
 
 

Delft University of Technology

Data-Driven Fault Isolation in Linear Time-Invariant Systems: A Geometric Approach

Sheikhi, M.A.; de Albuquerque Gleizer, G.; Mohajerin Esfahani, P.; Keviczky, T.

Publication date
2025
Document Version
Final published version
Published in
Book of Abstracts 44th Benelux Meeting on Systems and Control

Citation (APA)
Sheikhi, M. A., de Albuquerque Gleizer, G., Mohajerin Esfahani, P., & Keviczky, T. (2025). Data-Driven
Fault Isolation in Linear Time-Invariant Systems: A Geometric Approach. In R. Carloni, J. Alonso-Mora, J.
Dasdemir, & E. Lefeber (Eds.), Book of Abstracts 44th Benelux Meeting on Systems and Control (pp. 68-
68). Rijksuniversiteit Groningen.
Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.



44th Benelux Meeting

on

Systems and Control

March 18 – 20, 2025

Egmond aan Zee, The Netherlands

Book of Abstracts



The 44th Benelux Meeting on Systems and Control is sponsored by

Raffaella Carloni, Javier Alonso-Mora, Janset Dasdemir, and Erjen Lefeber (Eds.)
Book of Abstracts - 44th Benelux Meeting on Systems and Control

University of Groningen
PO Box 72
9700 AB Groningen
The Netherlands

ISBN (PDF without DRM): 978-94-034-3117-8



Data-Driven Fault Isolation in Linear Time-Invariant Systems: A
Geometric Approach

Mohammad Amin Sheikhi Gabriel de Albuquerque Gleizer Peyman Mohajerin Esfahani
Tamás Keviczky

Delft Center for Systems and Control
Delft University of Technology, Mekelweg 2, 2628 CD Delft, The Netherlands

Emails: (m.a.sheikhi@tudelft.nl, g.gleizer@tudelft.nl, p.mohajerinesfahani@tudelft.nl, and t.keviczky@tudelft.nl)

1 abstract

In this work, a data-driven method is proposed for fault iso-
lation in linear time-invariant systems with additive faults.
The problem is formulated from a behavioral perspective,
utilizing a geometrical approach to distinguish between dif-
ferent faulty modes.

2 Introduction

Fault diagnosis methods provide effective solutions to avoid
costly maintenance due to potential malfunctions.The com-
plexity of such systems favors data-driven techniques over
classical model-based designs, relying on mathematical
models. Recent advancements in data-driven approaches
offer an alternative to conventional two-step solutions in
which explicit system parameter identification precedes
model-based design. In contrast, direct approaches describe
the system model in a behavioral setting [1], where a de-
tection filter is developed based on the kernel representation
of the healthy system [2]. Fault isolation (FI) problem is
a more involved task compared to detection problems, as it
reveals the root-cause of faults within the system. While
recent data-driven fault detection can be achieved without
knowing the system parameters explicitly [3], state-of-the-
art FI solutions still remain dependent on this information.
In the proposed work, the multi-classification problem is ad-
dressed by leveraging the geometry of the underlying prob-
lem in the signal space, eliminating the need for the original
system parameters unlike the existing works. Compared to
the classical solution, it is also easier to scale up for systems
with many input-outputs. Problem Statement: A fault-free,
yet potentially noisy, dataset comprising input-output (I/O)
samples of a linear time-invariant system is available during
the design stage. We aim to design a diagnosis filter to lo-
calize the presence of additive faults, while the underlying
system matrices are not known. The system behavior is de-
scribed as a family of trajectories (u, y), aiming to classify
the regime the system belongs to at any given time k.

3 Framework

To design a diagnosis filter, the system output under oper-
ating conditions should be decoupled from the input signal
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Figure 1: The proposed fault isolation scheme.

and the states, with the remainder referred to as the residual
signal. Nullspace-based filters are one of the fundamental
techniques for generating the residual signal. In these meth-
ods, the left nullspace of the extended observability matrix
is exploited to derive a fault detection filter. In this set-
ting, the corresponding subspace must be retrieved from the
given data. Additionally, the filter’s time window ensures
the existence of the left nullspace and defines the ambient
space in which the generated trajectories reside. The iso-
lation task processes the information carried in the resid-
ual signal to identify the faults’ sources. Each element of
the multi-dimensional residual signal, generated based on
the left nullspace, acts as the output of an individual finite-
impulse response filter. The core idea of the proposed frame-
work is to take advantage of this analytic redundancy to de-
termine the faults locations. During the training phase, dic-
tionaries associated with each type of fault are constructed,
and the residual signal is projected onto these subspaces.
From a geometric perspective, the residual vector should be-
long to the subspace corresponding to the fault signal. The
angle between the residual vector and the projected signal
serves as the decision variable in the proposed classifier.
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