GREEN DESIGN FOR ENERGY-CONSTRAINED
WIRELESS SENSOR NETWORKS

RASHI MEHROTRA

DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
INDIA
MAY 2017



©Indian Institute of Technology Delhi (IITD), New Delhi, 2017



GREEN DESIGN FOR ENERGY-CONSTRAINED
WIRELESS SENSOR NETWORKS

RASHI MEHROTRA

DEPARTMENT OF ELECTRICAL ENGINEERING

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
MAY 2017



Certificate

This is to certify that the thesis entitled “Green Design for Energy-Constrained
Wireless Sensor Networks” being submitted by Rashi Mehrotra to the Depart-
ment of Electrical Enginecring, Indian Institutc of Technology Delhi, for the award
of the degree of Doctor of Philosophy is the record of the bona-fide research work
carried out by her under my supervision. In my opinion, the thesis has rcached the
standards fulfilling the requirements of the regulations relating to the degree.

The results contained in this thesis have not been submitted cither in part or in full

to any other university or institute for the award of any degree or diploma.

-
(Dr. Ranjan Bose)

Professor

Department of Electrical Engincering
Indian Institute of Technology Delhi
Hauz Khas, New Delhi 110016

India



Acknowledgements

My graduate study al TIT Delhi has been the most memorable and enviching erperience
of my life. I fecl very fortunate to have learncd from and worked with so many incredible
people. First of all, T would like Lo cxpress my gratitude towards my supervisor Prof.
Ranjan Bose for his great support and guidance in my research work throughout the
years. His boundless energy. continual encouragement, enthusiasm and technical insight
in the research work have been lruly inspirational for me. It helped me to reach several
milestoncs in my academic carcer, and achicve many more in the futurc.

I would like to thank Prof. Ananjan Basu. Prof. Devi Chaddha and Prof. Dre-
Jesh Lall for serving in my student research commitlee and for their insightful advice,
comments and suggestions on my work. I am very grateful to all the professors at
[T Delhi from whom I have learned a lot during my course work. [ would also like
to thank all members of the Electrical Engineering department and Bharti School of
Telecommunication Technology Management.

T am thankful to all my friends in my research group and in other department as
well who have been a great support in thick and then. They have imade my stay at 1T
wonderfully enjoyable and I thank each and every one of them Jor their friendship.

I dedicate my dissertation to my parents Mrs Rachna Mehrotra and Mr. Sanjay
Mehrotra. They have always supported me in all my endeavours. encouraged me to do
my best and were a pillar of moral support in all my accomplishments. I thank my

sister Sakshi for her nuwmerous motivating discussions and my son Tvaan who has been

i



a bundle of joy and smiles in the journey to success.

Lastly T thank Almighty God whose quidance encouraged and helped me to complete
this dissertation successfully. I also place on record, my sense of gratitude to one and

all who, directly or indirectly, have bestowed their helping hand in this endeavgur.

Rashi Mehrotra

il



Abstract

With the increasing energy cost in modern communication systems, ‘Green communi-
cation design’ has recently become a well known and appealing concept. The advances
in the very large scale technology (VLSI) has made a possibility of using thousand of
sensor nodes which are as small as size of a grain of dust. As these sensor nodes forms a
wireless network hence the name wireless sensor network (WSNs). These nodes consists
of sensors, a processor, limited memory, and a radio. These sensors are distributed to
collect information on entities of interests, e.g., they can be deployed on the ground,
in the air, inside buildings, on bodies, and in vehicles to detect events of interests and
monitor environmental parameters. The sensor nodes are battery driven and there is
one big issue of recharging and replacement of the battery. Therefore power and en-
ergy are the critical constraints in WSNs and the need to reduce its consumption is a
primarily concern of today’s engineers.

The thesis is targeted towards reducing energy consumption and providing a power
optimal solution for WSNs. In WSNs, operating over short inter-node distances, the
total power which depends on the computation and radio power have an impact on
the battery life. To increase performance and battery life, we have used smart antenna
system (SAS). We have proposed and developed a framework for optimizing power
consumption in SAS. In this thesis we have evaluated the utility of SAS from a power
perspective by considering the power consumed in the beamforming unit (computation
power) and the power consumed in the radio unit (radio power). SAS are analyzed

using iterative beamforming algorithms so as to develop green design for SAS.
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As WSNs operates in short distances, a relay-based communication is an effective
approach to increase energy-efficiency of the system. Hence, joint optimization of con-
stellation size, energy allocation and relay location is proposed for decode-and-forward
multi-hop relaying over Rayleigh fading channels under a constraint on average bit error
rate. The proposed optimization method minimizes the total energy consumption per
bit having constraints on total transmit power, assuming fixed end-to-end distance. It
is observed that joint optimization using different constellation size in each hop of the
multi-hop network not only performs better than equal allocation, it also outperform
when link unbalance is large. By balanced link we mean identical links with equal
distance and channel statistics.

One-way relaying communication suffers from spectral-efficiency loss. To overcome
the loss, two-way relaying network is proposed. In this thesis, the objective is to pro-
pose energy-efficient two-way relaying network for amplify-and-forward strategy. An
optimization problem is formulated for power allocation and provided an optimal solu-
tion for total transmit power as well as the transmit power at each node. The proposed
power allocation solution in two-way relaying outperforms the one-way relaying com-
munication. A relay selection scheme is also proposed which offers an advantage of
requiring statistical channel state information (CSI) instead of instantaneous CSI. It
also relies on only local CSI than the global CSI at each relay. Owing to the above two
advantages, the proposed relay selection method can lower the implementation com-
plexity caused by channel estimation and reduce the relay overhead in a practical power

limited network.
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