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ABSTRACT

In the last decades, with the rapid development of computer technology, the implementation of control
strategies through digital devices is more and more growing in many practical engineering applications
for its better scalability, reliability, flexibility, and cost-effectiveness. Moreover, with the increasing
developments of wireless data communication and network technologies, the presence of time delays
in modern control systems has become unavoidable, such as in networked control systems, mobile
robotic systems, and multi-agent systems. It is then clear that the development of methodologies for
the design of digital controllers taking into account the presence of time delays is of crucial importance
nowadays, attracting more and more the attention of the researchers in this direction. Motivated from
such necessity, the present investigation aims to provide methodologies for the design of digital control
strategies for nonlinear systems affected by state, input and output delays.

DESCRIPTION OF THE PROJECT

Nowadays, technology advances in digital electronics and embedded systems have led to a rapid
development in computer technology. Currently, digital devices are commonly used in many practical
applications for their better scalability, reliability, flexibility, and cost-effectiveness. Control
engineering is one of many areas where digital technologies has made a great impact [1]. In particular,
a digital control system consists of a continuous-time plant/process controlled by algorithms that are
typically implemented on simple programmable devices (like FPGAs and microcontrollers) and which
provide the control actions. In such a context, the presence of sampling and quantization is an
unavoidable aspect which should be taken into account during the controller design procedures. A
popular approach for the design of quantized sampled-data controllers is the one based on the event-
triggered control, which has been proved to be successful in properly managing shared computation
and communication resources in the digital world [2]. The main idea behind such an approach is to
control the system whenever it really needs attention, by avoiding continuous-time state/output
monitoring and control updates unless they are necessary [3]. With the emergence of the event-based
implementation techniques, the study of digital control systems constitutes nowadays a very popular
research topic. In this context, another crucial aspect to take into account is that, with the increasing
developments of wireless data communication and network technologies, input and output delays are
commonly encountered in modern control systems (e.g., networked control systems, mobile robot
systems and multi-agent systems [4]-[6]) and their presence may seriously compromise the closed-
loop stability and performances if not carefully considered during the design procedures of control
laws [7]. Moreover, most plants and processes are nonlinear in nature [8] and, in systems modelling,
it is often necessary to take into account the presence of state delays in order to correctly characterize
the dynamics of physical phenomena (see, for instance, [9]-[11]). In the context of the digital control,
on the one hand, several results can be found in the literature concerning sampled-data controllers for
nonlinear systems under input and/or output delays (see, for instance, [ 12]-[ 14] and references therein),
where, however: only particular classes of nonlinear systems are studied when state, input, and output
delays are simultaneously considered; the presence of quantization is not taken into account; event-
triggered strategies for the managing of the communication resources are not considered; uncertainties



affecting the sampled-data control scheme at hand are not addressed. On the other hand, many results
have been provided concerning the quantized sampled-data event-triggered control of nonlinear
systems with state delays which, however, do not consider the presence of input and output delays
(see, for instance, [15], [16] and reference therein). Despite significant progress in the digital control
of nonlinear time-delay systems, a unified framework for the design of quantized sampled-data event-
triggered controllers taking into account state, input, and output delays is still missing in the literature.
In particular, to the best of my knowledge, no result is available in the literature concerning digital
controllers for nonlinear systems taking simultaneously into account: (i) the presence of both sampling
and quantization (possibly non-uniform) in the input/output channels; (ii) the presence of state, input
and output time-delays; (iii) the use of event-triggered strategies for the managing of the
communication resources; (iv) the presence of uncertainties in the considered digital control scheme,
such as actuation disturbances and sensors errors. By exploiting the stabilization in the sample-and-
hold sense theory as a tool (see [17], [18]), the present study aims to fill this gap by providing a unified
framework for the design of robust digital controllers for nonlinear systems taking into account points
(1)-(iv). In particular, the main objectives of the present research are: (a) to provide methodologies for
the analysis and the design of robust quantized sampled-data event-triggered controllers for nonlinear
systems under state, output and input delays and affected by arbitrarily large actuation disturbances
and suitably small measurement errors; (b) to apply the proposed methodologies to practical
engineering contexts such as the temperature control problem of a continuous stirred tank reactor [9],
the glucose regulation problem of diabetic patients via artificial pancreas [10], the positioning control
problem of a single-link flexible joint robot arm [ 19]. It is here highlighted that, in real world scenarios,
the consideration of the aspects (i)-(iv) during the control design procedure is of crucial importance.
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NOVELTIES

In the last decades, the study of nonlinear time-delay systems has attracted the attention of many
researchers due to their crucial importance in describing many practical control frameworks such as:
mobile robots; processes control; biomedical applications. Indeed, in systems modelling, it is often
necessary to take into account the presence of state delays in order to correctly characterize the
dynamics of physical phenomena and, furthermore, due to the increasing developments of wireless
data communication and network technologies, the presence of input and output delays induced by the
devices implementing the controller at hand is, nowadays, an unavoidable aspect to take carefully into
account during the design procedures of control laws. Moreover, the widespread use of digital devices
for the practical implementation of control strategies has led to the need for suitable design
methodologies to take into account the presence of sampling and quantization in the closed-loop
control scheme at hand. In addition, in many practical applications, the communication resources
required for the correct implementation of proposed controllers are often limited. Thus, the
development of methodologies for the design of controller for nonlinear systems taking into account
the presence of time delays, quantized sampled-data implementation frameworks and limited
communication resources is, nowadays, of crucial importance. To the best of my knowledge, no result
is available in the literature concerning the analysis and the design of controllers for nonlinear systems
taking simultaneously into account: (i) the presence of both sampling and quantization (possibly non-
uniform) in the input/output channels; (ii) the presence of state, input and output delays; (iii) the use
of event-triggered strategies for the managing of limited communication resources; (iv) the presence
of uncertainties in the considered digital control scheme. The present study aims to fill this gap by
providing a unified framework for the analysis and the design of digital controllers for nonlinear
systems taking into account points (i)-(iv). In particular, for the first time in the literature, the
stabilization problem of nonlinear systems by means of quantized sampled-data event-based
controllers will be addressed taking into account the presence of state, input and output delays. Possible
uncertainties affecting the control scheme at hand will be also considered. The proposed
methodologies will be applied to practical engineering control problems highlighting the impact of the
provided results in the automatic control field from both practical and theoretical points of view. In
particular, the application of the proposed methodologies will provide new results in the context of:
(a) the glucose regulation problem in type 2 diabetic patients; (b) the temperature control problem of
continuous stirred tank reactors; (c) the positioning control problem of a flexible joint robot arm.
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