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Parameter  Estimation  and  Inverse
Problems Elsevier
Parameter  Estimation  and  Inverse
Problems,  Third  Edition,  is  structured
around a course at New Mexico Tech and
is designed to be accessible to typical
graduate  students  in  the  physical
sciences who do not have an extensive
mathematical  background.  The book is
complemented by a companion website
that  includes  MATLAB  codes  that
correspond  to  examples  that  are
illustrated  with  simple,  easy  to  follow
problems that  illuminate the details  of
particular  numerical  methods.  Updates
to  the  new  edit ion  include  more
discussions of  Laplacian smoothing,  an
expansion  of  basis  function  exercises,
the  addition  of  stochastic  descent,  an
improved  presentation  of  Fourier
methods  and  exercises,  and  more.
Features  examples  that  are  illustrated
with simple, easy to follow problems that
illuminate  the  details  of  a  particular
numerical  method  Includes  an  online
instructor’s guide that helps professors
teach  and  customize  exercises  and
select  homework  problems  Covers
updated information on adjoint methods
that  are  presented  in  an  accessible
manner

Inverse  Problem  Theory  and
Methods  for  Model  Parameter
Estimation  SIAM
While the prediction of observations is a
forward  problem,  the  use  of  actual
observations to infer the properties of a
model  is  an  inverse  problem.  Inverse
problems are difficult because they may
not  have  a  unique  solut ion.  The
description  of  uncertainties  plays  a
central role in the theory, which is based
on  probabil i ty  theory.  This  book
proposes  a  general  approach  that  is
valid for linear as well as for nonlinear

problems. The philosophy is essentially
probabilistic  and  allows  the  reader  to
understand  the  basic  difficulties
appearing  in  the  resolution  of  inverse
problems. The book attempts to explain
how  a  method  of  acquis i t ion  o f
information  can  be  applied  to  actual
real-world  problems,  and  many  of  the
arguments are heuristic.

Inverse Problem Theory

Methods for Data Fitting and Model
Parameter Estimation Elsevier
Inverse  Problem  Theory  is  written  for
physicists,  geophysicists  and  all
scientists  facing  the  problem  of
quant i ta t ive  in terpretat ion  o f
experimental data. Although it contains
a lot of mathematics, it is not intended
as a mathematical book, but rather tries
to explain how a method of acquisition of
information can be applied to the actual
w o r l d .  T h e  b o o k  p r o v i d e s  a
comprehensive, up-to-date description of
the  methods  to  be  used  for  fitting
experimental data, or to estimate model
parameters, and to unify these methods
into  the  Inverse  Problem  Theory.  The
first part of the book deals with discrete
problems  and  describes  Maximum
likelihood,  Monte  Carlo,  Least  squares,
and Least absolute values methods. The
second part deals with inverse problems
involving functions. The book is almost
completely  self-contained,  with  all
important concepts carefully introduced.
Although  theoretical  concepts  are
strongly  emphasized,  the  author  has
ensured that all the useful formulas are
listed, with many special cases included.
The book will thus serve equally well as
a  reference  manual  for  researchers
needing to refresh their memories on a
given algorithm, or as a textbook in a
course  for  undergraduate  or  graduate
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students.

Geophysical Inverse Theory Princeton
University Press
In  many  physical  sciences,  the  most
natural description of a system is with a
function of position or time. In principle,
infinitely  many  numbers  are  needed  to
specify that function, but in practice only
finitely  many  measurements  can  be
made.  Inverse  theory  concerns  the
mathematical  techniques  that  enable
researchers  to  use  the  available
information  to  build  a  model  of  the
unknown  system  or  to  determine  its
essential  properties.  In  Geophysical
Inverse Theory, Robert Parker provides a
systematic  development  of  inverse
theory at the graduate and professional
level  that  emphasizes  a  rigorous  yet
practical  solution  of  inverse  problems,
with  examples  from  experimental
observat ions  in  geomagnetism,
seismology,  gravity,  electromagnetic
sounding,  and  interpolation.  Although
i l lustrated  with  examples  f rom
geophysics,  this  book  has  broad
implications  for  researchers  in  applied
disciplines  from materials  science  and
eng inee r i ng  t o  a s t r ophys i c s ,
oceanography,  and  meteorology.
Parker's  approach  is  to  avoid  artificial
statistical  constructs and to emphasize
instead  the  reasonable  assumptions
researchers  must  make  to  reduce  the
ambiguity  that  inevitably  arises  in
complex problems. The structure of the
book  follows  a  natural  division  in  the
subject into linear theory, in which the
measured  quant i t ies  are  l inear
functionals of the unknown models, and
nonlinear theory, which covers all other
systems  but  is  not  nearly  so  well
understood.  The  book  covers  model
selection  as  well  as  techniques  for
drawing firm conclusions about the earth

independent of any particular model.

Computational Methods for Inverse
Problems SIAM
Provides a basic understanding of both
the  underlying  mathematics  and  the
computational  methods  used  to  solve
inverse problems.

Numerical  Methods  for  Inverse
Problems  John  Wiley  &  Sons
This book studies methods to concretely
address  inverse  problems.  An  inverse
problem  arises  when  the  causes  that
produced  a  given  effect  must  be
determined  or  when  one  seeks  to
indirectly estimate the parameters of a
physical  system.  The  author  uses
practical  examples to  illustrate inverse
problems  in  physical  sciences.  He
presents  the  techniques  and  specific
methods  chosen  to  solve  inverse
problems  in  a  general  domain  of
application, choosing to focus on a small
number of methods that can be used in
most applications. This book is aimed at
readers  with  a  mathematical  and
scientific  computing  background.
Despite this, it is a book with a practical
perspective. The methods described are
applicable, have been applied, and are
often illustrated by numerical examples.

I n v e r s e  P r o b l e m s  i n  t h e
Mathematical  Sciences  Springer
Science  &  Business  Media
Inverse  problems  are  immensely
important  in  modern  science  and
technology.  However,  the  broad
mathematical  issues  raised  by  inverse
problems receive scant attention in the
university curriculum. This book aims to
remedy this state of affairs by supplying
an accessible introduction, at a modest
mathematical  level,  to  the  alluring  field
of  inverse  problems.  Many  models  of
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inverse  problems  from  science  and
engineering are dealt with and nearly a
hundred  exercises,  of  varying  difficulty,
involving  mathematical  analysis,
numerical  treatment,  or  modelling  of
inverse  problems,  are  provided.  The
main themes of the book are: causation
problem modeled as integral equations;
model  identification  problems,  posed  as
coefficient  determination  problems  in
differential  equations;  the  functional
analytic framework for inverse problems;
and a survey of the principal numerical
methods  for  inverse  problems.  An
extensive  annotated  bibliography
furnishes leads on the history of inverse
problems and a guide to the frontiers of
current research.

An  Introduction  to  Data  Analysis
and  Uncertainty  Quantification  for
Inverse  Problems  SIAM
Inverse  problems  are  found  in  many
applications,  such as  medical  imaging,
engineering, astronomy, and geophysics,
among  others.  To  solve  an  inverse
problem  is  to  recover  an  object  from
noisy,  usually  indirect  observations.
Solutions  to  inverse  problems  are
subject  to  many  potential  sources  of
error  introduced  by  approximate
mathematical  models,  regularization
methods,  numerical  approximations for
efficient  computations,  noisy  data,  and
l i m i t a t i o n s  i n  t h e  n u m b e r  o f
observations;  thus  it  is  important  to
i n c l ude  an  a s se ssme n t  o f  t he
uncertainties  as  part  of  the  solution.
Such assessment is interdisciplinary by
nature,  as  it  requires,  in  addition  to
knowledge of the particular application,
methods  from  applied  mathematics,
probability,  and  statistics.  This  book
bridges  applied  mathematics  and
stat i s t i cs  by  prov id ing  a  bas ic
introduction to probability and statistics

for  uncertainty  quantification  in  the
context of inverse problems, as well as
an  i n t roduc t i on  to  s ta t i s t i ca l
regularization of inverse problems. The
author covers basic statistical inference,
introduces  the  framework  of  ill-posed
inverse  problems,  and  explains
statistical  questions  that  arise  in  their
applications.  An  Introduction  to  Data
Analysis  and  Uncertainty  Quantification
for  Inverse  Problems÷includes  many
examples that explain techniques which
are useful to address general problems
arising  in  uncertainty  quantification,
Bayesian  and  non-Bayesian  statistical
methods  and  discussions  of  their
complementary roles, and analysis of a
rea l  da ta  se t  t o  i l l u s t ra te  the
methodology  covered  throughout  the
book.

Inverse  and  Ill-Posed  Problems
Elsevier
Inverse  and  Ill-Posed  Problems  is  a
collection  of  papers  presented  at  a
seminar of the same title held in Austria
in June 1986. The papers discuss inverse
problems  in  various  discipl ines;
mathematical  solutions  of  integral
equations  of  the  first  kind;  general
considerations  for  ill-posed  problems;
and the various regularization methods
for  integral  and  operator  equations  of
the  first  kind.  Other  papers  deal  with
applications  in  tomography,  inverse
scattering,  detection  of  radiation
sources,  optics,  partial  differential
equations,  and  parameter  estimation
problems.  One  paper  discusses  three
topics on ill-posed problems, namely, the
imposition  of  specified  types  of
discontinuities  on  solutions  of  ill-posed
problems, the use of generalized cross
validation as a data based termination
rule  for  iterative  methods,  and  also  a
parameter  estimation  problem  in
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reservoir  modeling.  Another  paper
investigates  a  statistical  method  to
determine the truncation level in Eigen
function  expansions  and  for  Fredholm
equations  of  the  first  kind  where  the
data  contains  some  errors.  Another
paper  examines  the  use  of  singular
function expansions in the inversion of
severely  ill-posed  problems  arising  in
confocal  scanning  microscopy,  particle
sizing,  and  velocimetry.  The  collection
can  benefit  many  mathematicians,
students,  and  professor  of  calculus,
statistics,  and  advanced  mathematics.

Modeling  and  Inverse  Problems in
Imaging Analysis  Springer  Science &
Business Media
More mathematicians have been taking
part in the development of digital image
processing  as  a  science  and  the
contributions  are  reflected  in  the
increasingly important role modeling has
played solving complex problems.  This
book is mostly concerned with energy-
based  models.  Most  of  these  models
come from industrial  projects  in  which
the author was involved in robot vision
and  radiography:  tracking  3D  lines,
radiographic  image  processing,  3D
reconstruction  and  tomography,
matching,  deformation  learning.
Numerous  graphical  i l lustrations
accompany  the  text.

Geophysica l  Data  Analys is :
Understanding  Inverse  Problem
Theory  and  Practice  SEG  Books
This publication is designed to provide a
practical  understanding  of  methods  of
parameter  estimation  and  uncertainty
analysis. The practical problems covered
range from simple  processing of  time-
and  space-series  data  to  inversion  of
potential  field,  seismic,  electrical,  and
electromagnetic  data.  The  various

formulations  are  reconciled  with  field
data in the numerous examples provided
in the book; well-documented computer
programmes are also given to show how
easy  it  is  to  implement  inversion
algorithms.

Bayesian  Approach  to  Inverse
Problems  John  Wiley  &  Sons
Many  scientific,  medical  or  engineering
problems  raise  the  issue  ofrecovering
some  physical  quantities  from indirect
measurements; forinstance, detecting or
quantifying  flaws  or  cracks  within
a m a t e r i a l  f r o m  a c o u s t i c  o r
electromagnetic  measurements  at
itssurface is an essential problem of non-
destructive  evaluation.  Theconcept  of
inverse  problems  precisely  originates
from  the  idea  ofinverting  the  laws  of
physics  to  recover  a  quantity  of
interest f rom  measurable  data.
Unfortunately,  most  inverse  problems
are  ill-posed,  which  meansthat  precise
and  stable  solutions  are  not  easy  to
devise.Regularization is the key concept
to solve inverse problems. The goal of
this  book  is  to  deal  with  inverse
problems andregularized solutions using
the  Bayesian  statistical  tools,  with
aparticular  view  to  signal  and  image
estimation. The first three chapters bring
the  theoretical  notions  that  make
itpossible  to  cast  inverse  problems
within  a  mathematical  framework.The
next  three  chapters  address  the
fundamenta l  i nve rse  p rob lem
ofdeconvolution  in  a  comprehensive
manner .  Chapters  7  and  8  dea l
withadvanced statistical questions linked
to  image  estimation.  In  thelast  five
chapters,  the main tools  introduced in
the  previouschapters  are  put  into  a
pract ica l  context  in  important
applicativeareas, such as astronomy or
medical imaging.
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Inverse  Problem  Theory  and
Methods  for  Model  Parameter
Estimation  SIAM
This book proposes a general approach
to  the  basic  difficulties  appearing  in  the
resolution of inverse problems.

Inverse Heat Transfer

Fundamentals  and  Applications
Routledge
This  book  introduces  the  fundamental
concepts  of  inverse  heat  transfer
problems. It presents in detail the basic
steps of four techniques of inverse heat
transfer  protocol,  as  a  parameter
estimation approach and as a function
estimation approach.  These techniques
are then applied to the solution of the
problems  of  practical  engineering
interest  invo lv ing  conduct ion,
convection, and radiation. The text also
introduces  a  formulation  based  on
generalized coordinates for the solution
of inverse heat conduction problems in
two-dimensional regions.

Algorithms  for  Optimization  MIT
Press
A  comprehensive  introduction  to
optimization  with  a  focus  on  practical
algorithms for the design of engineering
systems.  This  book  offers  a
comprehensive  introduct ion  to
optimization  with  a  focus  on  practical
algorithms.  The  book  approaches
optimization  from  an  engineering
perspective,  where  the  objective  is  to
design a system that optimizes a set of
metrics subject to constraints.  Readers
wi l l  learn  about  computat ional
approaches  for  a  range  of  challenges,
including  searching  high-dimensional
spaces, handling problems where there
are multiple competing objectives,  and
accommodating  uncertainty  in  the

metrics.  Figures,  examples,  and
exercises convey the intuition behind the
mathematical  approaches.  The  text
provides  concrete  implementations  in
the Julia programming language. Topics
covered  include  derivatives  and  their
generalization  to  multiple  dimensions;
local descent and first- and second-order
methods  that  inform  local  descent;
stochastic  methods,  which  introduce
randomness  into  the  optimization
process; linear constrained optimization,
when both the objective function and the
constraints are linear; surrogate models,
probabilistic surrogate models, and using
probabilistic surrogate models to guide
optimization;  optimization  under
uncertainty;  uncertainty  propagation;
express ion  op t im iza t i on ;  and
multidisciplinary  design  optimization.
Appendixes  offer  an  introduction  to  the
Julia  language,  test  functions  for
evaluating  algorithm performance,  and
mathematical  concepts  used  in  the
der ivat ion  and  ana lys i s  o f  the
optimization  methods  discussed  in  the
text. The book can be used by advanced
undergraduates  and graduate  students
in  mathematics,  statistics,  computer
science, any engineering field, (including
electrical  engineering  and  aerospace
engineering),  and  operations  research,
and as a reference for professionals.

Inverse  Problems  and  Related
Topics  CRC  Press
Inverse  problems  ar ise  in  many
disciplines and hold great importance to
practical  applications.  However,  sound
new methods are needed to solve these
problems.  Over  the  past  few  years,
Japanese  and  Korean  mathematicians
have  obtained  a  number  of  very
interesting and unique results in inverse
problems. Inverse Problems and Related
Topics compi



8

8 Parameter Estimation And Inverse Problems 2025-08-04

Inverse  Methods  for  Atmospheric
Sounding

Theory and Practice World Scientific
Annotation  Rodgers  (U.  of  Oxford)
provides  graduate  students  and  other
researchers a background to the inverse
prob lem  and  i t s  so lu t ion ,  w i th
applications  relating  to  atmospheric
measurements. He introduces the stages
in  the  reverse  order  than  the  usual
approach  in  order  to  develop  the
learner's  intuition  about  the  nature  of
the  inverse  problem.  Annotation
copyrighted  by  Book  News,  Inc.,
Portland,  OR.

Inverse  Problems  in  Groundwater
Modeling  Springer Science & Business
Media
. . .  A  d isket te  wi th  the  updated
programme of Appendix C and examples
is available through the author at a small
fee.  email:  nezheng@ucla.edu  fax:  1-
-310 - -825 - -5435  . . .  Th i s  book
systematically discusses basic concepts,
theo ry ,  so lu t i on  methods  and
applications  of  inverse  problems  in
groundwater  modeling.  It  is  the  first
book devoted to this subject. The inverse
problem  is  defined  and  solved  in  both
deterministic  and  statistic  frameworks.
Various direct and indirect methods are
discussed  and  compared.  As  a  useful
tool,  the  adjoint  state  method and  its
applications  are  given  in  detail.  For  a
stochastic  field,  the maximum likelihood
estimation and co-kriging techniques are
used to estimate unknown parameters.
The ill-posed problem of inverse solution
is highlighted through the whole book.
The  importance  of  data  collection
strategy  is  specially  emphasized.
Besides the classical design criteria, the
relationships between decision making,
prediction,  parameter  identification  and

experimental design are considered from
the  po in t  o f  v i ew  o f  ex tended
identifiabilities.  The  problem  of  model
structure  identification  is  also
considered. This book can be used as a
textbook for graduate students majoring
in hydrogeology or related subjects. It is
a l s o  a  r e f e r e n c e  b o o k  f o r
hydrogeologists,  petroleum  engineers,
environmental  engineers,  mining
engineers  and  applied  mathematicians.

Iterative  Optimization  in  Inverse
Problems  CRC  Press
Iterative  Optimization  in  Inverse
Problems brings  together  a  number  of
important  iterative  algorithms  for
medical  imaging,  optimization,  and
statistical  estimation.  It  incorporates
recent  work  that  has  not  appeared  in
other books and draws on the author’s
considerable  research  in  the  field,
including his recently developed class of
SUMMA  a lgor i thms.  Re la ted  to
sequential  unconstrained  minimization
methods,  the  SUMMA class  includes  a
wide range of iterative algorithms well
known to researchers in various areas,
such as statistics and image processing.
Organizing  the  topics  from general  to
more  specific,  the  book  first  gives  an
overview of sequential optimization, the
subclasses of auxiliary-function methods,
and  the  SUMMA  algorithms.  The  next
three  chapters  present  particular
examples  in  more  detail,  including
barrier-  and  penalty-function  methods,
proximal  minimization,  and  forward-
backward  splitting.  The  author  also
focuses  on  fixed-point  algorithms  for
operators on Euclidean space and then
extends  the  discussion  to  include
distance measures other than the usual
Euclidean distance. In the final chapters,
specific  problems  illustrate  the  use  of
iterative methods previously discussed.
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Most  chapters  contain  exercises  that
introduce new ideas and make the book
suitable for self-study. Unifying a variety
of  seemingly  disparate  algorithms,  the
book  shows  how  to  der ive  new
properties  of  algorithms  by  comparing
known  properties  of  other  algorithms.
This  unifying  approach  also  helps
researchers—from  statisticians  working
on  parameter  estimation  to  image
scientists  processing  scanning  data  to
mathematicians  involved  in  theoretical
and  applied  optimization—discover
useful  related  algorithms  in  areas
outside  of  their  expertise.

Numerical  Methods  for  Solving
Inverse  Problems  of  Mathematical
Physics Walter de Gruyter
The main classes of inverse problems for
equations of mathematical physics and
their  numerical  solution  methods  are
considered in this book which is intended
for  graduate  students  and  experts  in
applied  mathematics,  computational
mathematics,  and  mathematical
modell ing.

Groundwater  Flow  and  Quality
Modelling Springer Science & Business
Media
Proceedings  of  the  NATO  Advanced
Research  Workshop  on  Advances  in
Analytical  and  Numerical  Groundwater
Flow  and  Quality  Modelling,  Lisbon,
Portugal,  June  2-6,  1987

Computat ional  Uncerta inty
Quantification  for  Inverse  Problems
SIAM
This  book  is  an  introduction  to  both
computational  inverse  problems  and
uncertainty  quantification  (UQ)  for
inverse  problems.  The  book  also
presents  more  advanced  material  on
Bayesian  methods  and  UQ,  including

Markov  chain  Monte  Carlo  sampling
methods  for  UQ  in  inverse  problems.
Each  chapter  contains  MATLAB® code
that  implements  the  algorithms  and
generates the figures, as well as a large
number of exercises accessible to both
graduate  students  and  researchers.
C o m p u t a t i o n a l  U n c e r t a i n t y
Quantification  for  Inverse  Problems  is
intended  for  graduate  students,
researchers, and applied scientists. It is
a p p r o p r i a t e  f o r  c o u r s e s  o n
computational  inverse  problems,
Bayesian methods for inverse problems,
and UQ methods for inverse problems.

Linear Algebra and Optimization for
Machine Learning

A Textbook Springer Nature
This textbook introduces linear algebra
and  optimization  in  the  context  of
machine  learning.  Examples  and
exercises  are  provided throughout  this
text  book  together  with  access  to  a
solution’s manual. This textbook targets
graduate level  students and professors
in computer  science,  mathematics  and
data  science.  Advanced undergraduate
students can also use this textbook. The
chapters for this textbook are organized
as  follows:  1.  Linear  algebra  and  its
applications: The chapters focus on the
basics  of  linear  algebra  together  with
their  common  applications  to  singular
v a l u e  d e c o m p o s i t i o n ,  m a t r i x
factorization, similarity matrices (kernel
methods), and graph analysis. Numerous
machine learning applications have been
used  as  examples,  such  as  spectral
clustering,  kernel-based  classification,
and  outl ier  detect ion.  The  t ight
integration  of  linear  algebra  methods
with  examples  from  machine  learning
differentiates  this  book  from  generic
volumes on linear algebra. The focus is
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clearly on the most relevant aspects of
linear algebra for machine learning and
to  teach  readers  how  to  apply  these
concepts.  2.  Optimization  and  its
applications: Much of machine learning
is posed as an optimization problem in
which we try to maximize the accuracy
of  regression  and  classification  models.
The  “parent  problem”  of  optimization-
centric machine learning is least-squares
regression.  Interestingly,  this  problem
arises  in  both  l inear  algebra  and
optimization,  and  is  one  of  the  key
connecting  problems  of  the  two  fields.
Least-squares  regression  is  also  the
starting  point  for  support  vector
machines,  logistic  regression,  and
recommender systems. Furthermore, the
methods  for  dimensionality  reduction
and matrix factorization also require the
development of optimization methods. A
general  v iew  of  opt imizat ion  in
computational  graphs  is  discussed
together  with  its  applications  to  back
propagation  in  neural  networks.  A
frequent challenge faced by beginners in
machine  learning  is  the  extensive
background  required  in  linear  algebra
and optimization.  One problem is  that
the  exist ing  l inear  a lgebra  and
optimization  courses  are  not  specific  to
machine learning; therefore, one would
typically have to complete more course
material  than  is  necessary  to  pick  up
machine learning.  Furthermore,  certain
types  o f  i deas  and  t r i cks  f rom
optimization  and  linear  algebra  recur
more  frequently  in  machine  learning
than  other  application-centric  settings.
Therefore,  there  is  significant  value  in
developing a view of linear algebra and
optimization that is better suited to the
specific perspective of machine learning.

Handbook of Mathematical Methods
in Imaging Springer Science & Business

Media
The Handbook of Mathematical Methods
in  Imaging  provides  a  comprehensive
treatment  of  the  mathemat ica l
techniques used in imaging science. The
material  is  grouped  into  two  central
themes,  namely,  Inverse  Problems
(Algorithmic Reconstruction) and Signal
and  Image  Processing.  Each  section
within  the  themes  covers  applications
(modeling),  mathematics,  numerical
methods  (using  a  case  example)  and
open  questions.  Written  by  experts  in
t h e  a r e a ,  t h e  p r e s e n t a t i o n  i s
mathematically rigorous. The entries are
cross-referenced  for  easy  navigation
through  connected  topics.  Available  in
both  print  and  electronic  forms,  the
handbook is enhanced by more than 150
i l l us t ra t ions  and  an  ex tended
bibliography.  It  will  benefit  students,
scientists  and  researchers  in  applied
mathematics.  Engineers  and  computer
scientists  working  in  imaging  will  also
find this handbook useful.

Mathematical Modelling Springer
Th is  book  prov ides  a  thorough
introduction to the challenge of applying
mathematics  in  real-world  scenarios.
Modelling  tasks  rarely  involve  well-
defined  categories,  and  they  often
require  multidisciplinary  input  from
mathematics,  physics,  computer
sciences, or engineering. In keeping with
this spirit of modelling, the book includes
a  wealth  of  cross-references  between
the chapters and frequently points to the
real-world context.  The book combines
classical  approaches  to  modelling  with
novel  areas  such  as  soft  computing
methods, inverse problems, and model
uncertainty. Attention is also paid to the
interaction  between  models,  data  and
the use of mathematical software. The
reader  will  find  a  broad  selection  of
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theoretical tools for practicing industrial
mathematics,  including  the  analysis  of
continuum  models,  probabilistic  and
discrete  phenomena,  and  asymptotic
and  sensitivity  analysis.

Time  Series  Analysis  and  Inverse
Theory for Geophysicists  Cambridge
University Press
This  unique  textbook  provides  the
foundation  for  understanding  and
applying techniques commonly used in
geophysics  to  process  and  interpret
modern digital data. The geophysicist's
toolkit  contains  a  range  of  techniques
which  may  be  divided  into  two  main
groups: processing, which concerns time
series analysis and is used to separate
the signal  of  interest  from background
noise;  and  inversion,  which  involves
generating some map or physical model
from  the  data.  These  two  groups  of
techniques  are  normal ly  taught
separately,  but  are  here  presented
together as parts I  and II  of the book.
Part III describes some real applications
and includes case studies in seismology,
geomagnetism,  and  gravity.  This
t e x t b o o k  g i v e s  s t u d e n t s  a n d
practitioners the theoretical background
and practical  experience,  through case
studies,  computer  examples  and
exercises, to understand and apply new
process ing  methods  to  modern
geophysical  datasets.  Solutions  to  the
exercises are available on a website at
http://publishing.cambridge.org/resource
s/0521819652

Inverse Engineering Handbook  CRC
Press
Inverse problems have been the focus of
a  growing  number  of  research  efforts
over the last 40 years-and rightly so. The
ability to determine a "cause" from an
observed  "effect"  is  a  powerful  one.

Researchers now have at their disposal a
variety of techniques for solving inverse
problems,  techniques  that  go  well
beyond those useful for relatively simple
parameter  estimation  problems.  The
question is, where can one find a single,
comprehensive  resource  that  details
these  methods?  The  answer  is  the
Inverse Engineering Handbook. Leading
experts in inverse problems have joined
forces  to  produce  the  definitive
reference  that  al lows  readers  to
understand,  implement,  and  benefit
from  a  variety  of  problem-solving
techniques.  Each  chapter  details  a
method  developed  or  refined  by  its
contr ibutor,  who  provides  clear
explanations,  examples,  and  in  many
cases,  software  algorithms.  The
presentation  begins  with  methods  for
parameter  estimation,  which  build  a
bridge to boundary function estimation
problems.  The  techniques  addressed
include  sequential  function  estimation,
mollification,  space  marching
techniques,  and  adjoint,  Monte  Carlo,
and  g rad ien t -based  methods .
Discussions  also  cover  important
experimental  aspects,  including
experiment  design  and  the  effects  of
uncertain parameters. While many of the
examples  presented  focus  on  heat
transfer,  the  techniques  discussed  are
applicable  to  a  wide  range  of  inverse
problems. Anyone interested in inverse
problems, regardless of  their  specialty,
will  find  the  Inverse  Engineering
Handbook to be a unique and invaluable
compendium of up-to-date techniques.

Inverse  Problems  and  Parameter
Estimation

Inverse  Heat  Transfer  Problems
Springer  Science  &  Business  Media
This  research  monograph  presents  a
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systematic  treatment  of  the  theory  of
t h e  p r o p a g a t i o n  o f  t r a n s i e n t
electromagnetic  fields  (such  as  optical
pulses)  through dielectric  media  which
exhibit both dispersion a.nd absorption.
The  work  divides  naturally  into  two
parts. Part I presents a summary of the
fundamental theory of the radiation and
propagat ion  o f  ra ther  genera l
electromagnetic waves in causal, linear
media  which  are  homogeneous  and
isotropic  but  which  otherwise  have
rather general dispersive and absorbing
properties. In Part II, we specialize to the
propagation  of  a  plane,  transient
electromagnetic  field  in  a  homogeneous
dielectric. Although we have made some
contributions to the fundamental theory
given in Part I, most of the results of our
own  research  appear  in  Part  II.  The
purpose of the theory presented in Part II
is  to  predict  and to explain in  explicit
detail  the  dynamics  of  the  field  after  it
has propagated far enough through the
medium to be in the mature-dispersion
regime.  It  is  the  subject  of  a  classic
theory, based on the research conducted
by A. Sommerfeld and L.

Large-Scale  Inverse  Problems  and
Quantification of Uncertainty Wiley
This  book  focuses  on  computational
methods  for  large-scale  statistical
inverse  problems  and  provides  an
introduction to statistical  Bayesian and
frequentist  methodologies.  Recent
research  advances  for  approximation
methods  are  discussed,  along  with
Kalman  filtering  methods  and
optimization-based  approaches  to
solving inverse problems. The aim is to
cross-fertilize  the  perspectives  of
researchers  in  the  areas  of  data
assimilation,  statistics,  large-scale
optimization, applied and computational
mathematics,  high  performance

comput ing ,  and  cu t t i ng -edge
applications. The solution to large-scale
inverse  problems critically  depends  on
methods to reduce computational cost.
Recent research approaches tackle this
challenge  in  a  variety  of  different  ways.
Many of the computational frameworks
highlighted in this book build upon state-
of-the-art methods for simulation of the
forward  problem,  such  as,  fast  Partial
Differential  Equation  (PDE)  solvers,
reduced-order models and emulators of
the forward problem, stochastic spectral
approximations,  and  ensemble-based
approximations, as well as exploiting the
machinery  for  large-scale  deterministic
optimization  through adjoint  and other
sensitivity  analysis  methods.  Key
Features:  •  Br ings  together  the
perspectives of researchers in areas of
inverse problems and data assimilation.
•  Assesses  the  current  state-of-the-art
and identify needs and opportunities for
future  research.  •  Focuses  on  the
computational methods used to analyze
and simulate inverse problems. • Written
by leading experts of inverse problems
and uncertainty quantification. Graduate
students  and  researchers  working  in
statistics, mathematics and engineering
will benefit from this book.

Geophysical Data Analysis: Discrete
Inverse Theory Academic Press
Geophysical  Data  Analysis:  Discrete
Inverse  Theory  is  an  introductory  text
focusing on discrete inverse theory that
is concerned with parameters that either
are truly discrete or can be adequately
approximated  as  discrete.  Organized
into  12  chapters,  the  book’s  opening
chapters provide a general background
o f  i nve rse  p rob lems  and  the i r
corresponding solution, as well as some
of  the  basic  concepts  from probability
theory that are applied throughout the
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text. Chapters 3-7 discuss the solution of
the canonical  inverse problem, that is,
the  linear  problem  with  Gaussian
statistics,  and discussions on problems
that are non-Gaussian and nonlinear are
covered in Chapters 8 and 9. Chapters
10-12 present  examples  of  the use of
inverse theory and a discussion on the
numerical  algorithms  that  must  be
employed to solve inverse problems on a
computer.  This  book  is  of  value  to
graduate  students  and  many  college
seniors in the applied sciences.

Geophysical  Inverse  Theory  and
Regularization  Problems  Elsevier
This  book  presents  state-of-the-art
geophysical inverse theory developed in
modern mathematical terminology. The
book  brings  together  fundamental
results  developed  by  the  Russian
mathematical  school  in  regularization
theory  and  combines  them  with  the
related research in geophysical inversion
carried  out  in  the  West.  It  presents  a
detailed  exposition  of  the  methods  of
regularized solution of inverse problems
based  on  the  ideas  of  T ikhonov
regularization,  and  shows  the  different
forms of their applications in both linear
and  nonlinear  methods  of  geophysical
inversion.  This  text  is  the  first  to  treat
many  kinds  of  inversion  and  imaging
techniques  in  a  unified  mathematical
manner. The book is divided in five parts
covering the foundations of the inversion
theory  and  its  applications  to  the
solution  of  different  geophysical  inverse
problems,  including  potential  field,
electromagnetic,  and seismic  methods.
The  first  part  is  an  introduction  to
inversion  theory.  The  second  part
contains  a  description  of  the  basic
methods  of  solution  of  the  linear  and
nonlinear  inverse  problems  using
regularization. The following parts treat

the application of regularization methods
i n  g r a v i t y  a n d  m a g n e t i c ,
electromagnetic,  and  seismic  inverse
problems.  The  key  connecting  idea  of
these applied parts of  the book is  the
analogy  between  the  solutions  of  the
forward  and  inverse  problems  in
different geophysical methods. The book
also  includes  chapters  related  to  the
modern  technology  of  geophysical
imaging,  based  on  se ismic  and
electromagnetic migration. This volume
is unique in its focus on providing a link
between the methods  used in  gravity,
electromagnetic,  and  seismic  imaging
and  inversion,  and  represents  an
exhaustive treatise on inversion theory.

Regularization of Inverse Problems
Springer Science & Business Media
T h i s  b o o k  i s  d e v o t e d  t o  t h e
mathematical  theory  of  regularization
methods  and  gives  an  account  of  the
currently  available  results  about
regularization  methods  for  linear  and
nonlinear  ill-posed  problems.  Both
continuous  and  iterative  regularization
methods  are  considered  in  detail  with
special emphasis on the development of
parameter  choice  and  stopping  rules
which lead to optimal convergence rates.

Inverse  Problems  in  Engineering
Mechanics  II  Elsevier
Inverse  Problems  are  found  in  many
areas  of  engineering  mechanics  and
there are many successful  applications
e.g.  in  non-destructive  testing  and
characterization  of  material  properties
by  ultrasonic  or  X-ray  techniques,
thermography, etc.  Generally speaking,
inverse problems are concerned with the
determination  of  the  input  and  the
characteristics of a system, given certain
aspects  of  its  output.  Mathematically,
such problems are ill-posed and have to
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be  overcome  through  development  of
n e w  c o m p u t a t i o n a l  s c h e m e s ,
regularization  techniques,  objective
funct iona ls ,  and  exper imenta l
procedures.  Following  the  IUTAM
Symposium on these topics, held in May
1992  in  Tokyo,  another  in  November
1994 in Paris, and also the more recent
ISIP'98 in March 1998 in Nagano, it was
concluded  that  it  would  be  fruitful  to
gather  regularly  with  researchers  and
engineers for an exchange of the newest
research  ideas.  The  most  recent
Symposium of this series "International
Symposium  on  Inverse  Problems  in
Engineering Mechanics  (ISIP2000)"  was
held in March of 2000 in Nagano, Japan,
where  recent  developments  in  inverse
problems in engineering mechanics and
related  topics  were  discussed.  The
following  general  areas  in  inverse
problems in engineering mechanics were
the subjects of ISIP2000: mathematical
and  computational  aspects  of  inverse
problems,  parameter  or  system
identification,  shape  determination,
sensitivity  analysis,  optimization,
material  property  characterization,
ultrasonic  non-destructive  testing,
elastodynamic  inverse  problems,
thermal  inverse  problems,  and  other
engineering applications. The papers in
these  proceedings  provide  a  state-of-
the-art review of the research on inverse
problems in engineering mechanics and
it  is  hoped that some breakthrough in
the  research  can  be  made  and  that
technology  transfer  will  be  stimulated
and accelerated due to their publication.

Inverse  Theory  for  Petroleum
Reservoir  Characterization  and
History  Matching  Cambr idge
University  Press
This book is a guide to the use of inverse
theory  for  estimation  and  conditional

simulation  of  flow  and  transport
parameters in porous media. It describes
the  theory  and  practice  of  estimating
properties  of  underground  petroleum
reservoirs from measurements of flow in
wells, and it explains how to characterize
the uncertainty in such estimates. Early
chapters  present  the  reader  with  the
necessary background in inverse theory,
probability  and  spatial  statistics.  The
book  demonstrates  how  to  calculate
sensitivity coefficients and the linearized
relationship  between  models  and
production  data.  It  also  shows how to
develop iterative methods for generating
estimates  and  conditional  realizations.
The text is written for researchers and
graduates in petroleum engineering and
groundwater hydrology, and can be used
as a textbook for advanced courses on
inverse theory in petroleum engineering.
It  includes  many  worked  examples  to
demonstrate  the  methodologies  and  a
selection of exercises.

Inverse Methods

Interdisciplinary  Elements  of
Methodology,  Computation,  and
Applications  Springer
Over  the  last  few  decades  inversion
concepts have become an integral part
of  experimental  data  interpretation  in
several  branches  of  sc ience.  In
numerous  cases  similar  inversion-like
t e c h n i q u e s  w e r e  d e v e l o p e d
independently  in  separate  disciplines,
sometimes  based  on  different  lines  of
reasoning, but not always to the same
level  of  sophistication.  This  book  is
based on the Interdisciplinary Inversion
Conference  held  at  the  University  of
Aarhus,  Denmark.  For  scientists  and
graduate  students  in  geophysics,
astronomy,  oceanography,  petroleum
geology, and geodesy, the book offers a
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wide variety of examples and theoretical
background  in  the  field  of  inversion
techniques.

Discrete  Signals  and  Inverse
Problems

An Introduction  for  Engineers  and
Scientists John Wiley & Sons
Discrete  Signals  and  Inverse  Problems
examines  fundamental  concepts
necessary  to  engineers  and  scientists
working with discrete signal processing
and inverse problem solving, and places
emphasis on the clear understanding of
algorithms  within  the  context  of
application needs. Based on the original
‘Introduction  to  Discrete  Signals  and
Inverse  Problems  in  Civil  Engineering’,
this  expanded  and  enriched  version:
combines discrete signal processing and
inverse  problem  solving  in  one  book
covers the most versatile tools that are
needed  to  process  engineering  and
scientific  data  presents  step-by-step
‘implementation  procedures’  for  the
most  relevant  algorithms  provides
instructive figures,  solved examples and
insightful exercises Discrete Signals and
Inverse Problems is essential reading for
experimental researchers and practicing
engineers  in  civil,  mechanical  and
electrical  engineering,  non-destructive
testing and instrumentation. This book is
also an excellent reference for advanced
undergraduate  students  and  graduate
students in engineering and science.

Engineering  Fundamentals:  An
Introduction  to  Engineering,  SI
Edition  Cengage  Learning
Specifically  designed  as  an  introduction
to  the  exciting  world  of  engineering,
ENGINEERING  FUNDAMENTALS:  AN
INTRODUCTION  TO  ENGINEERING
encourages  students  to  become

engineers  and  prepares  them  with  a
solid  foundation  in  the  fundamental
principles and physical  laws.  The book
begins  with  a  discovery  of  what
engineers do as well as an inside look
into the various areas of specialization.
An explanation on good study habits and
what it takes to succeed is included as
well  as  an  introduction  to  design  and
problem  solving,  communication,  and
eth ics .  Once  th is  foundat ion  is
established, the book moves on to the
basic  physical  concepts  and  laws  that
students  will  encounter  regularly.  The
framework of this text teaches students
that  engineers  apply  physical  and
chemical laws and principles as well as
mathematics  to  design,  test,  and
supervise the production of  millions of
parts, products, and services that people
use  every  day.  By  gaining  problem
solving  skills  and  an  understanding  of
fundamental principles, students are on
their way to becoming analytical, detail-
oriented,  and  creative  engineers.
Important  Notice:  Media  content
re ferenced  w i th in  the  product
description or the product text may not
be available in the ebook version.

Mathematical  and  Statistical
E s t i m a t i o n  A p p r o a c h e s  i n
Epidemiology  Springer  Science  &
Business  Media
Mathematical  and Statistical  Estimation
Approaches in Epidemiology compiles t-
oretical  and  practical  contributions  of
experts  in  the  analysis  of  infectious
disease  epidemics  in  a  single  volume.
Recent collections have focused in the
analyses and simulation of deterministic
and stochastic models whose aim is to
identify  and  rank  epidemiological  and
social  mechanisms  responsible  for
disease transmission.  The contributions
in this volume focus on the connections
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between models and disease data with
emphasis  on  the  appl icat ion  of
mathematical and statistical approaches
th a t  qu a n t i f y  mode l  and  da ta
uncertainty. The book is aimed at public
health experts, applied mathematicians
and  sci-  tists  in  the  life  and  social
sciences,  particularly  graduate  or
advanced undergraduate students, who
are interested not only in building and
connecting models  to data but  also in
applying  and developing  methods  that
quantify  uncertainty  in  the  context  of
infectious diseases. Chowell and Brauer
open this volume with an overview of the
classical disease transmission models of
Kermack-McKendr ick  inc luding
extensions  that  account  for  increased
levels of epidemiological heterogeneity.
Their theoretical tour is followed by the
introduction of a simple methodology for
the estimation of, the basic reproduction
number,R . The use of this methodology
0 is illustrated, using regional data for
1918–1919  and  1968  i n  uenza
pandemics.

Data  Assimilation:  Methods,

Algorithms,  and  Applications

SIAM
Data  assimilation  is  an  approach  that
combines  observations  and  model
output, with the objective of improving
the  latter.  This  book  places  data
assimilation into the broader context of
inverse  problems  and  the  theory,
methods, and algorithms that are used
for  their  so lut ion.  I t  provides  a
framework  for,  and  insight  into,  the
inverse  problem  nature  of  data
assimilation, emphasizing ?why? and not
just ?how.? Methods and diagnostics are
emphasized, enabling readers to readily
apply  them  to  their  own  field  of  study.
Readers will find a comprehensive guide
that  is  accessible  to  nonexperts;
numerous  examples  and  diverse
applications  from  a  broad  range  of
domains,  including  geophysics  and
geophysical  flows,  environmental
acoustics, medical imaging, mechanical
and biomedical engineering, economics
and  finance,  and  traffic  control  and
urban planning; and the latest methods
for  advanced  data  assimilat ion,
combining  variational  and  statistical
approaches.


