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Editorial: Energy Constraints and Lifetime Performance in Wireless
Sensor Networks

Wireless sensor networks have been undergoing a revolution that promises to have a significant impact throughout society,
one that could quite possibly dwarf previous milestones in the information revolution. These networks consist of battery-
powered nodes that are endowed with a multitude of sensing modalities. The demand for these networks is spurred by
numerous applications that require in-situ, unattended, high-precision, real-time observation over a vast area. Such networks
are more than simply the next step in the evolution of the personal computer or the Internet. Instead, wireless sensor networks
operate under a set of unique constraints and requirements that demand more than merely incremental improvements in, or
modifications of, traditional technologies. In particular, although there have been significant improvements in processor design
and computing, advances in battery technology still lag behind, making energy resource the ultimate bottleneck in wireless
sensor networking.

The purpose of this issue is to disseminate state-of-the-art approaches and novel techniques that will advance basic
knowledge and understanding of wireless sensor networks. The eight papers selected for publication address various aspects
of energy constraints and lifetime performance in wireless sensor and ad hoc networks.

The first paper in this issue by Duarte-Melo, Liu, and Misra, “An Efficient and Robust Computational Framework
for Studying Lifetime and Information Capacity in Sensor Networks” presents a modeling methodology with the aim of
reducing the time needed for determining the expected information capacity of a data-gathering wireless sensor network. This
computational tool could be used in scenarios where the exact node locations are not determined in advance, but are instead a
sample realization of an underlying probabilistic node distribution strategy. The authors also develop a robust version of the
linear program formulation that can be applied to different network layouts that are perturbations of one another, rather than
just to a specific deployment.

Following this, the paper by Deng, Han, Heinzelman, and Varshney on the “Scheduling Sleeping Nodes in High Density
Cluster-based Sensor Networks” studies the problem of how a cluster head selects sensor nodes to put to sleep without
compromising the sensing coverage capability of the cluster. The authors propose a Linear Distance-based Scheduling (LDS)
scheme that selects a sensor node to sleep with high probability when it is farther away from the cluster head. Through analysis
and simulation, the authors show that the LDS scheme can save energy with negligible loss in sensing coverage area and
outperforms the conventional Randomized Scheduling (RS) scheme.

Next, Wu, Gao, Li, and Xiao analyzes the problem of estimating redundant sensing areas among neighboring wireless
sensors in their paper “Lightweight Deployment-Aware Scheduling for Wireless Sensor Networks.” The authors present
simple formula to estimate the probability that a sensor is completely redundant and to estimate the average partial redun-
dancy. Based on this analysis, the authors propose a lightweight deployment-aware scheduling scheme to turn off redundant
sensors. Simulation results show that the scheme can reduce network energy consumption while meeting desired performance
requirement.

In the next paper on “Maximizing Lifetime for Data Aggregation in Wireless Sensor Networks,” Xue, Cui and Nahrstedt
model the problem of maximizing network lifetime as a concurrent multi-commodity flow problem. Following the Garg-
Konemann algorithm for multi-commodity flow, the authors present a tree-based approximation algorithm that addresses the
unique traffic characteristics of data aggregation and achieves faster running time. Using this algorithm, the authors further
study the impact of multiple data sinks on the lifetime of sensor networks.

In their paper “On Node Lifetime Problem for Energy-Constrained Wireless Sensor Networks,” Hou, Shi, and Sherali study
the so-called Lexicographic Max-Min (LMM) node lifetime problem, which not only maximizes the lifetime until the first
node fails, but also maximizes the lifetimes for all the nodes in the network. The authors propose an efficient computational
technique based on parametric analysis in linear programming and show that this approach is much more computational
efficient than an state-of-the-art computational technique in the literature. The authors also present a simple polynomial-time
algorithm to calculate the flow routing schedule such that the LMM-optimal node lifetime objective can be achieved.

The paper on “Maximizing Network Lifetime of Broadcasting Over Wireless Stationary Ad Hoc Networks” by Kang and
Poovendran investigates the problem of maximizing the network lifetime of a single broadcast session over stationary wireless
ad hoc networks. Using a graph theoretic approach, the authors propose a polynomial-time near-optimal heuristic solution
to minimize the maximum (MinMax) transmission power under static routing. Built upon this result, the authors propose to
dynamically adjust broadcast routing topology to further improve network lifetime performance.
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Agarwal, Cho, Gao, and Wu investigate the problem of minimizing the total energy consumed in broadcasting data in
their paper on “Energy Efficient Broadcast in Wireless Ad Hoc Networks with Hitch-hiking.” The authors propose to take
advantage of the physical layer design that facilitates the combining of partial information to obtain complete information.
This idea is referred to as “hitch-hiking” since partial signals are analogous to cars passing on the road carrying messages as
hitch-hikers and delivering them to their destinations at no extra cost. The authors study the scenarios when the transmission
power level of the nodes in the network is fixed and when it can vary. For both scenarios, the authors propose heuristic
algorithms based on the idea of hitch-hiking and show that they can reduce the energy cost of broadcast.

The final paper of this issue by Song, Wang, Li, and Frieder, addresses how to achieve power spanner, planar, and degree
bounded properties for unicast in wireless ad hoc networks. In their paper on “Localized Algorithms for Energy Efficient
Topology in Wireless Ad Hoc Networks,” the authors propose two localized algorithms that can construct energy efficient
routing structures, where each node has a bounded degree and the structures are plannar. Using both theoretical and simulation
results, the authors show that the resulting topology structures are more efficient and easier to construct than other known
structures used in wireless ad hoc networks; the power assignment based on the new structures has low energy cost and small
interference at each wireless node.

As guest editors of this special issue, we wish to thank Prof. Imrich Chlamtac, Editor-in-Chief of this journal, for his advice
and support in this effort. We also wish to thank all the reviewers who contributed their valuable time and expertise during
the paper selection process.

Bo Li received his B. Eng. (summa cum laude) and M. Eng. degrees in computer science from Tsinghua University, Beijing in 1987
and 1989, respectively, and the Ph.D. degree in electrical and computer engineering from the University of Massachusetts at Amherst
in 1993. Between 1993 and 1996, he worked on high performance routers and ATM switches in IBM Networking System Division,
Research Triangle Park, North Carolina. Since 1996, he has been with the Department of Computer Science, Hong Kong University
of Science and Technology, where he is now an associate professor and director for the ATM/IP Cooperate Research Center, a
government sponsored research center. Since 1999, he has also held an adjunct researcher position at the Microsoft Research Asia
(MSRA), Beijing, China. His research interests are on adaptive video multicast, packet scheduling and dynamic routing in optical
networks, resource management in mobile wireless systems, scheduling and energy efficient routing in ad hoc networks, cross-layer
design for sensor networks, and content distribution and replication. He has published 70 journal papers and held several patents
in the above areas. He has been on the editorial board for IEEE Transactions on Wireless Communications, IEEE Transactions

on Vehicular Technology, ACM/Kluwer Journal of Wireless Networks (WINET), IEEE Journal on Selected Areas in Communications (JSAC)—Wireless
Communications Series, ACM Mobile Computing and Communications Review (MC2R), Elsevier Ad Hoc Networks, SPIE/Kluwer Optical Networking
Magazine (ONM), KICS/IEEE Journal of Communications and Networks (JCN). He served as a guest editor for IEEE Communications Magazine Special
Issue on Active, Programmable, and Mobile Code Networking (April 2000), ACM Performance Evaluation Review Special Issue on Mobile Computing
(December 2000), and SPIE/Kluwer Optical Networks Magazine Special Issue in Wavelength Routed Networks: Architecture, Protocols and Experiments
(January/February 2002), IEEE Journal on Selected Areas in Communications Special Issues on Protocols for Next Generation Optical WDM Networks
(October 2000), on Recent Advances in Service Overlay Networks (January 2004), and on Quality of Service Delivery in Variable Topology Networks
(September 2004), respectively. In addition, He has been involved in organizing over 40 conferences, including IEEE INFOCOM since 1996, which he served
as technical program co-chair in 2004.
E-mail: bli@cs.ust.hk

Y. Thomas Hou obtained his B.E. degree from the City College of New York in 1991, the M.S. degree from Columbia University
in 1993, and the Ph.D. degree from Polytechnic University, Brooklyn, New York, in 1998, all in Electrical Engineering. From
1997 to 2002, Dr. Hou was a research scientist and project leader at Fujitsu Laboratories of America, IP Networking Research
Department, Sunnyvale, California (Silicon Valley). Since Fall 2002, he has been an assistant professor at Virginia Tech, the Bradley
Department of Electrical and Computer Engineering, Blacksburg, Virginia. Dr. Hou’s research interests are in the algorithmic design
and optimization for complex network systems. His current research focuses on wireless sensor networks and multimedia over
wireless ad hoc networks. In recent years, he has worked on scalable architectures, protocols, and implementations for differentiated
services Internet; service overlay networking; multimedia streaming over the Internet; and network bandwidth allocation policies
and distributed flow control algorithms. He has published extensively in the above areas and is a co-recipient of the 2002 IEEE
International Conference on Network Protocols (ICNP) Best Paper Award and the 2001 IEEE Transactions on Circuits and Systems

for Video Technology (CSVT) Best Paper Award. He is a member of ACM and a senior member of IEEE.
E-mail: thou@vt.edu

Jiangchuan Liu is an assistant professor in the School of Computing Science at Simon Fraser University, Vancouver, BC, Canada.
From 2003 to 2004, he was an assistant professor in the Department of Computer Science and Engineering at the Chinese University
of Hong Kong. He received the B. Eng. in computer science from Tsinghua University, Beijing, in 1999, and PhD in computer
science from the Hong Kong University of Science and Technology in 2003. His research interests include multicast protocols,
streaming media, wireless ad hoc networks, and service overlay networks. He is the first recipient of Microsoft Research Fellowship
(2000) in Hong Kong, a recipient of 2003 Hong Kong Young Scientist Award, and a co-inventor of two US patents (pending) and
one European patent (granted). He serves on the technical program committees of various networking conferences, including IEEE
INFOCOM 2004 and 2005, and was an information system co-chair for INFOCOM 2004. He is a member of IEEE and Sigma Xi.
E-mail: csljc@ieee.org



809

Gam D. Nguyen received the Ph.D. degree in electrical engineering from the University of Maryland, College Park, MD in 1990.
He has been at the Naval Research Laboratory, Washington, DC, since 1991. His research interests include communication systems,
computer communication networks, and information processing.
E-mail: nguyen@itd.nrl.navy.mil

Taieb F. Znati received a Ph.D. degree in computer science from Michigan State University in 1988, and a M.S. degree in
computer science from Purdue University, in 1984. He is currently a professor in the Department of Computer Science, with a
joint appointment in Telecommunications in the Department of Information Science. Dr. Znati’s current research interests focus on
the design of network protocols for wired and wireless communication networks to support applications’ QoS requirements. He
currently serves as general chair of IEEE INFOCOM 2005, general chair of IEEE SECON 2004, the First IEEE Conference on
Sensor and Ad Hoc Communications and Networks, general chair of the Annual Simulation Symposium, and general chair of the
Communication Networks and Distributed Systems Modeling and Simulation Conference. Dr. Znati is a member of the Editorial
Board of the International Journal of Parallel and Distributed Systems and Networks, Journal on Wireless Communications and
Mobile Computing, Journal on Ad-Hoc Networks, IEEE Transactions of Parallel and Distributed Systems, and Wireless Networks
(the Journal of Mobile Communication, Computation and Information). He is currently serving as a senior program director for

networking research at the U.S. National Science Foundation (NSF).
E-mail: znati@cs.pitt.edu


