more sophisticated forms of structured sparsity
and to different loss functions. They also examine a particular class of sparse
graphical models and cover dictionary learning and sparse matrix factorizations.

Image Understanding Using Sparse Representations
Discover New Methods for Dealing with High-Dimensional Data A sparse statistical
model has only a small number of nonzero parameters or weights; therefore, it is
much easier to estimate and interpret than a dense model. Statistical Learning
with Sparsity: The Lasso and Generalizations presents methods that exploit
sparsity to help recover the underlying signal in a set of data. Top experts in this
rapidly evolving field, the authors describe the lasso for linear regression and a
simple coordinate descent algorithm for its computation. They discuss the
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application of l1 penalties to generalized linear models and support vector
machines, cover generalized penalties such as the elastic net and group lasso, and
review numerical methods for optimization. They also present statistical inference
methods for fitted (lasso) models, including the bootstrap, Bayesian methods, and
recently developed approaches. In addition, the book examines matrix
decomposition, sparse multivariate analysis, graphical models, and compressed
sensing. It concludes with a survey of theoretical results for the lasso. In this age of
big data, the number of features measured on a person or object can be large and
might be larger than the number of observations. This book shows how the
sparsity assumption allows us to tackle these problems and extract useful and
reproducible patterns from big datasets. Data analysts, computer scientists, and
theorists will appreciate this thorough and up-to-date treatment of sparse
statistical modeling.

Energy Minimization Methods in Computer Vision and Pattern
Recognition
This book provides the first comprehensive overview of the fascinating topic of
audio source separation based on non-negative matrix factorization, deep neural
networks, and sparse component analysis. The first section of the book covers
single channel source separation based on non-negative matrix factorization
(NMF). After an introduction to the technique, two further chapters describe
separation of known sources using non-negative spectrogram factorization, and
temporal NMF models. In section two, NMF methods are extended to multi-channel
source separation. Section three introduces deep neural network (DNN)
techniques, with chapters on multichannel and single channel separation, and a
further chapter on DNN based mask estimation for monaural speech separation. In
section four, sparse component analysis (SCA) is discussed, with chapters on
source separation using audio directional statistics modelling, multi-microphone
MMSE-based techniques and diffusion map methods. The book brings together
leading researchers to provide tutorial-like and in-depth treatments on major audio
source separation topics, with the objective of becoming the definitive source for a
comprehensive, authoritative, and accessible treatment. This book is written for
graduate students and researchers who are interested in audio source separation
techniques based on NMF, DNN and SCA.

Compressed Sensing and its Applications
Curves and Surfaces
This book presents the state of the art in sparse and multiscale image and signal
processing, covering linear multiscale transforms, such as wavelet, ridgelet, or
curvelet transforms, and non-linear multiscale transforms based on the median
and mathematical morphology operators. Recent concepts of sparsity and
morphological diversity are described and exploited for various problems such as
denoising, inverse problem regularization, sparse signal decomposition, blind
source separation, and compressed sensing. This book weds theory and practice in
examining applications in areas such as astronomy, biology, physics, digital media,
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and forensics. A final chapter explores a paradigm shift in signal processing,
showing that previous limits to information sampling and extraction can be
overcome in very significant ways. Matlab and IDL code accompany these methods
and applications to reproduce the experiments and illustrate the reasoning and
methodology of the research are available for download at the associated web site.

Mathematics in Image Processing
Sparse Modeling for Image and Vision Processing offers a self-contained view of
sparse modeling for visual recognition and image processing. More specifically, it
focuses on applications where the dictionary is learned and adapted to data,
yielding a compact representation that has been successful in various contexts.

Blind Speech Separation
Despite its short history, wavelet theory has found applications in a remarkable
diversity of disciplines: mathematics, physics, numerical analysis, signal
processing, probability theory and statistics. The abundance of intriguing and
useful features enjoyed by wavelet and wavelet packed transforms has led to their
application to a wide range of statistical and signal processing problems. On
November 16-18, 1994, a conference on Wavelets and Statistics was held at Villard
de Lans, France, organized by the Institute IMAG-LMC, Grenoble, France. The
meeting was the 15th in the series of the Rencontres Pranco-Belges des
8tatisticiens and was attended by 74 mathematicians from 12 different countries.
Following tradition, both theoretical statistical results and practical contributions of
this active field of statistical research were presented. The editors and the local
organizers hope that this volume reflects the broad spectrum of the conference. as
it includes 21 articles contributed by specialists in various areas in this field. The
material compiled is fairly wide in scope and ranges from the development of new
tools for non parametric curve estimation to applied problems, such as detection of
transients in signal processing and image segmentation. The articles are arranged
in alphabetical order by author rather than subject matter. However, to help the
reader, a subjective classification of the articles is provided at the end of the book.
Several articles of this volume are directly or indirectly concerned with several as
pects of wavelet-based function estimation and signal denoising.

Sparse Modeling for Image and Vision Processing
This proceedings brings together eighty seven selected articles presented at the
joint conferences of the 6th International Conference on Electrical and Control
Engineering (ICECE2015) and the 4th International conference on Materials Science
and Manufacturing (ICMSM2015), which was held in Shanghai, China, during
August 14–15 2015. ICECE2015 and ICMSM2015 provide an excellent international
platform for researchers to share the state-of-art research results and fork
collaborations amongst themselves from different part of the world. The
proceedings collected the latest research results and applications funded by
Chinese government agencies in Electrical Engineering, Control Engineering,
Wireless Communication, Computer Networks, Computer Science, Materials
Engineering and other related topics. It is a kaleidoscope reflecting the Chinese
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research and development efforts in the above 6 areas. All submitted papers were
subjected to strict peer-reviewing by 2–4 expert referees. The papers have been
selected for this volume because of quality and the relevance to the conference.
Contents:Control EngineeringElectronics EngineeringWireless Communication and
Computing NetworksComputer Science and ApplicationMaterials Science and
EngineeringConstruction Materials and Civil Engineering Readership: Researchers
and professionals in electrical and electronics engineering, material engineering
and computer networks.

Finite Frame Theory: A Complete Introduction to
Overcompleteness
Book endorsed by the Sunyer Prize Committee (A. Weinstein, J. Oesterle et. al.).

Theoretical Foundations and Numerical Methods for Sparse
Recovery
Image understanding has been playing an increasingly crucial role in several
inverse problems and computer vision. Sparse models form an important
component in image understanding, since they emulate the activity of neural
receptors in the primary visual cortex of the human brain. Sparse methods have
been utilized in several learning problems because of their ability to provide
parsimonious, interpretable, and efficient models. Exploiting the sparsity of natural
signals has led to advances in several application areas including image
compression, denoising, inpainting, compressed sensing, blind source separation,
super-resolution, and classification. The primary goal of this book is to present the
theory and algorithmic considerations in using sparse models for image
understanding and computer vision applications. To this end, algorithms for
obtaining sparse representations and their performance guarantees are discussed
in the initial chapters. Furthermore, approaches for designing overcomplete, dataadapted dictionaries to model natural images are described. The development of
theory behind dictionary learning involves exploring its connection to unsupervised
clustering and analyzing its generalization characteristics using principles from
statistical learning theory. An exciting application area that has benefited
extensively from the theory of sparse representations is compressed sensing of
image and video data. Theory and algorithms pertinent to measurement design,
recovery, and model-based compressed sensing are presented. The paradigm of
sparse models, when suitably integrated with powerful machine learning
frameworks, can lead to advances in computer vision applications such as object
recognition, clustering, segmentation, and activity recognition. Frameworks that
enhance the performance of sparse models in such applications by imposing
constraints based on the prior discriminatory information and the underlying
geometrical structure, and kernelizing the sparse coding and dictionary learning
methods are presented. In addition to presenting theoretical fundamentals in
sparse learning, this book provides a platform for interested readers to explore the
vastly growing application domains of sparse representations.

A New Approach to Differential Geometry using Clifford's
Geometric Algebra
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Processing, Analyzing and Learning of Images, Shapes, and Forms: Volume 19, Part
One provides a comprehensive survey of the contemporary developments related
to the analysis and learning of images, shapes and forms. It covers mathematical
models as well as fast computational techniques, and includes new chapters on
Alternating diffusion: a geometric approach for sensor fusion, Shape
Correspondence and Functional Maps, Geometric models for perception-based
image processing, Decomposition schemes for nonconvex composite minimization:
theory and applications, Low rank matrix recovery: algorithms and theory,
Geometry and learning for deformation shape correspondence, and Factoring
scene layout from monocular images in presence of occlusion. Presents a
contemporary view on the topic, comprehensively covering the newest
developments and content Provides a comprehensive survey of the contemporary
developments related to the analysis and learning of images, shapes and forms

Mathematics in Image Processing
A comprehensive guide to sampling for engineers, covering the fundamental
mathematical underpinnings together with practical engineering principles and
applications.

Sparse and Redundant Representations
This is the world’s first edited book on independent component analysis
(ICA)-based blind source separation (BSS) of convolutive mixtures of speech. This
book brings together a small number of leading researchers to provide tutorial-like
and in-depth treatment on major ICA-based BSS topics, with the objective of
becoming the definitive source for current, comprehensive, authoritative, and yet
accessible treatment.

Statistical Learning with Sparsity
Periodic signals can be decomposed into sets of sinusoids having frequencies that
are integer multiples of a fundamental frequency. The problem of finding such
fundamental frequencies from noisy observations is important in many speech and
audio applications, where it is commonly referred to as pitch estimation. These
applications include analysis, compression, separation, enhancement, automatic
transcription and many more. In this book, an introduction to pitch estimation is
given and a number of statistical methods for pitch estimation are presented. The
basic signal models and associated estimation theoretical bounds are introduced,
and the properties of speech and audio signals are discussed and illustrated. The
presented methods include both single- and multi-pitch estimators based on
statistical approaches, like maximum likelihood and maximum a posteriori
methods, filtering methods based on both static and optimal adaptive designs, and
subspace methods based on the principles of subspace orthogonality and shiftinvariance. The application of these methods to analysis of speech and audio
signals is demonstrated using both real and synthetic signals, and their
performance is assessed under various conditions and their properties discussed.
Finally, the estimators are compared in terms of computational and statistical
efficiency, generalizability and robustness. Table of Contents: Fundamentals /
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Statistical Methods / Filtering Methods / Subspace Methods / Amplitude Estimation

Electrical and Control Engineering & Materials Science and
Manufacturing
Compressed sensing or compressive sensing is a new concept in signal processing
where one measures a small number of non-adaptive linear combinations of the
signal. These measurements are usually much smaller than the number of samples
that define the signal. From these small numbers of measurements, the signal is
then reconstructed by non-linear procedure. Compressed sensing has recently
emerged as a powerful tool for efficiently processing data in non-traditional ways.
In this book, we highlight some of the key mathematical insights underlying sparse
representation and compressed sensing and illustrate the role of these theories in
classical vision, imaging and biometrics problems.

Processing, Analyzing and Learning of Images, Shapes, and
Forms:
This volume constitutes the refereed proceedings of the 10th International
Conference on Energy Minimization Methods in Computer Vision and Pattern
Recognition, EMMCVPR 2015, held in Hong Kong, China, in January 2015. The 36
revised full papers were carefully reviewed and selected from 45 submissions. The
papers are organized in topical sections on discrete and continuous optimization;
image restoration and inpainting; segmentation; PDE and variational methods;
motion, tracking and multiview reconstruction; statistical methods and learning;
and medical image analysis.

Riemannian Geometry of Contact and Symplectic Manifolds
Differential geometry is the study of the curvature and calculus of curves and
surfaces. A New Approach to Differential Geometry using Clifford's Geometric
Algebra simplifies the discussion to an accessible level of differential geometry by
introducing Clifford algebra. This presentation is relevant because Clifford algebra
is an effective tool for dealing with the rotations intrinsic to the study of curved
space. Complete with chapter-by-chapter exercises, an overview of general
relativity, and brief biographies of historical figures, this comprehensive textbook
presents a valuable introduction to differential geometry. It will serve as a useful
resource for upper-level undergraduates, beginning-level graduate students, and
researchers in the algebra and physics communities.

Optimization for Machine Learning
This textbook is distinguished from other texts on the subject by the depth of the
presentation and the discussion of the calculus of moving surfaces, which is an
extension of tensor calculus to deforming manifolds. Designed for advanced
undergraduate and graduate students, this text invites its audience to take a fresh
look at previously learned material through the prism of tensor calculus. Once the
framework is mastered, the student is introduced to new material which includes
differential geometry on manifolds, shape optimization, boundary perturbation and
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dynamic fluid film equations. The language of tensors, originally championed by
Einstein, is as fundamental as the languages of calculus and linear algebra and is
one that every technical scientist ought to speak. The tensor technique, invented
at the turn of the 20th century, is now considered classical. Yet, as the author
shows, it remains remarkably vital and relevant. The author’s skilled lecturing
capabilities are evident by the inclusion of insightful examples and a plethora of
exercises. A great deal of material is devoted to the geometric fundamentals, the
mechanics of change of variables, the proper use of the tensor notation and the
discussion of the interplay between algebra and geometry. The early chapters
have many words and few equations. The definition of a tensor comes only in
Chapter 6 – when the reader is ready for it. While this text maintains a consistent
level of rigor, it takes great care to avoid formalizing the subject. The last part of
the textbook is devoted to the Calculus of Moving Surfaces. It is the first textbook
exposition of this important technique and is one of the gems of this text. A
number of exciting applications of the calculus are presented including shape
optimization, boundary perturbation of boundary value problems and dynamic fluid
film equations developed by the author in recent years. Furthermore, the moving
surfaces framework is used to offer new derivations of classical results such as the
geodesic equation and the celebrated Gauss-Bonnet theorem.

Sparse Representations and Compressive Sensing for Imaging
and Vision
This beginning graduate textbook teaches data science and machine learning
methods for modeling, prediction, and control of complex systems.
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