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System ldentification Advances and Case Studies Elsevier
The high temperature solid oxide fuel cell (SOFC) is
identified as one of the leading fuel cell technology
contenders to capture the energy market in years to
come. However, in order to operate as an efficient energy
generating system, the SOFC requires an appropriate
control system which in turn requires a detailed modelling
of process dynamics. Introducting state-of-the-art
dynamic modelling, estimation, and control of SOFC
systems, this book presents original modelling methods
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and brand new results as developed by the authors. With
comprehensive coverage and bringing together many
aspects of SOFC technology, it considers dynamic
modelling through first-principles and data-based
approaches, and considers all aspects of control, including
modelling, system identification, state estimation,
conventional and advanced control. Key features:
Discusses both planar and tubular SOFC, and detailed and
simplified dynamic modelling for SOFC Systematically
describes single model and distributed models from cell
level to system level Provides parameters for all models
developed for easy reference and reproducing of the
results All theories are illustrated through vivid fuel cell
application examples, such as state-of-the-art unscented
Kalman filter, model predictive control, and system
identification techniques to SOFC systems The tutorial
approach makes it perfect for learning the fundamentals of
chemical engineering, system identification, state
estimation and process control. It is suitable for graduate
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students in chemical, mechanical, power, and electrical
engineering, especially those in process control, process
systems engineering, control systems, or fuel cells. It will
also aid researchers who need a reminder of the basics as
well as an overview of current techniques in the dynamic

modelling and control of SOFC.

The Tyranny of Change IGI Global

This review volume reports the state-of-the-art in Linear Parameter Varying
(LPV) system identification. It focuses on the most recent LPV identification
methods for both discrete-time and continuous-time model s--

System Identification Cambridge University Press

This book constitutes the refereed proceedings of the 8th
Iberoamerican Congress on Pattern Recognition, CIARP
2003, held in Havana, Cuba, in November 2003. The 82
revised full papers presented together with two invited
papers were carefully reviewed and selected from 140
submissions. All current issues in pattern recognition, image
processing, and computer vision are addressed as well as
applications in domains like robotics, health, entertainment,
space exploration, telecommunications, speech processing,
data analysis, document recognition, etc.

Nonlinear System ldentification Rutgers University Press

The scope of the symposium covers all major aspects of system
identification, experimental modelling, signal processing and adaptive
control, ranging from theoretical, methodological and scientific
developments to a large variety of (engineering) application areas. It is the
intention of the organizers to promote SYSID 2003 as a meeting place
where scientists and engineers from several research communities can
meet to discuss issues related to these areas. Relevant topics for the
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symposium program include: Identification of linear and multivariable
systems, identification of nonlinear systems, including neural networks,
identification of hybrid and distributed systems, Identification for control,
experimental modelling in process control, vibration and modal analysis,
model validation, monitoring and fault detection, signal processing and
communication, parameter estimation and inverse modelling, statistical
analysis and uncertainty bounding, adaptive control and data-based
controller tuning, learning, data mining and Bayesian approaches,
sequential Monte Carlo methods, including particle filtering, applications
in process control systems, motion control systems, robotics, aerospace
systems, bioengineering and medical systems, physical measurement
systems, automotive systems, econometrics, transportation and
communication systems *Provides the latest research on System
Identification *Contains contributions written by experts in the field *Part
of the IFAC Proceedings Series which provides a comprehensive overview
of the major topics in control engineering.

| dentification of Dynam c Systens Wrld
Scientific

Systemidentification is a general
to descri be mat hemati cal tools and
algorithnms that build dynam cal nodels from
neasured data. Used for prediction, control,
physical interpretation, and the designing
of any electrical systens, they are vital in
the fields of electrical, nechanical, civil,
and chem cal engineering. Focusing mainly on
frequency domai n techni ques, System

| dentification: A Frequency Donai n Approach,
Second Edition also studies in detail the

t erm used
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simlarities and differences with the
classical tinme domain approach. It

hi gh??l i ghts many of the inportant steps in
the identification process, points out the
possible pitfalls to the reader, and
illustrates the powerful tools that are
avai | abl e. Readers of this Second Editon

w il benefit from MATLAB software support
for identifying multivariable systens that
is freely available at the website
http://booksupport.w | ey.com St at e- of -t he-
art systemidentification nmethods for both
time and frequency donmain data New chapters
on non-paranetric and paranetric transfer
function nodeling using (non-)period
excitations Nunerous exanples and figures
that facilitate the | earning process A
sinple witing style that allows the reader
to learn nore about the theo??retical
aspects of the proofs and al gorithnms Unlike
ot her books in this field, System

| dentification, Second Edition is ideal
practicing engi neers, scientists,
researchers, and both master's and PhD
students in electrical, nechanical, civil,
and chem cal engi neering.

I ntroduction to Mathematical Systens Theory
Springer Science & Business Mdia

for
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Preci se dynam ¢ nodels of processes are
required for many applications, ranging from
control engineering to the natural sciences
and econom cs. Frequently, such precise
nodel s cannot be derived using theoreti cal
consi derations al one. Therefore, they nust
be determ ned experinentally. This book
treats the determ nation of dynam c nodel s
based on neasurenents taken at the process,
whi ch is known as systemidentification or
process identification. Both offline and
online nethods are presented, i.e. nethods

t hat post-process the neasured data as well
as met hods that provide nodels during the
nmeasur ement. The book is theory-oriented and
application-oriented and nost nethods
covered have been used successfully in
practical applications for many different
processes. Illustrative exanples in this
book with real neasured data range from
hydraulic and electric actuators up to
conbustion engi nes. Real experinental data
Is al so provided on the Springer webpage,
allow ng readers to gather their first
experience with the nethods presented in

t hi s book. Anpbng others, the book covers the
followi ng subjects: determ nation of the non-
paranetric frequency response, (fast)
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Fourier transform correlation analysis,
paranmeter estimation with a focus on the
nmet hod of Least Squares and nodifications,

I dentification of time-variant processes,

i dentification in closed-I|oop,

i dentification of continuous tine processes,
and subspace nethods. Sone net hods for
nonl i near systemidentification are also
consi dered, such as the Extended Kal man
filter and neural networks. The different
nmet hods are conpared by using a real three-
mass oscillator process, a nodel of a drive
train. For many identification nethods,
hints for the practical inplenentation and
application are provided. The book is

I ntended to neet the needs of students and
practicing engineers working in research and
devel opnent, design and manuf act uri ng.

| dentification of Dynam c Systens Link6ping

Uni versity El ectronic Press

A unified Bayesian treatnent of the state-of-
the-art filtering, snoothing, and paraneter
estimation algorithns for non-linear state
space nodel s.

Dynam ¢ Modeling and Predictive Control in

Solid Oxide Fuel Cells IET

Lennart Ljung's System ldentification: Theory
for the User is a conplete, coherent
description of the theory, nethodol ogy, and
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practice of Systemldentification. This
conpletely revised Second Edition introduces
subspace net hods, nethods that utilize frequency
domai n data, and general non-|inear black box
met hods, including neural networks and neuro-
fuzzy nodeling. The book contains many new
conput er - based exanpl es designed for Ljung's

mar ket - | eadi ng software, System ldentification
Tool box for MATLAB. Ljung conbi nes car eful

mat hemati cs, a practical understandi ng of real -
wor | d applications, and extensive exercises. He
i ntroduces both bl ack-box and tail or-nmade nodel s
of linear as well as non-linear systens, and he
descri bes principles, properties, and al gorithns
for a variety of identification techniques.

| dentification of Continuous-tinme Mdels
from Sanpl ed Data Springer Nature

Filtering and systemidentification are

power ful techni ques for building nodels of
conpl ex systens. This 2007 book di scusses

t he design of reliable nunerical nethods to
retrieve mssing information in nodels
derived using these techniques. Enphasis is
on the | east squares approach as applied to
the |inear state-space nodel, and probl ens

of increasing conplexity are anal yzed and
solved within this franework, starting with
the Kalman filter and concluding with the
estimation of a full nodel, noise statistics

April, 01 2025

System ldentification Ljung Solutions



and state estimator directly fromthe data.
Key background topics, including I
matri x al gebra and |linear systemtheory, are
covered, followed by different estimation

and identification nethods in the
space nodel. Wth end-of-chapter exercises,
MATLAB si nul ati ons and nuner ous

illustrations, this book wl|l

I near

st at e-

appeal to

graduat e students and researchers in

el ectrical, nechanical

engineering. It is also useful for

practitioners. Additional
title, including solutions for

are avail able online at

www. canbri dge. or g/ 9780521875127.
Control Engineering Sol utions Springer Science &

Busi ness Medi a

In this book, we study theoretical and
aspects of conputing nethods for mathenati cal
nodel I i ng of nonlinear systens. A nunber of
conmputing techni ques are consi dered, such as

met hods of operator approximation with any given
accuracy; operator interpolation techniques

i ncludi ng a non-Lagrange interpolation;
system representation subject to constraints
associated with concepts of causality,
stationarity; nethods of systemrepresentation with
an accuracy that is the best within a given class
of nodel s; nethods of covariance matri x

estimati on; net hods for
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|l owrank matri x

and aer ospace

resources for this
I nstructors,

practi cal

met hods of

menory and

approxi mati ons; hybrid nethods based on a

conbi nation of iterative procedures and best
oper at or approxi mation; andnethods for information
conpression and filtering under condition that a
filter nodel should satisfy restrictions associated
wWth causality and different types of nenory.As a
result, the book represents a blend of new nethods
in general conputational analysis,and specific, but
al so generic, techniques for study of systens theory
ant its particul arbranches, such as opti nal
filtering and information conpression.- Best
oper at or approxi mation, - Non-Lagrange

i nterpol ation,- Generic Karhunen-Loeve transform
Ceneralised lowrank matri x approxi mati on- Opti mal
data conpression- Optimal nonlinear filtering
Progress in Pattern Recognition, Speech and | mage
Anal ysi s Springer Science & Business Media

A NEW EDI TION OF THE CLASSI C TEXT ON OPTI MAL
CONTROL THEORY As a superb introductory text and an
i ndi spensabl e reference, this new edition of

Optimal Control will serve the needs of both the

pr of essi onal engi neer and the advanced student in
mechani cal, electrical, and aerospace engi neering.
Its coverage enconpasses all the fundanental topics
as well as the major changes that have occurred in
recent years. An abundance of conputer sinulations
usi ng MATLAB and rel evant Tool boxes is included to
give the reader the actual experience of applying
the theory to real-world situations. Mjor topics
covered include: Static Optim zation Optinma

Control of Discrete-Tinme Systens Optimal Control of
Conti nuous-Ti ne Systens The Tracki ng Probl em and

O her LQR Extensions Final-Ti ne-Free and
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Constrai ned I nput Control Dynam c Programm ng
Optimal Control for Polynom al Systens Qutput
Feedback and Structured Control Robustness and
Mul tivari abl e Frequency-Domai n Techni ques
Differential Ganes Rei nforcenment Learning and
Opti mal Adaptive Contr ol

Principles of Systemldentification John
Wley & Sons

Model s are commonly used to sinulate events
and processes, and can be constructed from
measured data using systemidentification.
The common way is to nodel the system from
I nput to output, but in this thesis we want
to obtain the inverse of the system Power
amplifiers (PAs) used in comunication

devi ces can be nonlinear, and this causes
Interference in adjacent transmtting
channels. A prefilter, called predistorter,
can be used to invert the effects of the PA
such that the conbination of predistorter
and PA reconstructs an anplified version of
the input signal. In this thesis, the

predi stortion probl em has been investigated
for outphasing power anplifiers, where the

I nput signal is deconposed into two branches
that are anplified separately by highly
efficient nonlinear anplifiers and then
reconbi ned. We have formul ated a nodel
structure describing the inperfections in an
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out phasi ng abbr PA and the matchi ng i deal
predi storter. The predistorter can be
estimated from neasured data in different
ways. Here, the initially nonconvex
opti m zati on probl em has been devel oped into
a convex problem The predistorters have
been eval uated i n neasurenents. The goal
with the inverse nodels in this thesis is to
use themin cascade with the systens to
reconstruct the original input. It is shown
that the problens of identifying a nodel of
a preinverse and a postinverse are
fundanentally different. It turns out that
the true inverse is not necessarily the best
one when noise is present, and that other
nodel s and structures can lead to better

i nversion results. To construct a
predistorter (for a PA, for exanple), a
nodel of the inverse is used, and different
met hods can be used for the estinmation. One
common nethod is to estinmate a postinverse,
and then using it as a preinverse, making it
straightforward to try out different nodel
structures. Another is to construct a nodel
of the systemand then use it to estinmate a
preinverse in a second step. This nethod
identifies the inverse in the setup it wll
be used, but |leads to a conplicated
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optim zation problem A third optionis to
nodel the forward system and then invert it.
Thi s nethod can be understood using standard
i dentification theory in contrast to the
ones above, but the nodel is tuned for the
forward system not the inverse. Mddels
obt ai ned using the various nethods capture
different properties of the system and a
nore detailed analysis of the nethods is
presented for linear tine-invariant systens
and | inear approximations of bl ock-oriented
systens. The theory is also illustrated in
exanpl es. Wien a preinverse i s used, the

i nput to the systemw || be changed, and
typically the input data will be different
than the original input. This is why the
estimation of preinverses is nore
conplicated than for postinverses, and one
set of experinental data is not enough.
Here, we have shown that identifying a
preinverse in series with the systemin
repeat ed experinents can i nprove the

I nver si on perfornmnce.

| nverse systemidentification with applications in
predistortion John Wley & Sons
System I dentification shows the student reader how
to approach the systemidentification problemin a
systematic fashion. The process is divided into
three basic steps: experinental design and data
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col l ection; nodel structure selection and paraneter
estimation; and nodel validation, each of which is
the subject of one or nore parts of the text.
Foll ow ng an introduction on systemtheory,
particularly in relation to nodel representation and
nodel properties, the book contains four parts
covering: e data-based identification — non-
paranetric nmethods for use when prior system

know edge is very limted; e« time-invariant
identification for systens with constant paraneters;
e time-varying systens identification, primarily
Wi th recursive estimation techni ques; and ¢ nodel
val i dation nethods. A fifth part, conposed of
appendi ces, covers the various aspects of the
under | yi ng mat hemati cs needed to begin using the
text. The book uses essentially sem -physical or
gray- box nodel i ng net hods al t hough dat a- based,
transfer-function system descriptions are al so

i ntroduced. The approach is probl em based rat her
than rigorously mathematical. The use of finite
i nput —out put data is denonstrated for frequency-
time-domain identification in static, dynam c,

[ inear, nonlinear, tinme-invariant and tine-varying
systens. Sinple exanples are used to show readers
how to performand enulate the identification steps
i nvol ved in various control design nethods with nore
conplex illustrations derived fromreal physical,
chem cal and biol ogi cal applications being used to
denonstrate the practical applicability of the

nmet hods descri bed. End-of -chapter exercises (for

whi ch a downl oadabl e instructors’ Sol uti ons Manual
is available fromfill in URL here) will both help
students to assim|ate what they have | earned and

and
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make the book suitable for self-tuition by
practitioners |ooking to brush up on nodern

techni ques. Gaduate and final -year undergraduate
students will find this text to be a practical and
realistic course in systemidentification that can
be used for assessing the processes of a variety of
engi neering disciplines. Systemldentification wll
hel p academ c instructors teaching control-rel ated
to give their students a good understandi ng of
identification methods that can be used in the real
worl d without the encunbrance of undue mat hemati cal
detail.

Interactive Systemldentification:
Pitfalls Elsevier

Mast er Techni ques and Successfully Build Mdels
Using a Single Resource Vital to all data-driven or
measur enent - based process operations, system
identification is an interface that is based on
observational science, and centers on devel opi ng
mat hemati cal nodel s from observed data. Principles
of System ldentification: Theory and Practice is an
i ntroductory-1level book that presents the basic
foundati ons and underlying nmethods relevant to
systemidentification. The overall scope of the
book focuses on systemidentification with an
enphasi s on practice, and concentrates nost
specifically on discrete-tinme |inear system
identification. Useful for Both Theory and Practice
The book presents the foundational pillars of

Pr ospects and

identification, nanely, the theory of discrete-tine
LTI systens, the basics of signal processing, the
theory of random processes, and estimation theory.

It explains the core theoretical concepts of
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buil ding (linear) dynam c nodels from experinenta
data, as well as the experinental and practical
aspects of identification. The author offers

gl i npses of nodern devel opnents in this area, and
provi des nunerical and sinul ation-based exanpl es,
case studies, end-of-chapter problens, and ot her
anpl e references to code for illustration and
training. Conprising 26 chapters, and ideal for
coursework and sel f-study, this extensive text:
Provi des the essential concepts of identification
Lays down the foundati ons of mathemati cal
descriptions of systens, random processes,
estimation in the context of identification
Di scusses the theory pertaining to non-paranetric
and paranetric nodels for determnistic-plus-
stochastic LTI systens in detail Denonstrates the
concepts and nethods of identification on different
case-studi es Presents a gradual devel opnent of state-
space identification and grey-box nodeling Ofers an
overvi ew of advanced topics of identification nanely
the linear time-varying (LTV), non-linear, and

cl osed-l oop identification Discusses a nultivariable
approach to identification using the iterative
princi pal conponent anal ysis Enbeds MATLAB® codes

for illustrated exanples in the text at the
respective points Principles of System
Identification: Theory and Practice presents a

formal base in LTI determ nistic and stochastic
systens nodeling and estinmation theory; it is a one-
stop reference for introductory to noderately
advanced courses on systemidentification, as well

as introductory courses on stochastic signal
processing or tine-series analysis. The MATLAB

and
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scripts and SI MJLI NK nodel s used as exanpl es and
case studies in the book are also avail able on the
author's website:
http://arunkt.w x. com honepage#! t ext book/ c397

System | dentification John Wley & Sons
The field s |leading text, now conpletely
updat ed. Moddel i ng dynam cal systens —

t heory, nethodol ogy, and applications.
Lennart Ljung's System ldentification:

Theory for the User is a conplete, coherent
description of the theory, nethodol ogy, and
practice of Systemldentification. This

conpletely revised Second Edition introduces
subspace net hods, nethods that utilize
frequency donmai n data, and general non-

| i near bl ack box nethods, including neural
net wor ks and neuro-fuzzy nodeling. The book
contai ns many new conput er - based exanpl es
designed for Ljung's market-| eading
software, System ldentification Tool box for
MATLAB. Ljung conbi nes careful mathematics,
a practical understanding of real-world
applications, and extensive exercises. He

i ntroduces both bl ack-box and tail or-nmade
nodel s of linear as well as non-linear
systens, and he describes principles,
properties, and algorithns for a variety of
I dentification techniques: Nonparanetric
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ti me-domai n and frequency-domai n net hods.
Par anet er estinmation nethods in a general
prediction error setting. Frequency donain
data and frequency domain interpretations.
Asynptotic anal ysis of paraneter estinates.
Li near regressions, iterative search

net hods, and ot her ways to conpute
estimates. Recursive (adaptive) estimation
techni ques. Ljung al so presents detail ed
coverage of the key issues that can nake or
break systemidentification projects, such
as defining objectives, designing
experinents, controlling the bias

di stribution of transfer-function estimates,
and carefully validating the resulting
nodels. The first edition of System

| dentification has been the field s nost

wi dely cited reference for over a decade.
This new edition will be the new text of
choi ce for anyone concerned with system

i dentification theory and practi ce.

System ldentification Springer Science & Business
Medi a

Thi s book provides engineers and scientists in
academ a and industry with a thorough understandi ng
of the underlying principles of nonlinear system
identification. It equips themto apply the nodels
and met hods di scussed to real problens with
confidence, while also making them aware of
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potential difficulties that may arise in practice.
Mor eover, the book is self-contained, requiring only
a basic grasp of matrix al gebra, signals and
systens, and statistics. Accordingly, it can al so
serve as an introduction to |linear system
identification, and provides a practical overview of
the major optim zation nmethods used in engineering.
The focus is on gaining an intuitive understanding
of the subject and the practical application of the
t echni ques di scussed. The book is not witten in a

t heoreni proof style; instead, the mathematics is
kept to a mninmum and the ideas covered are
illustrated with nunmerous figures, exanples, and
real -world applications. In the past, nonlinear
systemidentification was a field characterized by a
vari ety of ad-hoc approaches, each applicable only
to avery limted class of systens. Wth the advent
of neural networks, fuzzy nodels, Gaussian process
nodel s, and nodern structure optim zation

techni ques, a nuch broader class of systens can now
be handl ed. Al though one major aspect of nonlinear
systens is that virtually every one is unique, tools
have since been devel oped that all ow each approach
to be applied to a wde variety of systens.

System ldentification John Wley & Sons

El ectrical Engineering Systemldentification A
Frequency Domai n Approach How does one nodel a

| i near dynam c system from noi sy data? This

book presents a general approach to this
problem w th both practical exanples and

t heoretical discussions that give the reader a
sound under st andi ng of the subject and of the
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pitfalls that m ght occur on the road fromraw
data to validated nodel. The enphasis is on
robust nethods that can be used with a m ni mum
of user interaction. Readers in many fields of
engi neering will gain know edge about: * Choice
of experinental setup and experinent design *
Aut omati c characterization of disturbing noise *
Ceneration of a good plant nodel * Detection,
gualification, and quantification of nonlinear

di stortions * ldentification of continuous- and
di screte-tinme nodels * Inproved nodel validation
tools and fromthe theoretical side about: *
Systemidentification * Interrelations between
time- and frequency-donmai n approaches *

St ochastic properties of the estimators *
St ochastic anal ysis System I dentification:
Frequency Domai n Approach is witten for
practicing engineers and scientists who do not
want to delve into mathematical details of
proofs. Also, it is witten for researchers who
wi sh to learn nore about the theoretical aspects
of the proofs. Several of the introductory
chapters are suitable for undergraduates. Each
chapter begins with an abstract and ends with
exerci ses, and exanpl es are given throughout.

Mul tivariable System ldentification For Process

A

Control Canbridge University Press
Control Theory for Linear Systens deals with the
mat hemati cal theory of feedback control of |inear
systenms. It treats a wi de range of control
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synthesis problens for |inear state space systens m xture of idealistic vision and pragmatic

with inputs and outputs. The book provides a reforns that characterized the period - Chanbers
treatment of these problenms using state space el aborates the role of civic volunteerism as

met hods, often with a geometric flavour. Its subject we|| as the state in achieving directed social
matter ranges from controllability and change. He al so enphasi zes the inportance of
observability, stabilization, disturbance radi cal and conservative forces in shaping the

decoupling, and tracking and regulation, to linear N . .
quadratic regulation, H2 and Hinfinity control, ang S0-cal led "Progressive Era.""--BOOK JACKET

robust stabilization. Each chapter of the book
contains a series of exercises, intended to increase
the reader's understanding of the material. O ten,

t hese exercises generalize and extend the materi al
treated in the regular text.

Trends and Progress in System ldentification
John Wley & Sons

This is the first book dedicated to direct
conti nuous-tinme nodel identification for 15
years. It cuts down on tinme spent hunting

t hrough journals by providing an overvi ew of
much recent research in an increasingly busy
field. The CONTSID tool box discussed in the
final chapter gives an overview of

devel opnents and practical exanples in which
MATLAB® can be used for direct tine-donain

i dentification of continuous-tine systens.
This is a valuable reference for a broad
audi ence.

Generalized Principal Conponent Analysis
Springer Science & Business Media

"Whil e recogni zing a "progressive ethos" - a
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