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Linear System Theory And Design
The primary purpose of control is to force desired behavior in an unpredictable environment, under the actions of unknown,
possibly unmeasurable disturbances and unpredictable, and therefore probably nonzero, initial conditions. This means that
tracking and tracking control synthesis are fundamental control issues. Surprisingly, however, tracking theory has not been well
developed, and stability theory has dominated. Tracking Control of Linear Systems presents the fundamentals of tracking theory
for control systems. The book introduces the full transfer function matrix F(s), which substantially changes the theory of linear
dynamical and control systems and enables a novel synthesis of tracking control that works more effectively in real environments.
An Introduction to the New Fundamentals of the Theory of Linear Control Systems The book begins by re-examining classic linear
control systems theory. It then defines and determines the system full (complete) transfer function matrix F(s) for two classes of
systems: input-output (IO) control systems and input-state-output (ISO) control systems. The book also discusses the
fundamentals of tracking and trackability. It presents new Lyapunov tracking control algorithms and natural tracking control (NTC)
algorithms, which ensure the quality of the tracking under arbitrary disturbances and initial conditions. This natural tracking control
is robust, adaptable, and simple to implement. Advances in Linear Control Systems Theory: Tracking and Trackability This book
familiarizes readers with novel, sophisticated approaches and methods for tracking control design in real conditions. Contributing
to the advancement of linear control systems theory, this work opens new directions for research in time-invariant continuous-time
linear control systems. It builds on previous works in the field, extending treatment o
An extensive revision of the author's highly successful text, this third edition of Linear System Theory and Design has been made
more accessible to students from all related backgrounds. After introducing the fundamental properties of linear systems, the text
discusses design using state equations and transfer functions. In state-space design, Lyapunov equations are used extensively to
design state feedback and state estimators. In the discussion of transfer-function design, pole placement, model matching, and
their applications in tracking and disturbance rejection are covered. Both one-and two-degree-of-freedom configurations are used.
All designs can be accomplished by solving sets of linear algebraic equations. The two main objectives of the text are to: 1. use
simple and efficient methods to develop results and design procedures 2. enable students to employ the results to carry out design
All results in this new edition are developed for numerical computation and illustrated using MATLAB, with an emphasis on the
ideas behind the computation and interpretation of results. This book develops all theorems and results in a logical way so that
readers can gain an intuitive understanding of the theorems. This revised edition begins with the time-invariant case and extends
through the time-varying case. It also starts with single-input single-output design and extends to multi-input multi-output design.
Striking a balance between theory and applications, Linear System Theory and Design, 3/e, is ideal for use in advanced
undergraduate/first-year graduate courses in linear systems and multivariable system design in electrical, mechanical, chemical,
and aeronautical engineering departments. It assumes a working knowledge of linear algebra and the Laplace transform and an
elementary knowledge of differential equations.
Descriptor linear systems theory is an important part in the general field of control systems theory, and has attracted much
attention in the last two decades. In spite of the fact that descriptor linear systems theory has been a topic very rich in content,
there have been only a few books on this topic. This book provides a systematic introduction to the theory of continuous-time
descriptor linear systems and aims to provide a relatively systematic introduction to the basic results in descriptor linear systems
theory. The clear representation of materials and a large number of examples make this book easy to understand by a large
audience. General readers will find in this book a comprehensive introduction to the theory of descriptive linear systems.
Researchers will find a comprehensive description of the most recent results in this theory and students will find a good
introduction to some important problems in linear systems theory.
Introduction to state-space methods covers feedback control; state-space representation of dynamic systems and dynamics of
linear systems; frequency-domain analysis; controllability and observability; shaping the dynamic response; more. 1986 edition.
Linear System Theory, Second Edition, outlines the basic theory of linear systems in a unified, accessible, and careful manner,
with parallel, independent treatment of continuous-time and discrete-time linear systems.
"There are three words that characterize this work: thoroughness, completeness and clarity. The authors are congratulated for
taking the time to write an excellent linear systems textbook!" —IEEE Transactions on Automatic Control Linear systems theory
plays a broad and fundamental role in electrical, mechanical, chemical and aerospace engineering, communications, and signal
processing. A thorough introduction to systems theory with emphasis on control is presented in this self-contained textbook,
written for a challenging one-semester graduate course. A solutions manual is available to instructors upon adoption of the text.
The book’s flexible coverage and self-contained presentation also make it an excellent reference guide or self-study manual. For
a treatment of linear systems that focuses primarily on the time-invariant case using streamlined presentation of the material with
less formal and more intuitive proofs, please see the authors’ companion book entitled A Linear Systems Primer.
A textbook on state-space methods in the analysis of linear multi-input, multi-output dynamic systems.
The Theory of Linear Systems presents the state-phase analysis of linear systems. This book deals with the transform theory of
linear systems, which had most of its success when applied to time-invariant systems. Organized into nine chapters, this book
begins with an overview of the development of some properties of simple differential systems that are mostly of a nonalgebraic
nature. This text then presents a brief treatment of vector spaces, matrices, transformations, norms, and inner products. Other
chapters deal with the inductive process used to define dynamical systems. This book discusses as well the existence and
uniqueness theorem for the solutions of a homogeneous linear differential system. The final chapter deals with the abstract
concept of a dynamical system and derives properties of these systems. This book is a valuable resource for advanced graduate
students in areas such as economics and bioengineering. Engineers engaged in systems design will also find this book useful.
This book is the result of our teaching over the years an undergraduate course on Linear Optimal Systems to applied
mathematicians and a first-year graduate course on Linear Systems to engineers. The contents of the book bear the strong
influence of the great advances in the field and of its enormous literature. However, we made no attempt to have a complete
coverage. Our motivation was to write a book on linear systems that covers finite dimensional linear systems, always keeping in
mind the main purpose of engineering and applied science, which is to analyze, design, and improve the performance of phy sical
systems. Hence we discuss the effect of small nonlinearities, and of perturbations of feedback. It is our on the data; we face
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robustness issues and discuss the properties hope that the book will be a useful reference for a first-year graduate student. We
assume that a typical reader with an engineering background will have gone through the conventional undergraduate single-input
single-output linear systems course; an elementary course in control is not indispensable but may be useful for motivation. For
readers from a mathematical curriculum we require only familiarity with techniques of linear algebra and of ordinary differential
equations.
This book addresses two primary deficiencies in the linear systems textbook market: a lack of development of state space
methods from the basic principles and a lack of pedagogical focus. The book uses the geometric intuition provided by vector space
analysis to develop in a very sequential manner all the essential topics in linear state system theory that a senior or beginning
graduate student should know. It does this in an ordered, readable manner, with examples drawn from several areas of
engineering. Because it derives state space methods from linear algebra and vector spaces and ties all the topics together with
diverse applications, this book is suitable for students from any engineering discipline, not just those with control systems
backgrounds and interests. It begins with the mathematical preliminaries of vectors and spaces, then emphasizes the geometric
properties of linear operators. It is from this foundation that the studies of stability, controllability and observability, realizations,
state feedback, observers, and Kalman filters are derived. There is a direct and simple path from one topic to the next. The book
includes both discrete- and continuous-time systems, introducing them in parallel and emphasizing each in appropriate context.
Time-varying systems are discussed from generality and completeness, but the emphasis is on time-invariant systems, and only in
time-domain; there is no treatment of matrix fraction descriptions or polynomial matrices. Tips for using MATLAB are included in
the form of margin notes, which are placed wherever topics with applicable MATLAB commands are introduced. These notes
direct the reader to an appendix, where a MATLAB command reference explains command usage. However, an instructor or
student who is not interested in MATLAB usage can easily skip these references without interrupting the flow of text.
The design of control systems is at the very core of engineering. Feedback controls are ubiquitous, ranging from simple room
thermostats to airplane engine control. Helping to make sense of this wide-ranging field, this book provides a new approach by
keeping a tight focus on the essentials with a limited, yet consistent set of examples. Analysis and design methods are explained
in terms of theory and practice. The book covers classical, linear feedback controls, and linear approximations are used when
needed. In parallel, the book covers time-discrete (digital) control systems and juxtaposes time-continuous and time-discrete
treatment when needed. One chapter covers the industry-standard PID control, and one chapter provides several design
examples with proposed solutions to commonly encountered design problems. The book is ideal for upper level students in
electrical engineering, mechanical engineering, biological/biomedical engineering, chemical engineering and agricultural and
environmental engineering and provides a helpful refresher or introduction for graduate students and professionals Focuses on the
essentials of control fundamentals, system analysis, mathematical description and modeling, and control design to guide the
reader Illustrates the theory and practical application for each point using real-world examples Strands weave throughout the book,
allowing the reader to understand clearly the use and limits of different analysis and design tools
Numerical Methods for Linear Control Systems Design and Analysis is an interdisciplinary textbook aimed at systematic
descriptions and implementations of numerically-viable algorithms based on well-established, efficient and stable modern
numerical linear techniques for mathematical problems arising in the design and analysis of linear control systems both for the
first- and second-order models. Unique coverage of modern mathematical concepts such as parallel computations, second-order
systems, and large-scale solutions Background material in linear algebra, numerical linear algebra, and control theory included in
text Step-by-step explanations of the algorithms and examples
After motivating examples, this monograph gives substantial new results on the analysis and control of linear repetitive processes.
These include further applications of the abstract model based stability theory which, in particular, shows the critical importance to
the dynamics developed of the structure of the initial conditions at the start of each new pass, the development of stability tests
and performance bounds in terms of so-called 1D and 2D Lyapunov equations. It presents the development of a major bank of
results on the structure and design of control laws, including the case when there is uncertainty in the process model description,
together with numerically reliable computational algorithms. Finally, the application of some of these results in the area of iterative
learning control is treated --- including experimental results from a chain conveyor system and a gantry robot system.
A self-contained, highly motivated and comprehensive account of basic methods for analysis and application of linear systems that
arise in signal processing problems in communications, control, system identification and digital filtering.
This new resource covers a wide range of content by focusing on theorems and examples to explain key concepts of signals and
linear systems theory in fewer than 300 pages. Readers will learn how to compute the impulse response of an electronic circuit,
design a filter in the presence of colored noise, and use the Z transform to design a digital filter. The book covers transform theory
and statespace analysis and design. Stochastic systems and signals, a topic that has become important recently with the advent
of renewable energy, is also presented. The Ergodic theorem is discussed in detail, with specific, real world examples of its
application to renewable power and energy systems as well as signal processing systems. The book also provides a selfcontained introduction to the theory of probability. Written for the practicing engineer and the student new to the subject, this
comprehensive guide includes links to literature and online resources for the reader who wants additional information. In addition
to numerous worked examples, this primer includes MATLAB® source code to assist readers with their projects in the field.
Quantitative Feedback Design of Linear and Nonlinear Control Systems is a self-contained book dealing with the theory and
practice of Quantitative Feedback Theory (QFT). The author presents feedback synthesis techniques for single-input single-output,
multi-input multi-output linear time-invariant and nonlinear plants based on the QFT method. Included are design details and
graphs which do not appear in the literature, which will enable engineers and researchers to understand QFT in greater depth.
Engineers will be able to apply QFT and the design techniques to many applications, such as flight and chemical plant control,
robotics, space, vehicle and military industries, and numerous other uses. All of the examples were implemented using Matlab®
Version 5.3; the script file can be found at the author's Web site. QFT results in efficient designs because it synthesizes a
controller for the exact amount of plant uncertainty, disturbances and required specifications. Quantitative Feedback Design of
Linear and Nonlinear Control Systems is a pioneering work that illuminates QFT, making the theory - and practice - come alive.

Includes MATLAB-based computational and design algorithms utilizing the "Linear Systems Toolkit." All results and case
studies presented in both the continuous- and discrete-time settings.
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Discrete-Time Linear Systems: Theory and Design with Applications combines system theory and design in order to
show the importance of system theory and its role in system design. The book focuses on system theory (including
optimal state feedback and optimal state estimation) and system design (with applications to feedback control systems
and wireless transceivers, plus system identification and channel estimation).
Linear and Non-Linear System Theory focuses on the basics of linear and non-linear systems, optimal control and
optimal estimation with an objective to understand the basics of state space approach linear and non-linear systems and
its analysis thereof. Divided into eight chapters, materials cover an introduction to the advanced topics in the field of
linear and non-linear systems, optimal control and estimation supported by mathematical tools, detailed case studies and
numerical and exercise problems. This book is aimed at senior undergraduate and graduate students in electrical,
instrumentation, electronics, chemical, control engineering and other allied branches of engineering. Features Covers
both linear and non-linear system theory Explores state feedback control and state estimator concepts Discusses nonlinear systems and phase plane analysis Includes non-linear system stability and bifurcation behaviour Elaborates
optimal control and estimation
Incorporating recent developments in control and systems research,Linear Control Theory provides the fundamental
theoreticalbackground needed to fully exploit control system design software.This logically-structured text opens with a
detailed treatment ofthe relevant aspects of the state space analysis of linear systems.End-of-chapter problems facilitate
the learning process byencouraging the student to put his or her skills into practice.Features include: * The use of an
easy to understand matrix variational technique todevelop the time-invariant quadratic and LQG controllers * A step-bystep introduction to essential mathematical ideas asthey are needed, motivating the reader to venture beyond
basicconcepts * The examination of linear system theory as it relates to controltheory * The use of the PBH test to
characterize eigenvalues in the statefeedback and observer problems rather than its usual role as a testfor controllability
or observability * The development of model reduction via balanced realization * The employment of the L2 gain as a
basis for the development ofthe H??? controller for the design of controllers in the presenceof plant model uncertainty
Senior undergraduate and postgraduate control engineering studentsand practicing control engineers will appreciate the
insight thisself-contained book offers into the intelligent use of today scontrol system software tools.
Thoroughly classroom-tested and proven to be a valuable self-study companion, Linear Control System Analysis and
Design: Sixth Edition provides an intensive overview of modern control theory and conventional control system design
using in-depth explanations, diagrams, calculations, and tables. Keeping mathematics to a minimum, the book is
designed with the undergraduate in mind, first building a foundation, then bridging the gap between control theory and its
real-world application. Computer-aided design accuracy checks (CADAC) are used throughout the text to enhance
computer literacy. Each CADAC uses fundamental concepts to ensure the viability of a computer solution. Completely
updated and packed with student-friendly features, the sixth edition presents a range of updated examples using
MATLAB®, as well as an appendix listing MATLAB functions for optimizing control system analysis and design. Over 75
percent of the problems presented in the previous edition have been revised or replaced.
This book concentrates on the problem of accurate modeling of linear systems. It presents a thorough description of a
method of modeling a linear dynamic invariant system by its transfer function. The first two chapters provide a general
introduction and review for those readers who are unfamiliar with identification theory so that they have a sufficient
background knowledge for understanding the methods described later. The main body of the book looks at the basic
method used by the authors to estimate the parameter of the transfer function, how it is possible to optimize the
excitation signals. Further chapters extend the estimation method proposed. Applications are then discussed and the
book concludes with practical guidelines which illustrate the method and offer some rules-of-thumb.
Using a geometric approach to system theory, this work discusses controlled and conditioned invariance to geometrical
analysis and design of multivariable control systems, presenting new mathematical theories, new approaches to standard
problems and applied mathematics topics.
A fully updated textbook on linear systems theory Linear systems theory is the cornerstone of control theory and a wellestablished discipline that focuses on linear differential equations from the perspective of control and estimation. This
updated second edition of Linear Systems Theory covers the subject's key topics in a unique lecture-style format, making
the book easy to use for instructors and students. João Hespanha looks at system representation, stability, controllability
and state feedback, observability and state estimation, and realization theory. He provides the background for advanced
modern control design techniques and feedback linearization and examines advanced foundational topics, such as
multivariable poles and zeros and LQG/LQR. The textbook presents only the most essential mathematical derivations
and places comments, discussion, and terminology in sidebars so that readers can follow the core material easily and
without distraction. Annotated proofs with sidebars explain the techniques of proof construction, including contradiction,
contraposition, cycles of implications to prove equivalence, and the difference between necessity and sufficiency.
Annotated theoretical developments also use sidebars to discuss relevant commands available in MATLAB, allowing
students to understand these tools. This second edition contains a large number of new practice exercises with solutions.
Based on typical problems, these exercises guide students to succinct and precise answers, helping to clarify issues and
consolidate knowledge. The book's balanced chapters can each be covered in approximately two hours of lecture time,
simplifying course planning and student review. Easy-to-use textbook in unique lecture-style format Sidebars explain
topics in further detail Annotated proofs and discussions of MATLAB commands Balanced chapters can each be taught
in two hours of course lecture New practice exercises with solutions included
Based on a streamlined presentation of the authors’ successful work Linear Systems, this textbook provides an introduction to
systems theory with an emphasis on control. Initial chapters present necessary mathematical background material for a
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fundamental understanding of the dynamical behavior of systems. Each chapter includes helpful chapter descriptions and
guidelines for the reader, as well as summaries, notes, references, and exercises at the end. The emphasis throughout is on timeinvariant systems, both continuous- and discrete-time.
Introduction to Linear Control Systems is designed as a standard introduction to linear control systems for all those who one way
or another deal with control systems. It can be used as a comprehensive up-to-date textbook for a one-semester 3-credit
undergraduate course on linear control systems as the first course on this topic at university. This includes the faculties of
electrical engineering, mechanical engineering, aerospace engineering, chemical and petroleum engineering, industrial
engineering, civil engineering, bio-engineering, economics, mathematics, physics, management and social sciences, etc. The
book covers foundations of linear control systems, their raison detre, different types, modelling, representations, computations,
stability concepts, tools for time-domain and frequency-domain analysis and synthesis, and fundamental limitations, with an
emphasis on frequency-domain methods. Every chapter includes a part on further readings where more advanced topics and
pertinent references are introduced for further studies. The presentation is theoretically firm, contemporary, and self-contained.
Appendices cover Laplace transform and differential equations, dynamics, MATLAB and SIMULINK, treatise on stability concepts
and tools, treatise on Routh-Hurwitz method, random optimization techniques as well as convex and non-convex problems, and
sample midterm and endterm exams. The book is divided to the sequel 3 parts plus appendices. PART I: In this part of the book,
chapters 1-5, we present foundations of linear control systems. This includes: the introduction to control systems, their raison
detre, their different types, modelling of control systems, different methods for their representation and fundamental computations,
basic stability concepts and tools for both analysis and design, basic time domain analysis and design details, and the root locus
as a stability analysis and synthesis tool. PART II: In this part of the book, Chapters 6-9, we present what is generally referred to
as the frequency domain methods. This refers to the experiment of applying a sinusoidal input to the system and studying its
output. There are basically three different methods for representation and studying of the data of the aforementioned frequency
response experiment: these are the Nyquist plot, the Bode diagram, and the Krohn-Manger-Nichols chart. We study these
methods in details. We learn that the output is also a sinusoid with the same frequency but generally with different phase and
magnitude. By dividing the output by the input we obtain the so-called sinusoidal or frequency transfer function of the system
which is the same as the transfer function when the Laplace variable s is substituted with . Finally we use the Bode diagram for the
design process. PART III: In this part, Chapter 10, we introduce some miscellaneous advanced topics under the theme
fundamental limitations which should be included in this undergraduate course at least in an introductory level. We make bridges
between some seemingly disparate aspects of a control system and theoretically complement the previously studied subjects.
Appendices: The book contains seven appendices. Appendix A is on the Laplace transform and differential equations. Appendix B
is an introduction to dynamics. Appendix C is an introduction to MATLAB, including SIMULINK. Appendix D is a survey on stability
concepts and tools. A glossary and road map of the available stability concepts and tests is provided which is missing even in the
research literature. Appendix E is a survey on the Routh-Hurwitz method, also missing in the literature. Appendix F is an
introduction to random optimization techniques and convex and non-convex problems. Finally, appendix G presents sample
midterm and endterm exams, which are class-tested several times.
This book provides an introduction to the theory of linear systems and control for students in business mathematics, econometrics,
computer science, and engineering; the focus is on discrete time systems. The subjects treated are among the central topics of
deterministic linear system theory: controllability, observability, realization theory, stability and stabilization by feedback, LQoptimal control theory. Kalman filtering and LQC-control of stochastic systems are also discussed, as are modeling, time series
analysis and model specification, along with model validation.
Based largely on state space models, this text/reference utilizes fundamental linear algebra and operator techniques to develop
classical and modern results in linear systems analysis and control design. It presents stability and performance results for linear
systems, provides a geometric perspective on controllability and observability, and develops state space realizations of transfer
functions. It also studies stabilizability and detectability, constructs state feedback controllers and asymptotic state estimators,
covers the linear quadratic regulator problem in detail, introduces H-infinity control, and presents results on Hamiltonian matrices
and Riccati equations.
Modern control theory and in particular state space or state variable methods can be adapted to the description of many different
systems because it depends strongly on physical modeling and physical intuition. The laws of physics are in the form of differential
equations and for this reason, this book concentrates on system descriptions in this form. This means coupled systems of linear or
nonlinear differential equations. The physical approach is emphasized in this book because it is most natural for complex systems.
It also makes what would ordinarily be a difficult mathematical subject into one which can straightforwardly be understood
intuitively and which deals with concepts which engineering and science students are already familiar. In this way it is easy to
immediately apply the theory to the understanding and control of ordinary systems. Application engineers, working in industry, will
also find this book interesting and useful for this reason. In line with the approach set forth above, the book first deals with the
modeling of systems in state space form. Both transfer function and differential equation modeling methods are treated with many
examples. Linearization is treated and explained first for very simple nonlinear systems and then more complex systems. Because
computer control is so fundamental to modern applications, discrete time modeling of systems as difference equations is
introduced immediately after the more intuitive differential equation models. The conversion of differential equation models to
difference equations is also discussed at length, including transfer function formulations. A vital problem in modern control is how
to treat noise in control systems. Nevertheless this question is rarely treated in many control system textbooks because it is
considered to be too mathematical and too difficult in a second course on controls. In this textbook a simple physical approach is
made to the description of noise and stochastic disturbances which is easy to understand and apply to common systems. This
requires only a few fundamental statistical concepts which are given in a simple introduction which lead naturally to the
fundamental noise propagation equation for dynamic systems, the Lyapunov equation. This equation is given and exemplified both
in its continuous and discrete time versions. With the Lyapunov equation available to describe state noise propagation, it is a very
small step to add the effect of measurements and measurement noise. This gives immediately the Riccati equation for optimal
state estimators or Kalman filters. These important observers are derived and illustrated using simulations in terms which make
them easy to understand and easy to apply to real systems. The use of LQR regulators with Kalman filters give LQG (Linear
Quadratic Gaussian) regulators which are introduced at the end of the book. Another important subject which is introduced is the
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use of Kalman filters as parameter estimations for unknown parameters. The textbook is divided into 7 chapters, 5 appendices, a
table of contents, a table of examples, extensive index and extensive list of references. Each chapter is provided with a summary
of the main points covered and a set of problems relevant to the material in that chapter. Moreover each of the more advanced
chapters (3 - 7) are provided with notes describing the history of the mathematical and technical problems which lead to the control
theory presented in that chapter. Continuous time methods are the main focus in the book because these provide the most direct
connection to physics. This physical foundation allows a logical presentation and gives a good intuitive feel for control system
construction. Nevertheless strong attention is also given to discrete time systems. Very few proofs are included in the book but
most of the important results are derived. This method of presentation makes the text very readable and gives a good foundation
for reading more rigorous texts. A complete set of solutions is available for all of the problems in the text. In addition a set of longer
exercises is available for use as Matlab/Simulink ‘laboratory exercises’ in connection with lectures. There is material of this kind
for 12 such exercises and each exercise requires about 3 hours for its solution. Full written solutions of all these exercises are
available.
Successfully classroom-tested at the graduate level, Linear Control Theory: Structure, Robustness, and Optimization covers three
major areas of control engineering (PID control, robust control, and optimal control). It provides balanced coverage of elegant
mathematical theory and useful engineering-oriented results. The first part of the book develops results relating to the design of
PID and first-order controllers for continuous and discrete-time linear systems with possible delays. The second section deals with
the robust stability and performance of systems under parametric and unstructured uncertainty. This section describes several
elegant and sharp results, such as Kharitonov’s theorem and its extensions, the edge theorem, and the mapping theorem.
Focusing on the optimal control of linear systems, the third part discusses the standard theories of the linear quadratic regulator,
Hinfinity and l1 optimal control, and associated results. Written by recognized leaders in the field, this book explains how control
theory can be applied to the design of real-world systems. It shows that the techniques of three term controllers, along with the
results on robust and optimal control, are invaluable to developing and solving research problems in many areas of engineering.
Subspace Identification for Linear Systems focuses on the theory, implementation and applications of subspace identification
algorithms for linear time-invariant finite- dimensional dynamical systems. These algorithms allow for a fast, straightforward and
accurate determination of linear multivariable models from measured input-output data. The theory of subspace identification
algorithms is presented in detail. Several chapters are devoted to deterministic, stochastic and combined deterministic-stochastic
subspace identification algorithms. For each case, the geometric properties are stated in a main 'subspace' Theorem. Relations to
existing algorithms and literature are explored, as are the interconnections between different subspace algorithms. The subspace
identification theory is linked to the theory of frequency weighted model reduction, which leads to new interpretations and insights.
The implementation of subspace identification algorithms is discussed in terms of the robust and computationally efficient RQ and
singular value decompositions, which are well-established algorithms from numerical linear algebra. The algorithms are
implemented in combination with a whole set of classical identification algorithms, processing and validation tools in Xmath's ISID,
a commercially available graphical user interface toolbox. The basic subspace algorithms in the book are also implemented in a
set of Matlab files accompanying the book. An application of ISID to an industrial glass tube manufacturing process is presented in
detail, illustrating the power and user-friendliness of the subspace identification algorithms and of their implementation in ISID. The
identified model allows for an optimal control of the process, leading to a significant enhancement of the production quality. The
applicability of subspace identification algorithms in industry is further illustrated with the application of the Matlab files to ten
practical problems. Since all necessary data and Matlab files are included, the reader can easily step through these applications,
and thus get more insight in the algorithms. Subspace Identification for Linear Systems is an important reference for all
researchers in system theory, control theory, signal processing, automization, mechatronics, chemical, electrical, mechanical and
aeronautical engineering.
An extensive revision of the author's highly successful text, this third edition of Linear System Theory and Design has been made
more accessible to students from all related backgrounds. After introducing the fundamental properties of linear systems, the text
discusses design using state equations and transfer functions. In state-space design, Lyapunov equations are used extensively to
design state feedback and state estimators. In the discussion of transfer-function design, pole placement, model matching, and
their applications in tracking and disturbance rejection are covered. Both one-and two-degree-of-freedom configurations are used.
All designs can be accomplished by solving sets of linear algebraic equations.The two main objectives of the text are to:DT use
simple and efficient methods to develop results and design proceduresDT enable students to employ the results to carry out
designAll results in this new edition are developed for numerical computation and illustrated using MATLAB, with an emphasis on
the ideas behind the computation and interpretation of results. This book develops all theorems and results in a logical way so that
readers can gain an intuitive understanding of the theorems. This revised edition begins with the time-invariant case and extends
through the time-varying case. It also starts with single-input single-output design and extends to multi-input multi-output design.
Striking a balance between theory and applications, Linear System Theory and Design, 3/e, is ideal for use in advanced
undergraduate/first-year graduate courses in linear systems and multivariable system design in electrical, mechanical, chemical,
and aeronautical engineering departments. It assumes a working knowledge of linear algebra and the Laplace transform and an
elementary knowledge of differential equations.

Unifying two decades of research, this book is the first to establish a comprehensive foundation for a systematic analysis
and design of linear systems with general state and input constraints. For such systems, which can be used as models
for most nonlinear systems, the issues of stability, controller design, additonal constraints, and satisfactory performance
are addressed. The book is an excellent reference for practicing engineers, graduate students, and researchers in control
systems theory and design. It may also serve as an advanced graduate text for a course or a seminar in nonlinear control
systems theory and design in applied mathematics or engineering departments. Minimal prerequisites include a first
graduate course in state-space methods as well as a first course in control systems design.
This second edition comprehensively presents important tools of linear systems theory, including differential and
difference equations, Laplace and Z transforms, and more. Linear Systems Theory discusses: Nonlinear and linear
systems in the state space form and through the transfer function method Stability, including marginal stability,
asymptotical stability, global asymptotical stability, uniform stability, uniform exponential stability, and BIBO stability
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Controllability Observability Canonical forms System realizations and minimal realizations, including state space
approach and transfer function realizations System design Kalman filters Nonnegative systems Adaptive control Neural
networks The book focuses mainly on applications in electrical engineering, but it provides examples for most branches
of engineering, economics, and social sciences. What's New in the Second Edition? Case studies drawn mainly from
electrical and mechanical engineering applications, replacing many of the longer case studies Expanded explanations of
both linear and nonlinear systems as well as new problem sets at the end of each chapter Illustrative examples in all the
chapters An introduction and analysis of new stability concepts An expanded chapter on neural networks, analyzing
advances that have occurred in that field since the first edition Although more mainstream than its predecessor, this
revision maintains the rigorous mathematical approach of the first edition, providing fast, efficient development of the
material. Linear Systems Theory enables its reader to develop his or her capabilities for modeling dynamic phenomena,
examining their properties, and applying them to real-life situations.
Switched linear systems have enjoyed a particular growth in interest since the 1990s. The large amount of data and
ideas thus generated have, until now, lacked a co-ordinating framework to focus them effectively on some of the
fundamental issues such as the problems of robust stabilizing switching design, feedback stabilization and optimal
switching. This deficiency is resolved by this book which features: nucleus of constructive design approaches based on
canonical decomposition and forming a sound basis for the systematic treatment of secondary results; theoretical
exploration and logical association of several independent but pivotal concerns in control design as they pertain to
switched linear systems: controllability and observability, feedback stabilization, optimization and periodic switching; a
reliable foundation for further theoretical research as well as design guidance for real life engineering applications
through the integration of novel ideas, fresh insights and rigorous results.
Mathematics of Computing -- General.
This Solutions Manual is designed to accompany Linear System Theory and Design, Third Edition by C.T. Chen, and
includes fully worked out solutions to problems in the main text. It is available free to adopters of the text.
With the advancement of technology, engineers need the systems they design not only to work, but to be the absolute
best possible given the requirements and available tools. In this environment, an understanding of a system's limitations
acquires added importance. Without such knowledge, one might unknowingly attempt to design an impossible system.
Thus, a thorough investigation of all of a system's properties is essential. In fact, many design procedures have evolved
from such investigations. For use at the senior-graduate level in courses on linear systems and multivariable system
design, this highly successful text is devoted to this study and the design procedures developed thereof. It is not a control
text, per se--since it does not cover performance criteria, physical constraints, cost, optimization, and sensitivity
problems. Chen develops major results and design procedures using simple and efficient methods. Thus, the
presentation is not exhaustive; only those concepts which are essential in the development are introduced. Problem
sets--following each chapter--help students understand and utilize the concepts and results covered.
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