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Preface

This book has grown out of a cooperation between friends who have a common interest,
expertise and passion for power systems (PS) and signal processing (SP). It has evolved as a
consequence of SP projects applied to power quality (PQ) and power systems in general.

The rapid growth of computational power associated with the cross-fertilization of
applications and use of SP for analysis and diagnosis of system performance has led to
unprecedented development of new methods, theories and models.

The authors have come to appreciate the potential for much wider applications of SP,
prompted in particular by the modernization of electric power systems via the current and
comprehensive developments associated with the implementation of smart grid (SG)
technologies.

The increasing complexity of the electric grid requires intensive and comprehensive signal
monitoring followed by the necessary signal processing for characterizing, identifying,
diagnosing and protecting and also for a more accurate investigation of the nature of certain
phenomena and events. SP can also be used for predicting and anticipating system behavior.

For electrical engineering SP is a vital tool for clarifying, separating, decomposing and
revealing different aspects and dimensions of the complex physical reality of the operation of
electrical systems, in which different phenomena are usually intricately and intrinsically
aggregated and not trivially resolved.

SP can be qualified by the analytical aspects of the electrical systems, and can help to
expose and characterize the diversity, unity, meaning and intrinsic purpose of electrical
parameters, system phenomena and events.

As the electric grid becomes more complex, modeling and simulation become less capable
of capturing the influence of the multitude of independent and intertwined components within
the network. SP deals with the actual system and not with modeling abstraction or reduction
(although it may be used in connection with simulations), so may clarify aspects of the whole
through a multiplicity of analytical tools. Consequently, SP allows the engineer to detect and
measure the behavior and true nature of the electric grid.

Today, the vast majority of analog signals are converted to digital signals. In the context of
electrical systems, this conversion is carried out by numerous secondary smart digital devices
that perform the tasks of controlling, metering, protecting, supervising or communicating with
other components of the system. Moreover, the quality of such smart devices is enhanced by
their ability to perform digital signal processing (DSP).

The term DSP is used to describe the mathematics, algorithms and techniques used to
manipulate signals after they have been converted into a convenient digital form in order to
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Figure 1 Power systems signals in the context of smart grids.

address a wide variety of needs such as the enhancement of visual images, recognition and
generation of speech and compression of data for storage and transmission [1].

The aim of this book is to further promote the use of DSP within power systems, and to
expand its application in the context of smart grids. Various techniques are presented,
discussed and applied to typical and expected system conditions. Figure 1 illustrates a
sample of the gamma of waveforms of typical power systems signals in a context of traditional
and smart-grid power system environments.

Chapter 1 describes the motivation for the use of signal processing in different applications
of power systems in the context of the smart grids of the future. A wide variety of digital
measurements and data analysis techniques required to deliver diagnostic solutions and

correlations is provided.

Chapter 2 provides a comprehensive list of power system events and phenomena in terms of
time-varying voltage and current signals, characterizing these in terms of magnitude, phase
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and waveform. It will become apparent that many signals can be represented by a mathemati-
cal expression (e.g. exponential DC, faults, waveform distortions).

Chapter 3 describes the different aspects as related to voltage transformers, current
transformers, analog filters and analog to digital converters. These components are sources
of noise and errors, and impose speed constraints. Due to the lack of information about
acquisition systems for electric power signals, this chapter addresses a few of the important
demands that are generally neglected in common signal processing literature.

Chapter 4 covers discrete transforms essential in the analysis and synthesis of power
systems signal processing. The chapter describes the discrete-time Fourier transform (DTFT),
discrete Fourier transform (DFT) and z-transform, as well as a summary of the continuous
transforms. Although these transforms are widely treated in several textbooks, the focus of the
authors is on specific and common power systems applications.

Chapter 5 covers basic aspects of power system signal processing. These include digital
signal operators (delay, adders, multipliers), digital signal operations (modulation, filtering,
correlation and convolution), finite impulse response filters and infinite impulse response
filters. Several power systems applications are used to illustrate these concepts.

Chapter 6 covers the multirate and sampling frequency alterations, a common time-variant
method used in power systems to change the sampling frequency or to analyze a signal. Such
an example is using filter banks or wavelet transform. (Filter banks and wavelet transform are
covered in Chapter 9, but the digital principles for the implementation of these structures are
presented in Chapter 6.) Offline and real-time frequency alterations for power systems
application are also discussed.

In Chapter 7 the focus is on algorithms that are capable of estimating parameters such as
phasor, frequency, RMS (root mean square), harmonics and transients (decaying exponential)
for real-time and offline applications. The basic concepts of estimation theory are presented,
including the Cramer—Rao lower bond (CRLB), the MVU estimator, BLUE and LSE
estimators. The smart-grid environment is one of higher-complexity electrical signals, which
need to be properly and accurately measured.

Chapter 8 covers the basic concepts of spectrum analysis and parametric and non-
parametric spectrum estimations. Common errors in parametric estimation are covered,
including aliasing, scalloping loss and spectrum leakage. Among the parametric methods
discussed are the Prony, Pisarenko, MUSIC and ESPRIT methods.

Chapter 9 introduces a unified view of time-frequency decomposition based on filter banks
and wavelet transforms for power system applications. The short-time Fourier transform
(STFT) is presented, and the basic principle of filter banks theory and its connection with
wavelets is discussed. The basic theory of the wavelet and relevant signal processing
techniques are described. Guidance on how to choose the mother wavelet for power system
applications is provided.

Chapter 10 covers pattern recognition as an essential enabling tool for the operation and
control of the upcoming electric smart-grid environment. The chapter highlights the main
aspects and necessary steps required for providing necessary tools to operate the grid of the
future.

Chapter 11 presents the basic aspects of detection theory using the Bayesian framework and
discusses the deterministic signal detection for white Gaussian noise.

Chapter 12 discusses the application of wavelet analysis to determine fluctuation patterns in
generation and load profiles. This is achieved by the filtering of its wavelet components based
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Figure 2 Structure of the book.

on their RMS values, from which it is possible to identify the most-relevant scaling factors.
The procedure reveals fluctuation patterns which cannot be visualized via frequency
decomposition methods.

Chapter 13 describes an application in which the evaluation of unbalances and asymmetries
in power systems can be facilitated by the use of a time-varying decomposition method based
on SW-DFT. The time-varying harmonics and their positive-, negative- and zero-sequence
components are calculated for each frequency.

Figure 2 depicts the structure of the book.

Finally, some philosophical considerations with regards to the utilization and reception
of this book (or any other book) is adapted below from the writings of British author C. S.
Lewis:
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‘A scientific or engineering work such as this can be either received or used. When we
receive it, we exercise our senses and imagination and various other powers according to
a pattern suggested by the authors. When we use it we treat it as an assistance for our
own activities. ... Using is inferior to receiving because, in science and engineering,
using merely facilitates, relieves or palliates our research/applications; it does not add to
it.” [2]

The authors hope that the reader will both use and receive this book as a valuable and
thought-provoking guide and tool.
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Accompanying Websites

To accompany this book, two websites have been set up containing MATLABY files for
additional waveforms of typical non-linear loads; these can be signal-processed by different
techniques for further understanding. Two MATLAB ™-based time-varying harmonic decom-
position techniques are also available on site for waveform processing.

Please visit http://www.ufjf.br/pscope-eng/digital-signal-processing-to-smart-grids/
Password: dspsgrid
Or http://www.wiley.com/go/signal_processing

Readers are welcome to send additional waveforms for signals and MATLAB™ scripts to
be included in the database to Professor Paulo Fernando Ribeiro at pfribeiro @ieee.org.
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