











which he projects onto buildings from a projector mounted in a car (Sannella 1994) as shown

in figure 6.12 above.

6.3 Utilizing RFID/NFC to Encourage Green Exercise

It is well accepted that the increasingly sedentary lifestyle of the British population is helping
fuel the dramatic rises in type 2 diabetes, chronic heart disease and obesity (Department of
Health 2004). It has been widely reported across the various News media that recent
estimates suggest that over 40% of school age children are overweight or obese, and by
2010 more than half of children may be obese. In addition to this, depression and mental ill
health is set to be one of the fastest growing conditions in UK with 1 in 6 of the population
suffering from a neurotic disorder (Department of Health 2004). Whilst the overall reasons
for this are complex there are simple things we can all do to improve this situation. A report
on the impact of physical activity and its relationship to health by the Chief Medical Officer in
2004 (Department of Health 2004) concluded that:

“The minimum amount of reqular physical activity needed to improve peoples’ health and
reduce disease risk is 30 minutes of moderate intensity physical activity on at least 5

days a week.”

The report also highlights that less than half of the British population manages to do this
even though something as simple as brisk walking can achieve this end. Walking is known to
have considerable benefits not only in combating the serious diseases highlighted but
improving peoples general sense of social well-being and is the most natural and convenient
form of moderate intensity physical activity that is common to all, except for the most

seriously frail or disabled individuals.

To improve the levels of activity of the population a number of projects have been
developed such as the Walking for Health Initiative (WHI) from the British Heart Foundation
and Natural England, which was originally conceived by Dr William Bird in 1994, and supports
a number of projects such as Green Exercise (Walking for Health 2007). Green Exercise
encompasses any physical activity out of doors but with an emphasis on accessible, regular
and moderate activities that people can build into their daily lives. Green Exercise might be
walking, cycling or, in the case of children, unstructured outdoor play activities. For the more
adventurous it could be climbing, kiting or orienteering. For others the focus could be on

nature or the environment, such as conservation activities, bird watching, gardening or wild
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camping. The factor uniting all these activities is that they can encourage people to be more

active, more frequently, close to home and in the outdoors.

An important element of encouraging walking is the need to provide feedback as it is known
(Whitehead 1993) to aid both the level and continued engagement in activity. Additionally,
many people may have difficulties making sure that their activity is in fact moderate and not
just light and it is important for individuals to not only be aware of their overall amount of
exercise but also its intensity (Maitland, Sherwood, Barkhuus, Anderson, Hall, Brown,
Chalmers and Muller 2006). The obvious solution is some form of exercise diary to record
activity but these are heavily reliant on the users remembering what activities they
undertook, how long the activity lasted, and possibly the distance travelled. This
requirement would likely be perceived as particularly burdensome if required on a daily basis
and is not well suited to recording activities integrated into normal daily activity such as
walking. One possible solution is that of pedometers, which have shown to have success
{Merom, Rissel, Phongsavan, Smith, Van Kemenade, Brown and Bauman 2007) but as it is for
such a specific purpose it requires a conscious effort on users to remember to carry it around

and would normally still require the user to record the details for further analysis.

In this project a system was created, originally conceived by Intelligent Health, which
combines elements from a number of technologies and services to support and encourage
walking as part of daily activity. These are; Mobile phones; RFID in the form of NFC; A

redeemable points accumulation scheme.

Mobile phones are the most pervasive technology on the planet and given the importance of
the phone it seems an obvious choice for aiding the recoding of activity levels. The use of
mobile phones to track activity is not a new concept as a number of phone manufacturers
have embedded pedometer functionality (generally implemented through accelerometers)
with simple on-board activity logs into some of their devices, for example the Nokia 5140
(Nokia 2003) and Nokia 5500 (Nokia 2006). Although pedometers have proved effective for
encouraging and recording activity this functionality is unlikely to widespread inclusion of
phones for some time if ever. A system designed to record activity automatically to the web
was developed that tracked activity by monitoring cell IDs (Maitland, Sherwood, Barkhuus,
Anderson, Hall, Brown, Chalmers and Muller 2006) and although this met with some success
its accuracy was limited in rural environments as it required consistent network coverage
and was computationally intensive (Maitland, Sherwood, Barkhuus, Anderson, Hall, Brown,

Chalmers and Muller 2006) and thus likely to cause significant battery drain. Ideally a phone
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based system should be; capable of being operated across a wide range of devices; easy to
operate; capable of being used in a wide variety of scenarios and we shall return to these

criteria when we have discussed the remaining components of the proposed system.

The choice of RFID, and in particular an associated technology NFC, may not be immediately
obvious as RFID is often primarily associated with asset tracking. However, it is also finding
application as a ticket replacement mechanism on public transport such as the Oyster in
London. Oyster is a RFID “smartcard’ which can store £90 of pay as you go credit plus a travel
card or annual bus pass and can be used on the Tube, buses, Dockland Light Railway, trams
and some national rail services in London. In a recent press release Lambeth Council state
that by March 2007 over 10 million Qyster cards had been issued and more than 80% of all
journeys on services run by Transport for London used the Oyster card. NFC is an interface
and protocol built on top of RFID and is targeted in particular at consumer electronic devices,
providing them with a secure means of communicating without having to exert any
intellectual effort in configuring the network (ECMA 2004). The final element of the system is
related to creating motivational forces to encourage continued engagement. Previous
research into motivational perspectives for engaging in physical activity (King, Friedman,
Marcus, Castro, Forsyth, Napolitano and Pinto 2002) has highlighted the importance of
intrinsic over extrinsic motivational forces. Whereas extrinsic motivation originates outside
of the person, for example social influence brought to bear through a counselling
relationship such as a trainer or a prize; intrinsic motivational forces involve phenomena that
originate within the individual. The intrinsic motivational perspective is based on people’s
needs to be self-determining and competent, and is believed to be crucial to long term

behaviour change (King, Friedman, Marcus, Castro, Forsyth, Napolitano and Pinto 2002).

The proposed scheme is designed to facilitate both extrinsic and intrinsic motivational forces
in that intrinsic behaviour is facilitated by allowing the user to see the recorded levels of
activity in terms of calories used and extrinsic motivation is facilitated by a mechanism
similar to those employed by banks and credit card companies whereby redeemable the
points are accumulated for a prescribed activity in this case physical. In the long term it is
envisaged that these points could be redeemed within the local parks and shops. Having

defined the basic elements of the system the following section provides more detailed

system design.
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6.3.1 Credx System Design
The system described here is known as Credx and works by implying the location of a user

(Rashid, Bamford, Coulton, Edwards and Scheible 2006) at a given time which is triggered
when a user scans his/her NFC tag. Credx users are given NFC tags whose Unique Identifier
(UID) is used as basis of monitoring their activity within the system. Mobile phones equipped
with NFC readers are placed at different locations with distance between each location
known and this is linked to known calorie data for healthy adults undertaking various

physical activities such as walking, running and cycling.

A single scan at any location is not sufficient to imply the path taken by the user they must
therefore scan their NFC tag at two distinct locations. Since the distance and calorie count is
known between these two locations and the users can register a particular activity which
means that a detailed description of activity can be provided to user listing the time taken to

travel, calories consumed and speed to support intrinsic motivation.

The extrinsic motivation is achieved by rewarding the user with Credx points for each scan
they make during their trip. This encourages the user to scan more often although only scans
that form a valid journey or trip contribute to Credx points gained by the user. Each scan is

time stamped which plays a vital role in identifying valid trips from those that are invalid.

Figure 6.13 shows a simple usage scenario which consists of three access points (in this case
mobile phones equipped with NFC readers). The example shows two users, each one starting
their trip at Location L1. User 1 starts his trip by scanning his tag at L1 and ends it at L3 in T2-

T1 seconds whilst user 2 starts the journey at L1 but ends at L2 whilst going through L3.
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Table 1 below shows the distance covered and points accumulated by each user in the

earlier scenario.

Thistnee = = iseans e  Points
————— = R
T e o — :

* Table 6.1: Distance covered and points accumulation
Although User 2 has made 3 scans only during his trip he is still awarded with 4 (3+1) points
in total. This is done to further motivate the user to increase their daily walking distance.
Three points are awarded for number of scans done and since User 2 is continuing his
journey beyond points L3 an additional point is awarded as an added bonus to encourage the

user. So the trip taken by User 2 will be reported as L1 -13, L3 - L2.

In order to achieve the scalability and ease of implementation at various locations parent
child architecture was chosen for the selection of locations where NFC readers are placed. A
parent location represents a park or a busy shopping mall. A child location will then be
various key points within a parent location. Each of parent and child locations is given unique
identifiers within the system to link a child location to a parent location and uniquely

distinguish one parent or child location from another. NFC readers, with a unique reader

identifier, are then assigned to a child location.
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Each scan is time stamped and checked for validity against certain set of rules. Some of these
checks are made at the phone whilst some are done at the back end server. However the
checks done at the backend server are more complex as compared to the ones done on the
phone which are very straight forward. For example one of the simple checks done on the
phone is for duplicate scans where user has accidentally held the tag in front of the phone
for too long and the tag has been read twice. In this case the second scan is marked as void
and no information is exchanged with the server. A typical example of a check on server will

be to see if that scan forms a part of previously started trip or not.

6.3.2 System Implementation and Trial with Royal Parks
The Credx architecture is client server based where mobile NFC readers communicate with

the backend server via GPRS as shown in Figure 6.14. At the heart of the system is the
central database which holds user, location and NFC scanning data. NFC readers located at
various locations send the UID of the NFC tag along with the unique location identifier and
timing details to the server. This information is processed by the server and stored in the

database.

The Royal Parks (The Royal Parks 2010) is the organization responsible for managing the
5,000 acres of historic parkland across eight major sites in the heart of London which are:
Bushy Park, The Green Park, Greenwich Park, Hyde Park, Kensington Gardens, The Regent's
Park, Richmond Park and St James's Park. Millions of Londoners and tourists visit the Royal
Parks for free each year and they provide opportunities for a simple walk or a picnic, sports,

organized activities/events etc. and thus presents an ideal locale for trialling this project.

During the first trial phase nine key locations were identified within Hyde Park shown in
figure 3 which is in the heart of London. The key criteria being the fact that they are on a
path way within the park and within the walking distance of the nearest London
Underground station. These locations are shown on figure 6.15. Each of these locations was

equipped with a NFC phone having a unique identifier within the system.
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Figure 6.14: Credx System Design
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Figure 6.15: Trial Locations in Hyde Park

Users can view the details of their trips through Hyde Park on the project website. These are
reported along with calories consumed and speed. In order to facilitate more intrinsic
motivation the system differentiates the user activity into walking, running or cycling. By
default all activities are reported as ‘walking’ but users can then login to view their results
and change it to the activity they actually undertook. Calories consumed in that trip are then

automatically updated.

Users can also see an overview of their intrinsic and extrinsic benefits i.e. an overview and
weekly comparison of calories consumed and Credx points accumulated. To further enhance
intrinsic motivation users can view their calorie consumption through a range of graphical
representations. They can either select a certain time frame or select a weekly comparison
which compares the current week’s calorie consumption to that of the last 2 weeks as shown

in figure 6.16.
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Figure 6.18: Graphical Comparison of User Calorie Comparison

The system design allows ease of scalability as a new key point can be added to a parent
location and multiple NFC readers can be added to the same child location if that particular
location gets very busy. The whole architecture can also be ported easily to another location
e.g. another park etc. The system itself is very simple and economical as equipment involved
is not very expensive. The design of mobile application itself is kept to a bare minimum to

conserve power as longer battery life is one of the requirements.

From an administrator point of view the system provides overall activity through the park
and also provides usage of different locations within the park. This information can further
be used by parks to provide other services at those locations. Use of Hyde Park by Credx test

users during the trial period is shown in figure 6.19 below.
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Figure 6.19: Monitoring Use of Urban Spaces through Credx

From a user point of view the combination of intrinsic and extrinsic motivation encourage
the user to increase their physical activity in their daily routine. A clear comparison was seen
with two different users in the trial. One user had many incomplete trips (trips where user
scanned one tag only) and this was done at the start and end of the working day. This points
out that the user has not changed his/her daily routine whilst in the other case many
complete trips were seen which highlighted that instead of taking the shortest path that
particular user is undertaking extra physical activity to obtain that second scan hence

consuming more calories and gaining points.

6.4 Summary
As stated before if we are to truly attain an environment of pervasive computing technology

then we must utilize technologies available to all sectors of our society and provide systems
that will engage groups whose activities are out of the mainstream. Graffiti is a cross cultural
phenomenon that is part of every single society. Within the variable contexts of their
production, graffiti allows personalized and de-personalized space, the construction of
landscapes of identity, the ability to make public space into private space, and act as a
promoter of ethnic unity as well as diversity. Graffiti can be understood as concrete

manifestations of personal and communal ideologies which are visually striking, insistent,
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and provocative; as such, they are worthy of the continued attention of art historians, social
scientists, and policy makers alike (Phillips 1996). The Mobile Spray Can project is but an
attempt towards providing a system that will allow writers to continue to express themselves
through graffiti tagging but without producing the physical impact that many members of

the community find objectionable.

If MoSoSo are to truly not only support social capital but also avoid social exclusions and
enhance enragement with urban spaces they need to address user role in an interconnected
manner with interaction space. Interaction space shall not just be defined as the space
where users can interact with others users but it should include the physical space itself. If
users are to avoid becoming mere consumers of mashed up data served to them at their
location more use cases shall be identified for NFC/RFID on mobile phones. A true symbiosis
can be reached between user, device and environment creating a mixed reality world where

enjoy and benefit from the best of both worlds.

Further, the work discussed in this also highlights the potential for mobile phones equipped
with RFID/NFC capabilities enabling many other applications, such as games which have
already been discussed in previous chapters. Combining these technologies takes advantage
of the synergy between two pervasive computing domains, and indeed the ever-evolving

feature sets on mobile phones paving the way for many innovative applications.
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Chapter 7
Conclusions & Future Work
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7 Conclusions and Future Work

7.1 Conclusions

Location plays an important role in current mobile applications and services. It has been
cited that global market for LBS will reach $21.14 billion by 2015. The LBS industry has
matured rapidly in recently through a mixture of consolidation, improved price/performance
of the enabling technologies and compelling location applications (Zimmermann 2009).
Proliferation of GPS enabled phones, lower pricing, emergence of mobile2.0 and new
platforms like Google’s Android and iOS (iPhone) from Apple have all helped in rapid growth
of LBS market. Location information about mobile devices is already being employed by
network operators and application vendors to provide a bespoke experience to end users
resulting not only in increased profitability for application vendors and network operators
but also places LBS as an integral asset for their future success. From a mobile advertising
point of view location based advertising provides a much greater level of personalisation and
customization for the end user and hence increasing the chances of a sale through

advertisement consumption.

However current location based services and applications mostly rely on GPS or Cell id to
locate a mobile device. As discussed in chapter 2 Cell id does not provide a greater level of
accuracy that may be required by some services/applications. GPS on the other hand
provides much greater accuracy in terms of locating a mobile device as compared to Cell id
but suffers from the fact that it cannot be used to locate a user indoors. A much greater level
of accuracy is required by applications and services operating indoors in big shopping malls
or closed arenas e.g. location based advertisement or a promotion very close to point of sale,
presence of social connections within close proximity, interaction with a physical landmark
as part of a mixed reality game or interaction with a landmark for information retrieval etc.
Looking at current application and services it becomes evident that these applications and
services can provide a much superior user experience and level of interaction but they tend
to settle for a much inferior user experience indoors due to inaccuracies in estimating
location of a mobile user. Moreover looking at the ubiquitous nature of these applications
and services indicates that they tend to fall short in achieving goals of a truly ubiquitous
experience (Weiser 1994) i.e. focusing more on the task rather than on the computing aspect

of it which integrates into fabric of life. Their level of interaction with environment is sparse
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despite using location information as their key operating component e.g. despite being
played in the real world and based upon real world location data many games isolate the
players from their environment in interest of scalability (Rashid, Mullins, Coulton and
Edwards 2006) or mobile social applications becoming location aware but merely using
location as an added piece of information rather than an integral part of the experience
resulting in social exclusion at both individual and group level as they are simply serving the

user based upon his/her social capital.

The work presented in this thesis aimed to look at utilisation of contactless communications
as means of implying user’s location to fill the gap left by current applications and services
resulting in a much enhanced and bespoke user experience resulting in a symbiosis between
user, device and environment. The thesis explores the utilisation of contactless
communication through Bluetooth and NFC as implied location technologies across a range
of applications and services through real world experimentation. In particular their
effectiveness has been researched in relation to three areas considered to benefit most from
location based information i.e. mobile advertising, mixed reality gaming and mobile social

applications.

Chapter 3 looks at the use of Bluetooth as both an implied location technology and a short
range contactless communication. Two usage scenarios are considered i.e. supermarket
advertisements/promotions/coupons and use as a guide system. In both use cases explored
users can simply opt. in and opt. out at any point, moreover there is no requirement for the
user to download any application or subscribe to a particular location based service provided
by the vendor or network operator or any other 3™ party. Users can choose to receive
advertisements by simply switching on Bluetooth on their mobile phone making their device
discoverable to other Bluetooth devices in the area. This action by the user is considered as
their willingness to receive advertisements or promotional offers over Bluetooth however
actual advertisement is only pushed to the user’s device after they have explicitly chosen to
do so hence users only receive information when they wish to do so as advertisements
pushed to user’s device await a confirmation from the end user. If the user wishes not to
accept the incoming message it can be considered as their unwillingness to accept any

advertisements and they may have left their Bluetooth radio on to communicate with other

personal devices such as a Bluetooth headset.

Mixed reality game Pac-Lan discussed in Chapter 5 explores the use of NFC as an implied

location technology and demonstrates that physical objects do aid in playing an augmented
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reality game. Pac-Lan also demonstrates that RFID can produce an effective interaction when
used in a gaming context. The use of RFID certainly means the game could be played at high
speed, as attested to by the comments from the players. In terms of tactics, an emergence of
new and novel tactics by different players has been seen which work with varying levels of
success. Furthermore use of NFC for mixed reality games will ensure that players interact
with the real world space in which the game is being played rather than being immersed in

the virtual world only.

The thesis explores the utilisation of contactless communication as an implied location
technology in context of mobile advertising, mixed reality gaming and mobile social
applications. Let us review the objectives of this thesis as set out in Chapter 1 in light of work

presented in previous chapters.
Mobile Advertising
What implied location technologies will be useful for mobile advertising?

A short range contactless communication technology will form an ideal basis for this.
Utilisation of contactless communication will in particular be valuable at point of sale. Since
most of the shopping centres are indoors each individual vendor can have their own
advertisements related to the products available within their shops. Moreover the potential
customer is in close vicinity of the product which can have a profound impact for both short

and long term goals.
What are the security and privacy concerns that may arise from use of such technologies?

The system proposed in chapter 3 is targeted towards personal devices such as mobile
handsets which users wear almost everywhere and all the time. Users do not want to receive
spam or receive information without their permission. End users being targeted with a lot of
spam or being tricked into receiving information from other parties as part of accepting a
message from a certain provider are major concerns. This seems to be very common with
online signups or online voucher use etc. Policies and regulations need to be in place that
would circumvent these potential problems. User trust in mobile advertising is far less as
compared to other types of advertising and marketing. According to a survey (Nielsen 2009)
only 21% users showed some degree of trust in advertisement received on mobile phones
which is the lowest as compared to other advertising and marketing mediums. Degree of

trust in various forms of advertisements is shown in figure 7.1.

140



Text ads on mobile phones ]
Online banner ads

Online video ads

Search engine results ads

Ads before movies =

Emails signed up for !

Radio

Billboards/outdoor advertising

Magazines =

Newspaper
TV
Brand Sponsorships

Editorial Contant (e.g. newspaper article)
Brand Websites
Consumer opinions posted online

Recommendations from people known

Figure 7.1: Degree of trust in the different forms of advertising in April 2009 (Nielsen 2009)

Trust in general with mobile marketing is low because consumers are often misled into
contractual obligations by various mobile ringtones and application vendors. Users were
misled when they downloaded a single ring tone for a set price but in fact by downloading
that item they were signed up to a weekly subscription without their knowledge. Users’
mobile account was charged via SMS and they only found out about the issue when they
received itemised billing information. UK network providers took steps against this
fraudulent behaviour by introducing a trusted payment service named PayForlt (Payforit
2006). PayForlt is run on behalf of the UK network providers by trusted intermediaries who
have been carefully selected by the network providers. The scheme enforces strict
regulations on how merchants conduct themselves before, during and after the sale. Similar
approach will need to be taken if we are to exploit the true potential of location based

advertisement which is very closely tied into product placement and point of sale.
What implied location technologies will be more useful in mobile marketing?

Although the system discussed in Chapter 3 utilises a permission based advertisement model
and utilises Bluetooth which is a very common features on mobile devices now a days but as
pointed out in the later sections of chapter 3 that what is the guarantee for the end user that

the device about to connect to his mobile device over Bluetooth is actually who it claims to
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be. A user will simply trust the friendly name that appears on his phone but it could easily be
a user with malicious intent. Permission is a key factor in order to establish what and how
often the user wishes to receive the information but the trust in not there so using NFC in
this scenario can circumvent the issues regarding trust and identity. Permission can be
established when a user scans an NFC tag or communicates with another NFC reader using
his mobile device which shows his/her acceptance to receive information. Identity and trust
can be easily established by placing NFC readers and tags in secure or high visibility areas or
in places or within the product packaging where signs of tamper can easily be spotted by the
user or management of the establishment. A survey conducted over 2 years between April
2007 and 2009 studies the increase in market acceptance for various forms of advertising
(Nielsen 2009). Text based mobile advertisements only saw an increase of 6% taking the
overall share to 24% which given the high number of mobile subscribers is not a high rate of
acceptance. On the other hand other forms of advertisements saw a much more significant

increase as shown in the figure 7.2.
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Figure 7.2: Forms of advertising ranked by changes in levels of trust from April 2007 to April 2009
(Nielsen 2009)

Analysts identify three key mobile marketing opportunities i.e.

e Drive Sales
e Enhance customer experience with brand or product

e Brand association with a desirable and successful product or experience
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Figure 7.3 shows the mobile marketing activities that can be utilised to make the most of the

above opportunities (Stewart and Quick 2009).

Provide information to support

a purchase
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AT —
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Figure 7.3: Mobile Marketing Opportunities and Activities (Stewart and Quick 2009)

As shown by the figures 7.1 and 7.2 text based ads on the mobile phones are not delivering
the desired results and as discussed in chapter 3 use of Bluetooth for location based
advertising will help achieve better results. It has been demonstrated that system discussed
in chapter 3 can be successfully used to drive sales, enhance the customer experience with
brand/product and can be used to create associations between various brands and
experiences. The later one giving financial rewards that are twofold i.e. revenue generated
by direct sales and revenue generated by ones successful brand or experience’s association
with a new or upcoming brand. However as discussed here and in chapter 3 there concerns
regarding security and privacy that need to addressed carefully if Bluetooth is to be utilised
in such a manner. In the light of the results achieved by the real world trials of the Bluetooth
based systems the thesis proposes that NFC will be a better candidate to achieve mobile

marketing success. Such a system is outlined in future work section.
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Mixed Reality Gaming

Can implied location technologies be useful to improve the user interaction with the real
world? Can their use produces effective user interaction with physical objects in the real

world? Will use of physical objects enhance the user experience?

As demonstrated by the mixed reality éame Pac-Lan, discussed in chapter 5, that use of
implied location technologies significantly improve the user interaction with the real world
and physical objects located within. Mixed reality games or even location based games tend
to absorb the user in the game play occurring in virtual world. Although location plays an
important part but interaction with real world and physical objects is often very limited.
Moreover existing LBS games heavily rely of GPS or Cellid to locate the mobile device and
cannot be played in doors. However the work discussed in this thesis has proven that NFC
can be used both outdoors and indoors to not only locate the mobile devices but also to
create innovative new game play experiences. Feedback obtained relating to the playability
of the Pac-Lan in terms of the phone map, compared to the actual physical layout, visibility
of the game pills {interaction with physical objects), ease of killing an opposing player
(interaction with other players in both virtual and real world), overall playability and

enjoyment (overall experience) showed a high level of acceptance as shown in table 5.2.

What is the effectiveness of an implied location positioning scheme when the game players

are moving quickly and how tactics develop over subsequent participation in the game?

Generally people may assume that interacting with a physical object whilst being part of a
fast paced mixed reality game will either compromise game play or location tracking (if
physical artefacts are being used as part of an implied location scheme) but as seen by the
results of various Pac-Lan trials that this is not the case. An important thing to keep in mind
is that if the interaction with physical object takes too long to process it will surly
compromise the experience and effectiveness of location data and its impact on the game.
Keeping this in mind and reviewing the effectiveness of different types of contactless
communication technologies discussed in previous chapters the thesis confirms that NFC will
deliver a much better experience as compared to 2D barcodes. Some critics will argue that
proliferation of NFC enabled handsets is much smaller as compared to phones with cameras
which makes 2D barcodes a better choice but as seen by the work presented in this thesis
that this is clearly not the case as capturing a 2D barcode and processing the code will take
yer will have to focus and capture the 2D barcode and avoid any bad

much longer as a pla
photo captures due to hands shaking or moving on the next task before the camera has
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finished processing the photo. On the other hand scanning an NFC tag is as simple as a tap
and will work with same degree of efficiency for both fast and slow paced games. Moreover
it has been demonstrated by work and results outlined in chapter 5 that new tactics do
develop after subsequent participation which is akin to other forms of gaming where players

gain experience and improve themselves whilst playing in the same virtual world.

Mobile Social Applications

Although mobile social applications are location and context aware they fail to overcome the
phenomenon of social exclusion at both individual and group level, can implied location

technologies be used to encourage social inclusion?

Mobile social applications are mostly an extension of their online counterparts or are
designed simply to support social capital which can lead to social exclusion for those people
or activities that do not have enough social capital. As seen by the Mobile Spray Can
prototype, discussed in chapter 6, that if mobile social applications are to truly become
ubiquitous they also need to engage and include users that do not have social capital or

activities that out not main stream.

Can this result in a symbiosis between user, device and environment where the interaction
space is not simply the space where interaction amongst users takes place but is an integral
part of the experience and since mobile social applications are responsible for increase in

data consumption on mobile devices can implied location technologies enhance the user

experience?

If MoSoSo are to truly not only support social capital but also avoid social exclusions and
enhance enragement with urban spaces they need to address user role in an interconnected
manner with interaction space. Interaction space shall not just be defined as the space
where users can interact with others users but it should include the physical space itself. If
users are to avoid becoming mere consumers of mashed up data served to them at their
location more use cases shall be identified for NFC/RFID on mobile phones. A true symbiosis

can be reached between user, device and environment creating a mixed reality world where

enjoy and benefit from the best of both worlds.
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7.2 Future Work

The thesis has explored the utilisation of contactless communication technologies for
utilisation in providing location based advertising to mobile users, mixed reality gaming and
mobile social applications. In particular use of Bluetooth and NFC were explored, based upon
the conclusions extracted from the work presented in this thesis following directions for

future work are recommended.

7.2.1 Mobile Location Based Advertising/Marketing Utilising NFC
As discussed previously that NFC provides a much better alternative to Bluetooth for use as

an implied location technology for indoor location based advertisement. Utilising NFC for
such a scenario will be particularly useful in supermarkets or shopping centres or at airports

or other points of sale. This thesis proposes following use cases

7.2.1.1 Utilising NFC to Complement Bluetooth
As pointed out in previous sections that there are certain security privacy and security

concerns regarding use of Bluetooth for providing location based advertising to existing
mobile users. These concerns mainly arise due to the ambiguity if the device claiming to be
the source is actually who it claims to be. NFC can help circumvent this problem. As
discussed in chapter 4 NFC now has specification that covers a negotiated connection
handover to faster data bearer e.g. Bluetooth. In this scenario a NFC tag can be placed
behind the glass near a secure or monitored area where no one can unlawfully gain access
and tamper with the tag. When a user taps the surface of this display the NFC tag triggers a
negotiated handover to a certified Bluetooth advertising provisioning system. Key benefits of

utilising NFC triggered negotiated handover are

e Users can be sure that they are only going to be receiving information from a known,
secure and regulated source.

e Ifusers do not wish to receive advertisements but yet want to keep the Bluetooth on
their devices switched on they can do so as connection handover only takes place
after they have scanned the NFC tag.

e Since the work was carried out to provide location based advertising to mobile over
Bluetooth there have been some implementations that use a similar approach. If the
existing systems wish to utilise such an approach they can easily do so as utilising

NEC based connection handover is not going to require any changes to the existing

infrastructure.
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e Merchants can be sure that they are only targeting users who actually want to

receive the marketing information.

In order enhance the affectivity of the promotions or advertising it will be a good idea to
place the NFC tag containing handover information next an electronic display. The display
can show the advertisements or promotions relating to different products and also point out
to the user that if they wish to receive more of the same they can simply tap their NFC
enabled mobile phone next to the display. As seen from figure 7.1 55% of users have shown

trust in advertisements shown on publically located electronic displays.

7.2.1.2 Collectively Utilising NFC and Social Capital

It has been pointed out previously in figure 7.1 that users have varying degree of trust in
different forms of advertising and marketing. This trust amounts to a massive 90% when it
comes to recommendations from friends and family. From a mobile marketing point of view
in order to drive sales one must provide a certain level of information to support the
purchase. If there is a high level of trust in recommendations from friends and other people
known why not utilise that higher degree of trust and use that as the supporting information
to support the purchase. In this scenario NFC tag will be placed within product packaging or
inside the price label. Users can simply tap the product and within a few seconds
recommendations or reviews from their social network are available to them. If reviews and
recommendations from a user’s social network are not available recommendations and
reviews from other people who purchased the same item can be made available. There are
some applications and services already available that utilise recommendations or reviews
from other people or show competitive prices but they rely on either user entering the
product model or taking the picture of the 2D barcode on the product. However to utilising
the 2D barcode approach can be cumbersome for both users and merchants as merchants
often need to reprint the 2D barcode and place it next to the product pricing label because

for some products such as electronics the 2D bar code is often hidden behind the cover or

under the product.

7.2.2 Educational Mixed Reality Games for Heritage Sites

In the light of the work presented in thesis regarding provision of location based information
for tourists regarding various parts of an attraction and the conclusions extracted from the
real world experimentation of interacting with physical objects via NFC in a mixed reality

gaming context it is recommended that a combination of the two can be utilised to create

exciting new educational games targeted at school visits to a museums or other heritage
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sites. Such mixed reality educational games can transform the visit to a museum into an
exciting and learning adventure. It is proposed that NFC tags to be placed on the information
planks next to each exhibit. Participants receive their instructions over Bluetooth as they are
about to proceed into the museum turning their visit into a mixed reality time machine. They
must follow the instructions received over Bluetooth when they enter various other parts of
the museum whilst following the map on their phone and unravel the mysterious clues
triggered when they interact with the information planks next to each exhibit. Participants
attempt to solve all the clues going from one section to the other and interacting with the
exhibits to be the first one to solve the mystery and in doing so grasp a lot of historical
information about the exhibits but also about the time and era they belonged to. Since each
NFC tag is uniquely identifiable museums can create new game maps by simply changing the
order in which users will end up visiting those exhibitions upon solving a clue. Similarly
museums can also create interactive challenges for other visitors whereby solving the

mystery, based upon historical facts, results in prizes or discounts.

In short contactless communications and in particular NFC can be deployed in a wide range

of scenarios creating a unique experience for the users.
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