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ADMISSION AND ACCOMMODATION

Applicants must apply at least one month before the beginning 
of the course.  Application forms should be sent on-line through 
our web site: http://www.cism.it or by post.

A message of confi rmation will be sent to accepted partici-
pants. If you need assistance for registration please contact 
our secretariat.

The registration fee is 600,00 Euro.

A limited number of participants from universitites and research 
centres who are not supported by their own institutions can be of-
fered board and/or lodging in a reasonably priced hotel. Requests 
should be sent to CISM Secretariat by March 25, 2009 along with 
the applicant's curriculum and a letter of recommendation by 
the head of the department or a supervisor confi rming that the 
institute cannot provide funding. Preference will be given to 
applicants from countries that sponsor CISM.

The Deutscher Akademischer Austausch Dienst (DAAD) and 
the Deutsche Forschungsgemeinschaft (DFG) offer support to 
German students. Please contact:

DAAD, Kennedyallee 50, 53175 Bonn
tel. +49 (228) 882-0
e-mail: postmaster@daad.de
web site: http://www.daad.de/de/kontakt.html

DFG, Kennedyallee 40, 53175 Bonn
tel. +49 (228) 885 2655
e-mail: ing4@dfg.de
web site: http://www.dfg.de

Information about travel and accommodation is available on 
our web site, or can be mailed upon request.

For further information please contact:

CISM
Palazzo del Torso - Piazza Garibaldi 18
33100 Udine (Italy)
tel. +39 0432 248511 (6 lines)
fax +39 0432 248550
e-mail: cism@cism.it

Udine, May 25 - 29, 2009

Advanced School
coordinated by

Graham M.L. Gladwell
University of Waterloo

Canada

Antonino Morassi 
Università di Udine

Italy
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DYNAMICAL INVERSE PROBLEMS:
THEORY AND APPLICATION

http://www.daad.de/de/kontakt.html
http://www.dfg.de
http://www.cism.it


DYNAMICAL INVERSE PROBLEMS: THEORY AND APPLICATION

Classical vibration theory is 
concerned with the determination 
of the response of a given dynami-
cal system to a prescribed input. 
These are called direct problems in 
vibration and powerful analytical 
and numerical methods are avail-
able nowadays for their solution. 
However, when one studies a 
phenomenon which is governed by 
the equations of classical dynam-
ics, the application of the model to 
real life situations often requires 
the knowledge of constitutive and/
or geometrical parameters which in 
the direct formulation are consid-
ered as part of the data, whereas, 
in practice, they are not completely 
known or are inaccessible to direct 
measurements. Therefore, in 
several areas in applied science 
and technology, one has to deal 
with inverse problems in vibration, 
that is problems in which the roles 
of the unknowns and the data 
is reversed, at least in part. For 
example, one of the basic problems 

INVITED LECTURERS

Mikhail I. Belishev - Steklov Mathematical Institute, St. Petersburg, 
Russian Federation
5 lectures on: Forward and inverse problems for the telegraph and 
string equations. The Sondhi-Gopinath approach. The local approach 
by A. Blagovestchenskii. One-dimensional scalar Boundary Control (BC) 
method; amplitude formula and visualization of waves. BC-algorithms 
and numerical testing. Two-velocity beam; slow waves; controllablity. 
Elements of the multidimensional BC-method.

Graham M.L. Gladwell - University of Waterloo, Ontario, Canada
5 lectures on: Classical inverse problems for in-line systems: rods in 
longitudinal vibration and beams in flexural vibration.  Formation of iso-
spectral systems and construction of isospectral finite-element models 
of membranes. Introduction to inverse mode problems. Throughout the 
lectures, emphasis will be placed on ways of choosing data that lead to 
a realistic system.

Antonino Morassi - Università di Udine, Italy
5 lectures on: Classical approaches to the inversion of one-dimensional 
scalar Sturm-Liouville problems. Introduction to the inverse eigenvalue 
problem for Euler-Bernoulli beams. Damage identification in vibrating 
beams from finite spectral data. A class of inverse dynamical problems 
for a coupled system composed by two connected beams.

John E. Mottershead - University of Liverpool, UK
5 lectures on: Dynamic methods of vibration control based on passive 
modification that do not require to know or to evaluate the inertia, stiff-
ness and damping matrices. A receptance method in active vibration 
control for which state observers and model reduction techniques are 
totally unnecessary. Formulations of multi-input state feedback and out-
put feedback, illustrated by numerical and practical experimental results 
with stability robustness and the treatment of time delay. 

Assad A. Oberai - Rensselaer Polytechnic Institute, NY, USA
5 lectures on: Biomechanical imaging for the determination of the spatial 
distribution of the mechanical properties of tissue from the knowledge 
of its displacement field. Description of experimental methods. Deter-
mination of the shear modulus from quasi-static displacement meas-
urements. Nonlinear elasticity imaging; efficient and robust numerical 
techniques. Poroelastic imaging. Viscoelastic imaging. 

Norbert Röhrl - University of Stuttgart, Germany
4 lectures on: Variational methods for solving inverse spectral Sturm-
Liouville problems. Definition of functionals which have global minima 
precisely at the solutions of the inverse problem and introduction of suit-
able numerical minimization procedures.

Fabrizio Vestroni - Università di Roma "La Sapienza", Italy
5 lectures on: Fundamentals of experimental vibration methods for the 
mechanical characterization of structures. Introduction to structural 
identification based on dynamic data; osservability and identifiability. 
Use of modal updating for damage detection in structures. Introduction 
to inverse problems for coupled electro-mechanical systems.

LECTURES
All lectures will be given in English. Lecture notes can be downloaded 
from CISM web site, instructions will be sent to accepted participants.

PRELIMINARY SUGGESTED READINGS

in the direct vibration theory – for 
infinitesimal undamped free vibra-
tions – is the determination of the 
natural frequencies and normal 
modes of the vibrating body, 
assuming that the stiffness and 
mass coefficients are known. In the 
context of inverse theory, on the 
contrary, one is dealing with the 
construction of a model of a given 
type (i.e., a mass-spring system, 
a string, a beam) that has given 
eigenproperties. 
In addition to its applications, 
the study of inverse problems in 
vibration has also inherent math-
ematical interest, since the issues 
encountered have remarkable 
features in terms of originality and 
technical difficulty, when com-
pared with the classical problems 
of direct vibration theory. In fact, 
inverse problems do not usually 
satisfy the Hadamard postulates 
of well-posedeness,  also, in many 
cases, they are extremely non-
linear, even if the direct problem 

is linear. In most cases, in order 
to overcome such obstacles, it is 
impossible to invoke all-purpose, 
ready made, theoretical proce-
dures. Instead, it is necessary to 
single out a suitable approach 
and trade-off with the intrinsic ill-
posedeness by using original ideas 
and an extended use of mathemat-
ical methods from various areas. 
Another specific and fundamental 
aspect of the study of inverse 
problems in vibration concerns 
the numerical treatment and the 
development of ad-hoc strategies 
for the treatment of ill-conditioned, 
linear and non-linear problems. 
Finally, when inverse techniques 
are applied to the study of real 
problems, additional obstructions 
arise because of the complex-
ity of mechanical modelling, 
the inadequacy of the analytical 
models used for the interpretation 
of the experiments, measurement 
errors and incompleteness of the 
field data. Therefore, of particular 

relevance for practical applica-
tions is to assess the robustness 
of the algorithms to measurement 
errors and to the accuracy of the 
analytical models used to describe 
the physical phenomenon. 
The purpose of the course is to 
present a state-of-the-art overview 
of the general aspects and practi-
cal applications of dynamic inverse  
methods, through the interaction 
of several topics, ranging from 
classical and advanced inverse 
problems in vibration, isospectral 
systems, dynamic methods for 
structural identification, active 
vibration control and damage 
detection, imaging shear stiff-
ness in biological tissues, wave 
propagation, computational and 
experimental aspects relevant for 
engineering problems. 
The course is addressed to doctoral 
and postdoctoral researchers in 
civil and mechanical engineering, 
applied mathematics, academic 
and industrial researchers.

Belishev, M.I. 2007. Recent progress 
in the boundary control method. 
Inverse Probl. 23, R1-R67.

Vestroni, F. 2008. Structural 
identification and damage detection, 
in: CISM Courses and Lectures No. 
499, Morassi, A.; Vestroni, F. (Eds.), 
Dynamic Methods for Damage 
Detection in Structures, pp. 111-136, 
Springer, Wien. 

Mottershead, J.E.; Ram, Y.M. 2006. 
Inverse eigenvalue problems in 
vibration absorption: passive 
modification and active control. 
Mech. Syst. Signal Pr. 20, 5-44.

Oberai, A.A.; Gokhale, N.H.; Feijoo, 
G.R. 2003. Solution of inverse 
problems in elasticity imaging using 
the adjoint method. Inverse Probl. 
19, 297-313.

Röhrl, N. 2005. A least-squares 
functional for solving inverse Sturm-
Liouville problems. Inverse Probl. 21, 
2009-2017.

Morassi, A. 2008. Damage detection 
in vibrating beams, in: CISM Courses 
and Lectures No. 499, Morassi, A.; 
Vestroni, F. (Eds.), Dynamic Methods 
for Damage Detection in Structures, 
pp. 137-182, Springer, Wien.

Parker, K.J.; Taylor, L.S.; Gracewski, 
S.; Rubens, D.J. 2005. A unified view 
of imaging the elastic properties 
of tissue. J. Acoust. Soc. Am. 117, 
1440-1447.

Gladwell, G.M.L. 2004. Inverse 
Problems in Vibration, Kluwer 
Academic Publishers.

Pöschel, J.; Trubowitz, E. 1987. Inverse 
Spectral Theory, Academic Press. 
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Udine, May 25 - 29, 2009
Application Form

(Please print or type)

Surname 	_________________________________________

Name 	___________________________________________

Affiliation	________________________________________

Address	__________________________________________

_______________________________________________

E-mail	__________________________________________

Phone	___________________Fax______________________

Method of payment upon receipt of confirmation (Please check the box)

The fee of Euro 600,00 includes  IVA/VAT tax and excludes bank charges

❏	I shall send a check of Euro _______________________________________

❏	 Payment will be made to CISM - Bank Account N° 094570210900, 
	 VENETO BANCA - Udine    (CAB 12300 - ABI 05418 - SWIFT AMBPIT2M - IBAN 	
	 CODE IT83Z 05418 12300 09457 0210900).
	 Copy of the receipt should be sent to the secretariat

❏	 I shall pay at the registration counter with check, cash or VISA 		
	 Credit Card  (Mastercard/Eurocard, Visa, CartaSì)

IMPORTANT: CISM is obliged to present an invoice for the above sum. Please 
indicate to whom the invoice should be addressed.

Name	______________________________________________________________________________________________________

Address	 __________________________________________________________________________________________________            	

________________________________________________________________________________________________________________

________________________________________________________________________________________________________________

C.F.*	________________________________________________________________________________________________________

VAT/IVA* No.	______________________________________________________________________________________________

(*) Only for EU residents or foreigners with a permanent business activity in Italy.

Only for Italian Public Companies
❏  I ask for IVA exemption (ex law n. 537/1993 -  art. 14 comma 10).

Privacy policy: I understand that data received via this form will be used only to provide 
information about CISM and its activities, within the limits set by the Italian legislative 
decree no. 196/2003 and subsequent amendments. 
Complete information on CISM’s privacy policy is available at www.cism.it.

I have read the "Admission and Accommodation" terms and conditions and agree.

Date _______________  Signature_____________________ 


