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Switched Time-Delay Systems
Stability is one of the most studied issues in the theory of time-delay systems,
however the corresponding chapters of published volumes on time-delay systems
do not include a comprehensive study of a counterpart of classical Lyapunov
theory for linear delay free systems. The principal goal of the book is to fill this
gap, and to provide readers with a systematic and exhaustive treatment of the
basic concepts of the Lyapunov-Krasovskii approach to the stability analysis of
linear time-delay systems. Time-Delay Systems: Lyapunov Functionals and
Matrices will be of great use and interest to researchers and graduate students in
automatic control and applied mathematics as well as practicing engineers
involved in control system design.

Advances in Time-Delay Systems
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Although the last decade has witnessed significant advances in control theory for
finite and infinite dimensional systems, the stability and control of time-delay
systems have not been fully investigated. Many problems exist in this field that are
still unresolved, and there is a tendency for the numerical methods available either
to be too general or too specific to be applied accurately across a range of
problems. This monograph brings together the latest trends and new results in this
field, with the aim of presenting methods covering a large range of techniques.
Particular emphasis is placed on methods that can be directly applied to specific
problems. The resulting book is one that will be of value to both researchers and
practitioners.

Time Delay Systems
This book provides an introduction to the mathematics needed to model, analyze,
and design feedback systems. It is an ideal textbook for undergraduate and
graduate students, and is indispensable for researchers seeking a self-contained
reference on control theory. Unlike most books on the subject, Feedback Systems
develops transfer functions through the exponential response of a system, and is
accessible across a range of disciplines that utilize feedback in physical, biological,
information, and economic systems. Karl Åström and Richard Murray use
techniques from physics, computer science, and operations research to introduce
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control-oriented modeling. They begin with state space tools for analysis and
design, including stability of solutions, Lyapunov functions, reachability, state
feedback observability, and estimators. The matrix exponential plays a central role
in the analysis of linear control systems, allowing a concise development of many
of the key concepts for this class of models. Åström and Murray then develop and
explain tools in the frequency domain, including transfer functions, Nyquist
analysis, PID control, frequency domain design, and robustness. They provide
exercises at the end of every chapter, and an accompanying electronic solutions
manual is available. Feedback Systems is a complete one-volume resource for
students and researchers in mathematics, engineering, and the sciences. Covers
the mathematics needed to model, analyze, and design feedback systems Serves
as an introductory textbook for students and a self-contained resource for
researchers Includes exercises at the end of every chapter Features an electronic
solutions manual Offers techniques applicable across a range of disciplines

Semi-Discretization for Time-Delay Systems
Filling a gap in the literature, this book is a presentation of recent results in the
field of PID controllers, including their design, analysis, and synthesis. Emphasis is
placed on the efficient computation of the entire set of PID controllers achieving
stability and various performance specifications, which is important for the
development of future software design packages, as well as further capabilities
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such as adaptive PID design and online implementation. The results presented
here are timely given the resurgence of interest in PID controllers and will find
widespread application, specifically in the development of computationally efficient
tools for PID controller design and analysis. Serving as a catalyst to bridge the
theory--practice gap in the control field as well as the classical--modern gap, this
monograph is an excellent resource for control, electrical, chemical, and
mechanical engineers, as well as researchers in the field of PID controllers.

Advanced Topics in Control Systems Theory
"Stability Analysis and Robust Control of Time-Delay Systems" focuses on essential
aspects of this field, including the stability analysis, stabilization, control design,
and filtering of various time-delay systems. Primarily based on the most recent
research, this monograph presents all the above areas using a free-weighting
matrix approach first developed by the authors. The effectiveness of this method
and its advantages over other existing ones are proven theoretically and illustrated
by means of various examples. The book will give readers an overview of the latest
advances in this active research area and equip them with a pioneering method for
studying time-delay systems. It will be of significant interest to researchers and
practitioners engaged in automatic control engineering. Prof. Min Wu, senior
member of the IEEE, works at the Central South University, China.
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Introduction to Feedback Control Theory
This book, written by experts in the field, is based on the latest research on the
analysis and synthesis of switched time-delay systems. It covers the stability,
filtering, fault detection and control problems, which are studied using the average
dwell time approach. It presents both the continuous-time and discrete-time
systems and provides useful insights and methods, as well as practical algorithms
that can be considered in other complex systems, such as neuron networks and
genetic regulatory networks, making it a valuable resource for researchers,
scientists and engineers in the field of system sciences and control communities.

Control of Dead-time Processes
This text introduces the fundamental techniques for controlling dead-time
processes from simple monovariable to complex multivariable cases. Dead-timeprocess-control problems are studied using classical proportional-integraldifferential (PID) control for the simpler examples and dead-time-compensator
(DTC) and model predictive control (MPC) methods for progressively more complex
ones. Downloadable MATLAB® code makes the examples and ideas more
convenient and simpler.
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Delay Compensation for Nonlinear, Adaptive, and PDE Systems
This book is about time-domain modelling, stability, stabilization, control design
and filtering for JTDS. It gives readers a thorough understanding of the basic
mathematical analysis and fundamentals, offers a straightforward treatment of the
different topics and provides broad coverage of the recent methodologies.

Robust Filtering and Fault Detection of Switched Delay
Systems
Recently, there have been significant developments in robust control of time-delay
systems. This volume presents a systematic treatment of robust control for such
systems in the frequency domain. The emphasis is on systems with a single input
or output delay, although the delay-free part of the plant can be multi-input-multioutput, in which case the delays in different channels should be the same. The
author covers the whole range of H-infinity control of time-delay systems: from
controller parameterization implementation; from the Nehari problem to the fourblock problem; from theoretical developments to practical issues. The major tools
used are similarity transformation, the chain-scattering approach and J-spectral
factorization. Self-contained, "Robust Control of Time-delay Systems" will interest
control theorists and mathematicians working with time-delay systems. Its
Page 7/36

Online Library Topics In Time Delay Systems Analysis Algorithms And
Control Lecture Notes In Control And Information Sciences
methodical approach will be of value to graduates studying general robust control
theory or its applications in time-delay systems.

Time-Delay Systems
This authored monograph presents a study on fundamental limits and robustness
of stability and stabilization of time-delay systems, with an emphasis on timevarying delay, robust stabilization, and newly emerged areas such as networked
control and multi-agent systems. The authors systematically develop an operatortheoretic approach that departs from both the traditional algebraic approach and
the currently pervasive LMI solution methods. This approach is built on the
classical small-gain theorem, which enables the author to draw upon powerful tools
and techniques from robust control theory. The book contains motivating examples
and presents mathematical key facts that are required in the subsequent sections.
The target audience primarily comprises researchers and professionals in the field
of control theory, but the book may also be beneficial for graduate students alike.

Introduction to Linear Control Systems
Analysis and control of time-delayed systems have been applied in a wide range of
applications, ranging from mechanical, control, economic, to biological systems.
Page 8/36

Online Library Topics In Time Delay Systems Analysis Algorithms And
Control Lecture Notes In Control And Information Sciences
Over the years, there has been a steady stream of interest in time-delayed
dynamic systems, this book takes a snap shot of recent research from the world
leading experts in analysis and control of dynamic systems with time delay to
provide a bird's eye view of its development. The topics covered in this book
include solution methods, stability analysis and control of periodic dynamic
systems with time delay, bifurcations, stochastic dynamics and control, delayed
Hamiltonian systems, uncertain dynamic systems with time delay, and
experimental investigations of delayed structural control. Contents:Complete
Quadratic Lyapunov-Krasovskii Functional: Limitations, Computational Efficiency,
and Convergence (Keqin Gu)Recent Approaches for the Numerical Solution of StateDependent Delay Differential Equations with Discontinuities (Alfredo
Bellen)Engineering Applications of Time-Periodic Time-Delay Systems (Gábor
Stépán)Synchronization in Delay-Coupled Complex Networks (Eckehard
Schöll)Stochastic Dynamics and Optimal Control of Quasi Integrable Hamiltonian
Systems with Time-Delayed Feedback Control (Weiqiu Zhu and Zhonghua
Liu)Delay Induced Strong and Weak Resonances in Delayed Differential Systems
(Jian Xu, Wanyong Wang)Stability and Hopf Bifurcation of Time-Delay Systems with
Complex Coefficients (Zaihua Wang and Junyu Li)Estimation and Control in TimeDelayed Dynamical Systems Using the Chebyshev Spectral Continuous Time
Approximation and Reduced Liapunov-Floquet Transformation (Eric A Butcher, Oleg
Bobrenkov, Morad Nazari and Shahab Torkamani)Noise-Induced Dynamics of TimeDelayed Stochastic Systems (Yanfei Jin and Haiyan Hu)Some Studies on Delayed
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System Dynamics and Control (Guo-Pingcai, Long-Xiang Chen and Kun
Liu)Switching Control of Uncertain Dynamic Systems with Time Delay (Jian-Qiao
Sun, Xiao-Yan Zhang, Zhi-Chang Qin and Shun Zhong) Readership: The researchers
in the community of dynamics and control including mechanical, civil, structural,
aerospace, naval and electrical engineers. Graduate students pursuing research in
the area of dynamics and control. Keywords:Time-Delayed Dynamical Control
Systems;Stochastic Dynamics and Optimal Control SystemsKey Features:Professor
Jian-Qiao Sun, of University of California-Merced is well-known for his work on
stochastic nonlinear dynamical systems and cell mapping methodsProfessor Qian
Ding of Tianjin University is well-known for his work on nonlinear dynamics, rotor
dynamics and reduced order modeling of complex dynamical systemsThere are
many books devoted to time delayed systems, as noted in the authors' proposal,
but many don't do justice to control. In addition, the topic of time delayed, nonsmooth systems is beginning to receive considerable attention in the literature, but
not (well) addressed in any of the current books

Stability of Time-Delay Systems
This book presents up-to-date research developments and novel methodologies to
solve various stability and control problems of dynamic systems with time delays.
First, it provides the new introduction of integral and summation inequalities for
stability analysis of nominal time-delay systems in continuous and discrete time
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domain, and presents corresponding stability conditions for the nominal system
and an applicable nonlinear system. Next, it investigates several control problems
for dynamic systems with delays including H(infinity) control problem Eventtriggered control problems; Dynamic output feedback control problems; Reliable
sampled-data control problems. Finally, some application topics covering filtering,
state estimation, and synchronization are considered. The book will be a valuable
resource and guide for graduate students, scientists, and engineers in the system
sciences and control communities.

Advanced Topics in Control and Estimation of StateMultiplicative Noisy Systems
This volume collects contributions related to selected presentations from the 12th
IFAC Workshop on Time Delay Systems, Ann Arbor, June 28-30, 2015. The included
papers present novel techniques and new results of delayed dynamical systems.
The topical spectrum covers control theory, numerical analysis, engineering and
biological applications as well as experiments and case studies. The target
audience primarily comprises research experts in the field of time delay systems,
but the book may also be beneficial for graduate students alike.

Methodologies for Control of Jump Time-Delay Systems
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One of the major contemporary challenges in both physical and social sciences is
modeling, analyzing, and understanding the self-organization, evolution, behavior,
and eventual decay of complex dynamical systems ranging from cell assemblies to
the human brain to animal societies. The multi-faceted problems in this domain
require a wide range of methods from various scienti?c disciplines. There is no
question that the inclusion of time delays in complex system models considerably
enriches the challenges presented by the problems. Although this inclusion often
becomes inevitable as real-world applications demand more and more realistic mels, the role of time delays in the context of complex systems so far has not
attracted the interest it deserves. The present volume is an attempt toward ?lling
this gap. There exist various useful tools for the study of complex time-delay
systems. At the forefront is the mathematical theory of delay equations, a
relatively mature ?eld in many aspects, which provides some powerful techniques
for analytical inquiries, along with some other tools from statistical physics, graph
theory, computer science, dynamical systems theory, probability theory, simulation
and optimization software, and so on. Nevertheless, the use of these methods
requires a certain synergy to address complex systems problems, especially in the
presence of time delays.

Systems with Delays
Stabilizing and Optimizing Control for Time-Delay Systems introduces three
Page 12/36

Online Library Topics In Time Delay Systems Analysis Algorithms And
Control Lecture Notes In Control And Information Sciences
important classes of stabilizing controls for time-delay systems: non-optimal
(without performance criteria); suboptimal (including guaranteed costs); and
optimal controls. Each class is treated in detail and compared in terms of prior
control structures. State- and input-delayed systems are considered. The book
provides a unified mathematical framework with common notation being used
throughout. Receding-horizon, or model predictive, linear quadratic (LQ), linearquadratic-Gaussian and H∞ controls for time-delay systems are chosen as optimal
stabilizing controls. Cost monotonicity is investigated in order to guarantee the
asymptotic stability of closed-loop systems operating with such controls. The
authors use guaranteed LQ and H∞ controls as representative sub-optimal
methods; these are obtained with pre-determined control structures and certain
upper bounds of performance criteria. Non-optimal stabilizing controls are obtained
with predetermined control structures but with no performance criteria. Recently
developed inequalities are exploited to obtain less conservative results. To
facilitate computation, the authors use linear matrix inequalities to represent gain
matrices for non-optimal and sub-optimal stabilizing controls, and all the initial
conditions of coupled differential Riccati equations of optimal stabilizing controls.
Numerical examples are provided with MATLAB® codes (downloadable from
http://extras.springer.com/) to give readers guidance in working with more difficult
optimal and suboptimal controls. Academic researchers studying control of a
variety of real processes in chemistry, biology, transportation, digital
communication networks and mechanical systems that are subject to time delays
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will find the results presented in Stabilizing and Optimizing Control for Time-Delay
Systems to be helpful in their work. Practitioners working in related sectors of
industry will also find this book to be of use in developing real-world control
systems for the many time-delayed processes they encounter.

Feedback Systems
This book is a self-contained presentation of the background and progress of the
study of time-delay systems, a subject with broad applications to a number of
areas.

Recent Results on Time-Delay Systems
There are many feedback control books out there, but none of them capture the
essence of robust control as well as Introduction to Feedback Control Theory.
Written by Hitay OEzbay, one of the top researchers in robust control in the world,
this book fills the gap between introductory feedback control texts and advanced
robust control texts. Introd

Topics in Time Delay Systems
Page 14/36

Online Library Topics In Time Delay Systems Analysis Algorithms And
Control Lecture Notes In Control And Information Sciences
Time delays are present in many physical processes due to the period of time it
takes for the events to occur. Delays are particularly more pronounced in networks
of interconnected systems, such as supply chains and systems controlled over cmunication networks. In these control problems, taking the delays into account is
particularly important for performance evaluation and control system’s design. It
has been shown, indeed, that delays in a controlled system (for instance, a cmunication delay for data acquisition) may have an “ambiguous” nature: they may
stabilize the system, or, in the contrary,they may lead to deteriorationof the closloop performance or even instability, depending on the delay value and the system
parameters. It is a fact that delays have stabilizing effects, but this is clearly con iing for human intuition. Therefore,speci c analysis techniquesand design methods
are to be developed to satisfactorily take into account the presence of delays at
the design stage of the control system. The research on time delay systems
stretches back to 1960s and it has been very active during the last twenty years.
During this period, the results have been presented at the main control
conferences(CDC, ACC, IFAC), in specialized wo- shops (IFAC TDS series), and
published in the leading journals of control engine- ing, systems and control
theory, applied and numerical mathematics.

Applications of Time Delay Systems
This volume is concerned with the control and dynamics of time delay systems; a
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research field with at least six-decade long history that has been very active
especially in the past two decades. In parallel to the new challenges emerging from
engineering, physics, mathematics, and economics, the volume covers several new
directions including topology induced stability, large-scale interconnected systems,
roles of networks in stability, and new trends in predictor-based control and
consensus dynamics. The associated applications/problems are described by highly
complex models, and require solving inverse problems as well as the development
of new theories, mathematical tools, numerically-tractable algorithms for real-time
control. The volume, which is targeted to present these developments in this
rapidly evolving field, captures a careful selection of the most recent papers
contributed by experts and collected under five parts: (i) Methodology: From
Retarded to Neutral Continuous Delay Models, (ii) Systems, Signals and
Applications, (iii): Numerical Methods, (iv) Predictor-based Control and
Compensation, and (v) Networked Control Systems and Multi-agent Systems.

Time-delay Systems
This book provides an introduction to the analysis and control of Linear ParameterVarying Systems and Time-Delay Systems and their interactions. The purpose is to
give the readers some fundamental theoretical background on these topics and to
give more insights on the possible applications of these theories. This selfcontained monograph is written in an accessible way for readers ranging from
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undergraduate/PhD students to engineers and researchers willing to know more
about the fields of time-delay systems, parameter-varying systems, robust
analysis, robust control, gain-scheduling techniques in the LPV fashion and LMI
based approaches. The only prerequisites are basic knowledge in linear algebra,
ordinary differential equations and (linear) dynamical systems. Most of the results
are proved unless the proof is too complex or not necessary for a good
understanding of the results. In the latter cases, suitable references are
systematically provided. The first part pertains on the representation, analysis and
control of LPV systems along with a reminder on robust analysis and control
techniques. The second part is concerned with the representation and analysis of
time-delay systems using various time-domain techniques. The third and last part
is devoted to the representation, analysis, observation, filtering and control of LPV
time-delay systems. The book also presents many important basic and advanced
results on the manipulation of LMIs.

Stabilizing and Optimizing Control for Time-Delay Systems
The book focuses on delay systems and their applications. We brought together
well-known experts in the field to present a wide panorama of interdisciplinary
methods in handling stability, control and related numerical issues. By reading the
book, the readers will get a up-to-date picture of this active area of research as
well as representative methods used in this field. This book can be used as a
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reference for both experts and novices interested in the research of time-delay,
numerical issues, as well as applications of time-delay systems.

Linear Parameter-Varying and Time-Delay Systems
In the mathematical description of a physical or biological process, it is a common
practice \0 assume that the future behavior of Ihe process considered depends
only on the present slate, and therefore can be described by a finite sct of ordinary
diffe rential equations. This is satisfactory for a large class of practical systems.
However. the existence of lime-delay elements, such as material or infonnation
transport, of tcn renders such description unsatisfactory in accounting for
important behaviors of many practical systems. Indeed. due largely to the current
lack of effective metho dology for analysis and control design for such systems, the
lime-delay elements arc often either neglected or poorly approximated, which
frequently results in analysis and simulation of insufficient accuracy, which in turns
leads to poor performance of the systems designed. Indeed, it has been
demonstrated in the area of automatic control that a relatively small delay may
lead to instability or significantly deteriora ted perfonnances for the corresponding
closed-loop systems.

Complex Time-Delay Systems
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This book provides a systematic approach to the design of predictor based
controllers for (time-varying) linear systems with either (time-varying) input or
state delays. Differently from those traditional predictor based controllers, which
are infinite-dimensional static feedback laws and may cause difficulties in their
practical implementation, this book develops a truncated predictor feedback (TPF)
which involves only finite dimensional static state feedback. Features and topics: A
novel approach referred to as truncated predictor feedback for the stabilization of
(time-varying) time-delay systems in both the continuous-time setting and the
discrete-time setting is built systematically Semi-global and global stabilization
problems of linear time-delay systems subject to either magnitude saturation or
energy constraints are solved in a systematic manner Both stabilization of a single
system and consensus of a group of systems (multi-agent systems) are treated in a
unified manner by applying the truncated predictor feedback and predictor
feedback The properties of the solutions to a class of parametric (differential and
difference) Lyapunov matrix equations are presented in detail Detailed numerical
examples and applications to the spacecraft rendezvous and formation flying
problems are provided to demonstrate the usefulness of the presented theoretical
results This book can be a useful resource for the researchers, engineers, and
graduate students in the fields of control, applied mathematics, mechanical
engineering, electrical engineering, and aerospace engineering.

Truncated Predictor Feedback for Time-Delay Systems
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Advanced Topics in Control and Estimation of State-Multiplicative Noisy Systems
begins with an introduction and extensive literature survey. The text proceeds to
cover the field of H∞ time-delay linear systems where the issues of stability and
L2−gain are presented and solved for nominal and uncertain stochastic systems,
via the input-output approach. It presents solutions to the problems of statefeedback, filtering, and measurement-feedback control for these systems, for both
the continuous- and the discrete-time settings. In the continuous-time domain, the
problems of reduced-order and preview tracking control are also presented and
solved. The second part of the monograph concerns non-linear stochastic statemultiplicative systems and covers the issues of stability, control and estimation of
the systems in the H∞ sense, for both continuous-time and discrete-time cases.
The book also describes special topics such as stochastic switched systems with
dwell time and peak-to-peak filtering of nonlinear stochastic systems. The reader is
introduced to six practical engineering- oriented examples of noisy statemultiplicative control and filtering problems for linear and nonlinear systems. The
book is rounded out by a three-part appendix containing stochastic tools necessary
for a proper appreciation of the text: a basic introduction to stochastic control
processes, aspects of linear matrix inequality optimization, and MATLAB codes for
solving the L2-gain and state-feedback control problems of stochastic switched
systems with dwell-time. Advanced Topics in Control and Estimation of StateMultiplicative Noisy Systems will be of interest to engineers engaged in control
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systems research and development, to graduate students specializing in stochastic
control theory, and to applied mathematicians interested in control problems. The
reader is expected to have some acquaintance with stochastic control theory and
state-space-based optimal control theory and methods for linear and nonlinear
systems.

Robust Control of Time-delay Systems
Shedding light on new opportunities in predictor feedback, this book significantly
broadens the set of techniques available to a mathematician or engineer working
on delay systems. It is a collection of tools and techniques that make predictor
feedback ideas applicable to nonlinear systems, systems modeled by PDEs,
systems with highly uncertain or completely unknown input/output delays, and
systems whose actuator or sensor dynamics are modeled by more general
hyperbolic or parabolic PDEs, rather than by pure delay. Replete with examples,
Delay Compensation for Nonlinear, Adaptive, and PDE Systems is an excellent
reference guide for graduate students, researchers, and professionals in
mathematics, systems control, as well as chemical, mechanical, electrical,
computer, aerospace, and civil/structural engineering. Parts of the book may be
used in graduate courses on general distributed parameter systems, linear delay
systems, PDEs, nonlinear control, state estimator and observers, adaptive control,
robust control, or linear time-varying systems.
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Advances in Time-Delay Systems
Time-delay occurs in many physical, industrial and engineering systems such as
biological systems, chemical systems, metallurgical processing systems, nuclear
reactors, hydraulic systems and electrical networks, to name a few. The reason for
the occurrence could be attributed to inherent physical phenomena like mass
transport flow or recycling. It could result from the finite capabilities of information
processing and data transmission among various parts of the system. In addition,
they could be by-products of computational delays or could be intentionally
introduced for some design consideration. Such delays could be constant or time
varying, known or unknown, deterministic or stochastic depending on the system
under consideration. In recent years, time-delay, which exists in networked control
systems, has brought more complex problems into a new research area.
Frequently, it is a source of the generation of oscillation, instability and poor
performance. Therefore, the subject of Time-Delay Systems (TDS) has been
investigated as functional differential equations over the past four decades.
Because the presence of the delay factor renders the system analysis more
complicated, the problems of stability and stabilization are of great importance.
This book presents some basic theories of stability and stabilization of systems
with time-delays. More attention is paid to the synthesis of systems with timedelay. That is, control of nonlinear systems with delay; networked control systems;
positive delay systems; fuzzy systems; and reset control with random delay are all
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analyzed within this book--

Advances in Analysis and Control of Time-Delayed Dynamical
Systems
This book provides an update of the latest research in control of time delay
systems and applications by world leading experts. It will appeal to engineers,
researchers and students in Control.

Limits of Stability and Stabilization of Time-Delay Systems
Time delays are present in many physical processes due to the period of time it
takes for the events to occur. Delays are particularly more pronounced in networks
of interconnected systems, such as supply chains and systems controlled over cmunication networks. In these control problems, taking the delays into account is
particularly important for performance evaluation and control system’s design. It
has been shown, indeed, that delays in a controlled system (for instance, a cmunication delay for data acquisition) may have an “ambiguous” nature: they may
stabilize the system, or, in the contrary,they may lead to deteriorationof the closloop performance or even instability, depending on the delay value and the system
parameters. It is a fact that delays have stabilizing effects, but this is clearly con iPage 23/36
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ing for human intuition. Therefore,speci c analysis techniquesand design methods
are to be developed to satisfactorily take into account the presence of delays at
the design stage of the control system. The research on time delay systems
stretches back to 1960s and it has been very active during the last twenty years.
During this period, the results have been presented at the main control
conferences(CDC, ACC, IFAC), in specialized wo- shops (IFAC TDS series), and
published in the leading journals of control engine- ing, systems and control
theory, applied and numerical mathematics.

Continuous Time Dynamical Systems
This book presents the recently introduced and already widely referred semidiscretization method for the stability analysis of delayed dynamical systems.
Delay differential equations often come up in different fields of engineering, like
feedback control systems, machine tool vibrations, balancing/stabilization with
reflex delay. The behavior of such systems is often counter-intuitive and closed
form analytical formulas can rarely be given even for the linear stability conditions.
If parametric excitation is coupled with the delay effect, then the governing
equation is a delay differential equation with time periodic coefficients, and the
stability properties are even more intriguing. The semi-discretization method is a
simple but efficient method that is based on the discretization with respect to the
delayed term and the periodic coefficients only. The method can effectively be
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used to construct stability diagrams in the space of system parameters.

Dynamic Systems with Time Delays: Stability and Control
This book mostly results from a selection of papers presented during the 11th IFAC
(International Federation of Automatic Control) Workshop on Time-Delay Systems,
which took place in Grenoble, France, February 4 - 6, 2013. During this event, 37
papers were presented. Taking into account the reviewers' evaluation and the
papers' presentation the best papers have been selected and collected into the
present volume. The authors of 13 selected papers were invited to participate to
this book and provided a more detailed and improved version of the conference
paper. To enrich the book, three more chapters have been included from
specialists on time-delay systems who presented their work during the 52nd IEEE
Conference on Decision and Control, which held in December 10 - 13, 2013, at
Florence, Italy. The content of the book is divided into four main parts as follows:
Modeling, Stability analysis, Stabilization and control, and Input-delay systems.
Focusing on various topics of time-delay systems, this book will be interesting for
researchers and graduate students working on control and system theory.

PID Controllers for Time-Delay Systems
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Switched delay systems appear in a wide field of applications including networked
control systems, power systems, memristive systems. Though the large amount of
ideas with respect to such systems have generated, until now, it still lacks a
framework to focus on filter design and fault detection issues which are relevant to
life safety and property loss. Beginning with the comprehensive coverage of the
new developments in the analysis and control synthesis for switched delay
systems, the monograph not only provides a systematic approach to designing the
filter and detecting the fault of switched delay systems, but it also covers the
model reduction issues. Specific topics covered include: (1) Arbitrary switching
signal where delay-independent and delay-dependent conditions are presented by
proposing a linearization technique. (2) Average dwell time where a weighted
Lyapunov function is come up with dealing with filter design and fault detection
issues beside taking model reduction problems. The monograph is intended for
academic researchers and engineers in systems and control community who will
discover of particular value in dealing with filter design and fault detection of
switched system and time delay systems. In addition, it will be helpful and
complementary reading for graduate students in such field.

Time Delay Systems: Methods, Applications and New Trends
The main aim of the book is to present new constructive methods of delay
differential equation (DDE) theory and to give readers practical tools for analysis,
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control design and simulating of linear systems with delays. Referred to as
“systems with delays” in this volume, this class of differential equations is also
called delay differential equations (DDE), time-delay systems, hereditary systems,
and functional differential equations. Delay differential equations are widely used
for describing and modeling various processes and systems in different applied
problems At present there are effective control and numerical methods and
corresponding software for analysis and simulating different classes of ordinary
differential equations (ODE) and partial differential equations (PDE). There are
many applications for these types of equations, because of this progress, but there
are not as many methodologies in systems with delays that are easily applicable
for the engineer or applied mathematician. there are no methods of finding
solutions in explicit forms, and there is an absence of generally available generalpurpose software packages for simulating such systems. Systems with Delays fills
this void and provides easily applicable methods for engineers, mathematicians,
and scientists to work with delay differential equations in their operations and
research.

Numerical Methods for Controlled Stochastic Delay Systems
This book provides a clear understanding in formulating stability analysis and state
feedback control of retarded time delay systems using Lyapunov’s second method
in an LMI framework. The chapters offer a clear overview of the evolution of
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stability analysis in terms of the construction of a Lyapunov functional and use of
the integral inequalities in order to reduce the gap of delay upper bound estimate
compared to frequency domain method through existing and proposed stability
theorems. Power system engineering problem has been presented here to give
readers fair idea on applicability of the model and method for solving engineering
problems. Without deviating from the framework of analysis more complex
dynamics of the system have been dealt with here that includes actuator
saturation and thereby ascertaining local stability for an estimated time-delay and
domain of attraction. Nonlinearity in a time-delay system has been dealt with in
the T-S fuzzy modeling approach. This book is useful as a textbook for Master’s
students and advanced researcher working in the field of control system
engineering, and for practicing engineers dealing with such complex dynamical
systems. The strengths of the book are lucidity of presentation, lucidity of solution
method, MATLAB programs given in the appendix that help the novice researcher
to carry out research in this area independently, clear idea about the formulation
of desired stability and control problem in a LMI framework, application problem
provided can motivate students and researcher to recast their problems in the
similar framework easily, helpful for readers to use the stability (stabilization)
conditions or formulate their own stability conditions easily for a complicated linear
or nonlinear dynamical system.

Introduction to Time-Delay Systems
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Optimal control deals with the problem of finding a control law for a given system
such that a certain optimality criterion is achieved. An optimal control is a set of
differential equations describing the paths of the control variables that minimize
the cost functional. This book, Continuous Time Dynamical Systems: State
Estimation and Optimal Control with Orthogonal Functions, considers different
classes of systems with quadratic performance criteria. It then attempts to find the
optimal control law for each class of systems using orthogonal functions that can
optimize the given performance criteria. Illustrated throughout with detailed
examples, the book covers topics including: Block-pulse functions and shifted
Legendre polynomials State estimation of linear time-invariant systems Linear
optimal control systems incorporating observers Optimal control of systems
described by integro-differential equations Linear-quadratic-Gaussian control
Optimal control of singular systems Optimal control of time-delay systems with and
without reverse time terms Optimal control of second-order nonlinear systems
Hierarchical control of linear time-invariant and time-varying systems

Stability and Stabilization of Linear and Fuzzy Time-Delay
Systems
Singular time-delay systems are very suitable to describe a lot of practical systems
such as manufacturing systems, networked control systems, power systems and
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electrical circuits. Thus, the past two decades have witnessed a significant
progress on the theory of singular time-delay systems, and many fundamental and
important topics have been successfully investigated including stability analysis,
stabilization, guaranteed cost control, filtering, observer design, sliding mode
control and so on. The main objective of this book is to present the latest
developments and references in the analysis and synthesis of singular time-delay
systems with or without Markov jumping parameters in a unified framework. The
materials adopted in this book are mainly based on research results of the authors.
This book will be of interest to academic researchers working in singular systems,
time-delay systems and Markov jump systems and to graduate students interested
in systems and control theory.

Stability and Control of Time-delay Systems
The Markov chain approximation methods are widely used for the numerical
solution of nonlinear stochastic control problems in continuous time. This book
extends the methods to stochastic systems with delays. The book is the first on the
subject and will be of great interest to all those who work with stochastic delay
equations and whose main interest is either in the use of the algorithms or in the
mathematics. An excellent resource for graduate students, researchers, and
practitioners, the work may be used as a graduate-level textbook for a special
topics course or seminar on numerical methods in stochastic control.
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Topics in Time Delay Systems
The beginning of the 21st century can be characterized as the” time-delay boom”
leading to numerous important results. The purpose of this book is two-fold, to
familiarize the non-expert reader with time-delay systems and to provide a
systematic treatment of modern ideas and techniques for experts. This book is
based on the course ”Introduction to time-delay systems” for graduate students in
Engineering and Applied Mathematics that the author taught in Tel Aviv University
in 2011-2012 and 2012-2013 academic years. The sufficient background to follow
most of the material are the undergraduate courses in mathematics and an
introduction to control. The book leads the reader from some basic classical results
on time-delay systems to recent developments on Lyapunov-based analysis and
design with applications to the hot topics of sampled-data and network-based
control. The objective is to provide useful tools that will allow the reader not only to
apply the existing methods, but also to develop new ones. It should be of interest
for researchers working in the field, for graduate students in engineering and
applied mathematics, and for practicing engineers. It may also be used as a
textbook for a graduate course on time-delay systems.

Analysis and Synthesis of Switched Time-Delay Systems: The
Average Dwell Time Approach
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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 onesemester 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 selfcontained. 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
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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
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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.

Stability Analysis and Robust Control of Time-Delay Systems
This book includes selected contributions by lecturers at the third annual
Formation d’Automatique de Paris. It provides a well-integrated synthesis of the
latest thinking in nonlinear optimal control, observer design, stability analysis and
structural properties of linear systems, without the need for an exhaustive
literature review. The internationally known contributors to this volume represent
many of the most reputable control centers in Europe.

Analysis and Synthesis of Singular Systems with Time-Delays
In many practical applications we deal with a wide class of dynamical systems that
are comprised of a family of continuous-time or discrete-time subsystems and a
rule orchestrating the switching between the subsystems. This class of systems is
frequently called switched system. Switched linear systems provide a framework
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that bridges the linear systems and the complex and/or uncertain systems. The
mo- vation for investigating this class of systems is twofold: ?rst, it has an inherent
multi-modal behavior in the sense that several dynamical subsystems are required
to describe their behavior, which might depend on various environmental factors.
Second, the methods of intelligent control systems are based on the idea of switing between different controllers. Looked at in this light, switched systems provide
an integral framework to deal with complex system behaviors such as chaos and
multiple limit cycles and gain more insights into powerful tools such as intelligent
control, adaptive control, and robust control. Switched systems have been invesgated for a long time in the control and systems literature and have increasingly
attracted more attention for the past three decades. The number of journal
articles, books, and conference papers have grown exponentially and a number of
fundam- tal concepts and powerful tools have been developed. It has been pointed
out that switched systems have been studied from various viewpoints.
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