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Abstract: This document provides the motivations and a brief introduction to the Special Issue
entitled “Advanced Control Design and Fault Diagnosis”, which aims at presenting several solutions
to the advanced control design and fault diagnosis systems. These methodologies can be considered
in the general framework of advanced control, fault diagnosis and fault tolerant control systems,
which are also able to improve the safety of the system under monitoring. The focuses of the current
research in this field addressed in this Special Issue are also presented with emphasis on the practical
application to simulated and realistic examples, which should provide an overall picture of current
and future developments in this area. The works of this Special Issue represent suitably extended
contributions selected by the proponents from the ACD2019—the 15th European Workshop on
Advanced Control and Diagnosis, which was organised in Bologna, Italy on 21st–22nd November.

Keywords: advanced control; fault diagnosis; fault tolerant control; reliability and robustness;
safety-critical systems

1. Introduction

Modern technological and safety-critical systems rely on sophisticated control solu-
tions to meet increased performance in faulty conditions, reliability and safety requirements.
A conventional feedback control design for a complex system may result in an unsatisfac-
tory performance, or even instability, in the event of malfunctions in actuators, sensors
or other system components. To overcome this limitation, new approaches to advanced
control system design and fault diagnosis strategies have been developed in order to toler-
ate component malfunctions while maintaining the desirable stability and performance
properties. This feature is particularly important for safety-critical systems. In such plants,
the consequences of a minor (abrupt or incipient) fault in a system component can be
catastrophic. Therefore, the demand on reliability, safety, availability and fault tolerance
is generally high. It is necessary to design control strategies that are capable of tolerating
potential faults in order to improve the reliability, safety and availability, while providing
desirable performances. These types of control systems are known as fault tolerant control
systems. In more detail, they consist of control systems possessing the ability to accom-
modate component faults automatically. They are also capable of maintaining overall
system stability and acceptable performance in the event of such faults. In other words, a
closed-loop control system that can tolerate component malfunctions, while maintaining
desirable performance and stability properties is considered to be a fault tolerant control
system [1].

On the other hand, over the last four decades, the growing demand for safety, reliabil-
ity, maintainability and survivability in technical systems has drawn significant research in
fault detection and diagnosis, resulting in the development of many solutions. Note that in
the literature, fault detection and isolation or fault detection and identification (estimation)
are often used. In advanced control design for fault diagnosis, fault identification (i.e.,
estimation) is important; therefore, the fault detection and diagnosis tasks are mainly
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considered to highlight the requirement of fault reconstruction. On a parallel path, research
on reconfigurable fault tolerant control systems has increased progressively since the initial
research on restructurable control and self-repairing flight control systems began in the
early 1970s. More recently, fault tolerant control has attracted more and more attention in
both industry and academic communities due to the increased demands for safety, high
system performance, productivity and operating efficiency in a wider range of engineering
applications, not limited to traditional safety-critical systems [2,3].

From the beginning of 1980, several milestones have been available in the literature.
In particular, apart from the triennial IFAC Symposium on Fault Detection, Supervision
and Safety for Technical Process (SAFEPROCESS) started in 1991, in 2010, the first Inter-
national Conference on Control and Fault Tolerant Systems (Systol’10) was a success and
demonstrated the demand for establishing a permanent scientific forum in the general
area of system monitoring, fault diagnosis and fault tolerant control. The second confer-
ence on Control and Fault Tolerant Systems (Systol’13), through its technical program,
provided a unique opportunity for the academic and industrial community to formulate
new challenges, share solutions and discuss future research directions. Presentations of
theoretical results accompanied by practice-related experiments were encouraged, and the
best contributions were selected for a Special Issue from the latest Systol’16 Conference
held in Barcelona, Spain, 7–9 September 2016.

On the other hand, regarding the Advanced Control and Diagnosis (ACD) workshops,
the first one was organised in Duisburg, Germany, in November 2003. After six editions,
the ACD workshop became a European event, when it was organised in Ferrara, Italy, in
18–19 November 2010. After six further editions, the ACD2019 became an intercontinental
event, with its edition in Bologna, Italy, 21–22 November 2019.

Historically, from the point of view of practical applications, a significant amount
of research on advanced control design and fault diagnosis systems was motivated by
aircraft flight control system design. The key point was to provide fault accommodation
features to ensure a safe flight in the event of severe faults in the aircraft. Such effort was
also stimulated partly by two commercial aircraft accidents in the late 1970s, in particular
involving Delta Flight 1080 (12 April 1977), and American Airlines DC-10, in Chicago. It
is, thus, evident why the fault tolerant control problem began to draw more and more
attention in a wider range of academic and application communities, due to increased
safety and reliability demands beyond what a conventional control system can offer [4].

This Special Issue highlights that, maybe due to historical reasons and the complexity
of the problem, most of the research on advanced control design and fault diagnosis
was carried out as two separate tasks. More specifically, most of the fault diagnosis
techniques are developed as a diagnostic or monitoring tool, rather than an integral part
of the advanced control design. As a result, some existing fault detection methods may
not satisfy the requirements of advanced control solutions. On the other hand, most
of the research on advanced control design is carried out assuming the availability of a
perfect fault diagnosis. Little attention has been paid to the analysis and design with the
overall system structure and interaction between advanced control and fault diagnosis.
From the viewpoint of control design, what are the needs and requirements for fault
diagnosis? How can the advanced control and fault diagnosis be designed in an integrated
manner for safety-critical applications? Many challenging topics, which are analysed by
the contributions to this Special Issue, properly selected from the ACD2019 workshop
(https://eventi.unibo.it/acd2019/, accessed on 31 August 2021), still remain open for
further research and development [2,3].

One of the motivations of this Special Issue is to provide an overview on the recent
developments in advanced control design and fault diagnosis, with applications to realistic
systems. At the same time, this Special Issue aims at presenting some challenging open
problems for future research. It is the Editors’ hope that this Special Issue could provide
some useful information to researchers and practitioners in the field in order to facilitate
the further development of this important area.

https://eventi.unibo.it/acd2019/
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2. Contributions’ Description

The papers contributed to the Special Issue were selected from the best contributions
presented during the ACD2019—15th European Workshop on Advanced Control and
Diagnosis, Alma Mater Studiorum—University of Bologna that was held in Bologna, Italy,
on 21–22 November 2019, and they are given here in an extended version with in-depth
analysis and new contributions. Their details and a brief summary of the addressed issues
have been provided in the following.

• Remaining Useful Life Prediction of MOSFETs via the Takagi–Sugeno Framework by
Marcin Witczak, Marcin Mrugalski and Bogdan Lipiec [5].

The work develops a new method for predicting the remaining useful life of technical
devices, which relies on a soft computing approach in order to bridge the gap between
analytical and data-driven health prognostic methods. Therefore, a practical method for
calculating the remaining useful life of electronic components is addressed. Differently
from the approaches available in the related literature, the proposed strategy also provides
the uncertainty interval containing an expected remaining useful life.

• The Short-Circuit Protections in Hybrid Systems with Low-Power Synchronous Gen-
erators by Bartosz Rozegnał, Paweł Albrechtowicz, Dominik Mamcarz, Natalia Radwan-
Pragłowska and Artur Cebula [6].

The work considers the case of single-phase short-circuits, as they represent the most
common faults in electrical systems. In particular, backup power supply systems from small
power synchronous generators are considered. Moreover, standard protection systems
for these devices work correctly during supply from the grid, but do not guarantee fast
off-switching, while short-circuits occur during supplication from the backup generator
set. Therefore, an accurate analysis is performed to highlight the main problems and the
adopted solutions.

• Model Predictive Control for Virtual Synchronous Generator with Improved Vector
Selection and Reconstructed Current by Nan Jin, Chao Pan, Yanyan Li, Shiyang Hu and Jie
Fang [7].

The paper considers the problem of the degradation of the inertia and the stability
features of power grids due to the large-scale renewable energy conversion systems. There-
fore, in order to improve the grid recovery, this study develops a model predictive control
scheme that can automatically control the generated output power with the grid frequency
and voltage changes. The fault tolerant ability and the achieved reliability characteristics
are also investigated by means of experimental investigations.

• Model Based Optimisation Algorithm for Maximum Power Point Tracking in Photo-
voltaic Panels by Faiçal Hamidi, Severus Constantin Olteanu, Dumitru Popescu, Houssem
Jerbi, Ingrid Dincă, Sondess Ben Aoun and Rabeh Abbassi [8].

This study proposes an enhanced maximisation problem based on gradient optimi-
sation techniques to achieve better performance. This issue is considered in the context
of maximum power point tracking for photovoltaic panels, where an equality restriction
applies, which is solved by employing advanced optimisation and minimisation tools. The
simulation of a basic conversion system was considered to validate the performances of
the developed tools.

• Testing System for the On-Site Checking of Magneto-Thermal Switches with Arc Fault
Detection by Giovanni Bucci, Fabrizio Ciancetta, Andrea Fioravanti, Edoardo Fiorucci,
Simone Mari and Alberto Prudenzi [9].

This work addresses an experimental test method to verify the proper functioning
of magneto-thermal switches with an electric arc protection function for the occurrence
of arc faults. In fact, arcing represents a harmful condition that can lead to electrical fires,
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especially if occurring in residential areas. The achieved results show that the proposed
method adequately detected the correct operations and tripping time by using different
surge suppressors. The proposed system lays the foundations for a portable test system for
the periodic checking of electrical systems in which arc fault detection devices are installed.

• Density Difference Grid Design in a Point-Mass Filter by Jakub Matoušek, Jindřich
Duník and Ondřej Straka [10].

The paper deals with the Bayesian state estimation of nonlinear stochastic dynamic
systems. In particular, it is focused on the point-mass filter, solving the Bayesian recursive
relations for the state estimate conditional density computation using the deterministic
grid-based numerical integration method. A simulation example is considered to validate
the characteristics of the proposed grid design.

• An Efficient Robust Predictive Control of Main Steam Temperature of Coal-Fired Power
Plant by Di Wang, Xiao Wu and Jiong Shen [11].

This work develops an offset-free offline robust model predictive control strategy for
the main steam temperature system of a coal-fired power plant. This issue represents the
key point as it determines the economic efficiency and safety of the process. A zonotope-
type uncertain model is exploited as the prediction model in the proposed design due to its
features of high accuracy, compactness of representation and reduced complexity. An offline
algorithm aiming at the system robustness and computational efficiency is then developed
to maintain the desired steam temperature in case of wide operating condition changes.
Simulations using on-site operating data of a 1000 MW ultra-supercritical power plant
serve to highlight the satisfactory control performance and online computation efficiency.

• Advanced Control for Hydrogen Pyrolysis Installations by Dumitru Popescu, Catalin
Dimon, Pierre Borne, Severus Constantin Olteanu and Mihaela Ancuta Mone [12].

This paper aims at designing a numerical control solution based on the thermodynamic
analysis of the pyrolysis reactions for hydrogen production and to present novel research
developments that highlight industrial applications. In fact, today, hydrogen production
plays an important part in the industry due to the increasing use of hydrogen in significant
domains, such as chemistry, transportation, or energy. Therefore, the study considers the
thermodynamic evaluation of the system equilibrium for the pyrolysis reactions set, to
recommend an appropriate automatic control solution for hydrogen pyrolysis installations.
The data from an experimental platform were employed to validate the achieved results.

• Doubly Fed Induction Generator Open Stator Synchronised Control during Unbalanced
Grid Voltage Condition by Akrama Khan, Xiao Ming Hu, Mohamed Azeem Khan and Paul
Barendse [13].

The paper proposes a systematic synchronisation procedure for a doubly fed induc-
tion generator during unbalanced grid voltage conditions. The initial induced voltage at
the open stator terminal is required to synchronise with the grid voltage in magnitude,
frequency and phase. An open stator negative sequence rotor current controller is imple-
mented with the conventional doubly fed induction generator vector controller, which
allows the induced stator voltage to become as unbalanced as the grid voltage, hence
enabling a smooth connection. The procedure is validated experimentally on a 2.2 kW
laboratory-scaled test bench.

3. Conclusions

The major objective of this Special Issue was to introduce and revise design methods
for advanced control and fault diagnosis for dynamic processes from different aspects.
Under the view of system types, advanced control design and fault diagnosis issues were
dealt with for linear time-invariant and time-varying systems as well as for nonlinear
and complex systems. From the methodological point of view, both model-based and
data-driven schemes were investigated. To allow for a self-contained study and enable an
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easy implementation in realistic and engineering applications, the necessary knowledge as
well as tools in mathematics and control theory were considered in this Special Issue. The
main results with the advanced control design and fault diagnosis schemes were presented
in the form of algorithms and demonstrated also by means of benchmark case studies.
The intended audience of this Special Issue are process and control engineers, engineering
students and researchers with a control engineering background.
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