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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

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
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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 lq optimal 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

an introduction to linear system theory which focuses on time varying linear systems with
frequent specialization to time invariant case the text is modular for flexibility and provides
compact treatments of esoteric topics such as the polynomial fraction description and the
geometric theory

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 non linear systems
and phase  plane  analysis  includes  non  linear  system stability  and  bifurcation  behaviour
elaborates optimal control and estimation

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 the
authors have used their mastery of the subject to produce a textbook that very effectively
presents the theory of linear systems as it has evolved over the last thirty years the result is a
comprehensive complete and clear exposition that serves as an excellent foundation for more
advanced topics  in  system theory  and control  ieee  transactions  on  automatic  control  in
assessing the present book as a potential textbook for our first graduate linear systems course
i find that antsaklis and michel have contributed an expertly written and high quality textbook to
the  field  and  are  to  be  congratulated  because  of  its  mathematical  sophistication  and
completeness the present book is highly recommended for use both as a textbook as well as a
reference automatica 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 the book examines the fundamental properties that govern the behavior of
systems by  developing  their  mathematical  descriptions  linear  time  invariant  time  varying
continuous time and discrete time systems are covered rigorous development of classic and
contemporary  topics  in  linear  systems  as  well  as  extensive  coverage  of  stability  and
polynomial matrix fractional representation provide the necessary foundation for further study
of systems and control linear systems is written as a textbook 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
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invariant  case using streamlined presentation  of  the material  with  less  formal  and more
intuitive proofs see the authors companion book entitled a linear systems primer

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
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

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 which are the most relevant in business applications as opposed to
continuous time systems requiring less mathematical preliminaries the subjects treated are
among the central  topics  of  deterministic  linear  system theory  controllability  observability
realization theory  stability  and stabilization by feedback lq  optimal  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 this second edition has been
updated and slightly expanded in addition supplementary material containing the exercises is
now available on the springer link s book website

a fully updated textbook on linear systems theory linear systems theory is the cornerstone of
control theory and a well established 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
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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

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

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

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

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
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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
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  is  about  linear  systems  theory  one  of  the  most  fundamental  and  important
prerequisites necessary to study modern control techniques primarily intended for first year
graduate students and advanced undergraduates who are interested in the field of control this
book  provides  both  a  complete  coverage  of  all  standard  linear  systems concepts  more
importantly it extends these concepts through a smooth transition to the next level of control
theory subfields including nonlinear  control  robust  control  adaptive control  and stochastic
control the book achieves this by setting itself apart from many existing linear systems texts in
two main ways first  while many older texts remain influential  their  ages also mean less
connection to modern real world applications especially in rapidly evolving areas like data
driven control and autonomous control second this book emphasizes the mathematical rigor
foundational to control theory offering a more complete understanding than texts that prioritize
accessibility  over depth as readers will  inevitably encounter  such rigor  and mathematical
thinking while progressing through more advanced education even in fields outside of controls
an earlier introduction to it is more favorable this book is organized into four main parts 1 linear
system properties 2 linear stability 3 linear control and estimation and 4 linear optimal control
and estimation the main chapters of this book are focused on presenting the essential ideas
and  tools  needed  to  understand  and  apply  linear  systems  while  reviewing  all  relevant
preliminaries in a self contained manner

a knowledge of linear systems provides a firm foundation for the study of optimal control theory
and many areas of system theory and signal processing state space techniques developed
since the early sixties have been proved to be very effective the main objective of this book is
to present a brief and somewhat complete investigation on the theory of linear systems with
emphasis on these techniques in both continuous time and discrete time settings and to
demonstrate an application to the study of elementary linear and nonlinear optimal control
theory an essential feature of the state space approach is that both time varying and time
invariant  systems  are  treated  systematically  when  time  varying  systems  are  considered
another important subject that depends very much on the state space formulation is perhaps
real time filtering prediction and smoothing via the kalman filter this subject is treated in our
monograph entitled kalman filtering with real time applications published in this springer series
in information sciences volume 17 for time invariant systems the recent frequency domain
approaches using the techniques of adamjan arov and krein also known as aak balanced
realization and oo h theory via nevanlinna pick interpolation seem very promising and this will
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be studied in our forthcoming monograph entitled mathematical ap proach to signal processing
and system theory the present elementary treatise on linear system theory should provide
enough engineering and mathe of these two subjects

control theory for linear systems deals with the mathematical theory of feedback control of
linear systems it treats a wide range of control synthesis problems for linear state space
systems with inputs and outputs the book provides a treatment of these problems using state
space methods often with a geometric flavour its subject matter ranges from controllability and
observability  stabilization  disturbance  decoupling  and  tracking  and  regulation  to  linear
quadratic regulation h2 and h infinity control and robust stabilization each chapter of the book
contains a series of exercises intended to increase the reader s understanding of the material
often these exercises generalize and extend the material treated in the regular text

this  book discusses the realization  and control  problems of  finite  dimensional  dynamical
systems which contain linear and nonlinear systems the author focuses on algebraic methods
for the discussion of control problems of linear and non linear dynamical systems the book
contains detailed examples to showcase the effectiveness of the presented method the target
audience comprises primarily research experts in the field of control theory but the book may
also be beneficial for graduate students alike

linear systems theory is the cornerstone of control theory and a well established discipline that
focuses on linear differential equations from the perspective of control and estimation in this
textbook joão hespanha covers the key topics of the field in a unique lecture style format
making the book easy to use for instructors and students he 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 important tools the balanced chapters can each be covered in
approximately  two  hours  of  lecture  time  simplifying  course  planning  and  student  review
solutions to the theoretical and computational exercises are also available for instructors 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 solutions to exercises available to instructors
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