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Guest Editorial
Special Issue on Wireless Sensor

and Actuator Networks

W IRELESS Sensor Networks (WSNs), in their various
shapes and forms, have greatly facilitated and enhanced

the automated, remote, and intelligent monitoring of a large va-
riety of physical systems. These networks consist of a large
number of typically small devices, each incorporating sensing,
processing, and wireless communications capabilities. Their use
has penetrated a plethora of application domains from industrial
and building automation, to environmental, wildlife, and health
monitoring.

The control and systems community has played an impor-
tant role in the maturing of WSNs, addressing issues related
to their fundamental limits and designing strategies to optimize
and control their operation so as to improve performance. Per-
formance, for these systems, encompasses a variety of metrics
that may vary with the application but in all cases includes the
network’s energy use which determines its usable lifetime. As
WSN nodes are powered by small batteries, energy conserva-
tion has become a very important concern. Equally important,
the existence of WSNs has provided a major application con-
text to theoretical contributions of the control community in-
cluding cooperative and distributed control, event-based moni-
toring, discrete-event systems, and consensus algorithms.

What is emerging as the next step in the WSN evolution is
their use not only in monitoring, but also in controlling a phys-
ical system. To that end, some of the WSN nodes have to be
augmented by integrating actuators. Actuators can be simple
devices programmed to take immediate, one-shot, action in re-
sponse to sensory input, or they can be more sophisticated en-
tities (like robots) that interact with their environment in more
complex ways. The resulting augmented version of WSNs is
commonly referred to as Wireless Sensor and Actuator Net-
works (WSANs). WSANs are therefore heterogeneous networks
that are comprised of networked sensor and actuator nodes com-
municating among each other via wireless links to perform dis-
tributed sensing and actuation tasks.

WSANs can be used to close loops over the network in a
variety of applications, such as, environmental control, event
detection and suppression, home automation, manufacturing,
microclimate control, surveillance etc. The control systems
community has recently made important contributions to un-
derstanding control over communication channels but this work
has abstracted, for the most part, the communication medium.
A new challenge is to consider a WSAN (with the emphasis
on the N—the network) as the communications channel over
which we seek to close control loops.

WSAN related research has attracted enough attention to
spawn annual workshops and conferences, such as the Inter-
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national Workshop on Wireless Sensor, Actuator and Robot
Networks (WiSARN). Similar work has also found a good
home at the IEEE Conference on Decision and Control which,
over the last couple of years, hosted invited sessions on wire-
less sensor networks and distributed cooperative control and
estimation. This issue appears to be the first special issue in a
major journal to focus on these systems and so help illustrate
the important contributions the control systems community is
making in their evolution.

In response to the call for papers, we received 60 submis-
sions from all over the world. After an initial screening, 9 sub-
missions were declared “out of scope” (or with inappropriate
technical content) and the remaining 51 were sent to reviewers.
All manuscripts underwent a very rigorous peer review process.
We finally selected 16 full papers and 7 technical notes for this
special issue.

The full papers in this issue can be broadly organized into
three main categories: (i) control with WSANs, (ii) control of
WSANs, and (iii) WSAN node placement/deployment.

Papers in category (i) are concerned with performing certain
tasks using a WSAN infrastructure/architecture. The paper by
Notarstefano and Bullo and the one by Fischione consider op-
timization problems motivated or aided by a WSAN. The pa-
pers by You and Xie, Hendrickx et al. and Paschalidis and Li
consider various issues related to distributed estimation/aver-
aging and more general function computation over a WSAN.
The paper by Pajic et al. considers the problem of stabilizing a
plant over a rather general WSAN model.

Papers in category (ii) attack the problem of controlling
WSANs to improve performance and efficiency from a variety
of angles. The paper by Chen et al. presents a game-theoretic
approach for channel allocation in WSANs. Alur et al. develop
formal models for WSANs. The papers by Hariharan and
Shroff and Nakayama et al. consider the problem of optimizing
data gathering/aggregation by either devising optimal node
coordination schemes (the former) or exploiting node mobility
(the latter). The paper by Khouzani and Sarkar examines the
vulnerability of a WSAN to specific types of attacks that lead
to battery depletion.

Papers in category (iii) deal with network design/organiza-
tion issues and, in particular, with WSAN node placement and
deployment. The paper by Krause et al. considers node place-
ment and scheduling from a combinatorial optimization per-
spective. Various forms of the optimal coverage problem are
considered by Falcon et al. Razafindralambo and Simplot-Ryl,
and Zhong and Cassandras. Finally, target tracking is consid-
ered in the paper by Zhang.

While their classification is not unique, the Technical notes in
this issue fit in the three categories outlined above. Specifically,
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the papers by Mazo and Tabuada, D. Wu et al. and Mo et al.
can be classified into category (i), the papers by C. Wu et al.
Kalathumani et al. and Caicedo and Zefran can be classified into
category (ii), and, finally, the paper by Ghaffarkhah and Mostofi
can be classified into category (iii).

It should be mentioned that a special issue simply provides a
snapshot into the field taken at a particular point in time. Due
to the standard page limitations of a Transactions volume, it can
only include a relatively small number of papers. As a result, its
coverage is by no means complete despite our best efforts.

Many individuals contributed to the success of this special
issue. We take this opportunity to thank all the authors for their
submissions. We are also indebted to a small army of referees
who have put in the hard work and the long hours to review
each paper in a timely and professional way. Editorial Assis-
tant Elizabeth Kovács provided enormous and valuable assis-
tance. Last, but not least, we are indebted to the past and cur-
rent Editors-in-Chief, Christos Cassandras and Panos Antsaklis,
respectively, for offering us this opportunity and for patiently
waiting the completion of the special issue.
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