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Electrical power systems are undergoing a radical change
in structure, components, and operational paradigms,
and are progressively approaching the new concept of
smart grids (SGs). Future power distribution systems will
be characterized by the simultaneous presence of various
distributed resources, such as renewable energy systems
(i.e., photovoltaic power plant and wind farms), storage
systems, and controllable/non-controllable loads. Control
and optimization architectures will enable network-wide
coordination of these grid components in order to im-
prove system efficiency and reliability and to limit green-
house gas emissions. In this context, the energy flows will
be bidirectional from large power plants to end users and
vice versa; producers and consumers will continuously
interact at different voltage levels to determine in advance
the requests of loads and to adapt the production and de-
mand for electricity flexibly and efficiently also taking into
account the presence of storage systems.

This evolution of power distribution networks involves
also an increasingly complex and performing Information
and Communication Technology (ICT) infrastructure. An
increasing and continuous flow of information will be
exchanged among the various levels of such systems
in order to ensure an optimized operation of the network
and an efficient management of distributed resources.
Then, SGs operate with two-way flows of both electricity
and information. The necessary communication resources
heavily depend on the choices related to the required
signal processing for analysis, monitoring, and management
of the network.
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Many research contributions have been published
recently in the relevant literature, covering the innovative
topics associated with this new concept of functional
power systems. However, few papers have addressed the
problems inherent to the study of the advanced signal
processing techniques and telecommunications network
infrastructures which are needed for the modern SGs.
This is the reason for this special issue.

There are many aspects where signal processing plays
a crucial role for planning and operation of SGs. This
special issue focuses on some of them, addressing in
particular the development of new, advanced, signal
processing methods for studying the characteristics of
highly non-stationary waveforms involved in the analysis,
monitoring and management of the electrical quantities at
nodes/branches of the smart grids.

Our call for papers attracted numerous submissions
worldwide. In response to the call for papers for this
special issue, after the review process, 12 were accepted
for publication, with co-authors from Asia, Europe,
South America, and the USA These papers are briefly
described in the following.

In [1], the authors use higher-order statistics-based
feature extraction and regression algorithms implemented
in artificial neural networks (ANNs) to classify power
quality disturbances. The novel aspect of the method
proposed is the use of a feature vector based on the
combination of time and frequency domain higher-order
statistic coefficients obtained from the samples of the
input signal. Seven regression algorithms implemented in
ANNSs are compared for classification of different power
quality disturbances: stationary harmonic distortion,
time-varying harmonics, oscillatory transients, impulsive
transients, interruptions, voltage swells, and voltage sags
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and voltage sags plus oscillatory transients, with the method
based on radial basis networks, generalized regression,
and multilayer perception showing the best perform-
ance. In [2], the authors study the noise, the channel
response, and the input impedance of the power line
network in different scenarios (rural, semi-urban, and
urban), providing an estimation of the data rates obtained
in each case. In addition, the paper also studies the simul-
taneous use of the three-phase conductors in low-voltage
distribution networks for multiple-input multiple-output
communications, in order to improve the performance of
the single-input single-output communication systems. In
paper [3], the enhanced power system electromechanical
oscillation estimation via subspace identification is pro-
posed. Singular value-based method is adopted to improve
the computation efficiency for determining the model
order of the estimated system and increase the solution
accuracy of the estimates. A mode matching method
based on the characteristics of accurate mode shape
estimates is then proposed to ensure the correctness of
the estimates. Simulation results validate the feasibility of
the proposed methods. Paper [4] is focused on the prob-
lem that, in the future, a significant portion of electricity
demand will be somewhat flexible and, accordingly, may
be responsive to changes in electricity prices. In particular,
the study of the collusion between generators and loads
that can manipulate this market is studied, and a method
aimed to learn how to deter such collusion is proposed. In
[5], a data processing network for an in-house low-voltage
smart grid is considered. The aim of the paper is the
proposal of a high-rate measurement architecture for
data processing, monitoring, and management in a smart
grid characterized by real-time measurements and sophis-
ticated control integrating fluctuating renewable power
sources and/or prosumers (such as electrical vehicles and
storage systems).

Papers [6—8] are focused on different aspects of power
quality in smart grids. In particular, the problem of new
hardware with adequate computational capability and
time intensive, cost-ineffective manual implementations
in advanced power quality metering algorithms is studied
in [6]. In fact, a model-based design approach to rapidly
implement power quality metering algorithms is pro-
posed that is able to focus on the design, validation,
and testing stages while skipping over implementation
issues. In [7], a new analytical estimator for light
flicker in frequency domain is presented. The proposed
estimator is applied to numerous numerical case studies
showing higher accuracy than the classical IEC flicker-
meter and can be included in signal processing tools
for interharmonic penetration studies due to renewable
energy sources in future smart grids. In [8], power quality
level reduction caused by dispersed renewable generation
connected to the grid through static converters is
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considered. In particular, advanced parametric methods for
assessing waveform distortions (such as Prony and ESPRIT,
and some hybrid methods) are critically compared on the
basis of their accuracy and the computational effort re-
quired. Recent developments associated with signal pro-
cessing applied to power system analysis in terms of
characterization and diagnostics are reported in [9] where
some techniques applied to power fluctuations are reviewed
and their characteristics and applications discussed.

In [10], the error probability analyses are performed
for a hybrid direct sequence modulation with fast fre-
quency hopping (DS/FFH) system over standard Gauss-
ian and fading-type channels, progressively including the
effects from wide- and partial-band jamming, multi-
user interference, and varying degrees of Rayleigh and
Rician fading. In addition, an optimization approach
is formulated that minimizes the bit error performance of
a hybrid DS/FFH communication system and solves
for the resulting system design parameters. In article
[11], the problem of distribution system state estima-
tion for the management and control in smart grids
is studied. In particular, a simple technique, which
exploits the particular formulation of the branch current
estimators, is proposed. Paper [12] presents a distrib-
uted approach to optimal power flow in an electrical
network, suitable for application in a future smart
grid scenario where access to resource and control is
decentralized.
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