
Preface

The aim of this monograph is to present the key ingredients of a still-in-progress
research discipline within the structural engineering realm, namely online damage
detection. The material of the text offers detailed explanations on recursive
Bayesian filters (e.g., Kalman filters, particle filters), proper orthogonal decom-
position methods (POD) (e.g., singular value decomposition, principal component
analysis), and a combination thereof, i.e., a synergy of reduced order modeling and
recursive Bayesian filtering. Illustrations accompanied by the theoretical
description allow the reader to intuitively comprehend the notions. Therefore, this
book can serve as a tutorial for scientists and engineers who want to apply and
implement proper orthogonal decomposition and/or Bayesian filters to a specific
problem.

Throughout the book, the focus of the numerical examples is on structural
systems. The techniques presented in this research monograph are well established
in fields like automatic control, statistics, etc. However, they are rather new to civil
and structural engineers; hence, the algorithms are presented in enough details so
that the reader can easily implement them on any structural state-space model.
At first, the ease of implementation has been the main concern; however, the
author believes that the way the main notions are analyzed makes this book an
inspiration for conducting further research and development of these methods.

The objective of the study presented in this monograph is to develop techniques
for vibration-based non-destructive damage identification of the structures. In fact,
the major emphasis is on the development of quick and robust recursive damage
detection algorithms in order to facilitate the task of online, real-time continuous
monitoring of civil structures, such as, e.g., residential buildings, bridges, and
other similar structures. This goal can be accomplished only through mixing dif-
ferent disciplines of science and technology, including automatic control, applied
mathematics, and structural engineering.

It should be emphasized that though Bayesian filters have been extensively
studied in the automatic control field, their applications in structural engineering
are yet to be investigated. The applications of extended Kalman filter (EKF),
sigma-point Kalman filter (SPKF), and particle filter (PF) to simplified and low-
dimensional models are suggested in the existing literature; nevertheless, to the
best of my knowledge, applying the extended Kalman-particle filter (EK-PF) has
never been reported when dealing with a structural engineering problem.
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The algorithms for all the Bayesian filters used in this book are derived using the
same notation; this can allow the reader to easily understand the similarities and
ideas behind each one of them. Their performances dealing with different iden-
tification tasks are scrutinized in detail, and the reason for their success and failure
in each case is highlighted.

It is perceived that as the number of the degrees-of-freedom increases, the
adopted methods in the literature lose their accuracy in system identification, and
thus in damage detection process. This problem is created due to the high
dimension of the parameter space, i.e., by so-called curse of dimensionality. To
manage this issue, in this study I make recourse to reduced order modeling of the
systems. The aforementioned task is accomplished by using the proper orthogonal
decomposition. Before using POD-based models in the Bayesian filters, the per-
formance of such methodology is thoroughly investigated to ensure accuracy,
speed-up, and robustness when different sources of excitation shake the structures.

The major contribution of the present research is the development of a recursive
stochastic algorithm by a synergy of dual estimation concept, POD-based order
reduction, and a subspace update. The proposed methodology takes advantage of
Bayesian filters (like EKF and EK-PF) for dual estimation of state and parameters
of a reduced order model of a time-varying system. A Kalman filter is employed
within each iteration period to update the subspace spanned by the POMs of the
structure. The efficiency and effectiveness of the algorithm are verified via pseudo-
experimental tests conducted on multi-storey shear buildings. It will be shown that
the procedure successfully identifies the state, the model parameters (i.e., the
components of the reduced stiffness matrix of the structure) and relevant proper
orthogonal modes (POMs) of the reduced model. Unbiased estimates furnished by
the algorithm permit the health monitoring of the structure.

By reading this monograph, one could learn how the family of Kalman filters
and particle filters are connected; compare their performances when dealing with a
structural dynamics problem; see through detailed examples why and when they
fail; figure out which filter can better fit a certain problem; and know how to tune
the parameters of the filters. Moreover, the way the filters are presented renders the
task of implementing more complicated filters easy and even developing ad hoc
filters for structural engineering possible. Concerning reduced order modeling,
possible limitations caused by POD-based reduced models are shown via
numerous graphs and tables. The nature and extent of the inaccuracies caused by
abridging the full mathematical model of the structures are carefully studied and
analyzed. Finally, the use of such reduced models in the Bayesian filters is studied
for the case in which the model can change (sustain damage) and also when it is a
priori known that the model remains undamaged.

To follow the contents of this monograph, the reader is expected to have a
background in statistics and calculus, and to be familiar with linear algebra and
fundamentals of signal processing.

The material covered in this book is derived from the doctoral dissertation of
the author, which was submitted to the scientific faculty of the doctoral program at
the Department of Structural Engineering of the Politecnico di Milano. The author
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which this work would never have been in its present state. The author wants to
thank all his friends in the department and outside it, whose presence made those
years so memorable.

Saeed Eftekhar Azam

Preface ix



http://www.springer.com/978-3-319-02558-2




