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Abstract

Wireless Sensor Networks (WSN) represent a relatively modern concept which has
captured the interest of many in the research community. Coupled with appropriate
hardware, they offer great flexibility in terms of their applicability to solving real
world problems. This can be seen with applications ranging from environmental

issues to healthcare and even artificial intelligence.

Much of the work relating to WSN has been predominantly in the research domain,
and so it is the purpose of this study to investigate ways in which they can be applied
to solve industrial issues. This study particularly considers inventory management in
the airline and packaged gas industries where there are many common fundamental
requirements. A prototype system is presented which includes a database to record
and obtain relevant tracking data in order to facilitate asset identification. Information
of how this system may be applied within each industry is also included, in addition to

how a WSN can be utilised to fulfil the specific needs of individual industries through

the use of custom built hardware and sensors. Initial experimental results of this

system are also given along with experimental results pertaining to the suitability of

WSN devices in industry.

Despite WSN devices still being relatively new many advances have been made in
order to make them more powerful and also smaller., However, as the size of the
devices has decreased very little has been done with regards to critical components
such as the antenna. As a result this work looks at the production of an industrially

suitable antenna in terms of its design, construction and testing.

Finally, wireless sensing in the automotive industry is briefly discussed. The
application of WSN in the automotive industry aims to improve recent spot weld
monitoring techniques which determine the quality and integrity of a spot weld 1n
real-time. Since such systems are wired, it is thought that WSN technology may

finally make them feasible for retrofitting to existing spot welding machinery.
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US United States

USB Universal Serial Bus

UWB Ultra Wide Band

VNA Vector Network Analyser
VSWR Voltage Standing Wave Ratio
WINS Wireless Integrated Network Sensor
WLAN Wireless Local Area Network
WSN Wireless Sensor Network
XOR eXclusive OR
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1. Introduction

1.1, The Initial Aim

This project was initially started with the sole aim of investigating a way in which to
improve the effectiveness of luggage handling in airports. Luggage is essential to the
vast majority of passengers, and so its effective handling is a primary concem of
airlines, particularly since recent reports [1-2] suggest that lost luggage alone costs the
airline industry in excess of $1 billion annually. This is a figure which is set to rise

year upon year [3] if some action is not taken to rectify the way in which luggage is
tracked.

The ability to quantify a cost to the airline industry is useful in bringing attention to
the luggage issue, but it does not highlight other implications of poor luggage
handling. Lost luggage cannot simply be defined as a cost to the airline, it must also
be considered as an inconvenience to the passengers affected; arriving at a holiday or

meeting destination without ones luggage could have devastating consequences.

Aside from lost luggage, the majority of commercial airlines have the ability to carry
large numbers of passengers; a Boeing 747-400 [4] can carry more than 500, and the
smaller Boeing 737 [5] nearly 200. Even if each passenger has only one item of
luggage stored in the cargo hold of each aircraft, there is a great deal of luggage, little
of which will be particularly distinctive. If there is a problem with a passenger (i.e. -
they fail to board the aircraft, or they have to leave before take-off) then their luggage
must be removed from the cargo hold. At present such an action involves a member
of staff physically searching through the cargo hold looking for that passenger’s
luggage based upon its appearance. This is an extremely labour intensive chore, one
which must be done as quickly as possible often resulting in damage to luggage in the
process. Of course, speed is essential since an aircraft being held at an airport longer
than necessary costs the airline money, whilst also delaying current passengers and
potentially those who are to board subsequent flights. As with the inconvenience of

lost luggage, these potential delays, indirect costs and further inconveniences are

e
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difficult to quantify: they are however incredibly important, and add weight to the

argument that airlines need more effective ways of handling and tracking their

luggage.

Therefore, the initial aim of this project was to look at creating a system which could
be suitable for use in airports which would eliminate, or at least minimise, lost
luggage whilst also considering those factors which cannot be easily quantified such
as the passenger experience of the luggage handling process and the ability to quickly
find luggage in the aircraft cargo hold.
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