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Abstract

The design and choice of routing protocols in wireless sensor networks is critical as it
affects performance, lifetime and scaling. Wireless sensor networks are primarily used
to gather sensor data. The efficiency of the communication protocol used to move
sensor data from the nodes to the sink, determines the performance of the network
(in terms of battery-life and data-reliability). Three approaches have been proposed,
analysed and implemented on hardware to achieve higher efficiency in the routing of

sensor data in wireless networks.

We have designed, built and used the Pratham node, an embedded platform with
programmable wireless communication range and Over-The-Air programming capa-
bility. It is a new design for wireless node hardware aimed at creating a class of
heterogeneous sensor networks which bridge the gap between ultra-low power short
range and high power long range wireless sensor nodes, while maintaining ease of use
and robustness of software. The wireless link created by Pratham nodes is charac-
terized for throughput, quality and power profiles for elementary operations. The
supported Over-The-Air programming process is modelled as a Colored Petri Net to
analyse its performance. Typical network lifetimes are discussed and the effect of

post-deployment remote programming on the life of the node is calculated.

We also developed a novel communication protocol - Adaptive Transmission Power
Protocol - for Wireless Sensor Networks with the facility of re-configuring the trans-
mission power of the hardware. We have described the specifications of the protocol
including the packet format and the contention avoidance methods. This protocol
was implemented on Pratham nodes and the performance was evaluated for funda-
mental operations. An additional method to assess the performance of the hardware
with regard to the transmission power level was analysed. The results show that
non-overlapping regions exist for different transmission power levels where the system
performance is optimum. More importantly, these regions move farther from the node
with increase in transmission power level. This proves using both, simulation and a

hardware test-bed, that re-configuring transmission power levels is an effective way of



saving energy in Wireless Sensor Networks.

We present a novel approach to collect data in sensor networks. In our proposed
protocol, the routing of data is controlled by a special packet - the Operator Packet.
This Operator Packet circulates through the network (a) allowing nodes to report
data when they need to and (b) is circulated preferentially to nodes with more data
and with higher residual battery levels. The circulation algorithm presented in this
chapter takes O(n) time. It creates an opportunistic routing condition — the nodes
operate only if their battery levels permit. This leads to controllable lifetime, with
average lifetimes of upto 99% of the preconfigured target lifetimes. If nodes in the
network are configured with similar target lifetimes, a highly synchronized network
death is possible. The end-user can configure devices to operate for a desired life-
time and achieve reliable operation for that duration—this is the motivation behind
the development of this protocol. Compared to the Low Energy Adaptive Clustering
Hierarchy (LEACH) protocol and Hybrid Energy Efficient Distributed clustering pro-
tocol (HEED), the proposed protocol achieves higher lifetimes (60% of LEACH and
165% of HEED respectively) and improved Coefficient of Synchronous Death (17%
of LEACH and 102% of HEED respectively). We have also suggested a corrective
method to reduce data drops in field deployments.

We propose a novel communication protocol for gathering data with increased ef-
ficiency. The novelty of this protocol is in enabling prompt automatic switching
between beaconing-mode (which consumes extremely low power) and relaying-mode
(which requires higher amount of power for setting-up and maintaining routes). The
concept is bio-inspired by the ‘murmuration’ behaviour of starlings — a natural phe-
nomenon observed in flocks of birds in flight. The proposed protocol is an improved
implementation of the Bellman-Ford Algorithm and manages to mitigate the forma-
tion of loops using the novel murmuration inspired algorithm. Through simulation,
we show that the protocol performs well when the network size is scaled and is also
effective in extending the lifetime of the network. A hardware implementation has

also been presented to validate the feasibility of the protocol in real world setups.
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