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Microsensor network technology will have a significant
impact on our lives in the 21st century. Microsensor devices,
ranging in size from cubic inches to cubic millimeters, will
each have multiple on board miniaturized sensors (such as for
light, temperature, humidity, acoustics, imaging, etc.), with
considerable processing power, in each geographic position
ability through global positioning systems (GPSs) or local
positioning methods, and short range radio or optical com-
munication links. These devices, which will be cheap and
smart, can be deployed in small or very large numbers to in-
strument homes and highways, buildings and bodies, cities
and infrastructures, as well as for monitoring and controlling
defense applications.

The technology evolution and convergence of microelec-
tromechanical sensors (MEMS) processing and communica-
tion will march toward hardware miniaturization and inte-
grated sensing, computing, and communication chips. The
daunting research task, however, is to develop algorithms,
network protocols, and software that will enable the design of
useful, long-lasting, reliable, survivable, and programmable
systems out of such microsensor network devices. This re-
search agenda requires creating new frameworks that bring
together in innovative ways many disciplines, including dis-
tributed computing, networking, signal and information pro-
cessing, reliability, and robust system design.

In this regard, the design of microsensor networks needs
to address some key technical challenges: 1) efficient
networking methods that enable rapid, ad hoc networking
of any number of such devices, either fixed in location or
mobile; 2) methods for collaborative signal and information
processing within the network to detect, classify, and track
events and patterns of events occurring in the geographic
area; 3) design of distributed microdatabases of information
about events of interest over a spatio-temporal interval,
stored in the devices, which can be queried by multiple
users; 4) methods for programmability of the network; and
5) methods for security and information assurance within
the network that enables intrusion detection, intrusion
tolerance, and survivable operation in the face of failure
and compromise. In addition, all these methods and designs
must be power efficient to ensure the maximum operational
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lifetime of the network. These research challenges, along
with effective hardware design, will continue to challenge
the research community over the next several years.

This special issue contains several important papers that
address the formulation of some of the critical challenges de-
scribed above, including preliminary results. While acknowl-
edging its limited coverage, this special issue offers a range
of interesting contributions such as collaborative signal pro-
cessing, distributed networking, mobility, and ad hoc routing
aspects of the sensor network. Let us begin our excursion
with these contributions.

The first paper, “Coherent Acoustic Array Processing and
Localization on Wireless Sensor Networks,” by Chenet al.,
considers the problem of coherent acoustic sensor array
processing and localization using distributed wireless sensor
networks. It is most interesting that by using low-cost COTS
equipment, wireless acoustic testbeds using iPAQs can be
implemented to perform two advanced beamforming and lo-
calization algorithms, including fine-grain synchronization
for wide-band sources. Various field measurements using
the testbeds show the effectiveness of the systems.

In the second paper, “Distributed Target Classification
and Tracking in Sensor Networks,” by Brookset al., the
authors investigate the interaction between distributed signal
processing and networking in sensor networks. The paper
argues that there must be a close coupling between the
design of the network and the application. To facilitate
information processing and routing, the network is divided
into subregions. Network traffic flows are determined by
the location of regions in which the nodes sense activities of
interest. For target tracking and classification applications,
the collection, integration, and processing of data takes
advantage of the location of active regions to reduce the
amount of network traffic. The basic principles of collabo-
rative signal processing for target classification also apply
to other distributed decision-making problems in sensor
networks.

In “Mobile-Agent-Based Collaborative Signal and In-
formation Processing in Sensor Networks,” by Qiet al.,
the authors concentrate on the target classification aspects
of sensor networks. They present an energy-efficient and
fault-tolerant approach for collaborative signal and informa-
tion processing (CSIP) among multiple sensor nodes using
a mobile-agent-based computing model. The conflicting

0018-9219/03$17.00 © 2003 IEEE

PROCEEDINGS OF THE IEEE, VOL. 91, NO. 8, AUGUST 2003 1151



requirements for energy efficiency and the fault tolerance
has always been a challenging issue to the design of CSIP al-
gorithms. The mobile-agent-based collaborative processing
strikes a good balance between these two requirements. In
this paper, the authors evaluate the performance of different
computing paradigms in collaborative processing from both
energy consumption and execution time through analytical
study and simulation. They claim that mobile-agent-based
processing has the great potential to provide an energy-
efficient, reliable, and scalable solution for collaborative
processing with low latency.

The fourth paper, “Randomized Data Selection in Detec-
tion with Applications to Distributed Signal Processing,” by
Sestoket al., introduces randomized data selection as a tech-
nique to cope with limited communication and computation
resources in distributed networks. The randomized selection
approach may be useful in practical implementations of
sensor networks. The paper emphasizes the importance
of the randomized selection approach to provide a way to
balance the performance criteria with respect to robustness,
complexity, and energy efficiency.

The fifth paper, “Collaborative Signal and Information
Processing: An Information Directed Approach,” con-
tributed by Zhaoet al., presents a formulation of sensor
network collaborative processing as a distributed constrained
optimization. It presents a number of techniques such as
IDSQ for distributed tracking problems. By making optimal
use of scarce sensing and communication resources, their
information-directed approaches are crucial in enabling
scalable, multiuser operations of energy-constrained sensor
networks.

The next two papers are concerned with the mobility and
ad hoc routing aspects of sensor networks. The paper “Ef-
ficient Flooding with Passive Clustering—An Overhead-
Free Selective Forward Mechanism for Ad Hoc/Sensor Net-
works,” by Kwonet al., presents a passive clustering network
for multihop ad hoc routing applications. In this paper, the
authors propose a flooding scheme that can reduce the con-
trol overhead compared with active clustering schemes. This
is achieved by monitoring user data packets that piggyback
2 bits of cluster status information. The paper also provides
an overview of the clustering methods using other clustering
approaches.

Gharavi and Ban present another paper in this category:
“Multihop Sensor Network Design for Wide-Band Commu-
nications.” The proposed method, which is also based on a
cluster-based ad hoc network topology, is designed to pro-
vide wide-band access for multimedia applications. The net-
work is based on a new paradigm for solving the problem
of cluster-based ad hoc routing when utilizing existing wire-
less LAN technology. The paper focuses on an assembly of
a proof-of-concept development system for testing.

The next treatise, “Distributed Control Applications
Within Sensor Networks,” by Sinopoliet al., is mainly
concerned with designing control systems around sensor
networks. The authors, after reviewing useful models of
computation, suggest a mixed model for design, analysis,
and synthesis of control algorithms within sensor networks.
Their modeling choice comes from the analysis of the most
common computational models, and proposes a hierarchical
structure that is time based at the low level and event
based at the coordination level. This is the main thrust and
contribution of this paper, a modeling paradigm that can
allow the designer to design verifiable control algorithms
for sensor-network-based control systems.

The final contribution in our collection is a paper by
Chong and Kumar titled “Sensor Networks: Evolution,
Opportunities, and Challenges.” It presents the evolution of
sensor network research over the past three decades, new
opportunities due to advances in sensor, computing, and
communication technologies, and challenges that must be
met to implement sensor networks. This paper traces the
history of research in sensor networks over the past three
decades, starting with the Distributed Sensor Networks
(DSN) program in the 1980s to the recently concluded
sensor information technology (SensIT) program, both
sponsored by the Defense Advanced Research Projects
Agency (DARPA). This paper presents the main technical
challenges that must be addressed, including network
discovery, control and routing, collaborative signal and
information processing, tasking and querying, and security.
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