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Guest Editorial
Fundamental Performance Limits of

Wireless Sensor Networks
I. INTRODUCTION

I N RECENT times much has been said about how, once de-
ployed, networks of devices with wireless communication

capabilities will affect the way we work, learn, interact, orga-
nize, get entertained, fight wars, and recover from disasters. This
interest in wireless networks has spawned a vibrant research ac-
tivity in the areas of mobile and ad hoc networking, addressing
both systems and theory issues. Wireless sensor networks are
a particular class of ad hoc networks which only recently have
started to receive some attention. Wireless sensor networks are
characterized by small, low power, unreliable devices equipped
with limited sensing, actuation, and communication capabili-
ties, and embedded in the environment.

In many respects, sensor networks are quite different from
the types of networks that have been studied in the past. Certain
well-accepted properties of other mobile ad hoc networks are
not shared by sensor networks. For example, densely deployed
sensors necessarily observe correlated signals, and actively co-
operate to achieve a common goal such as, for example, lo-
cating, identifying, and tracking a signal source. In this context,
some pessimistic results about the ability of general wireless
ad hoc networks to scale in size are not directly applicable, since
such results often assume that nodes generate independent in-
formation, and noncooperative communication strategies. Such
scenarios illustrate the current rudimentary understanding of
sensor networks. In that example, we see at work the principle
that not only does the ability of the network to carry informa-
tion depend on the number of nodes, but so does the amount
of novel information generated at each node. Motivated by the
strong current interest in the nascent area of wireless sensor net-
works, the main purpose of this special issue is to give a snapshot
of the latest work from communications and signal processing
communities in this new and exciting area of research.

II. OVERVIEW OF THE ISSUE

Among the large number of submissions we received, we
identified papers covering five topic areas around which it
would be possible to organize a coherent collection of reference
material.

• Network capacity problems.
• Distributed signal detection and estimation problems.
• Medium access control problems.
• Cooperative MIMO techniques.
• Data aggregation problems.
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These areas are intentionally not well defined, there is overlap
among them, and most of the papers we selected do not fit
squarely into any one of them. However, this coarse classifica-
tion helps to outline the type of problems on which this special
issue is focused.

Under the title of network capacity, we consider problems of
an information theoretic nature, dealing primarily with capacity
and coding problems. In this area, we have three papers. In “Side
Information Aware Coding Strategies for Sensor Networks,”
Draper and Wornell develop modular and decentralized coding
strategies for estimation under communication constraints in
tree-structured sensor networks. In “An Upper Bound on the
Sum-Rate Distortion Function and its Corresponding Rate
Allocation Schemes for the CEO Problem,” Chen et al. present
some new results on the classical CEO problem. They develop
new inner and outer bounds on its rate region, which they
show to be tight in the case of Gaussian signals and equal
signal-to-noise ratio across sensors. In “Correlated Sources
over Wireless Channels: Cooperative Source-Channel Coding,”
Murugan et al. consider joint source/channel coding strategies
for the transmission of correlated sources over a Gaussian
multiple-access channel.

Under the title of distributed signal detection and estimation,
we consider problems of an algorithmic nature, dealing with the
design and analysis of techniques for detecting and estimating
signals that are suitable for implementation in a sensor network.
In this area, we have five papers. In “Estimating Inhomoge-
neous Fields Using Wireless Sensor Networks,” Nowak et al.
propose algorithms for estimating fields with discontinuities,
for which they provide bounds on their energy consumption
and estimation errors. In “Asymptotic Results for Decentralized
Detection in Power Constrained Wireless Sensor Networks,”
Chamberland and Veeravalli obtain new results on the classical
binary decentralized hypothesis testing problem, for the case
when sensors operate under a total joint power constraint and
where the measurements delivered to the fusion centered are
corrupted by noise. In “Robust Location Detection with Sensor
Networks,” Ray et al. formulate the problem of source local-
ization as a problem of code design, and present some code
constructions which then they analyze both through analytical
and simulation methods. In “Distributed Classification of
Gaussian Space–Time Sources in Wireless Sensor Networks,”
D’Costa et al. present distributed classification algorithms,
under the assumption that under each hypothesis the sensor
readings form a stationary, ergodic, and band-limited Gaussian
field. In “Dynamic Sensor Collaboration Via Sequential Monte
Carlo,” Guo and Wang consider the application of sequential
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Monte Carlo methods to the problem of extracting information
from data collected by a sensor network.

Under the title of medium access control, we consider
problems dealing with how multiple sensor nodes cooperate
to efficiently share the wireless channel, taking into account
specific properties of the sensor networking setup. In this area,
we have three papers. In “Collision-Minimizing CSMA and its
Applications to Wireless Sensor Networks,” Tay et al. propose
and analyze the performance of a medium access control
(MAC) protocol well suited for the event-driven workloads
typical of an important class of sensor networking applica-
tions. In “Sensor Networks with Mobile Access: Optimaltevc
Random Access and Coding,” Venkitasubramaniam et al.
develop a MAC protocol for which they are able to prove
that it achieves the best possible asymptotic throughput, and
it does so with vanishingly small power at each sensor node.
In “The Distance-2 Matching Problem and its Relationship
to the MAC-Layer Capacity of Ad Hoc Wireless Networks,”
Balakrishnan et al. formulate the problem of determining net-
work capacity as the standard maximum distance-2 matching
problem of graph theory, and then use graph theoretic tools to
approximate such capacity measures.

Under the title of cooperative MIMO techniques, we consider
problems in which multiple sensor nodes cooperate to achieve
communication capabilities that none of them would be able
to achieve individually, typically due to the extreme resource
constraints under which individual sensors must operate. In this
area, we have three papers. In “Cooperative Multihop Broad-
cast for Wireless Networks,” Maric and Yates propose a solu-
tion to the minimum-energy broadcast problem, based on the
idea that nodes can collect energy from multiple transmissions
by different nodes and only make a decision on the symbol
being broadcast once enough energy has been accumulated. In
“Energy-Efficiency of MIMO and Cooperative MIMO Tech-
niques in Sensor Networks,” Cui et al. observe that in short-
range communication, as is typical in some sensor networks,
it is the energy consumed by the circuitry (and not transmitted
energy) what dominates total energy consumption. Based on
that observation, they propose a model for energy consumption
that takes those factors into account, and use the model to eval-
uate the performance of different transceiver architectures. In
“Fading Relay Channels: Performance Limits and Space-Time
Signal Design,” Nabar et al. present performance analysis and
code designs for a fading relay channel in which the source, the
relay, and the sink nodes are all equipped with a single antenna.

Finally, under the title data aggregation, we consider prob-
lems in which sensor nodes perform some type of processing
on their readings inside the network, to enable more efficient
use of their limited communication resources. In this area, we
have four papers. In “Lower Bounds on Data Collection Times
in Sensory Networks,” Florens et al. develop lower bounds
on the time needed for data collection and distribution in
different sensor network topologies, and present scheduling al-
gorithms that in some cases are able to achieve those bounds. In
“Optimal Information Extraction in Energy-Limited Wireless
Sensor Networks,” Ordoñez and Krishnamachari present an
optimization theoretic approach to deal with design aspects
in various sensor networking applications such as, for ex-

ample, gathering data under energy constraints. In “Minimizing
Energy Consumption in Large-Scale Sensor Networks through
Distributed Data Compression and Hierarchical Aggregation,”
Baek et al. propose a hierarchical model for a sensor network
made up of source, aggregation/relay, and sink nodes. The en-
ergy requirements for this network model are then determined
using stochastic geometry tools. In “Game-Theoretic Models
for Reliable Path-Length and Energy-Constrained Routing
With Data Aggregation in Wireless Sensor Networks,” Kannan
and Iyengar present a game theoretic formulation of the routing
problem in sensor networks.

III. CONCLUSION

A new paradigm is emerging in wireless communications
and in digital signal processing: powerful sensing, communica-
tion, and actuation systems built out of very many simple ones.
Such systems hold the promise to help us develop solutions
to problems of this world (such as homeland security and
health care), and to problems outside of this world as well
(such as robotic space exploration). Indeed, distributed sources,
distributed channels, and large-scale issues open up a number
of fascinating research questions in information technology.
The papers we have selected for inclusion in this special issue
present a sampling of recent progress in the general area of
distributed communications and distributed signal processing in
sensor networks. We hope you will enjoy reading this collection
of papers as much as we enjoyed putting it together.
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