Read Online Fractional Processes And Fractional Order Signal Processing Techniques And Applications Signals
And Communication Technology

Fractional Processes And Fractional Order Signal Processing Techniques And
Applications Signals And Communication Technology
In the last two decades fractional differential equations have been used more frequently in physics, signal processing, fluid
mechanics, viscoelasticity, mathematical biology, electro chemistry and many others. It opens a new and more realistic way to
capture memory dependent phenomena and irregularities inside the systems by using more sophisticated mathematical analysis.
This monograph is based on the authors’ work on stabilization and control design for continuous and discrete fractional order
systems. The initial two chapters and some parts of the third chapter are written in tutorial fashion, presenting all the basic
concepts of fractional order system and a brief overview of sliding mode control of fractional order systems. The other parts
contain deal with robust finite time stability of fractional order systems, integral sliding mode control of fractional order systems, cooperative control of multi-agent systems modeled as fractional differential equation, robust stabilization of discrete fractional order
systems, high performance control using soft variable structure control and contraction analysis by integer and fractional order
infinitesimal variations.
This book describes the design and realization of analog fractional-order circuits, which are suitable for on-chip implementation,
capable of low-voltage operation and electronic adjustment of their characteristics. The authors provide a brief introduction to
fractional-order calculus, followed by design issues for fractional-order circuits of various orders and types. The benefits of this
approach are demonstrated with current-mode and voltage-mode filter designs. Electronically tunable emulators of fractional-order
capacitors and inductors are presented, where the behavior of the corresponding chips fabricated using the AMS 0.35um CMOS
process has been experimentally verified. Applications of fractional-order circuits are demonstrated, including a pre-processing
stage suitable for the implementation of the Pan-Tompkins algorithm for detecting the QRS complexes of an electrocardiogram
(ECG), a fully tunable implementation of the Cole-Cole model used for the modeling of biological tissues, and a simple, nonimpedance based measuring technique for super-capacitors.
Fractional processes are widely found in science, technology and engineering systems. In Fractional Processes and Fractionalorder Signal Processing, some complex random signals, characterized by the presence of a heavy-tailed distribution or nonnegligible dependence between distant observations (local and long memory), are introduced and examined from the ‘fractional’
perspective using simulation, fractional-order modeling and filtering and realization of fractional-order systems. These fractionalorder signal processing (FOSP) techniques are based on fractional calculus, the fractional Fourier transform and fractional lowerorder moments. Fractional Processes and Fractional-order Signal Processing: presents fractional processes of fixed, variable and
distributed order studied as the output of fractional-order differential systems; introduces FOSP techniques and the fractional
signals and fractional systems point of view; details real-world-application examples of FOSP techniques to demonstrate their
utility; and provides important background material on Mittag–Leffler functions, the use of numerical inverse Laplace transform
algorithms and supporting MATLAB® codes together with a helpful survey of relevant webpages. Readers will be able to use the
techniques presented to re-examine their signals and signal-processing methods. This text offers an extended toolbox for complex
signals from diverse fields in science and engineering. It will give academic researchers and practitioners a novel insight into the
complex random signals characterized by fractional properties, and some powerful tools to analyze those signals.
Fractional Order Systems: An Overview of Mathematics, Design, and Applications for Engineers introduces applications from a
design perspective, helping readers plan and design their own applications. The book includes the different techniques employed
to design fractional-order systems/devices comprehensively and straightforwardly. Furthermore, mathematics is available in the
literature on how to solve fractional-order calculus for system applications. This book introduces the mathematics that has been
employed explicitly for fractional-order systems. It will prove an excellent material for students and scholars who want to quickly
understand the field of fractional-order systems and contribute to its different domains and applications. Fractional-order systems
are believed to play an essential role in our day-to-day activities. Therefore, several researchers around the globe endeavor to
work in the different domains of fractional-order systems. The efforts include developing the mathematics to solve fractional-order
calculus/systems and to achieve the feasible designs for various applications of fractional-order systems. Presents a simple and
comprehensive understanding of the field of fractional-order systems Offers practical knowledge on the design of fractional-order
systems for different applications Exposes users to possible new applications for fractional-order systems
The book illustrates the theoretical results of fractional derivatives via applications in signals and systems, covering continuous
and discrete derivatives, and the corresponding linear systems. Both time and frequency analysis are presented. Some advanced
topics are included like derivatives of stochastic processes. It is an essential reference for researchers in mathematics, physics,
and engineering.
Fractional order calculus is finding increasing interest in the control system community. Hardware realizations of fractional order
controllers have sparked off a renewed zeal into the investigations of control system design in the light of fractional calculus. As
such many notions of integer order LTI systems are being modified and extended to incorporate these new concepts.
Computational Intelligence (CI) techniques have been applied to engineering problems to find solutions to many hitherto
intractable conundrums and is a useful tool for dealing with problems of higher computational complexity. This book borders on the
interface between CI techniques and fractional calculus, and looks at ways in which fractional order control systems may be
designed or enhanced using CI based paradigms. To the best of the author’s knowledge this is the first book of its kind exclusively
dedicated to the application of computational intelligence techniques in fractional order systems and control. The book tries to
assimilate various existing concepts in this nascent field of fractional order intelligent control and is aimed at researchers and post
graduate students working in this field.
Fractional Processes and Fractional-Order Signal ProcessingTechniques and ApplicationsSpringer Science & Business Media
This book is focused on fractional order systems. Historically, fractional calculus has been recognized since the inception of
regular calculus, with the first written reference dated in September 1695 in a letter from Leibniz to L’Hospital. Nowadays,
fractional calculus has a wide area of applications in areas such as physics, chemistry, bioengineering, chaos theory, control
systems engineering, and many others. In all those applications, we deal with fractional order systems in general. Moreover,
fractional calculus plays an important role even in complex systems and therefore allows us to develop better descriptions of realworld phenomena. On that basis, fractional order systems are ubiquitous, as the whole real world around us is fractional. Due to
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this reason, it is urgent to consider almost all systems as fractional order systems. This Special Issue explores applications of such
systems to control, synchronization, and various mathematical models, as for instance, MRI, long memory process, diffusion.
This monograph presents design methodologies for (robust) fractional control systems. It shows the reader how to take advantage
of the superior flexibility of fractional control systems compared with integer-order systems in achieving more challenging control
requirements. There is a high degree of current interest in fractional systems and fractional control arising from both academia and
industry and readers from both milieux are catered to in the text. Different design approaches having in common a trade-off
between robustness and performance of the control system are considered explicitly. The text generalizes methodologies,
techniques and theoretical results that have been successfully applied in classical (integer) control to the fractional case. The first
part of Advances in Robust Fractional Control is the more industrially oriented. It focuses on the design of fractional controllers for
integer processes. In particular, it considers fractional-order proportional-integral-derivative controllers, because integer-order PID
regulators are, undoubtedly, the controllers most frequently adopted in industry. The second part of the book deals with a more
general approach to fractional control systems, extending techniques (such as H-infinity optimal control and optimal input?output
inversion based control) originally devised for classical integer-order control. Advances in Robust Fractional Control will be a
useful reference for the large number of academic researchers in fractional control, for their industrial counterparts and for
graduate students who want to learn more about this subject.
Fractional Calculus and Fractional Processes with Applications to Financial Economics presents the theory and application of
fractional calculus and fractional processes to financial data. Fractional calculus dates back to 1695 when Gottfried Wilhelm
Leibniz first suggested the possibility of fractional derivatives. Research on fractional calculus started in full earnest in the second
half of the twentieth century. The fractional paradigm applies not only to calculus, but also to stochastic processes, used in many
applications in financial economics such as modelling volatility, interest rates, and modelling high-frequency data. The key features
of fractional processes that make them interesting are long-range memory, path-dependence, non-Markovian properties, selfsimilarity, fractal paths, and anomalous diffusion behaviour. In this book, the authors discuss how fractional calculus and fractional
processes are used in financial modelling and finance economic theory. It provides a practical guide that can be useful for
students, researchers, and quantitative asset and risk managers interested in applying fractional calculus and fractional processes
to asset pricing, financial time-series analysis, stochastic volatility modelling, and portfolio optimization. Provides the necessary
background for the book's content as applied to financial economics Analyzes the application of fractional calculus and fractional
processes from deterministic and stochastic perspectives
This book provides a broad overview of the latest developments in fractional calculus and fractional differential equations (FDEs)
with an aim to motivate the readers to venture into these areas. It also presents original research describing the fractional
operators of variable order, fractional-order delay differential equations, chaos and related phenomena in detail. Selected results
on the stability of solutions of nonlinear dynamical systems of the non-commensurate fractional order have also been included.
Furthermore, artificial neural network and fractional differential equations are elaborated on; and new transform methods (for
example, Sumudu methods) and how they can be employed to solve fractional partial differential equations are discussed. The
book covers the latest research on a variety of topics, including: comparison of various numerical methods for solving FDEs, the
Adomian decomposition method and its applications to fractional versions of the classical Poisson processes, variable-order
fractional operators, fractional variational principles, fractional delay differential equations, fractional-order dynamical systems and
stability analysis, inequalities and comparison theorems in FDEs, artificial neural network approximation for fractional operators,
and new transform methods for solving partial FDEs. Given its scope and level of detail, the book will be an invaluable asset for
researchers working in these areas.
In the recent years, fractional-order systems have been studied by many researchers in the engineering field. It was found that
many systems can be described more accurately by fractional differential equations than by integer-order models. Advanced
Synchronization Control and Bifurcation of Chaotic Fractional-Order Systems is a scholarly publication that explores new
developments related to novel chaotic fractional-order systems, control schemes, and their applications. Featuring coverage on a
wide range of topics including chaos synchronization, nonlinear control, and cryptography, this publication is geared toward
engineers, IT professionals, researchers, and upper-level graduate students seeking current research on chaotic fractional-order
systems and their applications in engineering and computer science.
Fractional-order Systems and Controls details the use of fractional calculus in the description and modeling of systems, and in a
range of control design and practical applications. It is largely self-contained, covering the fundamentals of fractional calculus
together with some analytical and numerical techniques and providing MATLAB® codes for the simulation of fractional-order
control (FOC) systems. Many different FOC schemes are presented for control and dynamic systems problems. Practical material
relating to a wide variety of applications is also provided. All the control schemes and applications are presented in the monograph
with either system simulation results or real experimental results, or both. Fractional-order Systems and Controls provides readers
with a basic understanding of FOC concepts and methods, so they can extend their use of FOC in other industrial system
applications, thereby expanding their range of disciplines by exploiting this versatile new set of control techniques.
Fractional Order Systems: Optimization, Control, Circuit Realizations and Applications consists of 21 contributed chapters by
subject experts. Chapters offer practical solutions and novel methods for recent research problems in the multidisciplinary
applications of fractional order systems, such as FPGA, circuits, memristors, control algorithms, photovoltaic systems, robot
manipulators, oscillators, etc. This book is ideal for researchers working in the modeling and applications of both continuous-time
and discrete-time dynamics and chaotic systems. Researchers from academia and industry who are working in research areas
such as control engineering, electrical engineering, mechanical engineering, computer science, and information technology will
find the book most informative. Discusses multi-disciplinary applications with new fundamentals, modeling, analysis, design,
realization and experimental results Includes new circuits and systems based on the new nonlinear elements Covers most of the
linear and nonlinear fractional-order theorems that will solve many scientific issues for researchers Closes the gap between
theoretical approaches and real-world applications Provides MATLAB® and Simulink code for many of the applications in the book
The book consists of 24 chapters illustrating a wide range of areas where MATLAB tools are applied. These areas include
mathematics, physics, chemistry and chemical engineering, mechanical engineering, biological (molecular biology) and medical
sciences, communication and control systems, digital signal, image and video processing, system modeling and simulation. Many
interesting problems have been included throughout the book, and its contents will be beneficial for students and professionals in
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wide areas of interest.
This multi-volume handbook is the most up-to-date and comprehensive reference work in the field of fractional calculus and its
numerous applications. This first volume collects authoritative chapters covering the mathematical theory of fractional calculus,
including fractional-order operators, integral transforms and equations, special functions, calculus of variations, and probabilistic
and other aspects.

Mathematicians have devised different chaotic systems that are modeled by integer or fractional-order differential
equations, and whose mathematical models can generate chaos or hyperchaos. The numerical methods to simulate
those integer and fractional-order chaotic systems are quite different and their exactness is responsible in the evaluation
of characteristics like Lyapunov exponents, Kaplan-Yorke dimension, and entropy. One challenge is estimating the stepsize to run a numerical method. It can be done analyzing the eigenvalues of self-excited attractors, while for hidden
attractors it is difficult to evaluate the equilibrium points that are required to formulate the Jacobian matrices. Time
simulation of fractional-order chaotic oscillators also requires estimating a memory length to achieve exact results, and it
is associated to memories in hardware design. In this manner, simulating chaotic/hyperchaotic oscillators of
integer/fractional-order and with self-excited/hidden attractors is quite important to evaluate their Lyapunov exponents,
Kaplan-Yorke dimension and entropy. Further, to improve the dynamics of the oscillators, their main characteristics can
be optimized applying metaheuristics, which basically consists of varying the values of the coefficients of a mathematical
model. The optimized models can then be implemented using commercially available amplifiers, field-programmable
analog arrays (FPAA), field-programmable gate arrays (FPGA), microcontrollers, graphic processing units, and even
using nanometer technology of integrated circuits. The book describes the application of different numerical methods to
simulate integer/fractional-order chaotic systems. These methods are used within optimization loops to maximize positive
Lyapunov exponents, Kaplan-Yorke dimension, and entropy. Single and multi-objective optimization approaches applying
metaheuristics are described, as well as their tuning techniques to generate feasible solutions that are suitable for
electronic implementation. The book details several applications of chaotic oscillators such as in random bit/number
generators, cryptography, secure communications, robotics, and Internet of Things.
"Fractional-Order Nonlinear Systems: Modeling, Analysis and Simulation" presents a study of fractional-order chaotic
systems accompanied by Matlab programs for simulating their state space trajectories, which are shown in the
illustrations in the book. Description of the chaotic systems is clearly presented and their analysis and numerical solution
are done in an easy-to-follow manner. Simulink models for the selected fractional-order systems are also presented. The
readers will understand the fundamentals of the fractional calculus, how real dynamical systems can be described using
fractional derivatives and fractional differential equations, how such equations can be solved, and how to simulate and
explore chaotic systems of fractional order. The book addresses to mathematicians, physicists, engineers, and other
scientists interested in chaos phenomena or in fractional-order systems. It can be used in courses on dynamical systems,
control theory, and applied mathematics at graduate or postgraduate level. Ivo Petráš is an Associate Professor of
automatic control and the Director of the Institute of Control and Informatization of Production Processes, Faculty of
BERG, Technical University of Košice, Slovak Republic. His main research interests include control systems, industrial
automation, and applied mathematics.
Fractional-order Modelling of Dynamic Systems with Applications in Optimization, Signal Processing and Control
introduces applications from a design perspective, helping readers plan and design their own applications. The book
includes the different techniques employed to design fractional-order systems/devices comprehensively and
straightforwardly. Furthermore, mathematics is available in the literature on how to solve fractional-order calculus for
system applications. This book introduces the mathematics that has been employed explicitly for fractional-order
systems. It will prove an excellent material for students and scholars who want to quickly understand the field of fractionalorder systems and contribute to its different domains and applications. Fractional-order systems are believed to play an
essential role in our day-to-day activities. Therefore, several researchers around the globe endeavor to work in the
different domains of fractional-order systems. The efforts include developing the mathematics to solve fractional-order
calculus/systems and to achieve the feasible designs for various applications of fractional-order systems. Presents a
simple and comprehensive understanding of the field of fractional-order systems Offers practical knowledge on the
design of fractional-order systems for different applications Exposes users to possible new applications for fractionalorder systems
Fractional-Order Design: Devices, Circuits, and Systems introduces applications from the design perspective so that the
reader can learn about, and get ready to, design these applications. The book also includes the different techniques
employed to comprehensively and straightforwardly design fractional-order systems/devices. Furthermore, a lot of
mathematics is available in the literature for solving the fractional-order calculus for system application. However, a small
portion is employed in the design of fractional-order systems. This book introduces the mathematics that has been
employed explicitly for fractional-order systems. Students and scholars who wants to quickly understand the field of
fractional-order systems and contribute to its different domains and applications will find this book a welcomed resource.
Presents a simple and comprehensive understanding of the field of fractional-order systems Offers practical knowledge
on the design of fractional-order systems for different applications Exposes users to the possible new areas of
applications of fractional-order systems
The book presents efficient numerical methods for simulation and analysis of physical processes exhibiting fractional
order (FO) dynamics. The book introduces FO system identification method to estimate parameters of a mathematical
model under consideration from experimental or simulated data. A simple tuning technique, which aims to produce a
robust FO PID controller exhibiting iso-damping property during re-parameterization of a plant, is devised in the book. A
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new numerical method to find an equivalent finite dimensional integer order system for an infinite dimensional FO system
is developed in the book. The book also introduces a numerical method to solve FO optimal control problems. Key
features Proposes generalized triangular function operational matrices. Shows significant applications of triangular
orthogonal functions as well as triangular strip operational matrices in simulation, identification and control of fractional
order processes. Provides numerical methods for simulation of physical problems involving different types of weakly
singular integral equations, Abel’s integral equation, fractional order integro-differential equations, fractional order
differential and differential-algebraic equations, and fractional order partial differential equations. Suggests alternative
way to do numerical computation of fractional order signals and systems and control. Provides source codes developed
in MATLAB for each chapter, allowing the interested reader to take advantage of these codes for broadening and
enhancing the scope of the book itself and developing new results.
This book gives a practical overview of Fractional Calculus as it relates to Signal Processing
Fractional-Order Models for Nuclear Reactor Analysis presents fractional modeling issues in the context of anomalous
diffusion processes in an accessible and practical way. The book emphasizes the importance of non-Fickian diffusion in
heterogeneous systems as the core of the nuclear reactor, as well as different variations of diffusion processes in nuclear
reactors which are presented to establish the importance of nuclear and thermohydraulic phenomena and the physical
side effects of feedback. In addition, the book analyzes core issues in fractional modeling in nuclear reactors surrounding
phenomenological description and important analytical sub-diffusive processes in the transport neutron. Users will find
the most innovative modeling techniques of nuclear reactors using operator differentials of fractional order and
applications in nuclear design and reactor dynamics. Proposed methods are tested with Boltzmann equations and nonlinear order models alongside real data from nuclear power plants, making this a valuable resource for nuclear
professionals, researchers and graduate students, as well as those working in nuclear research centers with expertise in
mathematical modeling, physics and control. Presents and analyzes a new paradigm of nuclear reactor phenomena with
fractional modeling Considers principles of fractional calculation, methods of solving differential equations of fractional
order, and their applications Includes methodologies of linear and nonlinear analysis, along with design and dynamic
analyses
The book tries to briefly introduce the diverse literatures in the field of fractional order signal processing which is
becoming an emerging topic among an interdisciplinary community of researchers. This book is aimed at postgraduate
and beginning level research scholars who would like to work in the field of Fractional Order Signal processing (FOSP).
The readers should have preliminary knowledge about basic signal processing techniques. Prerequisite knowledge of
fractional calculus is not essential and is exposited at relevant places in connection to the appropriate signal processing
topics. Basic signal processing techniques like filtering, estimation, system identification, etc. in the light of fractional
order calculus are presented along with relevant application areas. The readers can easily extend these concepts to
varied disciplines like image or speech processing, pattern recognition, time series forecasting, financial data analysis
and modeling, traffic modeling in communication channels, optics, biomedical signal processing, electrochemical
applications and many more. Adequate references are provided in each category so that the researchers can delve
deeper into each area and broaden their horizon of understanding. Available MATLAB tools to simulate FOSP theories
are also introduced so that the readers can apply the theoretical concepts right-away and gain practical insight in the
specific domain.
This book explains the essentials of fractional calculus and demonstrates its application in control system modeling, analysis and
design. It presents original research to find high-precision solutions to fractional-order differentiations and differential equations.
Numerical algorithms and their implementations are proposed to analyze multivariable fractional-order control systems. Through
high-quality MATLAB programs, it provides engineers and applied mathematicians with theoretical and numerical tools to design
control systems. Contents Introduction to fractional calculus and fractional-order control Mathematical prerequisites Definitions and
computation algorithms of fractional-order derivatives and Integrals Solutions of linear fractional-order differential equations
Approximation of fractional-order operators Modelling and analysis of multivariable fractional-order transfer function Matrices State
space modelling and analysis of linear fractional-order Systems Numerical solutions of nonlinear fractional-order differential
Equations Design of fractional-order PID controllers Frequency domain controller design for multivariable fractional-order Systems
Inverse Laplace transforms involving fractional and irrational Operations FOTF Toolbox functions and models Benchmark
problems for the assessment of fractional-order differential equation algorithms
This book reports on an outstanding research devoted to modeling and control of dynamic systems using fractional-order calculus.
It describes the development of model-based control design methods for systems described by fractional dynamic models. More
than 300 years had passed since Newton and Leibniz developed a set of mathematical tools we now know as calculus. Ever since
then the idea of non-integer derivatives and integrals, universally referred to as fractional calculus, has been of interest to many
researchers. However, due to various issues, the usage of fractional-order models in real-life applications was limited. Advances in
modern computer science made it possible to apply efficient numerical methods to the computation of fractional derivatives and
integrals. This book describes novel methods developed by the author for fractional modeling and control, together with their
successful application in real-world process control scenarios.
The book is devoted to recent developments in the theory of fractional calculus and its applications. Particular attention is paid to
the applicability of this currently popular research field in various branches of pure and applied mathematics. In particular, the book
focuses on the more recent results in mathematical physics, engineering applications, theoretical and applied physics as quantum
mechanics, signal analysis, and in those relevant research fields where nonlinear dynamics occurs and several tools of nonlinear
analysis are required. Dynamical processes and dynamical systems of fractional order attract researchers from many areas of
sciences and technologies, ranging from mathematics and physics to computer science.
This book is an unique integrated treatise, on the concepts of fractional calculus as models with applications in hydrology, soil
science and geomechanics. The models are primarily fractional partial differential equations (fPDEs), and in limited cases,
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fractional differential equations (fDEs). It develops and applies relevant fPDEs and fDEs mainly to water flow and solute transport
in porous media and overland, and in some cases, to concurrent flow and energy transfer. It is an integrated resource with theory
and applications for those interested in hydrology, hydraulics and fluid mechanics. The self-contained book summaries the
fundamentals for porous media and essential mathematics with extensive references supporting the development of the model
and applications.
This book is a landmark title in the continuous move from integer to non-integer in mathematics: from integer numbers to real
numbers, from factorials to the gamma function, from integer-order models to models of an arbitrary order. For historical reasons,
the word 'fractional' is used instead of the word 'arbitrary'. This book is written for readers who are new to the fields of fractional
derivatives and fractional-order mathematical models, and feel that they need them for developing more adequate mathematical
models. In this book, not only applied scientists, but also pure mathematicians will find fresh motivation for developing new
methods and approaches in their fields of research. A reader will find in this book everything necessary for the initial study and
immediate application of fractional derivatives fractional differential equations, including several necessary special functions, basic
theory of fractional differentiation, uniqueness and existence theorems, analytical numerical methods of solution of fractional
differential equations, and many inspiring examples of applications. A unique survey of many applications of fractional calculus
Presents basic theory Includes a unified presentation of selected classical results, which are important for applications Provides
many examples Contains a separate chapter of fractional order control systems, which opens new perspectives in control theory
The first systematic consideration of Caputo's fractional derivative in comparison with other selected approaches Includes tables of
fractional derivatives, which can be used for evaluation of all considered types of fractional derivatives
Fractional Dynamics and Control provides a comprehensive overview of recent advances in the areas of nonlinear dynamics,
vibration and control with analytical, numerical, and experimental results. This book provides an overview of recent discoveries in
fractional control, delves into fractional variational principles and differential equations, and applies advanced techniques in
fractional calculus to solving complicated mathematical and physical problems.Finally, this book also discusses the role that
fractional order modeling can play in complex systems for engineering and science.
Mathematical Techniques of Fractional Order Systems illustrates advances in linear and nonlinear fractional-order systems
relating to many interdisciplinary applications, including biomedical, control, circuits, electromagnetics and security. The book
covers the mathematical background and literature survey of fractional-order calculus and generalized fractional-order circuit
theorems from different perspectives in design, analysis and realizations, nonlinear fractional-order circuits and systems, the
fractional-order memristive circuits and systems in design, analysis, emulators, simulation and experimental results. It is primarily
meant for researchers from academia and industry, and for those working in areas such as control engineering, electrical
engineering, computer science and information technology. This book is ideal for researchers working in the area of both
continuous-time and discrete-time dynamics and chaotic systems. Discusses multidisciplinary applications with new fundamentals,
modeling, analysis, design, realization and experimental results Includes circuits and systems based on new nonlinear elements
Covers most of the linear and nonlinear fractional-order theorems that will solve many scientific issues for researchers Closes the
gap between theoretical approaches and real-world applications Provides MATLAB® and Simulink code for many applications in
the book
This book illustrates the application of fractional calculus in crowd dynamics via modeling and control groups of pedestrians.
Decision-making processes, conservation laws of mass/momentum, and micro-macro models are employed to describe system
dynamics while cooperative movements in micro scale, and fractional diffusion in macro scale are studied to control the group of
pedestrians. Obtained work is included in the Intelligent Evacuation Systems that is used for modeling and to control crowds of
pedestrians. With practical issues considered, this book is of interests to mathematicians, physicists, and engineers.
Fractional-order calculus dates to the 19th century but has been resurrected as a prevalent research subject due to its provision of
more adequate and realistic descriptions of physical aspects within the science and engineering fields. What was once a classical
form of mathematics is currently being reintroduced as a new modeling technique that engineers and scientists are finding modern
uses for. There is a need for research on all facets of these fractional-order systems and studies of its potential applications.
Advanced Applications of Fractional Differential Operators to Science and Technology provides emerging research exploring the
theoretical and practical aspects of novel fractional modeling and related dynamical behaviors as well as its applications within the
fields of physical sciences and engineering. Featuring coverage on a broad range of topics such as chaotic dynamics, ecological
models, and bifurcation control, this book is ideally designed for engineering professionals, mathematicians, physicists, analysts,
researchers, educators, and students seeking current research on fractional calculus and other applied mathematical modeling
techniques.
This work aims to present, in a systematic manner, results including the existence and uniqueness of solutions for the Cauchy
Type and Cauchy problems involving nonlinear ordinary fractional differential equations.
This book presents a detailed study on fractional-order, set-point, weighted PID control strategies and the development of curvefitting-based approximation techniques for fractional-order parameters. Furthermore, in all the cases, it includes the Scilab-based
commands and functions for easy implementation and better understanding, and to appeal to a wide range of readers working with
the software. The presented Scilab-based toolbox is the first toolbox for fractional-order systems developed in open-source
software. The toolboxes allow time and frequency domains as well as stability analysis of the fractional-order systems and
controllers. The book also provides real-time examples of the control of process plants using the developed fractional-order based
PID control strategies and the approximation techniques. The book is of interest to readers in the areas of fractional-order
controllers, approximation techniques, process modeling, control, and optimization, both in industry and academia. In industry, the
book is particularly valuable in the areas of research and development (R&D) as well as areas where PID controllers suffice – and
it should be noted that around 80% of low-level controllers in industry are PID based. The book is also useful where conventional
PIDs are constrained, such as in industries where long-term delay and non-linearity are present. Here it can be used for the design
of controllers for real-time processes. The book is also a valuable teaching and learning resource for undergraduate and
postgraduate students.
This book focuses on two specific areas related to fractional order systems – the realization of physical devices characterized by
non-integer order impedance, usually called fractional-order elements (FOEs); and the characterization of vegetable tissues via
electrical impedance spectroscopy (EIS) – and provides readers with new tools for designing new types of integrated circuits. The
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majority of the book addresses FOEs. The interest in these topics is related to the need to produce “analogue” electronic devices
characterized by non-integer order impedance, and to the characterization of natural phenomena, which are systems with memory
or aftereffects and for which the fractional-order calculus tool is the ideal choice for analysis. FOEs represent the building blocks
for designing and realizing analogue integrated electronic circuits, which the authors believe hold the potential for a wealth of massmarket applications. The freedom to choose either an integer- or non-integer-order analogue integrator/derivator is a new one for
electronic circuit designers. The book shows how specific non-integer-order impedance elements can be created using materials
with specific structural properties. EIS measures the electrical impedance of a specimen across a given range of frequencies,
producing a spectrum that represents the variation of the impedance versus frequency – a technique that has the advantage of
avoiding aggressive examinations. Biological tissues are complex systems characterized by dynamic processes that occur at
different lengths and time scales; this book proposes a model for vegetable tissues that describes the behavior of such materials
by considering the interactions among various relaxing phenomena and memory effects.
This multi-volume handbook is the most up-to-date and comprehensive reference work in the field of fractional calculus and its
numerous applications. This eighth volume collects authoritative chapters covering several applications of fractional calculus in
engineering, life and social sciences, including applications in signal and image analysis, and chaos.
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