L
Ly

o
o
o

>

0
.
(,ﬁ\},

.
.

,,

-
.
-
.

_

-




The Association for Computing Machinery
1515 Broadway
New York, New York 10036

Copyright © 2006 by the Association for Computing Machinery, Inc. (ACM). Permission to make digital
or hard copies of portions of this work for personal or classroom use is granted without fee provided that
copies are not made or distributed for profit or commercial advantage and that copies bear this notice and
the full citation on the first page. Copyright for components of this work owned by others than ACM must
be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers or to
redistribute to lists, requires prior specific permission and/or a fee. Request permission to republish from:
Publications Dept., ACM, Inc. Fax +1 (212) 869-0481 or <permissions@acm.org>.

For other copying of articles that carry a code at the bottom of the first or last page, copying is permitted
provided that the per-copy fee indicated in the code is paid through the Copyright Clearance Center,
222 Rosewood Drive, Danvers, MA 01923.

Notice to Past Authors of ACM-Published Articles

ACM intends to create a complete electronic archive of all articles and/or other material previously
published by ACM. If you have written a work that has been previously published by ACM in any journal
or conference proceedings prior to 1978, or any SIG Newsletter at any time, and you do NOT want this
work to appear in the ACM Digital Library, please inform permissions@acm.org, stating the title of the
work, the author(s), and where and when published.

ISBN: 1-59593-334-4

Additional copies may be ordered prepaid from:

ACM Order Department
PO Box 11405 b IEEE Catalog Number: 06EX1353
New York, NY 10286-1405 ISBN: 1-59593-334-4

Phone: 1-800-342-6626
(US and Canada)
+1-212-626-0500

(all other countries)

Fax: +1-212-944-1318
E-mail: acmhelp@acm.org

ACM Order Number 104064
Printed in the USA

ii



Table of Contents

IPSN 2006 Conference Organization ..., X
SPONSOIS & SUPPOIEETS..........oooovveeeeeeieiiiiiiveemmesssssmmsssssssssmsssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssseee xii
Keynote Talk 1

Security in Sensor Networks: Industry Trends, Present
and Future Research DIr@CliONS ...ttt 1
A. Perrig (Carnegie Mellon University)

IPSN’06 Main Track—Sensor Selection and Placement
Session Chair: S. Wicker (Cornell University)

Near-optimal Sensor Placements: Maximizing Information while Minimizing

COMMUNICAION COST ...t sttt 2
A. Krause, C. Guestrin, A. Gupta (Carnegie Mellon University), J. Kleinberg (Cornell University)

Utility-based Sensor Selection ... 11
F. Bian, D. Kempe, R. Govindan (University of Southern California)

Global Connectivity from Local Geometric Constraints for Sensor Networks

with Various Wireless FOOIPIINES ... 19
R. D’Souza (University of California at Davis), D. Galvin (University of Pennsylvania),

C. Moore (University of New Mexico), D. Randall (Georgia Institute of Technology)

Simultaneous Localization, Calibration, and Tracking in an ad Hoc Sensor Network........ 27
C. Taylor, A. Rahimi, J. Bachrach, H. Shrobe, A. Grue (Massachusetts Institute of Technology)

Distributed Localization of Networked Cameras ... 34
S. Funiak, C. Guestrin (Carnegie Mellon University),
M. Paskin (Stanford University), R. Sukthankar (Intel Research)

IPSN’06 Main Track—Mobile Agents and Routing

Session Chair: D. Ganesan (University of Massachusetts at Amherst)

Data Gathering Tours in Sensor NetWOrKs ..., 43
A. Meliou, D. Chu (University of California at Berkeley), C. Guestrin (Carnegie Mellon University),
J. Hellerstein (University of California at Berkeley), W. Hong (Arched Rock Corporation)

Decentralized Compression and Predistribution via Randomized Gossiping...................... 51
M. Rabbat, J. Haupt, A. Singh, R. Nowak (University of Wisconsin-Madison)

Active Learning for Adaptive Mobile Sensing Networks ... 60
A. Singh, R. Nowak, P. Ramanathan (University of Wisconsin-Madison)

Geographic Gossip: Efficient Aggregation for Sensor Networks ... 69
A. G. Dimakis, A. D. Sarwate, M. J. Wainwright (University of California at Berkeley)

Differential Games in Large-Scale Sensor-Actuator Networks ..., 77
H. Cao, E. Ertin, V. Kulathumani, M. Sridharan, A. Arora (The Ohio State University)

IPSN’06 Main Track—Sensor Tasking and Data Retrieval
Session Chair: P. Gibbons (Intel Research)

Active Wireless Sensing for Rapid Information Retrieval in Sensor Networks ................... 85
T. Sivanadyan, A. Sayeed (University of Wisconsin at Madison)

Kinetically Stable Task Assignment for Networks of Microservers ... 93
7. Abrams, H.-L. Chen, L. Guibas (Stanford University),J. Liu, F. Zhao (Microsoft Research)



« Random Distributed Multiresolution Representations with Significance Querying ......... 102
W. Wang, K. Ramchandran (University of California at Berkeley)

o Slip Surface Localization in Wireless Sensor Networks for Landslide Prediction ............ 109
A. Terzis, A. Anandarajah (Johns Hopkins University),
K. Moore (Colorado School of Mines), 1-J. Wang (Johns Hopkins University)

Keynote Talk 2
o Beyond SensorWebs: Closing the Loop in Network Embedded Systems......................... 117
S. Sastry (University of California at Berkeley)

IPSN’06 Main Track—Wireless Sensor Networking
Session Chair: C. Guestrin (Carnegie Mellon University)

o Coverage for Target Localization in Wireless Sensor Networks..............c.cccocouvieiniinnan, 118
W. Wang, V. Srinivasan, B. Wang, K.-C. Chua (National University of Singapore)

o  Error Propagation in Dense Wireless Networks with Cooperation ...........................c........... 126
A. Scaglione, S. Kirti, B. S. Mergen (Cornell University)

o Compressive WIreless SENSING........cccccooeviviiiriviiiiecce sttt s 134
W. Bajwa, J. Haupt, A. Sayeed, R. Nowak (University of Wisconsin-Madison)

o Sweeps Over Wireless Sensor NetWOIKS ... 143
P. Skraba, Q. Fang, A. Nguyen, L. Guibas (Stanford University)

o« CAPTRA: Coordinated Packet Traceback ................ccocoooviiiiiieeeeeeee e 152

D. Sy, L. Bao (University of California at Irvine)

IPSN’06 Main Track—Sensing and Estimation Methodologies
Session Chair: R. Nowak (University of Wisconsin)

o On the Interdependence of Sensing and Estimation Complexity
IN SENSOT NEIWOIKS .......cooviiiieicicece ettt s et ss s s e s sana 160

Y. Rachlin, R. Negi, P. Khosla (Carnegie Mellon University)
o A Space-Time Diffusion Scheme for Peer-to-Peer Least-Squares Estimation................ 168
L. Xiao (Caltech), S. Boyd, S. Lall (Stanford University)

« Universal Distributed Sensing via Random Projections.............c.cccooooovveieieriricicceccece 177
M. F. Duarte, M. B. Wakin, D. Baron, R. G. Baraniuk (Rice University)

e Sensor Networks and Inverse Scattering ..o 186
K. Doshi, S. Chandrasekaran (University of California at Santa Barbara), P.Dewilde (TU Delft)

Posters—Main Track
Session Chair: A. Scaglione (Cornell University)

¢ Analytic Modeling of Detection Latency in Mobile Sensor Networks...............cccoooevvrnnnee. 194
T.-L. Chin, P. Ramanathan, K. K. Saluja (University of Wisconsin at Madison)

o Effects of A-D Conversion Nonidealities on Distributed Sampling
iN Dense Sensor NEtWOTKS ...ttt st 202
S. C. Ergen, P. Varaiya (University of California at Berkeley)

o SmartGossip: An Improved Randomized Broadcast Protocol for Sensor Networks ....... 210
A.V.Kini, V. Veeraraghavan, N. Singhal, S. Weber (Drexel University)

o Sleep Scheduling and Lifetime Maximization in Sensor Networks:
Fundamental Limits and Optimal Solutions ... 218
R. Subramanian, F. Fekri (Georgia Institute of Technology)

o Structuring Contention-based Channel Access in Wireless Sensor Networks................. 226
S. B. Eisenman (Columbia University), A. T. Campbell (Dartmouth College)

vi



o eSENSE: Energy Efficient Stochastic Sensing Framework
for Wireless Sensor Platforms ...t
H. Liu, A. Chandra, J. Srivastava (University of Minnesota)

o An Architecture for Distributed Wavelet Analysis and Processing
N SENSON NEIWOTKS ..ottt e
R. S. Wagner, R. G. Baraniuk, S. Du, D. B. Johnson (Rice University),
A. Cohen (Universite Pierre et Marie Curie)

o A Sensory Grammar for Inferring Behaviors in Sensor Networks..............cooovvecins.
D. Lymberopoulos, A. S. Ogale, A. Savvides, Y. Aloimonos (Yale University, University of Maryland)

o Sensing the Channel: Sensor Networks with Shared Sensing and Communications .....
S. Vedantam, U Mitra (University of Southern Calfornia), A. Sabharwal (Rice University)

o Design and Testing of Robust Acoustic Arrays for Localization
and Enhancement of Several Bird SOUICeS ............ocoovvrieiiciii s
C.-E. Chen, A. M. Ali, H. Wang, S. Asgari, H. Park, R. E. Hudson, K. Yao, C. E. Taylor
(University of California at Los Angeles)

o CRBcast: A Collaborative Rateless Scheme for Reliable and Energy-Efficient
Broadcasting in Wireless Sensor NetWorks ...
N. Rahnavard, F. Fekri (Georgia Institute of Technology)

o Energy-Driven Detection Scheme with Guaranteed ACCUracy ...
L. Yu, L. Yuan, G. Qu, A. Ephremides (University of Maryland)

o Secure Code Distribution in Dynamically Programmable Wireless Sensor Networks.....
J. Deng, R. Han, S. Mishra (University of Colorado)

o A Linear Programming Approach to NLOS Error Mitigation in Sensor Networks............
S. Venkatesh, R. M. Buehrer (Virginia Institute of Technology)

o Energy-Efficient Data Representation and Routing for Wireless Sensor Networks
Based on a Distributed Wavelet Compression Algorithm ...,
A. Ciancio, S. Pattem, A. Ortega, B. Krishnamachari (University of Southern California)

o A Robustness Analysis of Multi-hop Ranging-based Localization Approximations........
K. Whitehouse, D. Culler (University of California at Berkeley)

o Securing the Deluge Network Programming System ...,
P. K. Dutta, J. W. Hui, D. C. Chu, D. E. Culler (University of California at Berkeley)

Posters—SPOTS Track

Session Session Chair: A. Scaglione (Cornell University)

« Channel Allocation Strategies for Wireless Sensors
Statically Deployed in Multipath Environments ...,
J. Galbreath (MicroStrain, Inc.), J. Frolik (University of Vermont)

e Tapper: A Lightweight Scripting Engine for Highly Constrained
Wireless SENSOr NOUES ..o bbbt
Q. Xie, J. Liu, P. H. Chou (University of California at Irvine)

« Tinker: A Tool for Designing Data-Centric Sensor Networks................cccoooveininncns
J. Elson (Microsoft Research), A. Parker (University of California at Los Angeles)

o TinyNode: A Comprehensive Platform for Wireless Sensor Network Applications.........
H. Dubois-Ferriére (EPFL), R. Meier (Shockfish SA), L. Fabre (EPFL), P. Metrailler (Shockfish S4)

o The uPart Experience: Building a wireless sensor network ...

M. Beigl (University of Karlsruhe, DUS), A. Krohn, T. Riedel, T. Zimmer, C. Decker (University of- Karisruhe),
M. Isomura (University of Karlsruhe, KDDI Research)

o Ultra-Low Power Data Storage for Sensor Networks ...
G. Mathur, P. Desnoyers, D. Ganesan, P. Shenoy (University of Massachusetts at Amherst)

vii



Keynote Talk 3

e Probing the Mystery of the Highest Energy Cosmic Particles
with a Large Distributed ODServatory ...t
A. Olinto (University of Chicago)

SPOTS’06 Session 1—Sensor Network Platforms
Session Chair: R. Kling (/ntel Research)

o A15x 15 mm, 1 pA, Reliable Sensor-Net Module:
Enabling Application-Specific NOdes ...
S. Yamashita, T. Shinra, K. Aiki, K. Ara, Y. Ogata, I. Shimokawa, T. Tanaka,
H. Kuriyama, K. Shimada, K. Yano (Hitachi, Ltd.)

o  Miniaturization Platform for Wireless Sensor Nodes Based
on 3D-Packaging Technologies ...t
M. Niedermayer, S. Guttowski (Fraunhofer Institute for Reliability and Microintegration),
R. Thomasius, D. Polityko, K. Schrank, H. Reichl (Technical University Berlin)

SPOTS’06 Session 2—Sensor Network Testbeds
Session Chair: J. Reich (Palo Alto Research Center)

o Kansei: A Testbed for Sensing at Scale...................ocooviiiiiieeeeee s
E. Ertin, A. Arora, R. Ramnath (The Ohio State University), M. Nesterenko (Kent State University),
V. Naik, S. Bapat, V. Kulathumani, M. Sridharan, H. Zhang, H. Cao (The Ohio State University)

o Trio: Enabling Sustainable and Scalable Outdoor Wireless Sensor Network
DEPIOYIMENTS ...ttt sttt sttt a et a st st st ae s et e sesessaeresenerenenereasnrases
P. Dutta (University of California at Berkeley),
J. Hui (University of California at Berkeley, Arched Rock Corporation),
J. Jeong, S. Kim (University of California at Berkeley),
C. Sharp (Moteiv Corporation),
J. Taneja (University of California at Berkeley),
G. Tolle (University of California at Berkeley, Arched Rock Corporation),
K. Whitehouse (University of California at Berkeley),
D. Culler (University of California at Berkeley, Arched Rock Corporation)

o Marioneite: Using RPC for Interactive Development
and Debugging of Wireless Embedded Networks ...
K. Whitehouse (University of California at Berkeley),
G. Tolle (University of California at Berkeley, Arched Rock Corporation),
J. Taneja (University of California at Berkeley),
C. Sharp (Moteiv Corporation),
S. Kim, J. Jeong (University of California at Berkeley),
1. Hui (University of California at Berkeley, Arched Rock Corporation),
P. Dutta (Universtiy of California at Berkeley),
D. Culler (University of California at Berkeley, Arched Rock Corporation)

SPOTS’'06 Session 3—Software, Development Suites, & Algorithms
Session Chair: A. Savvides (Yale University)

o A Spreadsheet Approach to Programming and Managing Sensor Networks...................
A. Woo (4drched Rock Corporation), S. Seth (Indian Institute of Technology),
T. Olson, J. Liu, F. Zhao (Microsoft Research)

o sdlib: A Sensor Network Data and Communications Library
for Rapid and Robust Application Development...............cccooimecvceeeeeeeeeeeeeeeee
D. Chu, K. Lin, A. Linares, G. Nguyen, J. M. Hellerstein (University of California at Berkeley)

o Node-Density Independent Localization ...
B. Kusy, A. Ledeczi (Vanderbilt University), M. Maroti (University of Szeged),
L. Meertens (Kestrel Institute), G. Balogh, P. Volgyesi, J. Sallai, A. Nadas (Vanderbilt University)

viii



SPOTS’06 Session 4—New Sensors and Architectures

Session Chair: K. Yano (Hitachi Research)

o The Low Power Energy Aware Processing (LEAP) Embedded

Networked SenSOr SYSEEIM ... s
D. MclIntire, K. Ho, B. Yip, A. Singh, W. Wu, W. J. Kaiser (University of California at Los Angeles)

o Address-Event Imagers for Sensor Networks: Evaluation and Modeling ...........................
T. Teixeira, E. Culurciello, J. H. Park, D. Lymberopoulos,
A. Barton-Sweeney, A. Savvides (Yale University)

o« Towards Radar-Enabled Sensor Networks ...
P. K. Dutta (University of California at Berkeley), A. K. Arora, S. B. Bibyk (The Ohio State University)

SPOTS’06 Session 5—Applications
Session Chair: W. Wolf (Princeton University)

o Structural Damage Detection and Localization Using NETSHM ...,
K. Chintalapudi, J. Paek, O. Gnawali, T. S. Fu, K. Dantu, J. Caffrey, R. Govindan,
E. Johnson, S. Masti (University of Southern California)

o A Sensor Network for Social DYNamics ...,
M. Laibowitz, J. Gips, R. Aylward, A. Pentland, I. A. Paradiso (Massachusetts Institute of T echnology)

o Wireless Adhoc Sensor and Actuator Networks onthe Farm ...

P. Sikka, P. Corke, P. Valencia, C. Crossman (CSIRO ICT Centre),
D. Swain, G. Bishop-Hurley (Livestock Industries Rendell Laboratories)

TN s Vo al 1100 = SO o oo OO OO OOV OOP U OPR

ix





