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Abstract One way to reduce energy consumption in wireless sensor
networks is to reduce the number of packets being transmitted in the
network. As sensor networks are usually deployed with a number of
redundant nodes (to overcome the problem of node failures which is
common in such networks), many nodes may have almost the same
information which can be aggregated in intermediate nodes, and hence

reduce the number of transmitted packets. Aggregation ratio is maximized

if data packets of all nodes having almost the same information are
aggregated together. For this to occur, each node should forward its
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packets along a path on which maximum number of nodes with almost the
same information as the information of the sending node exist. In many
real scenarios, such a path has not been remained the same for the overall
network lifetime and is changed from time to time. These changes may
result from changes occurred in the environment in which the sensor
network resides and usually cannot be predicted beforehand. In this paper,
a learning automata-based data aggregation method in sensor networks
when the environment’s changes cannot be predicted beforehand will be

proposed. In the proposed method, each node in the network is equipped
with a learning automaton. These learning automata in the network
collectively learn the path of aggregation with maximum aggregation ratio
for each node for transmitting its packets toward the sink. To evaluate the
performance of the proposed method computer simulations have been
conducted and the results are compared with the results of three existing
methods. The results have shown that the proposed method outperforms
all these methods, especially when the environment is highly dynamic.
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and soft computing.

M. R. Meybodi received the B.S. and M.S. degrees in Economics from the
Shahid Beheshti University in Iran, in 1973 and 1977, respectively. He also
received the M.S. and Ph.D. degrees from the Oklahoma University, USA, in
1980 and 1983, respectively, in Computer Science. Currently he is a Full
Professor in Computer Engineering Department, Amirkabir University of
Technology, Tehran, Iran. Prior to current position, he worked from 1983 to
1985 as an Assistant Professor at the Western Michigan University, and
from1985 to 1991 as an Associate Professor at the Ohio University, USA.
His research interests include, channel management in cellular networks,
learning systems, parallel algorithms, soft computing and software

development.

http://www.springerlink.com/content/u25341h74k534827 2/23/2009



SpringerLink - Journal Article

Page 4 of 8

ngineering

References

1.

Shah, R., & Rabaey, J. (2002). Energy aware routing for low energy ad hoc sensor
networks. In Proceedings of the IEEE Wireless Communications and Networking
Conference (WCNC), Orlando, Florida, March.

Beaver, J., Sharaf, M. A., Labrinidis, A., & Chrysanthis, P. K. (2003). Location-aware
routing for data aggregation in sensor networks. In Proceedings of the 2nd Hellenic Data
Management Symposium.

Heinzelman, W., Chandrakasan, A., & Balakrishnan, H. (2000). Energy-efficient
communication protocol for wireless microsensor networks. In Proceedings of 33rd
Hawaii International Conference on System Science (HICSS 00), January.

Beyens, P., Peeters, M., Steenhaut, K., & Nowe, A. (2005). Routing with compression in
wireless sensor networks: a Q-learning approach. In Fifth European Workshop on
Adaptive Agents and Multi-Agent Systems (AAMAS 05), Paris, France.

Xu, Y., Lee, W. C., Xu, J., & Mitchell, G. (2006). Processing window queries in wireless
sensor networks. In IEEE International Conference on Data Engineering (ICDE 06),
Atlanta, GA, April.

Rosemark, R., & Lee, W. C. (2005). Decentralizing query processing in sensor networks.
In The Second International Conference on Mobile and Ubiquitous Systems: Networking
and Services (Mobiquitous 05), San Diego, CA, July (pp. 270-280).

Winter, J., Xu, Y., & Lee, W. C. (2005). Energy efficient processing of K nearest neighbor
gueries in location-aware sensor networks. In The Second International Conference on
Mobile and Ubiquitous Systems: Networking and Services (Mobiquitous 05), San Diego,
CA, July (pp. 281-292).

Bontempi, G., & Le Borgne, Y. (2005). An adaptive modular approach to the mining of

http://www.springerlink.com/content/u25341h74k534827 2/23/2009



SpringerLink - Journal Article

10.

11.

12.

13.

14,

15.

16.

sensor network data. In Workshop on Data Mining in Sensor Networks, SIAM SDM,
Newport Beach, CA, USA, April.

Liu, C., Wu, K., & Pei, J. (2005). A dynamic clustering and scheduling approach to
energy saving in data collection from wireless sensor networks. In Proceedings of the
Second Annual IEEE Communications Society Conference on Sensor and Ad Hoc
Communications and Networks (SECON 05), Santa Clara, California, USA, September.

Younis, O., & Fahmy, S. (2005). An experimental study of routing and data aggregation
in sensor networks. In Proceedings of the International Workshop on Localized
Communication and Topology Protocols for Ad hoc Networks (LOCAN), held in
conjunction with The 2nd IEEE International Conference on Mobile Ad Hoc and Sensor
Systems (MASS-2005), November.

Virrankoski, R., & Savvides, A. (2005). TASC: Topology adaptive spatial clustering for
sensor networks. In Second IEEE International Conference on Mobile Ad Hoc and
Sensor systems, Washington, DC, November.

Soro, S., & Heinzelman, W. (2005). Prolonging the lifetime of wireless sensor networks
via unequal clustering. In Proceedings of the 5th International Workshop on Algorithms
for Wireless, Mobile, Ad Hoc and Sensor Networks (IEEE WMAN 05), April.

Lotfinezhad, M., & Liang, B. (2004). Effect of partially correlated data on clustering in
wireless sensor networks. In Proceedings of the IEEE International Conference on
Sensor and Ad hoc Communications and Networks (SECON), Santa Clara, California,
October.

Guestrin, C., Bodik, P., Thibaux, R., Paskin, M., & Madden, S. (2004). Distributed
regression: An efficient framework for modeling sensor network data, Intel Corporation.

Dasgupta, K., Kalpakis, K., & Namjoshi, P. (2003). An efficient clustering-based heuristic
for data gathering and aggregation in sensor networks. In IEEE Wireless
Communications and Networking Conference, March (Vol. 4, No. 1).

Radivojac, P., Korad, U., Sivalingam, K. M., & Obradovic, Z. (2003). Learning from class-
imbalanced data in wireless sensor networks. In IEEE Semiannual Vehicular Technology
Conference, VTC-Fall 2003, Orlando, Florida, USA, October (Vol. 5, pp. 3030-3034).

http://www.springerlink.com/content/u25341h74k534827

Page 5 of 8

2/23/2009



SpringerLink - Journal Article

17.

18.

19.

20.

21.

22.

23.

24,

Haleem, M., & Chandramouli, R. (2005). Adaptive downlink scheduling and rate
selection: a cross layer design. Special issue on Mobile Computing and Networking.
IEEE Journal on Selected Areas in Communications, 23(6).
doi:10.1109/JSAC.2005.845636.

Nicopolitidis, P., Papadimitriou, G. I., & Pomportsis, A. S. (2006). Exploiting locality of
demand to improve the performance of wireless data broadcasting. IEEE Transactions
on Vehicular Technology, 55(4), 1347-1361. doi:10.1109/TVT.2006.877464.

:rmsm

Nicopolitidis, P., Papadimitriou, G. I., & Pomportsis, A. S. (2003). Learning-automata-
based polling protocols for wireless LANs. IEEE Transactions on Communications, 51
(3), 453-463. doi:10.1109/TCOMM.2003.809788.

cros®t |

Nicopolitidis, P., Papadimitriou, G. ., Obaidat, M. S., & Pomportsis, A. S. (2005). Carrier-
sense-assisted adaptive learning MAC protocol for distributed wireless LANS.
International Journal of Communication Systems, Wiley, 18(7), 657—669.
doi:10.1002/dac.724.

:msm

Nicopolitidis, P., Papadimitriou, G. I., & Pomportsis, A. S. (2004). Distributed protocols
for ad-hoc wireless LANs: A learning-automata-based approach. Ad Hoc Networks
Journal Elsevier, 2(4), 419-431. doi:10.1016/j.adhoc.2003.09.004.

erose™®! |

Ramana, B. V., & Murthy, C. S. R. (2005). Learning-TCP: A novel learning automata
based congestion window updating mechanism for ad hoc wireless networks. In
Proceedings of 12th IEEE International Conference on High Performance Computing,
December (pp. LNCS 454-464).

Beigy, H., & Meybodi, M. R. (2002). A learning automata based dynamic guard channel
scheme. In Lecture Notes on Information and Communication Technology, Springer
Verlag, November (Vol. 2510, pp. 643—650).

Beigy, H., & Meybodi, M. R. (2003). An adaptive uniform guard channel algorithm: A

http://www.springerlink.com/content/u25341h74k534827

Page 6 of 8

2/23/2009



SpringerLink - Journal Article

25,

26.

27.

28.

29.

30.

learning automata approach. In Lecture Notes in Intelligent Data Engineering and
Automated Learning, Springer Verlag, LANCES 2690, Berlin, Heidelberg, Germany (pp.
405-409).

Beigy, H., & Meybodi, M. R. (2009). Learning Automata based Dynamic Guard Channel
Algorithms. Journal of High Speed Networks (to appear).

Golipour, M., & Meybodi, M. R. (2008). LA-mobicast: A learning automata based
mobicast routing protocol for wireless sensor networks. Sensor Letters, 6(2), 305-311.
doi:10.1166/s1.2008.038.

:rmsm

Esnaashari, M., & Meybodi, M. R. (2008). A cellular learning automata based clustering
algorithm for wireless sensor networks. Sensor Letters, 6(5), 723-735.
doi:10.1166/sl.2008.m146

:msm

Esnaashari, M., & Meybodi, M. R. Dynamic point coverage in wireless sensor networks:
A learning automata approach. In Lecture Notes in Computer Science, Springer Verlag,
Kish Island, Iran (pp. 758-762, to appear).

Narendra, K. S., & Thathachar, M. A. L. (1989). Learning Automata: An introduction.
USA: Prentice Hall.

Thathachar, M. A. L., & Sastry, P. S. (2002). Varieties of learning automata: An
overview. IEEE Transactions on Systems, Man, and Cybernetics. Part B, Cybernetics,
32(6), 711-722. doi:10.1109/TSMCB.2002.1049606.

eross™®! |

http://www.springerlink.com/content/u25341h74k534827

Page 7 of 8

2/23/2009



SpringerLink - Journal Article Page 8 of 8

Frequently asked questions | General information on journals and books | Send us your feedback | Impressum | Contact
© Springer. Part of Springer Science+Business Media
Privacy, Disclaimer, Terms and Conditions, © Copyright Information

Privacy Policy

Remote Address: 217.219.236.16 = Server: MPWEB26
HTTP User Agent: Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.1; SV1; .NET CLR 1.1.4322; InfoPath.2; .NET CLR 2.0.50727)

http://www.springerlink.com/content/u25341h74k534827 2/23/2009



