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Résumé

La technologie Radio Frequency Identification (RFID) a été largement utilisée dans
différentes industries au cours des derniéres années. En dépit des inconvénients tels
que le manque de maturité de la technologie dans des certains environnements
conducteurs, la RFID peut fournir des avantages tels que la réduction des stocks,

I'amélioration de la précision et de I'efficacité des procédés.

Cependant, I'utilisation de la technologie RFID a été trés limitée dans l'industrie de
l'aviation. Dans ce travail, la technologie RFID est explorée en relation avec les
opérations de maintenance des compagnies aériennes. Les principaux objectifs de ce
mémoire sont d'évaluer l'utilisation présente de la RFID dans la maintenance

aéronautique et d'évaluer les possibilités futures, ainsi que les obstacles a cette

technologie en ce qui concerne les opérations de maintenance des compagnies

aériennes.

Dans ce mémoire, une revue de la littérature actuelle sur la technologie RFID et les
opérations de maintenance de la compagnie aérienne est réalisée. Le mémoire utilise
une approche empirique afin de construire une base théorique qui peut étre utilisee par
les praticiens pour la prise de décision. La recherche également identifie les catégories

de piéces qui peuvent bénéficier le plus de la RFID.

Les résultats montrent que l'industrie du transport aérien a pris connaissance de la
RFID et que I'utilisation de la RFID est de plus en plus répandue et le sera davantage
prochainement. Les résultats montrent également que les compagnies aériennes sont
confrontées & plusieurs obstacles pour I'application de la RFID. Les obstacles identifiés
sont: le manque de connaissances, le co(t des systémes intégrés de type Enterprise
Resource Planning (ERP), le colt des étiquettes, le manque de soutien des
gestionnaires et I'immaturité de la technologie. A ce jour, en raison de l'immaturité de la
technologie, les applications RFID pour les pieces a forte intensité de main-d'ceuvre et
pour l'outillage semblent étre I'utilisation la plus efficace de la RFID. Comme la
technologie évolue, les cas d'application sont plus nombreux et on peut s'attendre a ce



que plus de compagnies aériennes vont utiliser cette technologie pour gérer leurs

pieces et composantes.

Mots clés : Radio Frequency ldentification, RFID, logistique, gestion de la chaine
d'approvisionnement, Aviation, l'industrie du transport aérien, compagnies aériennes,

opérations de maintenance, maintenance aéronautique



Abstract

Radio Frequency ldentification (RFID) has been widely used in different industries in
recent years. Despite drawbacks such as the immaturity of technology in conductive
environments, RFID may help in reducing inventory, improving accuracy and enhancing

the efficiency of processes.

Although RFID has been employed widely in various industries, the use of RFID
technology in the aviation industry has been very limited. In this work, the use of RFID
technology is explored in relationship to airlines’ maintenance operations. The main
objectives of this thesis are to assess the current use of RFID in aviation maintenance
and to evaluate future opportunities as well as the barriers to this technology in regards
to airline maintenance operations. The research also identifies the category of parts that

can benefit the most from RFID.

A review of the current literature on RFID technology and the maintenance operations of
airlines is provided. The thesis uses an empirical approach in order to build a theoretical

foundation that can be used by practitioners for decision making.

The results show that recently the airline industry has taken notice of RFID and the use
of RFID is growing in a short period of time. The results also show that airlines are
facing several barriers for RFID implementations. The identified barriers are: lack of
knowledge, cost of Enterprise Resource Planning (ERP) integration, cost of tags, lack of
support from managers and immaturity of technology. At this point of time, due to
immaturity of technology and limited experiences, RFID applications for labor intensive
parts and tooling appear to be the most efficient use of RFID. As the technology
matures, the application cases widen and more airlines will likely use this technology to

manage their parts.

Keywords: Radio Frequency Identification, RFID, Logistics, Supply chain management,
Aviation, Air transportation industry, Airlines, Maintenance operations, Airline

Maintenance
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1. Introduction

1.1.Motivation

100 years has passed since January 1%, 1914, when the first scheduled-flight flew
across Tampa Bay. Even though the trip had only one passenger, Guinness World
Records ranked it as the world’s first commercial flight (Glenday, 2013). The aviation
industry has evolved significantly ever since. In one century, the industry has grown
from one passenger on one route, to eight million passengers on average per day on
many routes (IATA, 2013c). The International Air Transport Association (IATA) reports
that 3.1 Billion passengers flew in 2013 and this number is expected to increase to 3.3
billion in 2014 which is about 44% of the world’s population (IATA, 2013c).

Aviation is an essential part of the global economy. Its worldwide transportation system
is the number one enabler of globalization. As it was mentioned in the International Civil
Aviation Organization (ICAO) convention in Chicago, aviation is a real facilitator for
tourism and business development and “brings together the people of the world”
(Abeyratne, 2013). A recent study of the Air Transport Action Group (ATAG) and
Oxford Economics has confirmed that around 56.6 million jobs are supported by
aviation globally. In addition, aviation generates about $2.2 trillion in global economic
activities (ATAG, 2012).

Regardless of all the economic advantages that originate from aviation, the average
industry profits are not significant and airlines are struggling a great deal in order to
recover their cost of capital. Between 1970 to 2010, the average annual post-tax profit
for airline industry has been calculated to be about 0.1% of the annual revenue (IATA,
2013b). Moreover, the structure of the airline industry is extremely complex. High value,
long-service life and complex configurations are characteristics of capital equipment in
the aviation industry, which make managing assets a challenge. Maintaining the aircraft

in service for a timeline of thirty plus year is what drives profits (Amann, 2002). A further



challenge is the entrance of new competition such as low cost airlines in the past
decades (Franke, 2004).

All of these pressures result in constant demand in the market for innovative ideas that
provide a competitive advantage. Innovation is directly related to activities and
improvements that enhance economic growth and competitiveness. Technology affects
competition significantly by impacting costs or other differentiating drivers that could
affect the cost and result in relative competitiveness (Tidd & Bessant, 2009).
Technologies that enable a more efficient value chain activity than the competitors are
therefore a competitive advantage (Porter & Millar, 1985). In recent years, airlines have
been looking for innovative ideas that can evolve their supply chain management as
efficient supply chain management is the key to keeping their planes in the air, longer

generating income, and enjoying high customer satisfaction ratings.

In the present work, “Supply Chain” is identified as the combination of all the stages that
directly or indirectly affects a customer request (Fawcett & Clinton, 1997). The
coordination of these stages in order to improve the functionality of supply chain can be
termed as supply chain management (Lummus & Vokurka, 1999). The inspiration and
reasoning of supply chain management lies within the concept of data synchronization
and information sharing among different trading parties (Kouvelis, Chambers, & Wang,
2006).

Leading-edge enterprises confirm that the good performance of a supply chain system
vastly relies on the information sharing and availability of data to the entire supply chain
(Lee, Ma, Thimm, & Verstraeten, 2008). Time is a “competitive weapon” (Stalk, 1988)
and therefore the real time sharing of product and process information can bring

competitive advantages to the industry.

In the airline industry, important benefits of such information and data visibility lead to
improvements in asset management and in asset utilization which are challenging areas
for high value aircraft. The serviceability and maintenance of the aircraft is very
important for airlines as airline operations can shut down without the existence of such

systems. In addition, the logistics activities of an airline are directly related to the



maintenance operations and strongly associated with the competitive advantages of the

airline.

Radio Frequency ldentification (RFID) is an automatic wireless system that has the
ability to identify, capture and communicate information in order to facilitate data
visibility and product traceability throughout the supply chain. RFID can create
improvements in operational activities and result in cost reduction and therefore create

a more efficient value chain (Sarac, Absi, & Dauzére-Pérés, 2010).

Considering the challenges in asset and inventory management and the need for
innovation to create competitive advantage in airlines, airline maintenance operations

present a suitable case for assessing the application of RFID.

1.2.Problem Statement

This thesis was conducted in collaboration with IATA. It uses a holistic empirical
approach to investigate the application of RFID in Airline Maintenance Operations. The
main objectives are to assess the current use of RFID in aviation maintenance and
evaluate the future opportunities as well as the barriers to this technology in regards to

airline maintenance operations.
The objectives can be categorized as below:

a) To explore the status of the industry regarding the use of RFID in maintenance
operations

b) To identify the category of aircraft parts that can benefit the most from RFID
tagging

c) To conduct an analysis demonstrating the return on investment in maintenance
operations

d) To discuss the barriers to RFID implementations in maintenance operations and

the future opportunities



1.3. Structure of the Thesis

Chapter two presents a literature review. This chapter is divided into two sections:

a) Section one studies relevant and important literature on RFID technology, its
history and applications.
b) Section two overviews the literature on airline maintenance operations and its

use of RFID technology.

Chapter three describes the methodology and introduces the sources of data that were

used for the analysis section.

Chapter four describes the results of the IATA RFID survey which is the main source of

data for this thesis.

The data analysis is performed in chapter five. The analysis section aims to categorize
and structure the large amount of unstructured data that were collected through the data

collection phase.

Chapter six presents an overall conclusion and summarizes the results of this research.
Further, the research limitations and some possible future research directions are

presented.



2. Literature Review

The first part of this chapter, overviews the literature on Radio Frequency Ildentification
(RFID). The second part will present some literature review regarding airline industry

and maintenance operations.

Literature appeared scarce regarding the application of RFID in airline maintenance
operations. There is significant research efforts on RFID in general and on its

application in various industries especially retail industry.

2.1.Radio Frequency Identification

This chapter aims to provide an overview of RFID technology, its history and

applications, benefits and limitations.

2.1.1. Components of RFID

RFID systems are made of three main components: the RFID tag, the reader and the
communication infrastructure that is called middleware. Middleware acts as a bridge
between the RFID and the network database (Ngai, Moon, Riggins, & Yi, 2008).

The idea behind RFID is marking the object with a tag that acts as an identifier and
usually has some writable memory to store data. The tag acts on one side as an
identifier to locate the object and on the other side to make relevant information about
the object available. The format of the data on the tag follows the Electronic Product
Code (EPC) which is a global standard for electronic product identification (Weinstein,
2005). EPC assigns a unique serial number to every product. When an item is scanned,
EPC communicates with the network database through the middleware and transmits

the information about the product, time and the place of scanning (Alfio, 2008).

Figure 1 displays how all different components of RFID communicate together.



Antenna-Reader RFID RFID-
middleware enabled
applications

Figure 1. Extended RFID Infrastructure (Banks, 2007)

The different components of RFID tags are described in more details next.

Tag / Transponders

The RFID tag or the transponder contains the needed hardware to store data (memory)

and to communicate with the reader device (antenna).

There are two types of tags: passive and active. Active tags work with the help of a
power supply, which is a battery. Passive tags do not have a power source and
communicate with the reader with the help of the energy that exists in radio frequency
waves (Shepard, 2005).

Passive tags have short read ranges and do not function well in electromagnetic
environments. However, they are smaller, less expensive and last longer since there is
no battery to wear out (Garfinkel & Rosenberg, 2006). Passive tags are used for
injection under animal or human skin, for car keys, and retail products (Thornton &
Lanthem, 2006). They can read across a range of a few inches to 30 feet (Weinstein,
2005). "

The distance range for the reader to communicate with active tags is much longer.

However, they are also more expensive and larger compared to passive ones. An



active tag can communicate with the reader across 20 to 100 meters. In general, active

tags provide better data transmission and offer better noise immunity (Weinstein, 2005).

Readers

The reader has antennas that emit radio frequency waves to communicate with the tag.
There is an RF module in the reader which can both act as a receiver and sender of
radio frequency signals. Once the information is collected by the reader, it is coupled
with the network database (McFarlane & Sheffi, 2003).

Four types of readers exist: handheld, vehicle-mounted, post-mounted, and hybrid.
Handheld, vehicle-mounted and post-mounted types are designed to read only one type
of tag, either passive or active, depending on the reader setting. However, hybrids are
designed in a way to be able to switch their reading capabilities between active and

passive tags (Ngai et al., 2008).

Antenna

Antennas are the means of communication among the tags and the reader. The
antenna on the tag emits radio frequency waves to communicate with the antennae of
the reader. The reader has an Radio Frequency (RF) module that can both act as a
receiver and sender of radio frequency signals (McFarlane & Sheffi, 2003).

Middleware

Middleware is the software that acts as a bridge to collect the data on the tag from the
reader. Once data is collected, middleware filters and formats the data to make it
readable in other environments and various application programs such as the firm’s
ERP system (Wang, Ryu, Kim, & Hong, 2009).



2.1.2. History and Application of RFID

The history of Radio Frequency Identification (RFID) goes back to the end of World War
Il (Berger, 2005). However, just like other innovations, it took many years before RFID
reached the maturity level that allowed large-scale production and mainstream
applications (Roberts, 2006). In World War Il, the British army located transponders
(receivers) on their aircrafts to be able to distinguish between the returning British fleets
and those of the opponent. The transponder on the aircraft received the signal sent from
the base station radar and sent a response to confirm their British identity. They called

this device the Identification, Friend or Foe (IFF) system (Dittmer, 2004).

RFID’s most widespread adoption in recent years has been by Walmart and the US
Department of Defense (DoD). Walmart for the purpose of products tracking started an
RFID project at the beginning of the 2000s. Walmart mandated its top 100 suppliers to
adopt the technology no later than 2004 (Shankar & O'Driscoll, 2002). US DoD had
logistics issues during the 1991 Gulf war and decided to use RFID for logistics control.
In 2003, DoD mandated its 30000 suppliers to adopt to RFID technology (Bhuptani,
Moradpour, & Safari Books, 2005). Because of the large number of suppliers that DoD
and Walmart have, their endorsement of RFID affected many organizations and
therefore speeded up the increase of RFID use in retail applications especially (Poirier
& McCollum, 2006).

In recent years, RFID has been widely used in several industries such as healthcare,
fabric and clothing, food, library services, mining and retailing (Ngai et al., 2008). The
total market worth of RFID in 2013 was estimated $7.88 billion, up from $6.98 billion in
2012. This number is forecasted to increase to $9.2 billion in 2014 and $30.24 billion in
2024 (Das & Harrop, 2013). Radio frequency identification (RFID) is believed to be the
fastest growing smart label market with an annual estimated growth of 180 % (Ngai et
al., 2008).



2.1.3. RFID Benefits

The ability of RFID to associate the physical objects with information (without the need
for the objects to be physically accessed) has made RFID a very promising technology.
This capability allows more efficient decision making in the firm as well as improves the
accuracy and quality of the data. All of this eventually results in cost reduction (Shorey,
Ananda, Chan, & Ooi, 2006).

The data of the part is stored on the tag as the part moves along the supply chain
through different processes such as manufacturing, quality control and Iogistiés. This
reduces the errors that could occur by manual entry of data. In addition, the processes
are fast and without delays which result in benefits such as labor reduction, productivity

increase, supply chain improvements and theft reduction (Shorey et al., 2006).

RFID enables asset tracking and real-time information sharing through the supply chain.
In other words, RFID can create data and product visibility in supply chain by means of
information sharing (Delen, Hardgrave, & Sharda, 2007). Through real-time data
visibility, RFID can improve the different aspect of supply chain management by
improving inventory, saving time and access to accurate data for decision making
(Sarac et al., 2010). These subsequently result in-improvements in supply chain

efficiency.

One controversial argument about RFID is the potential advantages of RFID over
barcode. RFID offers the possibility of changing, updating or deleting the data. Data is
easy to read with RFID without the need for the item to be in line of sight. In the case of
barcode, the scanner needs to be in a short distance and with no obstacles in between
to read the code. RFID offers a wider read distance and does not demand contact or
line of sight. RFID allows for greater storage capacity for restoring data while having a
longer life cycle. Barcodes get dysfunctional when they tear apart, detached from the
“item or disfigured, while many (selected) RFIDs are reusable and have the possibility of

writing over them. RFID tags offer more security, each tag has its own unique design
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which increase the difficulty of data counterfeit and fake replications (White, Gardiner,
Prabhakar, & Razak, 2007).

2.1.4. RFID Challenges

Common complaints about RFID technology are tag price, privacy concerns and the
high initial cost of the technology as well as cost of re-engineering the existing
enterprise system in order to comply with RFID. Furthermore, there are still challenges
about the standards and harmonization between hardware, software supbliers, different

users and regulatory parties (Poirier & McCollum, 2006).

The high cost of initial investments in RFID infrastructure and in some cases the
inconvenience of challenges with standards leads to a “wait and see” approach which is
the case for many Walmart suppliers. The “wait and see” or “ slap-and-ship” approach
means tagging the parts right before they leave the supplier site and then shipping them
to the customer. This kind of approach is desirable by some companies as it postpones
the need for further investments until the cost of technology decreases (Poirier &
McCollum, 2006).

There are also obstacles with the capability of RFID technology around metal and water
based environments and products (Weinstein, 2005). It has been reported by several
researchers that RFID systems do not work well on conductive surfaces (Davis,
Bowman, & Schmidt, 2010; Griffin, Durgin, Haldi, & Kippelen, 2006; Sydanheimo,
Ukkonen, & Kivikoski, 2006).

2.2.Airline Maintenance Operations

The following section overviews the airline maintenance operations, its challenges, the
classification of inventory in airlines and the use of RFID in maintenance operations.
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2.2.1. Introduction to Airline Maintenance Operations

The role of airline maintenance operations is to perform maintenance, repair and
overhaul (MRO) related activities related to the aircraft parts. This includes maintenance
issues related to all different segments of the aircraft such as airframe, engine

component and line maintenance, and Ground Support Equipment (GSE) (IATA, 2009).

2.2.2. Inventory Classifications

Generally air carriers classify airframe inventory into three types: Rotable Inventory,
Repairable Inventory, and Expendable Inventory. However, for the purpose of
maintenance operations and maintenance program, hard time, consumables, and LLP
(life limited part) terms are also used (IATA, 2009).

In order to give a description of the different category of aircraft parts, the definitions of
inventory classifications will be provided next. The definitions are in accordance with
Common Support Data Dictionary (CSDD) (ATA, 2012) and IATA’s Guidance Material
and Best Practices for Inventory Management (IATA, 2009). It should be noted that the
definitions are not strict and aircraft parts may be placed in more than one of the

categories stated.

CSDD is a standard administered by the Air Transport of America (ATA)', to streamline
data transmission between manufacturers, operators, and others within the aviation
supply chain. The goal is to have inventory conventions set so that information can be

exchanged clearly and concisely (ATA, 2012).

The goal of the IATA Inventory Management book is to introduce the concept of
inventory management to airlines and to help airlines optimize the use of aircraft parts.
Depending on the short and long term goals and the nature of the parts, operators can

use different strategies to optimize their inventory (IATA, 2009).

*Recently renamed to A4A, “Airlines for America
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Rotables

A rotable is a component or item of the aircraft that when removed for repair, it can
come back and be installed on the aircraft as a repaired part. Rotables are considered
serviceable spares. The scrap rate of rotables is very negligible. Therefore, they are
considered indefinitely repairable. Rotables usually stay as the asset of an airline and
are resumed in service until they are put aside due to fleet retirement. Some examples
of rotables are brakes, wheels, radar transceivers, altimeter and the engine of an

aircraft.

Repairables

Repairables are component that are typically repaired and returned to service as
repaired/overhauled or as new condition. Similar to rotables, repairables are counted as
an asset for an airline due to their high value. However, unlike rotables, repairable items
have a scrap rate that should be taken into account when calculating for spares and
inventory, contracts, and other planning. Due to the scrap rate, a percentage of
repairables will be replaced during the life-time of an aircraft. Examples of the repairable

items are Auxiliary Power Unit (APU), starters and fire detectors.

Expendables

Expendables are items that have no authorized repair procedure. For such items the
cost of repair is usually higher than replacement. Because of this, most expendables
are used until they have a failure and then they are discarded. Examples of the

expendables are lamps, seals and filters.

Consumables

These items are used only once and are utilized in maintenance and repair procedures
for aircraft and equipment components. Examples of the consumables are bulk-type

materials such as fuel, lubricants, paints, etc.
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Hard Times

Hard Times are items which must be removed from service or be verified for
serviceability at or before a previously specified time. These items usually need interval
maintenance checks in order to verify their serviceability. Examples of such items are

life vests and Oxygen generators.

Life Limited Parts

Life Limited Parts (LLP) are items which are obliged to be removed from service and
must be discarded before a certain timeline or deadline is achieved. Like Hard times,
LLPs require labor intensive maintenance tasks. Most engine parts are LLPs that

require regular maintenance. In general, LLPs are considered assets for an airline.

2.2.3. Challenges in Airline Maintenance Operations

Maintenance, repair and overhaul (MRO) operations of an airline are an essential part
of an airline operational activities. It is crucial for the aircraft to be at its fullest reliability

and serviceability 'capabilities in order to assure safety and profitability.

Maintenance issues cause cancellation and delays of flights which are costly and
translate into losses for an airline. The idleness of aircraft directly affects the profits of
an airline as well as reliability and serviceability levels (IATA, 2009). An idle aircraft for
the reason of unplanned maintenance, will cause an airline an estimated loss of
$23,000 per hour (Brown, 2003).

Maintenance and logistic activities of an airline are in close relationship. In order to
improve one, the other must be improved. If one is not efficient, it causes inefficiency to
the other. Logistics activities manage the availability of parts which are essential to
maintenance operations. For a reliable and safe aircraft, effective logistics activities
must be in place in order to ensure the effective delivery of maintenance activities
(Ellickson, 2006).
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The long life of an aircraft and its complex part configurations
have made the management of capital equipment a challenge (Amann, 2002). One of
the unique things about managing an aircraft is the high value of spare parts which
makes parts an asset for the airline. The high value parts of an aircraft are not
consumed and discarded; instead, they keep being repaired and maintained in service.
Moreover, parts must be available when they are needed in order to keep the aircraft in
service. This creates a sense of emergency in parts management. This nature of the
industry may lead to excess inventory being kept which would require more investment.

In general, the goal of logistics and parts management in airline operations can be
classified in three parts. The goal of the first part is to increase dispatch reliability. This
concept usually leads to keeping excess inventory on hold in order to maximize part
availability. The second goal is to minimize the cost. Minimizing cost can be reached by
fewer investments in inventory. This goal is, however, in contrast with the first goal
which is maximizing the availability of the part. Maximizing dispatch reliability usually
results in more inventory pile ups which would need more investments. The third goal,
which rises out of the relationship between the first two goals, is a balanced strategy
between dispatch reliability and cost reduction. This goal aims to balance the
operational parameters in terms of cost and inventory level in order to optimize
operations (IATA, 2009). This final goal, while simple in concept, can become quite

complex when it comes to the execution.

High stock values can be reduced if a better predictability was available. A better
predictability could be achieved by knowing when a part is needed, in what situations
and how often such situations happen (Kashyap, 2012). This is feasible by having

access to accurate, real-time data.

2.2.4. Application of RFID in Airline Maintenance Operations

RFID technology has high potential in the area of aircraft maintenance operations.
According to Poirier & McCollum (2006), the DoD, aerospaée and defense present the
highest possible return for RFID and therefore are the most likely to find acceptance
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within their industry. US DoD already uses RFID for many parts of its operations. One of
which is tracking parts of an airplane. Part tracking is one application of RFID in
aerospace. RFID can help facilitate and accelerate parts tracking with the help of real-

time information sharing (Poirier & McCollum, 2006).

In 2005, as an initiative to enable airlines to benefit from RFID advantages, the US
Federal Aviation Administration (FAA), published a statement that allowed the use of
passive RFID on commercial aircrafts. The statement mentioned that passive RFIDs do

not cause any harm and safety issues to the aircraft (Chang et al., 2006).

The aircraft manufacturers, Boeing and Airbus, had started using RFID for asset and
tool management in the late 1990s. However, in 2006, shortly after the FAA’s approval
of passive RFID, they started planning for RFID solutions and product developments for
airline use (Harbison, 2013; O'Connor, 2005).

In 2007 Boeing teamed with Japan Airlines to demonstrate that RFID can speed the
inspection process of Oxygen generators on board of a Boeing 777 commercial airline
(Zaino, 2013). In the same year, a TAP and Airbus team also studied and deployed
RFID solution for tracking parts in an engine repair shop (Edwards, 2012). In 2011,
Boeing worked with Alaska Airlines on a pilot study to validate the significance of RFID

use for labor intensive maintenance (Boeing, 2011).

Airbus also started tagging life vests and passenger seats across A350 XWB and A320
family, A330, and A380 production lines. In 2009, Airbus took the opportunity to include
permanent tags in the aircraft's specifications, covering replaceable parts, LLPs,
repairable parts and parts with a Mean Time Between Unscheduled Removals
(MTBUR) of less than 60000 hours. Low MTBUR parts are parts that tend to fail more
often. Some 2200 components were included for tagging (Harbison, 2013).

Following OEM initiatives, some airlines started implementing RFID technology for parts
management. Delta Air Lines, for example, has been taking advantage of RFID in their
maintenance operations. Delta has reported significant time and cost reduction as well
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as improvements in data accuracy and inventory management because of RFID

implementations (Lewis, 2013).

Lufthansa Technik AG (LHT), a leading MRO service provider that is affiliated with
Lufthansa Airlines, has also started using RFID for logistics purposes in order to track
the components and parts of the aircraft (Canaday, 2011). In addition, they have started
using RFID as an attachment to the documents that travels around with the parts. This
allows them to track the movement of the part and the document along the supply
chain. The company has reduced manual data entries and the associated errors, and
therefore, has improved data accuracy and the speed of the process (Zhang, 2012).

From the literature review it appears that there are only few studies on the application of
RFID in airline maintenance operations. Except for few academic and industry papers;
there have not been any publications in regards to the application of RFID in airline
maintenance operations. As a matter of fact, despite the recognized advantages that
RFID can bring to areas such as inventory management and logistics in airlines, there
are very few studies that can be used as a foundation to enquire about the use of RFID

in the airline maintenance operations for the purpose of part management.
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3. Methodology

It was decided for this thesis to assess the current use of RFID in aviation maintenance
and evaluate the future opportunities as well as the barriers to this technology in
regards to airline maintenance operations, using an empirical qualitative approach. The
main research implication is to build a theoretical foundation in regards to the
application of RFID in airline maintenance operations. This base will provide a

knowledge point for practitioners in order to help them with decision making.

In recent years, the growth of empirical research has resulted in a broad collection of
real world information which can help managers and companies with decision making.
As a consequence, the disconnection between academic and practice has been

overcome in many fields (Cassell, Buehrins, & Symon, 2006).

In qualitative research, different methods can be used: “participant observation, outside
observation, field notes, structured, semi-structured and unstructured interviews,
surveys and questionnaires and analysis of documents and materials” (Flynn,
Sakakibara, Schroeder, Bates, & Flynn, 1990; Nielsen, 2011).

The next section will explain the data collection process and the sources of data for this

thesis.

3.1.Data Collection

In order to get started, empirical data needed to be collected. After several meetings
with IATA, it was decided that the data of one previously conducted survey about RFID
would be appropriate for the purpose of the thesis. The survey is called IATA RFID
Survey which contains real information collected from airlines and can act as a reliable
source of data for the purpose of the thesis. More information about the IATA RFID

survey is provided in section 3.2.
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During the course of data analysis, it was understood that some areas would need
further clarifications. Therefore more data collection iterations were added. This allowed
building on the existing data of the survey and providing a more reliable knowledge
database. Besides interviewing airline employees, other sources of data such as
archived email communications, archived presentations, and report were used. The
author also attended several IATA meetings which addressed RFID related issues. The
observations and materials addressed in these meetings were taken into consideration

when doing the analysis.

The data collection and the analysis for this thesis were iterative processes, as the
researcher had to go back and forth between data collection and data analysis (Van de
Ven, 2007) in order to identify the areas that required further clarifications and to plan

for additional data collection.

3.2.1ATA RFID Survey

The main source of data for this thesis was the IATA RFID survey. The survey was
initiated by IATA due to several requests from different stakeholders.

Following several IATA RFID meetings with a number of airlines and manufacturers
(mainly airframe OEMSs), the major airfframe OEMs and many airlines suggested having
an industry survey conducted to understand the status, perception and needs of the
industry regarding RFID technology and also to determine what significant aircraft parts
could benefit from RFID.

A self-administered survey was designed by IATA on an excel format. The survey was
designed with the input of two major airframe OEM companies,_regulatory authorities
and IATA staff. The IATA RFID Survey can be viewed in the Appendix I.

The survey was conducted from July 29, 2013 to September 27, 2013 with follow up

questions for clarifications during the data analysis time as appropriate.
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3.2.1. Structure of the Survey

The first part of the questionnaire aims to find out whether airlines are currently using
the RFID technology and to find out more details regarding the RFID projects that are

currently deployed at airlines.

The second phase of the survey, aims to find out the future opportunities for RFID
implementation in airlines and to understand the perception and expectation of airlines

regarding this technology.

The third part of the survey asks users to provide specific examples of parts that they
think would benefit from RFID tagging.

Finally, the final part of the survey contains demographic questions which can help
determine whether different group of respondents have different perceptions,

expectations or needs.

The survey in total contained 13 questions which addressed different aspects of RFID
application in Maintenance Operations. Refer to Appendix | for the RFID survey

questionnaire.
The questions are as follow:

1. Does your airline currently employ any RFID applications?

2. Do your current RFID activities involve RFID tags on aircraft parts or non-aircraft
parts? (In addition, for each category (aircraft vs. non-aircraft), respondents were
asked to provide the specific parts or group of parts that they are tagging with
RFID)

3. What is the approximate percentage of improvement in terms of process
efficiency after RFID implementation?

4. What is the approximate split of your RFID activities between aircraft parts and
non-aircraft parts? (The sum should be 100%)

5. Is your airline going to employ any RFID applications in the future?
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6. Upon RFID deployment, in what functions of your organization, do you expect to
see efficiency improvements?

7. What is the priority for the next group of parts that could potentially benefit from
RFID tagging?

8. Regarding the maintenance history of the RFID tagged parts, what is your
preference?

9. What would be the criteria for potential parts marking?

10.Do you prefer RFID tags to be installed at delivery or by the after-market?

11.Please list any data elements that you would like to see on an RFID tag?

12.Why do you think RFID tags have not been used so far in commercial aviation?

13. What would be your approximate expected return? (ROl and Payback)

3.2.2. Survey Demographics

The selected contacts were restricted to airline professionals who are and/or expected
to be involved with decisions on using RFID in aircraft maintenance operations. The
survey was available to airlines’ personnel without discriminating whether the airlines
were IATA members or not. This includes engineers, technical and IT professionals,
supply chain, and senior management experts closely associated with an airline’s

technical operations (engineering and maintenance) division.

In order to capture the individual opinion of experts, it was mentioned that several

responses from the same airline would be considered.

Response Rate

The survey was sent to over 538 individuals at 240 airlines. The airframe OEMs helped
disseminating the survey though their customer service departments. At the end of the
survey time period, 93 replies were recei<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>