
.~
AUN/SEED-Net JICA

th AUN/SEED-Net
REGIONAL CONFERENCE ON ELECTRICAL
AND ELECTRONICS ENGINEERING
Envision, Enable, and Empower
Smarter and Resilient Societies

th ERDT Conference
on Semiconductor and Electronics, Information
and Communications Technology and Energy

16-17 November 2015
Me tro Manila, Philippines



Proceedings of the 8th AUN/SEED-Net RCEEE 2015 and 11th ERDT Conference
on Semiconductor and Electronics, Information and Communications Technology, and Energy

Editors:
Dr. Joel Joseph S. Marciano Jr.
Dr. Jhoanna Rhodelle I. Pedrasa
Dr. Rhandley D Cajote

© Copyright 2015 by the Electrical and Electronics Engineering Institute, College of Engineering, University of
the Philippines Diliman, Engineering Research and Development for Technology, and ASEAN University
Network/Southeast Asia Engineering Education Development Network (AUN/SEED-Net).

All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form without the
consent of the editors of the Proceedings of the 8th AUN/SEED-Net RCEEE 2015 and II'h ERDT Conference on
Semiconductor and Electronics, Information and Communications Technology, and Energy.

ISBN 978-616-406-075-3

Published by: ASEAN University Network / Southeast Asia Engineering Education Development Network
(AUN/SEED-Net) JICA Project
Faculty of Engineering, Bldg. 2
Chulalongkom University, Bangkok
Thailand 10330

Printed in the Philippines by: ERZALAN PRINTING PRESS
45 Cotabato Street, Luzviminda Village, Batasan Hills, Quezon City, Philippines



8th AUN/SEED-Net Regional Conference
on Electrical and Electronics Engineering 2015

co-located with

11th ERDT Conference
on Semiconductor and Electronics, Information and
Communications Technology, and Energy

Envision, Enable and Empower
Smarter and Resilient Societies

Published by: ASEAN University Network / Southeast Asia Engineering Education
Development Network (AUN/SEED-Net) in partnership with Engineering Research and
Development for Technology (ERDT) and University of the Philippines Diliman.

© Copyright 2015
No part of this publication may be reproduced without the consent of the editors of the
Proceedings of the 8th AUN/SEED-Net Regional Conference on Electrical and Electronics
Engineering 2015 and nth ERDT Conference on Semiconductor and Electronics, Information
and Communications Technology, and Energy.
ISBN: 978-616-406-075-3



NET03 I

PERFORMANCE EVALUATION OF CLUSTERING TECHNIQUES

Kyle Christopher L. Melchor and Jhoanna Rhodette I. Pedrasa

Networks Track

Electrical and Electronics Engineering Institute, University of the Philippines Diliman, PHILIPPINES
"E-mail: kImelchor@upd.edu.ph

ABSTRACT

Huge networks (i.e. Distributed Wireless Sensor Networks) are sometimes divided into multiple groups of nodes
called clusters for easier network coordination. Clustering is a hierarchical routing technique where a structure is
imposed on the network to improve energy-efficiency, stability and scalability. This work investigates the behaviour
and characteristics of five clustering algorithms: LEACH, LEACH-C, LEACH-F, MH-LEACH and CDC. The
results of this study would be used to develop a new objective function to enable loop correction for the Routing
Protocol for Low-Power and Lossy Networks (RPL), an IETF Standard for routing over Low-Rate Wireless
Personal Area Networks.

Each of the aforementioned protocols were developed in MatLab by using an available LEACH code. The
protocols' behaviours were cross-referenced to their respective original sources (referenced papers) to ensure that
these implementations behave correctly. In order to properly characterize the clustering algorithms for this study, the
most crucial aspect is determining the proper energy equations and network parameters. Most clustering studies used
the network parameters and variables found in [2] in order to characterize an algorithms behaviour. Given this case,
this work would also base its simulations and analysis using these parameters. However, a variation with respect to
the initial energy was done (2I to 0.02I) to improve the simulation time. Looking at initial analyses this does not
affect the overall behaviour of the simulation. Variables of interest include communication overhead (setup and
data), energy efficiency (i.e. network lifetime, average energy per round) and network load distribution (i.e. fairness,
cluster size). The clustering techniques were evaluated using five (5) different randomly generated sensor networks.
For each network, each of the developed protocols was tested fifty (50) times with each individual simulation
terminating if 80% of the number of nodes have died. Data for each of the variables mentioned above have been
gathered for each test conducted. The respective averages and standard deviations with a 95% confidence interval
have been also computed.

From the results, LEACH-F outperforms all protocols when it comes to energy efficiency which translates to a
longer network lifetime. But upon inspecting the simulations, LEACH-F reports the earliest node death and
consequently, its cluster. This may be the result of inefficient optimization. However, this premature cluster death
only occurs at single cluster with the others performing significantly well. Looking at communication overhead,
LEACH-C offers the least N-CH (node-to-cluster head) due to the results of the optimization algorithm. This
however translates to more clusters which results in higher number of CH-BS packets. Due to fixed clusters,
LEACH-F has the least setup overhead among the other protocols. LEACH only outperforms the other protocols in
terms of the time a first unique node death occurs due to the fairness of its load distribution.

Keywords: Clustering, LEACH, RPL
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Figure 1: Summary of Results
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