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Introduction to the Issue on Signal Processing
in Smart Electric Power Grid

T HIS special issue is intended as a forum for advancing and
applying signal processing techniques to facilitate the de-

velopment of smart electric power grid, commonly known as
smart grid. The issue starts with a survey paper followed by
twelve regular papers. The survey paper provides an overview
of the problem of state estimation and energy management in
smart grid, with an emphasis on employing distributed estima-
tion techniques for distributed state estimation, economic dis-
patch and optimal power flow. The twelve regular papers that
follow address various topics relevant to signal processing for
smart grid.
Electric power grid is one of the most complex man-made

infrastructures. Over the years, due to the ever-increasing de-
mand for electric power, the grid is stressed, running up against
its limitations on capacity and complexity, which leads to more
occurrences of brown-outs and black-outs. The current power
grid is not efficient, not completely reliable, and it is also vul-
nerable to malicious attacks. This situation is exacerbated by
the concerns for global climate change and national security as
it relates to the power grid. In particular, the need of integrating
an increasing level of renewable and intermittent power gener-
ations such as wind and solar sources requires the system oper-
ation be able to handle non-dispatchable stochastic generation
and guarantee grid-wide robustness and efficiency.
Given the current situation of the power grid, there has been

a great deal of interest in smart grid technology. Simply stated,
the smart grid technology is an integration of information and
communication technologies with power grid technologies re-
lated to the generation, transmission, distribution, and consump-
tion of electricity. It is aimed to make the power grid more effi-
cient, dependable, and secure. At the same time, the smart grid
vision calls for consumer empowerment and self-healing capa-
bility that necessitate distributed sensing and metering, and a
reliable bidirectional digital communication infrastructure. Fur-
thermore, the consumers may also become producers of renew-
able energy with the capability of controlling the energy con-
sumption, production, exchange and storage locally. Facilitated
by proper applications of information and communication tech-
nologies, smart grid can transform our lives similarly to the way
that internet has transformed our lives.
Over the years, research in signal processing has played an

important role in the advent and continued evolution of internet,
telecommunication and wireless communication technologies.
Conventional signal processing research is quite adept at
extracting timely and relevant information from noise-contam-
inated, or even distorted, signals through filtering, estimation,
and detection to facilitate decision-making and control actions.
This is further empowered by statistical methods, machine
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learning algorithms, optimization techniques and efficient nu-
merical algorithms. An important question now for researchers
in the signal processing community is “what role can signal
processing research play in the development of smart grid
technology.”
Glancing through Title XIII, Sec. 1301, Statement of Policy

on Modernization of Electricity Grid (a policy statement issued
by the U.S. Department of Energy in 2008), researchers can
see many opportunities in applying, among others, distributed
signal processing, machine learning, optimization, statistical
signal detection and estimation, to enable many of the envi-
sioned characteristics of the smart grid. Those characteristics
include increased use of digital information and control tech-
nology to improve the grid’s reliability, security and efficiency,
dynamic optimization of grid operations (e.g., power dispatch),
demand response, incorporation of demand-side resources and
integration of energy-efficient and environmentally friendly
resources, distribution automation, and integration of smart
appliances and consumer devices. Signal processing offers the
tools needed to convert measurement data to information and
transform information into actionable intelligence by providing
timely and reliable information throughout the smart grid. In
essence, signal processing techniques will provide vital tools to
enable timely and reliable sensing, communication, computing
and control for the persistently dependable operations of the
smart grid. The result will be a grid with improved situation
awareness, faster and more accurate control actions to de-
tect and isolate faults, improved assurance of power quality,
higher levels of energy efficiency and integrated consumer
responsiveness. The smart grid research also provides a rich
cross-disciplinary playground that can facilitate broadening
the scope of signal processing research. For example, concepts
from economic principles such as game theory are useful to
model and resolve complex interactions among the consumers,
minigrids and utility companies.
The twelve papers included in this special issue address

various signal processing research topics as they relate to
the smart grid. The topics addressed by these papers include
using signal processing techniques for state estimation, electric
vehicle charging as it relates to intermittent renewable energy
and power flow management, fault detection, electricity market
forecasting with machine learning methods like kernel-based
learning, demand-side management, energy consumption
models, and power balancing. This special issue thus provides
strong evidence that statistical signal processing, machine
learning, and various optimization methods are all fertile
grounds for signal processing researchers to explore as they
venture into the smart grid technology.
The guest editors would like to take this opportunity to ex-

press their sincere appreciation to many reviewers, whose com-
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ments have helped improve the quality of the accepted articles.
We are confident that readers will find this collection of articles
interesting and useful.
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