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System Identification of Dynamic Structural Systems Using
Continuous-Time Domain Methods

Abstract
by
Swaminathan Krishnan

Structural system identification is the process of deducing the properties of a structural
system from its measured response to ambient vibration by fitting a mathematical
model. The objectives of this study are to: (1) investigate the use of existing system
identification methods, and (2) develop new system identification methods, in order to
evaluate both loading and structural modal parameters of ambient excited structures
for which the load process is difficult to measure. An example is the case of offshore
platforms subjected to sea waves. The study considers the inverse problem from the
viewpoint of continuous-time linear dynamic systems. An existing structural identifica-
tion technique defined for the deterministic case (when the loading is known) and
based on sequences of modal minimizations (called modal sweeps) is formulated for
the genéral case of multiple-input multiple-output (MIMO) systems. A global minimi-
zation technique based upon the Levenberg-Marquardt algorithm for nonlinear least-
squares problems is developed for the same case. Both identification techniques are
applied to a multi-degree-of-freedom (MDOF) shear building model and the results are
shown to be consistent. Using the framework of random vibration theory, these tech-
niques are then converted to the stochastic case, namely when the loading process is

known only statistically. These identification methods, both individually and combined,




were tested based on simulated cases of increasing complexity. The results obtained
are promising and indicate that under certain conditions, both load and structural
parameters can be estimated from the measured response and the statistical properties
of the loading process. However, the load parameters are not as well estimated as the
structural parameters, since the load process is further removed from the response pro-
cess than the structural filter. Although a generic shear building model has been used
throughout this study to simulate the dynamic response of real structures, the results

obtained are believed to apply to linear multi-degree-of-freedom systems in general.
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Symbols, Abbreviations and Notational Conventions

* Bold capital alphabet represents matrices
* Bold lower case letters stand for vectors, either row or column
o Other symbols represent scalar quantities.

Operators

E[x]
xT
A-l

Ry ()

Ruv (1)
S,y ()
Suy (@)
X (1)

mathematical expectation of random vector x
transpose of the vector or matrix x
inverse of the square matrix A

= E[x (t)xT(t +'r)] : Auto/Cross-Correlation matrix of x

= E[u €3] vT(t+1:)] : Cross-Correlation matrix of u and v
power spectral density matrix of x = Fourier transform of R, ()
cross spectral density matrix of u and v = Fourier transform of R,y (D

Kronecker’s delta: &; = 1 for i =, &;; = O for i#j
time derivative of x(t), in the mean square sense if x(t) is a random process

Symbols used in the Text

M
D
K

M*
D*
K*
H

J
do
0]

n X n mass martrix

n x n damping matrix

n x n stiffness matrix

n x n generalized mass matrix

n x n generalized damping matrix
n x n generalized stiffness matrix

transfer function
objective function
psd of continuous white noise

parameter vector

Abbreviations and Acronyms

MIMO
MISO
SIMO
SISO
MDOF
SDOF
ACF
CCF
PSD
L-M

Multiple Input-Multiple Output
Multiple Input-Single Output
Single Input- Multiple Output
Single Input-Single Output
Multi-Degree-Of-Freedom
Single-Degree-Of-Freedom
Auto-Correlation Function
Cross-Correlation Function
Power Spectrum Density
Levenberg-Marquardt



1. Introduction

System identification is the process of trying to deduce a model of a system from its
output and possibly its input. In this definition: (1) a system is an object in which
variables of different kinds interact and produce observable signals; (2) the observable
signals that are of interest to us are called outputs; (3) external signals affecting the
system that can be manipulated by the observer or are imposed on the system are
called inputs; and (4) a model is any mathematical representation of the system which

allows a good approximation to its output to be computed for the given input.

It is important to realize that system identification is an inverse problem and like most
inverse problems, it is ill-posed. Every system has a variety of properties, some domi-
nant and some not so dominant in contributing to its response to an input. By just
looking at the output, only the dominant properties would surface and the less domi-
nant ones remain hidden. This intrinsic indeterminacy is what makes the problem of

system identification more challenging.

This thesis is concerned with the development and application of system identification
techniques to structural systems such as buildings, bridges, and offshore platforms. In
this context, the output refers to the recorded displacement, velocity or acceleration
response measured at discrete points within the structure. The input to the structure
depends upon the particular application. For buildings, typically, it would be earth-
quake ground motion, wind gusts and ambient tremors, while for offshore platforms, it

would be wind, wave, and current loads.

In the case of buildings shaken by earthquakes, usually both input and output records
are available. This represents the deterministic case of system identification for which
the model structural parameters are directly estimated from input and output measure-
ments. This is done by minimizing an objective function which is the integral over

time of the square of the difference between the model output and the measured struc-






