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Abstract. This paper explores the concept of wireless sensor networks
and discusses the focus of our research. We introduce the reader to what
a wireless sensor network is, how it works, and also give some example
applications of wireless sensor networks. The paper then identifies the
focus of this research as a wireless sensor network design system for
agricultural applications, and discusses some of the ideas involved.

1 Introduction

This paper will provide an introduction to the area of wireless sensor networks
and potential research. We begin with a section that explains what a wireless
sensor network is and how it works. Some potential applications will be discussed
in order to give the reader an idea of what is possible with wireless sensor
networks. The second section will address the objectives of this research, and
the third section discusses what has been achieved so far. Finally, the fourth
section will discuss further work to be undertaken.

2 Wireless sensor networks

Wireless sensor networks (WSNs) are an active research area [1][2][3], predomi-
nantly in computer science and electrical engineering. Wireless sensor networks
are designed to be autonomous devices that cooperate together in order to mon-
itor environmental or physical conditions. Sensor networks make it possible to
monitor many different environmental conditions quickly and easily, such as
temperature, humidity and motion. WSN research was initially motivated by
the military[4], but is now used for many civillian applications. One particular
civillian application, agriculture environmental monitoring, will be the key focus
of this research.

2.1 What is a wireless sensor network?

WSNs consist of small devices that are called nodes. Each node contains a power
supply, sensors and a small computer. The power supply is typically a battery,
which may also have a small solar panel for charging. A node can have one
or more sensors attached to it of various types. For example, it may have a



temperature sensor for use in a greenhouse, or a vibration sensor for detecting
earthquakes. The computer is a low-power, low-cost device that listens to the
sensors and then transmits the received information to other nodes.

Typically, the nodes will relay the information back to a single point, such
as a central computer server. Nodes have been designed that are millimetres in
size [5], and experts are working on shrinking that down to micrometres. Nodes
are relatively inexpensive, and prices are falling as technology improves.

2.2 How do wireless sensor networks operate?

WSNs work much like a conventional wireless network; node’s establish links
between each other following a particular set of rules. For instance, nodes may
establish links to all nodes within transmission range. The difference between
how WSNs and conventional wireless networks operate is the communication
protocols that are used. The protocol needs to be specifically designed for sensor
network operation [6].

WSNs typically have low volumes of data, hence only a low bitrate is re-
quired. Communication needs to be reliable so that only correct data is received
by the end user. The most important aspect of a WSN protocol is that it needs
to be energy efficient. Nodes have very limited power and hence cannot afford
to waste it on unneccessary data transmissions. This leads to a tradeoff between
reliability and energy efficiency.

For the protocol to be completely reliable, the node would need to be able
to retransmit repeatedly (worst case) and this would quickly consume energy.
On the other hand, for an energy efficient protocol, we could not retransmit and
hence communication would not be reliable. A compromise needs to be made
between reliability and energy efficiency, such as that used in the concept of
directed diffusion [7].

2.3 What applications do wireless sensor networks have?

With the ability to monitor sensors remotely using a home computer, a farmer
could quickly and easily discover if any troughs were low on water, or check the
soil moisture and temperature in the maize fields. These are just a few examples
of the potential uses that WSNs have in the agricultural industry alone. Farms
are not the only benefactors from wireless sensor networks. Orchards would also
greatly benefit, especially vineyards [8] and kiwifruit growers. Sensors would in-
dicate when the temperature dropped below a particular threshold, and then
action could be taken to protect the crops from frost. Agriculture is a large sec-
tor of New Zealand’s economy [9], as well as many other countries, and hence
WSNs could lead to economic benefit.



There are many other potential applications of wireless sensor networks, and
not only in agriculture. Wireless sensor networks could be used in bridges and
buildings for health monitoring. An example of this was a research project where
a wireless sensor network was established on an 80m footbridge in Berkeley, San
Francisco. The sensors measured structural vibration and temperature in an
effort to determine health status. Another use would be for natural disaster
detection; for example, a wireless sensor network may be established around the
perimeter of a lake as a early flood warning system.

3 Research direction

The key focus of this research is to develop a system for simple/automated design
of a wireless sensor network, in particular, for applications in the agricultural
industry. This research will not only explore the physical topology of a wireless
sensor network, but also to examine the relationship between the desired log-
ical network, and the actual physical network. Our definition of topology can
be found in Fig. 1. A logical network is an abstract method of representing a
physical network. Suppose it is desired to construct a wireless network between
two houses, A and B. Logically we would view this as a single link AB, however
in a physical context, AB may consist of several physical links. It is of interest
to this research to examine this relationship and determine methods which will
help automate the deployment of wireless sensor networks.
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Fig. 1. Topology definition

The physical network topology of a wireless sensor network can be defined in
a high or low level context. We will refer to these as high level distribution and
low level distribution. High level distribution refers to the intended application
of the wireless network. The first high level distribution is the ‘dispersed distri-
bution’. Placement of nodes in a dispersed distribution is not a priority, as long
as they are in communication range.

On the other hand, a wireless sensor network where node placement is a
priority is refered to as a ‘focused distribution’; that is, the focus is on particular
sites in the physical terrain. The above example of a link between houses A and



B would be a focused distribution. The third high level distribution is a hybrid
of dispersed and focused, and hence is known as a ‘hybrid distribution’. A hybrid
distribution occurs when we have focused clusters of dispersed nodes. Examples
of all three high level distributions can be seen in Fig. 2. It is important to realise
that the placement of nodes may not result in a connected network. There will
often be a requirement for nodes to simply relay information without having
any sensing functionality themselves. Part of this research will be dedicated to
optimising the placement of, and reducing the need for, relay-only nodes.

Dispersed Focused Hybrid

Fig. 2. High Level Distributions

Low level distribution refers to the geometric topology of the network. This
is an area that we intend to research more in-depth. We have identified that
there are two types of geometric topology, ‘regular’ and ‘random’. Regular dis-
tributions include such topologies as those based on grids or cells. Random dis-
tributions consist of all topologies that have some element of randomness to
their construction. The popular normal and uniform distributions are obvious
choices, but there exist other variations that are yet to be identified. Some of
these distributions can be seen in Fig. 3.

3.1 Research questions

The key question for this research is:

– How can wireless sensor network deployment be simplified and/or auto-
mated, particularly for agricultural applications?

However three other questions are also of interest to answer the above question.

– What physical distributions for wireless sensor networks exist?

– How can topology awareness benefit wireless sensor networks?
– How can this knowledge be incorporated into some protocol and/or manage-

ment system?

So far we have focused on physical distributions and this is what we discuss next.



4 Defining physical topologies

We have identified several topologies so far; we will possibly identify more in
the near future. Fig. 3 shows four of these topologies; Fig. 3(a) and 3(b) use the
unit circle as a basis for their construction. A unit circle has a radius of 1 and
is centred at the origin (0,0). The unit circle can then be scaled as required.

(a) Uniform (b) Normal (c) Grid (d) Cellular

Fig. 3. Common toplogies

Fig. 3(a) models the uniform unit circle topology; this was implemented by
rotating uniformally about the origin and placing a point at a uniform radius.
Fig. 3(b) is very similar but instead places a point at a normal distance from
the origin. This is the sort of topology we would expect to see when modelling
users of a wireless access point, as users prefer to be close to the access point in
order to get better signal quality.

The other two topologies shown in Fig. 3 are the grid topology (Fig. 3(c)) and
the cellular topology (Fig. 3(d)). We suspect that a grid topology is too regular to
model an ad-hoc network, but it may be suitable for modelling infrastructure-
based networks (in a city for example). The cellular topology represents the
ideal layout for cellular networks (hence the name); each cell is hexagonal to ap-
proximate the circular coverage of a cellular transmitter which allows maximum
coverage with some overlap for handover.

An interesting piece of analysis we have conducted is brute force placement
simulation. Brute force implies that using a particular distribution, we keep
placing nodes until we obtain a connected network. We do this to prove that
‘random’ placement is an inefficient way of achieving connectivity in a wireless
sensor network, where we define connectivity as ‘there exists no more than one
subgraph for this set of nodes’. For the purposes of this analysis, using simula-
tion techniques,we placed nodes in an area of 10 by 10 units. Each node had a
maximum transmission range of 1 unit. Nodes were generated until either con-
nectivity was achieved or the number of nodes exceeded 2500.



Six distributions were tested in this simulation. Each distribution was eval-
uated with 100 runs for exponentially-increasing numbers of nodes. Only when
all 100 runs reached connectivity did the simulation end. We used the uniform
and normal distribtions discussed above (uniform, uniform unit circle, normal
and normal unit circle). We also took the uniform and uniform unit circle, and
applied a heuristic that nodes must be at least 0.2 units apart. These are called
uniform disc and uniform unit circle disc. Regular networks are connected by
their very nature, and hence were not included in the simulation. The normal
distributions behaved as expected and did not reach full connectivity after 1000
nodes.

The four uniform based distributions all reached full connectivity in under
1000 nodes, and this is where our interests lie. As can be seen in Fig. 4, the distri-
butions based on the uniform unit circle initially require fewer nodes, but with
respect to connectivity, all uniform-based distributions are fully connected at
about 400 nodes. This reinforces our theory that ‘random’ placement of wireless
sensor nodes is inefficient, and that we need to take a more structured approach
to the placement problem.
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Fig. 4. Brute force node placement (full graph on left, zoomed-in version on right)



5 Further work

The main goal of this research is to develop a custom-built mapping system that
allows for simplified/automated wireless sensor network deployment, in particu-
lar for agricultural applications. It should provide 2D and 3D terrain modelling
with the ability to place both wireless nodes and other environmental objects.
Environmental features will include vegetation such as trees and bushes, as well
as lakes and streams. The system should also have support for placing man-made
structures such as buildings, pylons and fences. This system will be implemented
using existing open-source software and modified to meet requirements.

The system will then be able to analyse the network design by using various
mathematical models (such as fresnel zoning and signal strength calculation) to
verify links in terms of quality. The system should be able to propose amend-
ments should one or more links fail verification.

The idea behind this system is to reduce the levels of expertise required to
deploy wireless sensor networks. The system will ensure that suffient levels of
redundancy are put in place to maintain throughput and reliability requirements
in case of node failure.

We will also endeavour to discover how topology awareness benefits wire-
less sensor networks and make recommendations for (and possibly develop) a
topology-aware wireless sensor network protocol. This will involve looking at
how nodes choose their neighbours and how the physical terrain and placement
of nodes affects their communication.

6 Summary

This paper has introduced the concepts of what a wireless sensor network is and
how it works. It has also discussed some example applications of WSNs, giving
an idea of WSN potential. The direction of this reseach was examined and it was
identified that the key focus of this research is to develop a simple/automated
system for wireless sensor network design, specifically for use in agricultural
applications. We showed by simulation that brute force placement of nodes is
inefficient and that greater care needs to be taken when placing nodes. The paper
concluded with a section on further work, identifying ideas and techniques that
will be further researched and developed.
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