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Editorial Review

From the Inside Flap
Preface

Rationale

The purpose of this book isto bridge the gap between introductory signal processing classes and the
mathematics prevaent in contemporary signal processing research and practice, by providing a unified
applied treatment of fundamental mathematics, seasoned with demonstrations using MATLAB®. This book
isintended not only for current students of signal processing, but also for practicing engineers who must be
able to access the signal processing research literature, and for researchers looking for a particular result to
apply. It isthusintended both as a textbook and as a reference.

Both the theory and the practice of signal processing contribute to and draw from a variety of disciplines:
controls, communications, system identification, information theory, artificial intelligence, spectrascopy,
pattern recognition, tomography, image analysis, and data acquisition, among others. To fulfill itsrolein
these diverse areas, signal processing employs a variety of mathematical tools, including transform theory,
probability, optimization, detection theory, estimation theory, numerical analysis, linear algebra, functional
analysis, and many others. The practitioner of signal processing— the "signal processor"— may use several
of these toolsin the solution of aproblem; for example, setting up asignal reconstruction algorithm, and then
optimizing the parameters of the algorithm for optimum performance. Practicing signal processors must have
knowledge of both the theory and the implementation of the mathematics: how and why it works, and how to
make the computer do it. The breadth of mathematics employed in signal processing, coupled with the
opportunity to apply that math to problems of engineering interest, makes the field both interesting and
rewarding.

The mathematical aspects of signal processing also introduce some of its major challenges: how is a student
or engineering practitioner to become versed in such avariety of mathematical techniques while still keeping
an eye toward applications? Introductory texts on signal processing tend to focus heavily on transform
techniques and filter-based applications. While thisis an essentia part of the training of a signal processor, it
isonly thetip of the iceberg of material required by a practicing engineer. On the other hand, more advanced
texts typically develop mathematical tools that are specific to a narrow aspect of signal processing, while
perhaps missing connections between these ideas and related areas of research. Neither of these approaches
provides sufficient background to read and understand broadly in the signal processing research literature,
nor do they equip the student with many signal processing tools.

The signal processing literature has moved steadily toward increasing sophistication: applications of the
singular value decomposition (SV D) and wavel et transforms abound; everyone knows something about these
by now, or should! Part of this move toward sophistication is fueled by computer capabilities, since
computations that formerly required considerable effort and understanding are now embodied in convenient
mathematical packages. A naive view might held that this automation threatens the expertise of the engineer:
Why hire a specialist to do what anyone can do in ten minutes with aMATLAB toolbox? Viewed more
positively, the power of the computer provides a variety of new opportunities, as engineers are freed from
computational drudgery to pursue new applications. Computer software provides platforms upon which
innovative ideas may be devel oped with ever greater ease. Taking advantage of this new freedom to develop



useful concepts will require a solid understanding of mathematics, both to appreciate what is in the toolboxes
and to extend beyond their limits. This book is intended to provide afoundation in the requisite mathematics.

We assume that students using thistext have had a course in traditional transform-based digital signal
processing at the senior or first-year graduate level, and a traditional course in stochastic processes. Though
basic concepts in these areas are reviewed, this book does not supplant the more focused coverage that these
courses provide.

Features

V ector-space geometry, which puts least-sguares and minimum mean-squares in the same framework, and
the concept of signals as vectors in an appropriate vector space, are both emphasized. This vector-space
approach provides a natural framework for topics such as wavelet transforms and digital communications, as
well asthe traditional topics of optimum prediction, filtering, and estimation. In this context, the more
general notion of metric spacesisintroduced, with a discussion of signal norms.

The linear algebra used in signal processing is thoroughly described, both in concept and in numerical
implementation. While software libraries are commonly available to perform linear algebra computations,
we fedl that the numerical techniques presented in this book exercise student intuition regarding the
geometry of vector spaces, and build understanding of the issues that must be addressed in practical
problems.

The presentation includes a thorough discussion of eigen-based methods of computation, including
eigenfilters, MUSIC, and ESPRIT; there is aso a chapter devoted to the properties and applications of the
SVD. Toeplitz matrices, which appear throughout the signal processing literature, are treated both from a
numerical point of view— as an example of recursive agorithms— and in conjunction with the lattice-
filtering interpretation.

The matricesin linear algebra are viewed as operators; thus, the important concept of an operator is
introduced. Associated notions, such as the range, nullspace, and norm of an operator are also presented.
While afull coverage of operator theory is not provided, there is a strong foundation that can serve to build
insight into other operators.

In addition to linear algebraic concepts, there is a discussion of computation. Algorithms are presented for
computing the common factorizations, eigenvalues, eigenvectors, SV Ds, and many other problems, with
some numerical consideration for implementation. Not al of this material is necessarily intended for
classroom usein aconventional signal processing course— there will not be sufficient time in most cases.
Nonetheless, it provides an important perspective to prospective practitioners, and a starting point for
implementations on other platforms. Instructors may choose to emphasize certain numeric concepts because
they highlight particular topics, such as the geometry of vector spaces.

The Cauchy-Schwartz inequality is used in avariety of places as an optimizing principle.

Recursive least square and |east mean square adaptive filters are presented as natural outgrowths of more
fundamental concepts: matrix inverse updates and steepest descent. Neural networks and blind source
separation are also presented as applications of steepest descent.

Several chapters are devoted to iterative and recursive methods. Though iterative methods are of great
theoretical and practical significance, no other signal processing textbook provides asimilar breadth of
coverage. Methods presented include projection on convex sets, compaosite mapping, the EM agorithm,
conjugate gradient, and methods of matrix inverse computation using iterative methods.

Detection and estimation are presented with several applications, including spectrum estimation, phase



estimation, and multidimensional digital communications.

Optimization is akey concept in signal processing, and examples of optimization, both unconstrained and
constrained, appear throughout the text. Both atheoretical justification for Lagrange multiplier methods and
aphysical interpretation are explicitly spelled out in a chapter on optimization. A separate chapter discusses
linear programming and its applications. Optimizations on graphs (shortest-path problems) are also
examined, with avariety of applicationsin communications and signal processing.

The EM agorithm as presented here is the only treatment in asignal processing textbook that we are aware
of. This powerful algorithm is used for many otherwise intractable estimation and learning problems.

In general, the presentation is at amore formal level than in many recent digital signal processing texts,
following a "theorem/proof” format throughout. At the same time, it isless formal than many math texts
covering the same material. In this, we have attempted to help the student become comfortable with rigorous
thinking, without overwhelming them with technicalities. (A brief review of methods of proofsis also
provided to help students develop a sense of how to approach the proofs.) Ultimately, the aim of thisbook is
to teach its reader how to think about problems. To this end, some material is covered more than once, from
different perspectives (e.g., with more than one proof for certain results), to demonstrate that thereis usually
more than one way to approach a problem.

Throughout the text, the intent has been to explain the "what" and the "why" of the mathematics, but not
become overwrought with some of the more technical mathematical preoccupations. In this regard, the book
does not always thoroughly treat questions of "how well:" (For example, in our coverage of linear numerical
analysis, the perturbation analysis that characterizes much of the research literature has been largely ignored.
Nor do issues of computational complexity form amajor consideration.) To visualize this approach, consider
an automotive analogy: Our intent isto "get under the hood" to a sufficient degree that it is clear why the
engine runs and what it can do, but not to provide a molecular-level description of the metallurgical structure
of the piston rings. Such fine-grained investigations might be a necessary part of research into fine-tuning the
performance of the engine— or the algorithm— but are not appropriate for a student learning the basic
mechanics.

Throughout the chapters and in the appendices, there is agreat deal of material that will be of reference value
to practicing engineers. For example, there are facts regarding matrix rank, the invertibility of matrices,
properties of Hermitian matrices, properties of structured matrices preserved under multiplication, and an
extensive table of gradients. Not al of this material is necessarily intended for classroom use, but is provided
to enhance the value of the book as a reference. Nevertheless, where such reference material is provided, it is
usually accompanied by an explanation of its derivation, so that related facts may often be derived by the
reader.

Though this book does not provide the final word in any research area, for many research pathsit will at least
provide agood first step. The contents of the book have been selected according to a variety of criteria. The
primary criterion was whether material has been of use or interest to us in our research; questions from
students and the need to find clear explanations, exceptional writings found in other textbooks and papers,
have also been determining factors. Some of the material has been included for its practicality, and some for
its outstanding beauty.

In the ongoing debate regarding the teaching of mathematics to engineers, recent proposals suggest using

"just in time" mathematics: provide the mathematical concept only when the need for it arises in the solution
of an engineering problem. This approach has arisen as a response to the charge that mathematical pedagogy
has been motivated by a"just in case" approach: well teach you all this stuff just in case you ever happen to



need it. In reality, these approaches are neither fully desirable nor achievable, potentially lacking rigor and
depth on the one hand, and motivation and insight on the other. As an alternative, we hope that the
presentation in this book is"justified," so that the level of mathematicsis suited to its application, and the
applications are seen in conjunction with the concepts.

Programs

The algorithms found throughout the text, written in MATLAB, allow the reader to see how the concepts
developed in the text might be implemented, allow easy exploration of the concepts (and, sometimes, of the
limitations of the theory), and provide a useful library of core functionality for avariety of signal processing
research applications. With thorough theoretical and applied discussion surrounding each algorithm, thisis
not simply a book of recipes; raw ingredients are provided to stir up some interesting stews!

In the interest of brevity, type-checking of arguments has not been incorporated into the functions.
Otherwise, we believe that all of the code provided works, at least to produce the examples described in the
book. Of course, information regarding program bugs, fixes, and improvements is always welcome.
Nevertheless, we are required to make the standard disclaimer of warranty which can be found inits entirety
on pg. 946.

Readers are free to use the programs or any derivatives of them for any scientific purpose, with appropriate
citation of this book. Updated versions of the programs, and other information, can be found at the following
website: prenhafl/moon

Exercises

The exercises found at the end of each chapter are loosely divided into sections, but it may be necessary to
draw from material in other sections (or even other chapters) in order to solve some of the problems.

There are relatively few merely numerical exercises. With the computer performing automated computations
in many cases, simply running numbers doesn't provide an informative exercise. Readers are encouraged, of
course, to play around with the algorithms to get a sense of how they work. Insight frequently can be gained
on some difficult problems by trying several related numerical approaches.

The intent of the exercisesisto engage the reader in the development of the theory in the book. Many of the
exercises require derivations of results presented in the chapters, or proofs of some of the lemmas and
theorems; other exercises require programming an extension or modification of aMATLAB agorithm
presented in the chapter; and still others lead the student through a step-by-step process leading to some
significant result (for example, a derivation of Gaussian quadrature or linear prediction theory, extension of
inverses of Toeplitz matrices, or another derivation of the Kalman filter). As students work through these
exercises, they should develop skill in organizing their thinking (which can help them to approach other
problems) as well as acquire background in a variety of important topics.

Most of the exercises require afair degree of insight and effort to solve— students should plan on being
challenged. Wherever possible, students are encouraged to interact with the computer for computational
assistance, insight, and feedback.

A solutions manual is available to instructors who have adopted the book for classroom use. Not only are
solutions provided but, in many cases, MATLAB and MATHEMATICA& 3153; code is also provided,
indicating how a problem might be approached using the computer.

Courses of study



Thereis clearly more information in this book than can be covered in a single semester, or even afull year.
Several different courses of study could be devised based on this material, giving instructors the opportunity
to choose the material suitable for the needs and development of their students. For example, depending on
the focus of the class, instructors might choose to skip completely the numerical aspects of algorithms or,
conversely, make them afocus of the course.

Several possible course options are described in the following list. In a straightforward overview, the
material in thefirst two partsis regarded as the foundation upon which the major concepts of signal
processing are built. Thefirst part provides areview of signal models and representations (e.g., difference
equations, transfer functions, state-space form), and introduces several important signal processing problems,
such as spectrum estimation and system identification. The second part provides a thorough foundation in
linear algebra, working from an undergraduate level up through several applications. Selections from these
first two parts, with possible additions from the first appendix on mathematical fundamental's, would make a
solid single-semester course in "mathematical methods for signals and systems." A possible course sequence
might be asfollows:

Move fairly quickly through Chapter 1 (with sections 1.8 and 1.10 optional, depending on interest (1-2
weeks)). In Chapter 2, move quickly to the vector-space concepts, then focus on the concept of
orthogonality. It may be useful to skip the more technical sections associated with infinite-dimensional
vector spaces (for example, sections 2.1.2, 2.1.3, and 2.16). (2 weeks) Spend time in Chapter 3 on |east-
sguares and minimum mean-square filtering and estimation concepts, and the dual approximation problem
(sections 3.1-3.14). (2-3 weeks) Depending on interest, examine either wavelet transforms or digital
communications from this geometric viewpoint. (1 week) In Chapter 4, focus on sections 4.1-4.5 to get the
geometry of the operators, 4.9 for areturn to the least-squares idea, and 4.10 for practical computation
issues. Introduce the recursive least square filter in section 4.11, and visit partitioned matrix inversesin
section 4.12. (2-3 weeks) In Chapter 5, focus on sections 5.2 and 5.3. The QR factorization, in particular, isa
foundation for many signal processing algorithms. If a numeric implementation viewpoint is not of interest,
then material after section 5.3.5 may be omitted. (2-3 weeks) Sections 6.1-6.5 constitute the principal theory
of chapter 6. After these sections have been covered, applications may be drawn from sections 6.76.12, with
those in 6.8 and 6.9 probably of the most interest. If anumeric focusis desired, section 6.14 may be covered.
(2-3 weeks) The theory of the SVD in sections 7.1-7.5 should be covered, followed by a subset of
applications from sections 7.6-7.9. (2-3 weeks) Topics related to special matrices (with specia emphasis on
Toeplitz matrices) can fill any remaining time.

Chapters 10-14 would fit well into afirst course on detection and estimation, especially when supplemented
by some of the material on linear algebra (such as eigendecompoasitions and the SV D).

This book can be the basis for a one-semester tools course that selects topics from parts|, II, and I11.
Assuming prior familiarity with continuous-time and discrete-time systems, topicsin such a course could
include the following.

() The multivariate Gaussian density (section 1.7). (A coursein "iterative methods for signal processing"
could focus on chaptersin part IV The course material could well be accompanied by a student research
project.

A course in "methods of optimization for signal processing” could focus on chaptersin part V

Y et another alternative is awrap-up course for students in the signals and systems area, who are familiar
with their topic areas but wish to sharpen their analytical skills. This course could be similar to the first one
outlined, with less time spent in Chapter 1 and more time spent examining numerical implementations.



Topics from the last parts of the book could also be selected.

From the Back Cover

Mathematical Methods and Algorithms for Sgnal Processing tackles the challenge of providing readers and
practitioners with the broad tools of mathematics employed in modern signal processing. Building from an
assumed background in signals and stochastic processes, the book provides a solid foundation in analysis,
linear algebra, optimization, and statistical signal processing.

FEATURESBENEFITS

- Many MATLAB algorithms and examples.
= Allow the reader to understand more deeply by seeing the implementation and to learn by doing.
- A strong foundation which motivates the development of advanced concepts, removing the
"mysteries' frequently encountered by users—Geometric insight is presented wherever possible.
= Readers develop maturity to read literature, and develop confidence in their abilities. Ex. Ch. 2, 3
- Solid introduction to wavelets in the context of vector spaces—Including transform algorithms and
basic theory.
s Presents this important and modern topic in a context that should help the readers understanding. EXx.
Ch.3
- Interesting moder n topics not availablein many other signal processing texts—Such asthe EM
algorithm, blind source separation, projection on convex sets, etc., in addition to many more conventional
topics such as spectrum estimation, adaptive filtering, etc.
o Motivate reader interest by presenting the field as dynamic, with an enormous number of useful
applications.
- Review of many signal models, in time domain, frequency domain, and state space domain, showing
relationships between them, and issuesrelated to their applications.
» Readers can learn to move among the various forms, and understand how they relate. Also, come to
understand the importance of a good signal model in approaching new problems. Ex. Ch. 1
- Presents path algorithms (dynamic programming and Viterbi) with many applications.
- Coverage of detection and estimation theory.
o+ Learning to employ the tools they have gained in the first part, overcoming some of the algebraic
difficulties frequently encountered in this area. Ex. Ch. 10
- Morethan one approach to some problems.
s In QR factorization and the Kalman filter, for example, multiple approaches are presented so the reader
can gain insight and approach the realization that there is more than one way to solve the most
interesting problems. Ex. Ch. 5, 14

About the Author

TODD K. MOON is currently with the Electrical and Computer Engineering department at Utah State
University, where he has taught widely in the area of signals and systems, including signal processing,
communications, controls, and information theory. His research interests have included signal separation,
spread-spectrum communication, wavel et modulation, speech processing, and signal reconstruction.

WYNN C. STIRLING isaprofessor of electrical engineering at Brigham Y oung University, where he has



served on the faculty since 1984. He received his Ph.D. in electrical engineering from Stanford University,
and has worked as a research engineer for Rockwell International Corporation, ESL, Inc. (now TRW), and
Autonetics. His research interests include decision theory, control theory, estimation theory, and stochastic
processes. Dr. Stirling has contributed numerous articles to professional journals, and is a member of |IEEE
and Phi Beta Kappa.

Users Review
From reader reviews:
Candy Yazzie:

What do you concentrate on book? It is just for students since they are still students or the item for all people
in the world, what best subject for that? Only you can be answered for that question above. Every person has
several personality and hobby for each other. Don't to be forced someone or something that they don't desire
do that. Y ou must know how great and also important the book Mathematical Methods and Algorithms for
Signal Processing. All type of book can you see on many resources. Y ou can look for the internet sources or
other social media.

Abel Cooke:

In this 21st one hundred year, people become competitive in most way. By being competitive at this point,
people have do something to make these people survives, being in the middle of the actual crowded place
and notice ssimply by surrounding. One thing that occasionally many people have underestimated it for a
whileisreading. Sure, by reading a book your ability to survive improve then having chance to stay than
other is high. In your case who want to start reading the book, we give you this particular Mathematical
Methods and Algorithms for Signal Processing book as beginning and daily reading book. Why, because this
book is greater than just a book.

Sherry Nicholson:

Mathematical Methods and Algorithms for Signal Processing can be one of your beginner books that are
good idea. All of us recommend that straight away because this book has good vocabulary that will increase
your knowledge in language, easy to understand, bit entertaining however delivering the information. The
article writer giving hig’her effort to get every word into satisfaction arrangement in writing Mathematical
Methods and Algorithms for Signal Processing nevertheless doesn't forget the main position, giving the
reader the hottest in addition to based confirm resource facts that maybe you can be one among it. This great
information can drawn you into brand new stage of crucial contemplating.

Thomas Rice:

Isit you who having sparetimein that case spend it whole day simply by watching television programs or
just lying on the bed? Do you need something totally new? This Mathematical Methods and Algorithms for
Signal Processing can be the solution, oh how comes? The new book you know. Y ou are therefore out of
date, spending your spare time by reading in this fresh erais common not a geek activity. So what these



publications have than the others?

Download and Read Online Mathematical M ethods and Algorithms
for Signal Processing By Todd K. Moon, Wynn C. Stirling
#UHNG6F9A5S78



Read Mathematical Methods and Algorithmsfor Signal Processing
By Todd K. Moon, Wynn C. Stirling for online ebook

Mathematical Methods and Algorithms for Signal Processing By Todd K. Moon, Wynn C. Stirling Free PDF
dOwnlOad, audio books, books to read, good books to read, cheap books, good books, online books, books
online, book reviews epub, read books online, books to read online, online library, greatbooks to read, PDF
best books to read, top books to read Mathematical Methods and Algorithms for Signal Processing By Todd
K. Moon, Wynn C. Stirling books to read online.

Online Mathematical Methods and Algorithmsfor Signal Processing By Todd K.
Moon, Wynn C. Stirling ebook PDF download

Mathematical M ethods and Algorithmsfor Signal Processing By Todd K. Moon, Wynn C. Stirling Doc
Mathematical M ethods and Algorithmsfor Signal Processing By Todd K. Moon, Wynn C. Stirling M obipocket
Mathematical M ethods and Algorithmsfor Signal Processing By Todd K. Moon, Wynn C. Stirling EPub

UHNG6F9A5S78: Mathematical M ethods and Algorithmsfor Signal Processing By Todd K. Moon, Wynn C. Stirling



