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Due to the power constraint, it is vefy important to save the power of the sensors
so that the batteries of the sensor nodes last for long time. Our main objective is to
find new opportunities for saving more power for sensor nodes, such that the lifetime
of the overall WSN is prolonged. In order to achieve our objective, in this thesis, we
attempt to solve the power waste problems due to unnecessary power consumption actions
in data communication. This study mainly focus on how to introduce a data communication
approach and how it can be done in delay performance and a power efficient way. In this
thesis, we propose a power efficient data communication protocol for WSNs which can
reduce the delay, transmission cost and maximizing the lifetime of whole sensor network.
Critical to any WSN deployment is the expected lifetime. The contribution mainly lies
in following three aspects.

Firstly, we improve the efficiency of data distribution protocol by proposing
neighbor discovery mechanism through network coding. The existing data distribution
protocol, AdapCode, is weak in neighbor discovery which is the most essential part in
coding process. With our proposed method, we could improve the coding opportunities and
thus the lifetime of the sensor network is extended by 25% to 35%.

Secondly, we propose to use the digest information of the subsequent data packets
to reduce the power waste by overhearing and idle listening. We not only reduce the
power waste for idle listening, but also reduce the power waste of overhearing
irrelevant broadcast packets during data distribution process. In this way, the
lifetime improvement can be up to 40% to 50%.

Finally, we propose two types of buffer management schemes for multi-layer WSNs.
Unlike the conventional WSNs which consider the whole network as single layer, we
divide sensor network topology logically into multiple layers according to the type of
sensors’ readings. Sensors in multi-layer WSN type—A accommodate to listen the packets
originated from other layer sensors while that competence is not considered in multi-
layer WSN type-B. Our proposed schemes can reduce the relevant packet loss and power
waste for retransmission of packets loss.



Wireless sensor networks (WSNs) are composed of sensor nodes, which are typically
highly constrained devices with low computational power and a small memory size.
Applications shall be designed to work For months or even years without changing the
battery of the sensor nodes. Therelore, power—efficiency is a cruecial requirement for
applications implemented on sensor nodes. In additioen, a long delay is also highly
undesirable for time-sensitive applications such as eritical situation monitoring and
security surveillance. Our main objective is to find new opportunities for saving more
power for sensor nodes, such that the lifetime of the overall sensor network is prolonged.
In order to achieve our objective, in this thesis, we propose a power efficient data
communication protocol for WSNs which can reduce the transmission cost and maximizing the
lifetime and delay performance of whole sensor network by solving the power waste problems
due to unnecessary power consumption actions in data communication.

The thesis is organized into five chapters.

Chapter 2 provides the background information on WSNs., In this chapter, f[irst, we discuss
the characteristics of a sensor node and constraints in WSNs in detail. We then discuss
about the most important issue in sensor network, power consumption issue and then discuss
about general approaches to power saving.

In Chapter 3, we present the methods designed for neighbor discovery and sleep-wake
scheduling in data distribution protocol which minimize the number of data communication.
Firstly, we improve the. efficiency of data distribution protocol by proposing neighbor
discovery mechanism through network coding. In our proposed scheme, neighbor nodes are
discovered by the use of the network beacons. In the initial of neighbor discovery process,
each sensor broadcasts a specific number of beacon messages (o advertise its presence. Due
to the broadeast nature of radio communication, each sufficiently closed neighbor receives
this message and infers that it is a neighbor of the sender. Each node maintains a local
neighborhood table and during the neighbor discovery process, the identity of the
discovered node is added to the table., With our proposed method, we could improve the
coding opportunities and thus the lifetime of the sensor network is extended by 25% to 35%
The ‘digest info’ 1is a small frame embedded in the wakeup message and sent right before
each data broadcast message. Secondly, we propose to use the digest information of the
subsequent data packets to reduce the power waste by overhearing and idle listening. We not
anly reduce the power waste for idle listening, but also reduce the power waste of
averhearing irrelevant broadcast packets during data distribution process. In this way, the
lifetime improvement can be up to 40% to 50%.
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Figure: Comparison of Power Consumption.



Chapter 4 presents a buffer management scheme for multi-laver WSNs., We propose two
types of buffer management schemes [or improving lifetime and delay performance in multi-
layer WSNs. Unlike the conventional WSNs which consider the whole network as single layer,
we divide sensor network topology logically into multiple layers according to the type of
sensors’ readings. Sensors in multi-layer WSN Type-A accommodate to listen the packets
originated from other laver sensors while that competence is not considered in multi-laver
WSN Type-B. Both proposed schemes, Type-B and Type-A can reduce power waste for
retransmission of packets loss 2.8 times and 2.6 times than the conventional scheme
respectively. Type-A is better lor the delay-sensitive sensor network applications since it
can reduce the delay by 75% than Type-B. Finally, we conclude and discuss the Future work
in Chapter 5.
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Figure: Comparison of Power Consumption.

Performance results show that our proposed schemes can reduce the significant power
consumption in data communication of WSNs. As a main contribution of our thesis, we showed
that, network lifetime can be significantly extended by reducing the unnecessary power
wastes., The objective of this thesis is Lo propose a power efficient data communication
scheme for the wireless sensor networks. We achieved our objectives by reducing some
sources of power wastes such as avoiding overhearing, idle listening, buffer overflow and
reducing number of packet transmission. We summarize our achievement as follows:

# Firstly, we considered for the packet transmission problem which is the most
power consumption action for sensors’ radios. From our observation of the
AdapCode data distribution protocol, we found that the actual number of neighbor
nodes is very important for the coding benefit in code distribution process. By
using our proposed neighbor discovery protoecol, we could find out all neighbors
(including semi-active neighbors) and thus we got more coding opportunities and
as a result, it can reduce the number of packet transmission.

# To solve the problem of overhearing and idle listening, we then enhanced our data
distribution scheme by proposing a new idea of using digest informatien of the
subsequent data packets. With the help of our proposed ‘digest info' field,
sensor nodes can envisaged and avoid from receiving irrelevant broadcast packets.

¥ Finally, to solve the buffer overflow problem, we proposed a new buffer
management scheme for wireless sensor networks. In our proposed scheme, we divide
the sensor network topology logically into multiple different lavers and each



layer 1is associated with different information collected from its sensing

environment. We showed that our proposed multi-layer WSN can reduce the relevant
packet loss and power waste for retransmission of lost packets.

From our performance results showed in this thesis, we can conclude that our

objective of designing power efficient data communication strategies for wireless

sensor networks has been achieved.
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