Ain Shams University
Faculty of Engineering

Computer & Systems Engineering Department

Enerygy Efficient Routing Protocol for

Wireless Sensor Networks

Thesis submitted for the partial fulfillment of Degree of
Doctor of Philosophy (Ph.D.) in Computer & Systems Engineering

Submitted by
Eng. Maher Nabih Mohamed Maher Elshakankiri

M.Sc. in Computer & Systems Engineering, Ain Shams University

Supervised by
Prof. Dr. Yasser Hisham Dakroury

Dr. Mohamed Nabil Moustafa

Computer & Systems Engineering Department,

Faculty of Engineering, Ain Shams University

Cairo 2009



I the Veme of
Aok,
Whost Gracious
Whost Werciful



Ain Shams University
Faculty of Engineering

Computer & Systems Engineering Department

Energy Efficient Routing Protocol for

Wireless Sensor Networks

Thesis submitted for the Partial Fulfillment of Degree of

Doctor of Philosophy (Ph.D.) in Computer & Systems Engineering

Submitted by
Eng. Maher Nabih Mohamed Maher Elshakankiri

Examiners Committee

« Prof. Dr. Mohamed Gamal-eldeen Darwish ..........................
o Prof. Dr. Hussein Ismail Shahein ...

« Prof. Dr. Yasser Hisham Dakroury ...

Examination Date: 03/08/2009



Acknowledgements

Praise be to Allah, lord of the universe, most gracious, most
merciful. Thanks to Allah for his uncountable blessings and for helping

me finishing the thesis.

With all love and respect, I would like to thank my great supervisor
Prof. Dr. Yasser Dakroury, for a long time of kind support, reliable
guidance, and class supervision. No doubt, he has a great impact on my

academic skills, and I will never forget his favor.

Many thanks to Dr. Mohamed Nabil. He has given me a lot of his
time and effort, and with his permanent support, he has a significant

effect on the thesis.

I would like to thank the committee members, Prof. Dr. Gamal
Darwish and Prof. Dr. Hussein Shahein for accepting discussing the

thesis and for their thoughtful comments and guidance.

I am much appreciated to all my teachers at the German School in
Cairo (DEO) and at Faculty of Engineering, Ain Shams University,

especially the lecturers at Computer Engineering Department.

Thanks to my father for his wonderful memory, and to my mother
for being my first and best teacher, for all her sacrifices, and her
permanent encouragement. Deepest thanks to my brother for his help and

support especially during the last time.

My kids Hamza, Ganna, and Salma Elshakankiri, the flowers of my
life, worth many thanks for their patient and prayers, which have always

been of great support to me.

With great love, heartfelt thanks to my wife and best friend, Heba
A. Hussein, for her unlimited support and care. Thanks also for her many

times stopping working on her own thesis to allow me finish mine.






Abstract

Abstract

In the last few years, wireless sensor networks (WSNs) have
gained a lot of interest in both research and industrial fields. Recent
advances in wireless communications and electronics have enabled the
development of low power, low cost, multifunctional sensor nodes that
are small and able to communicate in short distances. A WSN consists of
small nodes with sensing, computation, and wireless communications
capabilities. These sensors have the ability to communicate either among

each other or directly to a sink.

WSN are currently used for gathering data in many applications
and according to this, many routing protocols have been proposed for
WSNs. Most of the hierarchical protocols proposed for WSNs
concentrate mainly on maximizing the lifetime of the network by trying
to minimize the power consumption. Delay is almost not considered,
while it is an important metric especially in time critical applications. In
addition, previous protocols assume that all sensor nodes have the same

energy level at startup, which is not always the case.

We propose Pairs Energy Efficient Routing (PEER) protocol, a
new routing protocol for wireless sensor networks that uses dual power
management and focuses on minimizing both the energy dissipated and
the transmission delay. The protocol consists of three phases: joining pair

phase, transmission phase, and changing pair phase.

The joining pair phase is based on grouping the randomly deployed
sensor nodes into pairs. Each two nodes forming a pair should be chosen
to be close to each other to ensure minimum energy consumption for the
transmission between both nodes. We have used random graph theory as

a mathematical model for forming pairs.
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Abstract

In the transmission phase, each node has a dual power assignment.
One node of a pair transmits data toward the sink using high power level,
and the other node transmits data to its partner using low power level.
The roles of two nodes forming a pair should be changed periodically to

fairly distribute the far-transmission load between both nodes.

The third phase is the changing pair phase. Only nodes that loose
their partners due to partner death will be concerned with this phase to

form a new pair.

In the simulations, four important metrics have been taken into
consideration, namely, energy consumption, network lifetime,
distribution of nodes alive, and average delay. In addition, two models
have been simulated for the protocol. In the first model, all the sensor
nodes have been given the same amount of energy at startup; while in the

second model, sensors start the simulation with different energy levels.

We have compared our results with LEACH, a well-known
recognized hierarchical wireless sensor protocol. In terms of energy
consumption, network lifetime, and average delay, our protocol has
performed better than LEACH by more than 200%, 200%, and 400%,
respectively. Moreover, in PEER protocol the nodes alive are distributed
over all regions, while in LEACH nodes alive are always concentrated
near the sink with all nodes in far regions dead. Finally, PEER with nodes
having different power levels at startup has almost the same performance
as PEER with an insignificant difference of about 5% increase in energy
consumed and less than 5% decrease for the network lifetime. In LEACH,
the change in energy levels will lead to a significant change of about 25%

increase in energy consumption and 20% decrease in network lifetime.
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