DESIGN OF ENERGY EFFICIENT EMBEDDED
CONTROLLED SENSOR NETWORKS

VANEET SINGH

INSTRUMENT DESIGN DEVELOPMENT CENTRE
INDIAN INSTITUTE OF TECHNOLOGY DELHI

NEW DELHI, INDIA
JUNE 2015



© Indian Institute of Technology Delhi (IITD), New Delhi, 2015



DESIGN OF ENERGY EFFICIENT EMBEDDED
CONTROLLED SENSOR NETWORKS

VANEET SINGH
INSTRUMENT DESIGN DEVELOPMENT CENTRE

Submitted

in fulfillment of the requirements of the degree of

DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
NEW DELHI, INDIA

JUNE 2015



CERTIFICATE

This is to certify that the thesis titled “DESIGN OF ENERGY EFFICIENT
EMBEDDED CONTROLLED SENSOR NETWORKS?” is being submitted by Mr.
Vaneet Singh to Indian Institute of Technology Delhi for the award of the degree of
Doctor of Philosophy. This thesis is a record of bona-fide work carried out by him
under our guidance and supervision. In our opinion, the thesis has reached the
standards fulfilling the requirements of the regulations relating to the degree.

The results contained in this thesis have not been submitted to any other university or

institute for the award of any degree or diploma.

(S. K. Sud) (1. P. Singh)
Chief Design Engineer (SG) Associate Professor
IDD Centre IDD Centre

Indian Institute of Technology Delhi
Hauz Khas, New Delhi — 110016
India

Indian Institute of Technology Delhi
Hauz Khas, New Delhi — 110016
India



ACKNOWLEDGEMENTS

| would like to thank many people who made my time fruitful at Indian
Institute of Technology Delhi, a period, which | will treasure for long. First and
foremost, it is my immense pleasure and a great opportunity to express my deep sense
of gratitude to my supervisor Dr. I.P. Singh, Associate Professor, Instrument Design
Development Centre, Indian Institute of Technology Delhi, and Shri S.K. Sud, Chief
Design Engineer, Instrument Design Development Centre, Indian Institute of
Technology Delhi, for introducing and encouraging me to take this stimulating
research topic in my PhD. It is my proud privilege to convey my profound thanks to
them for being the source of inspiration and for constantly encouraging me throughout
the PhD tenure. | specially appreciate the lab facility for giving me academic freedom
for carrying out the research work in a planned manner. | am very happy to say that
without their guidance and constructive comments, this thesis would not have

materialized.

I would like to extend my sincere thanks to student research committee (SRC)
members, Prof. A.L. Vyas, Dr. N.K. Jain and Prof. D.T. Shahani Head, IDD Centre,
II'T Delhi for their suggestions to carry out the work within the stipulated time. Their
valuable comments and suggestions on my research work during the comprehensive
examination made my work more fruitful. Their constructive remarks on my work

also guided and motivated me towards the right track in my research field.

| am grateful to Dr. Brejesh Lall Associate Professor, EE Deptt., IIT Delhi for
his valuable suggestions and help throughout the research work. I am deeply indebted
to him for the important and thought-provoking discussions during the research
period. 1 am very grateful for his patience, motivation, enthusiasm and immense

knowledge.



I am also thankful to Prof. Chandra Shakher, Shri S.K. Atreya, Dr. A.K.
Agarwala, and Dr. D.S. Mehta for giving continuous encouragement. | convey my

heartiest thanks to them for their help and support.

It is my great pleasure to thank the ‘Indian Institute of Technology, New
Delhi’ and the, Instrument Design Development Centre (IDDC), for providing me an
excellent academic environment and research facilities for successful completion of

my Ph.D. work.

I am also thankful to my father and mother who have been instrumental in
guiding me throughout my life. I convey my heartiest regard and gratitude to my
parents for their love, care and endless blessings without which, I would not have
been what | am. My deepest felt thanks to my wife Kanwaljit Kaur, and my little boy
Prabhroop Singh for their unconditional love, affection, enthusiasm and support.
Without their inspiration and support, 1 would have not completed my research work.
| am grateful to my brothers, sister-in-laws, nephews and nieces for giving me the

needed moral support throughout the tenure.

| am especially thankful to Mr. Horam Azad, for his constant help towards
carrying out the laboratory experiments. In addition to these people, 1 was lucky
enough to have the support of my friends Dr Anuj Kumar, Mr. Mumtaz. Their friendly
guidance made me keep myself cool during my tough time. I thank all the seniors,
colleagues, juniors of the Instrument Design Development Centre, Indian Institute of
Technology Delhi for their cooperation. The chain of my gratitude would be
definitely incomplete if | would forget to thank the first cause of this chain, the prime
mover, to whom | offer my deepest and sincere gratitude for inspiring and guiding

this humble being.

Date: VANEET SINGH



ABSTRACT

Embedded controlled sensor networks are being widely adopted for many
applications including very complicated tasks, like control of military operations in
remote areas. However, a major concern for embedded controlled sensor network
technologies are a short lifetime and high maintenance cost due to limited battery
energy. The objective of this thesis is to investigate the feasibility of an energy
efficient embedded sensor network. To achieve this goal, novel approaches to
implementation of energy efficient embedded controlled sensor network are analyzed
and benchmarked. Detailed analysis has led to innovative solutions at micro-

controller, routing protocols and the sensors levels.

An Embedded controlled sensor network system, for monitoring of
environmental as well as agricultural parameters, has been developed in compliance
with IEEE 802.15.4 standard. The sensor array is implemented by interfacing various
low power and low cost sensors along with JN5148 microcontroller to form the base
node. Sensors are recalibrated using the potentiometer adjustment technique of signal
conditioning circuits. The developed ECSN is low cost and energy efficient. It uses

available off the shelf components.

For making ECSN more energy efficient, the important parameters are the
microcontroller and the routing protocol. An application specific microcontroller
dedicated to embedded sensor network has been proposed as a solution. Simulation of
the proposed 8 bit microcontroller has been carried out. This is tested for ECSN
application related algorithms. The proposed microcontroller is more energy efficient
as compared to the existing microcontrollers. An energy efficient clustering algorithm

based on average residual energy is proposed. The performance of proposed



clustering scheme is evaluated and compared with existing clustering algorithms. The
proposed clustering algorithm is much more energy efficient as compared to existing

clustering schemes.

In conclusion, important contributions of the work are summarized. Scope of

the further work in this area is finally outlined.
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