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Efficient and Interpretable System Identification in Civil
Engineering Using Data-Driven Methods

Effiziente und interpretierbare Systemidentifikation im Bauingenieurwesen mittels
datengesteuerten Methoden

Abbildung 1: System identification with SINDy [1]

Nonlinear dynamic systems play a criti-
cal role in civil engineering, especially in
the analysis and prediction of structural
behavior under complex loading condi-
tions. Precise modeling of such systems
is essential to ensure the safety and
longevity of constructions. However,
traditional methods of system iden-
tification often reach their limits in
capturing complex nonlinear relation-
ships. In this context, the method of
Sparse Identification of Nonlinear Dy-
namics (SINDy; see [1, 2]) offers a
promising alternative. SINDy not only
identifies precise models of nonlinear

dynamics with a minimal number of parameters, but also aligns with the principles of explain-
able AI, providing interpretable models that offer insights into the underlying physical processes of
complex systems.

The aim of this thesis is to comprehensively examine SINDy and evaluate its potential for use in
civil engineering. This includes a detailed literature review of the method itself, as well as practical
application in various examples. The thesis aims to demonstrate the usefulness of SINDy for efficient
modeling and prediction of nonlinear systems in the field of civil engineering.

Objectives

• Conduct a comprehensive literature review on nonlinear dynamic systems and system identification in
civil engineering. The focus will be on the fundamentals of the SINDymethod, its underlyingmathemat-
ical concepts, and practical applications. Additionally, extensions of SINDy, such as Bayesian SINDy [3],
RK4-SINDy [4], and PhI-SINDy [5], should be introduced. For a master’s thesis, one of these additional
methods is to be examined in detail.

• Implement the numerical investigations using, for example, Julia, Python, or Matlab. The basic func-
tionalities should be implemented independently on a simple example (a 1D nonlinear oscillator, e.g.,
[1, Section 4.1]). In a master’s thesis, one of the additional methods, previously mentioned, is also to
be implemented.

• Apply the method to a more complex example from civil engineering, such as an FEM model of a bridge
or a structure. The results should be compared with those of traditional methods for system identifi-
cation. Existing software packages may be used, such as the Julia package DataDrivenDiffEq.jl.

• Conduct a critical analysis of the results and evaluate the appropriateness of SINDy and its extensions
in comparison to traditional methods.
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