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Abstract. The areas of application for augmented reality technology are
heterogeneous but the content creation tools available are usually single-user
desktop applications. Moreover, there is no online development tool that enables
the creation of such digital content. This paper presents a framework for the
creation of Cultural Entertainment Systems and Augmented Reality, employing
cloud-based technologies and the interaction of heterogeneous mobile technology
in real time in the field of mobile tourism. The proposed system allows players to
carry out a series of games and challenges that will improve their tourism
experience. The system has been evaluated in a real scenario, obtaining promising
results.
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1.

Introduction

Augmented Reality consists of expanding the reality captured by images with
information generated by a computer [1]. The areas of application for this technology
are
clearly
heterogeneous, but
the content
creation tools for
these
technologies are usually single-user desktop applications. Moreover, there is no online
development tool that enables the creation of such digital content.
Originally, virtual reality was used as a technique for rehabilitation in different areas
[2]. Thus, Wilson and others assert that the main benefits of applying these techniques
involve the ability to create activities in a simulator, without the limitations imposed by
their disability, thereby allowing people with disabilities to perform the actions safely
[3]. For example, such exercises can be simulated in a virtual kitchen without the
dangers associated with a real one (a fire, for example). There have been various
approaches to therapy based on virtual reality; for example Jack et al. propose a virtual
reality system in which a patient can perform the exercises with two gloves that allow
interaction with the system [4].
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Furthermore, Augmented Reality presents a promising future, being an emerging
technology with interesting potential applications in many domains [5]. Among them,
Cultural Entertainment Systems (CES) take an important place. These systems are
conceived as computer software created for general entertainment and are based on the
interaction between one or more persons with an electronic device that runs common
software. According to the 2011 report of the World Tourism Organization 1, Spain is
the fourth country in the world in terms of the number of foreign tourists who visit the
country annually, with over 53 million tourists in 2010 [6]. Tourism, today, is one of the
mainstays of the economy in Spain, representing approximately 10% of the country's
Gross Domestic Product. Regarding sector revenues by country, Spain is the second
country in the world, after the United States.
At the same time a Smart City (SC) is a city that makes a conscious effort to use
technology to improve efficiency and quality of life of its citizens. Among the actors
involved, the most relevant are governments, citizens and private firms. Governments
are in the middle of the process, between citizens and companies, and have a dual
function: promoting culture and providing services for citizens. Furthermore, citizens
are the recipients of the actions that have to be developed and also the beneficiaries of
the process. Finally, private firms, provide, on the one hand, tools and technologies that
enable citizens to develop their business efficiently, and on the other hand, they will be
the beneficiaries of contracting out public services in cities. So being a Smart City
means being a city that offers higher quality services which are more intelligent, more
accessible and at a lower cost [7].
Following these trends, this paper presents CESARSC which is a framework for
creating Cultural Entertainment Systems (CES) with Augmented Reality (AR) in Smart
Cities (SC). CESARSC is based on augmented and mixed reality technology within the
domain of mobile tourism, being a novel solution for travel navigation and assistance
applications. Despite the current research trends in this area, Pirker et al. conclude that
further research is necessary in the domain of usability, advanced playful design, further
interaction possibilities and improved technology and feature support [8].
Therefore, the novelty of this research is the definition of a framework for creating a
collaborative CES, with the capacity to model routes including new elements such as
AR features, gamification, geolocation, and so on. This framework is implemented in a
cloud-based platform with the interaction of mobile devices which can also be
integrated into a Smart City environment in order to promote the tourism sector of a
city. Furthermore, for the generation of Augmented Reality-based effects there are no
tools that allow online development with the collaboration of multiple users, this feature
being an important novel component of CESARSC in the form of a collaborative CES
too, as there is no online development tool that enables the creation of such digital
content with these features. Another innovation of CESARSC is its reliance on its own
usability aspect; it enhances the traditional user experience while interacting with a
mobile device in a Smart City environment.
The remainder of the paper is structured as follows. Section 2 reviews relevant
studies and the background to the research. Section 3 provides the motivation for
research and the theoretical foundations of CESARSC. Section 4 describes the proposed
framework architecture and Section 5 presents the system implementation, as a cloudbased platform, and proof of concept within a real scenario where the users can interact
1
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with their own mobile devices. Finally, Section 6 summarizes the main conclusions of
this study and outlines future research.

2.

Background

The CESARSC framework includes Augmented Reality features and mobile device
communication in order to give the users the freedom to move around the city and to
interact with the environment in real time.
In this context, Augmented Reality and mobile computing are often mentioned
together, as many mobile computing platforms provide continuous access to
information [9]. The combination of mobile computing and Augmented Reality into a
single system, enhances the power of computers to interact and communicate in the real
world and to be accessible at any time and in any place [10, 11].
As computers increase in power and decrease in size, new mobile and wearable
computing applications are rapidly becoming feasible, allowing users access to online
resources at any time and in any place [12]. The potential applications in many
domains, such as environmental monitoring, safety and security, home and office
productivity and guided experience of cultural activities, offer new types of expression
in art and entertainment [12, 13]. For example, Burker et al., present architecture for art
and entertainment [14]. Alan et al., present assistive technologies, enabling users to
easily locate Internet content related to the TV program they are watching [15], and a
tool to improve educational processes in abstract or technical courses, by providing
mobile Augmented Reality [16].
Another feature of the CESARSC framework is the cloud-based implementation and
the mobile communication features, which provides full access to the platform at any
time and in any place. In this sense, the evolution of mobile devices and advances in
cloud resources provide both an opportunity and challenge for mobile applications. For
example, applications in smart cities are used, among others, in a collection of smart
computing technologies which are applied to critical infrastructure components and
services [16]. Taking advantage of the cloud applications for a novel cloud-based
discovery framework, which addresses the core components of mobile Web service
discovery and which was proposed in [17]. Fernando et al., present a taxonomy based
on an extensive survey of mobile cloud computing research and discusses the different
approaches taken to tackle these issues [18].
As Virtual Reality technologies continue to advance, the possibilities for these
technologies within the tourism sector are growing [19]. It is quickly becoming
apparent that VR may have a signiﬁcant impact on tourism and offers myriad
opportunities to both tourism researchers and professionals [20, 21]. Huang et al.,
present a research framework by identifying the exploration of the role and significance
of positive emotion in the context of virtual learning. It is applied to building the
connection between tourism education and virtual worlds [22].
Moreover, future technologies in smart cities rely on perceivable or ubiquitous
sensing, and anytime / anywhere access and control. The terms of infrastructure
(including sensors, personal technologies, smart phones and use of the Internet) allow
the exploration of implications which might be considered for the future of the
economy, welfare and quality of life in our cities [23]. These technologies comprise an
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ecosystem of products, services, companies, people and society that are working
together creatively to foster innovation within the city.
Taking these trends into account, CESARSC’s main motivation is the possibility to
promote tourism by means of a digital platform integrated into the smart cities
infrastructure.
Since their introduction over 40 years ago, frameworks of digital entertainment
games have become one of the most popular leisure activities globally [24]. Different
applications with technologies such as Smart City, Augmented Reality and Cloud
Computing, provide citizens with tools for developing their business efficiently with
higher quality and greater intelligence, so that CESARSC binds interaction of
heterogeneous mobile technologies in this field.
Nowadays, mobile devices, Smartphones, tablets, and so on have a high level of
market penetration and new trends in technologies have allowed the emergence of new
products or devices such as Head-mounted Display. In this sense, new technological
advances have enabled manufacturers to create glasses based on Augmented Reality
technology. Among those using this technology, the following are worth mentioning:
the Google project (Project Glass) [25], the EPSON (Moverio BT-100) [26], the
Olympus (MEG4.0) [27], Sony Head-Mounted 3D Display [28], Canon AugmentedReality Platform [29] and the Apple Patent [30]. In Spain of note is the project of
creating subtitled glasses, led by scientists at Carlos III University in Madrid and carried
out in collaboration with the Spanish Centre for Subtitling and Audiodescription
(CESyA). This project allows the display of subtitles through a small screen above the
right lens of the glasses and was regarded as one of the world's best inventions of 2007
by Time magazine [31].
In recent years, Augmented Reality applications developed for mobile device
platforms, such as Android or iPhone, have increased their presence significantly in
online application stores (Google Play and Apple Store for example). These applications
are beginning to take advantage of Augmented Reality technology to offer the end user
a different and advantageous experience [32].
Finally, as for the generation of Augmented Reality-based effects, there are several
tools that will facilitate the creation of applications with these features. With these
toolkits, developers will be able to comprehensively implement Augmented Reality
experiences, from the initial concept or idea to final product delivery. However, none of
these tools allow online development with the collaboration of multiple users. This
feature is included in CESARSC, as a novel component for achieving a collaborative
CES.
With the aim of responding to the aforementioned needs, this paper presents
CESARSC, a cloud-based platform combining AR features, gamification and
geolocation in a Smart City environment. In this context, the challenge of CESARSC
will be, on the one hand, to obtain a collaborative CES, based-on Augmented Reality
technologies, and on the other hand, to be available for non-expert customers with
entailing excessive cost.
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Motivation of Research
Trends and Opportunity

The field for this research is identified in all the current and potential owners of a latest
generation mobile device, typically a smartphone, who are interested in making a trip in
their own city or in a foreign one.
The results of research carried out by the International Telecommunication Union
(ITU2) in 2013 show that there are almost as many mobile-cellular subscriptions as
people in the world, with more than half in the Asia-Pacific region (3.5 billion out of 6.8
billion total subscriptions) [33]. In addition, a continuous high growth rate of mobile
broadband (more than 2 billion subscriptions worldwide was registered at the end of
2013); furthermore, mobile -broadband subscriptions have climbed from 268 million in
2007 to 2.1 billion in 2013; data that reflect an average annual growth rate of 40%,
making mobile broadband the most dynamic ICT market.
At the beginning of 2013, the smartphone was predicted to become a mass market
phenomenon in a study conducted by accountants from Deloitte who also estimated the
number of active phones with either a touch screen or an alphabet keyboard to be 2
billion by the end of the year [34]. Deloitte’s study predicts that what was once a luxury
device is destined to become an everyday object worldwide. In addition to these
predictions, and according to a new forecast from the International Data Corporation
(IDC3), tablet shipments were expected to grow by 58.7% year after year in 2013
reaching 229.3 million units, up from 144.5 million units the previous year. The
Worldwide tablet market share by screen size was 55% until 2013 and is predicted to
increase to 57% in 2017 for screens of less than 8 inches [35].
Furthermore, despite the current general instability, the travel & tourism industry
remains a fundamental engine of growth, representing nearly 10 % of global economic
activity, taking into account associated services. The 2013 Travel and Tourism
Competitiveness Report includes ICT infrastructures as one of the factors of T&T
competitiveness as well as digitalization and the fact that mobile devices are considered
one of the external drivers of change in the T&T industry [36].
Nowadays, the ongoing digitization has made a faster and more effective
dissemination of news. As a result, consumers are becoming more flexible in
purchasing decisions, being often led by price-versus-quality transparency when
organizing their trips. Hence the consumers base their decisions on tastes and
preferences. Therefore, the profile of the international traveler is constantly changing.
New demands are unfolding in developing regions such as the BRIC countries, and
tourists from Asia, China and Latin America are quite different compared with the
typical western traveler. Basically for these reasons, profiling these emerging kinds of
travelers from a business point of view could be of interest; as could looking at these
facts as input for developing appropriate and customized innovative ideas in order to
reach them.

2
3
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An important question to answer is what technology development objectives must be
met in order to address the market opportunities outlined by this research.
According to a forecast related to Google glasses from IMS Research, now part of
IHS Inc. “Shipments of smart glasses may rise as high as 6.6 million units in 2016, up
from just 50,000 in 2012, making a total of 9.4 million units for the five-year period”
[37]. However, the same report says:” the success of Google Glass will depend
primarily on the applications developed for it”. So it is possible to suppose that smart
glasses will leave the visionaries sure to find a reply in the mass market only if ways to
offer useful information about wearing smart glasses are found. In other words
widespread “casual wearing of smart glasses” by technology consumers will be allowed
only by the distribution of effective augmented systems. For these reasons, the final
result of the research presents important innovative characteristics that open several
possibilities for software development to best fit future technology user needs.
Despite concern about mobile application development and specifically the current
final users’ landscape, it is clear that smart glasses or similar technologies are not
diffused enough, so the main source of value for the final user of the app consists of the
route generation with related benefits of saving time in planning a trip and added details
regarding the places to visit.

3.2.

Survey Results

A survey allows us to know the scope of market research and potential user behaviour.
Therefore, data acquired are used by the main function offered for the application.
A survey was distributed to an international sample of 165 potential users in two
languages, English and Italian. The main objective of the distribution of the survey was
to collect qualitative data about the past use of apps related to infomobility and travel
assistance, in order to investigate potential user behaviour with respect to the main
functionality offered by the app designed in CESARSC research. The sample was
composed as described in the Table 1.
Table 1. Sample of the Survey.

Sample 1 [131
responses]

Sample 2 [34
responses]

Total
Responses

Percentage
(of 165
responses)

63
68

20
14

83
82

50%
50%

1
8
0
5
97
5

0
2
2
2
4
16

1
10
2
7
101
21

1%
6%
1%
4%
61%
13%

Gender
Male
Female
Profession
Art
Education
Healthcare
Sales & Marketing
Student
IT/Technology
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Other
Age range
Under 18
18 - 24
25 - 34
35 - 44
45 - 54
55 - 65
65 or older
Nationality
Italian
Spanish
Others
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15

8

23

14%

0
72
43
11
3
2
0

0
4
26
4
0
0
0

0
76
69
15
3
2
0

0%
46%
42%
9%
2%
1%
0%

129
1
1

1
23
10

130
24
11

79%
15%
7%

In the Table 2 the most significant descriptive data resulting from the analysis of the
introductive and the technical sections are gathered.

Table 2. Most significant descriptive data

% values on 165
responses
99%

Introductive section
Respondents that like travelling
Respondents that like tourist guides

26%

Number of trips made a year
5 or more
up to 5
Respondents that have organized a journey itinerary at least
once
Respondents that are likely or very likely inclined to save with
the idea of saving a part of their time in planning the tourist trip
Respondents own a smartphone or a tablet
Respondents that used a geolocalization app in the past

9%
91%
78%
73%
82%
71%

Regularity of use of the geolocalization based app
Daily
Weekly
Monthly
Few times a year

16%
38%
21%
25%
Technical section

% values on 117
responses
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Respondents that used a T&T geolocalization based app in
particular
Categories of GPS based apps

Satisfaction with use experience of T&T GPS based app
Ease of use
Convenience
Usefulness of results
Appeal of informative details

37%
Maps, Travels & Tourism,
Bus timetables.
% values
% values
Sample 1
Sample 2
39%
42%
51%
43%

General satisfaction with use experience of T&T GPS based
app

44%
40%
40%
36%

% values on 43 responses

Very satisfied
Extremely satisfied

18%
16%

In Table 3 the percentage of respondents that have shown an extreme or very likely
inclination to use the concept of app proposed are gathered. The values refer to the total
sample.
Table 3. Percentage of respondents that have shown an extreme or very likely inclination to use
the concept of app proposed.

App concept responses
Variable investigated
Probability of use
Very likely
Extremely likely
Usefulness of results
Very likely
Extremely likely
AR elements
Very likely
Extremely likely

% of total sample
38%
22%
53%
18%
42%
16%

A large number of the respondents know about and have used geolocalization based
apps mainly related to Maps, T&T and transports timetables, and a large part of the
sample held an enthusiastic opinion in relation to the probabilities of use and the interest
of the informative-audiovisual elements promised by the app. It is definitely possible to
say from the resulting percentage that the concept of the proposed product is appealing
for a large number of the respondents. In addition, from separate analysis of the results,
it appears that the appeal of the concept proposed does not depend on the past use of
other GPS based apps or GPS based T&T apps.

CESARSC: Framework for creating CES in Smart Cities
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Limitations and Potential Risks

The privacy question deriving from geolocalization might often be a drawback for final
users. But with cryptography and anonymization mechanisms direct associations
between users and devices will be strictly prevented.
In relation to CESARSC, it is necessary also to study the availability and usability of
the underlying technologies and offer a valid solution when the services cannot be
guaranteed in time.
When the underlying technologies are not available (cloud) data storage with
conventional technologies can be distributed. In addition, some technology may be
available, but not always usable, due to absence of network coverage for example, in
which case the service that is using this link will be reduced to a functionality that can
be maintained with the reduced data rate; so the system will continue to work but with a
lower accuracy level than expected.
The main technical risks identified prior to research commencement, together with
the proposed contingency plans, are shown in the Table 4.
Table 4. Main technical risks and contingency plans

Technology

Cloud computing
(computation) distributed,
partitioned data (storage)

Management of
semantic, contextual
information

Risk

Technology not
available in time

This technology carries
risks as it depends on
other challenging
technologies such as
mass data computation
and localization

Data (Internet) Link,
such as S-Band,
UMTS

Services rely on fast
Internet connections

Geolocalization

Indoor navigation

Contingency plan
Mock-up technologies can be
used
to
emulate
the
computation and storage
functionality.
Capabilities
therefore will be limited.

Substitutes can be used for
the underlying technologies

Faster connections can be
substituted
by
(slower)
conventional
connections,
such as 3G or GPRS or WiFi. The development of the
service has to take service
degradation into account.
Acceptable
outdoor
localisation can use reliable
technologies such as GPS.
Seamless navigation can rely
on
approximation
of
localisation (e.g. building
entrance/exit), 3G, Wi-Fi,
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Bluetooth and pre-compiled
detailed maps can help at
transferring points based on
known coordinates (e.g.
building’s entrance/exit)

3.4.

Innovative Services

CESARSC will create a set of innovative Future Internet-based scenarios with services
related to the needs of the main beneficiaries identified (Table 5).


Travelers’ Scenario

Table 5. Scenario 1 of CESARSC

Scenario 1: Exploitation of the tourist Framework
Number
1.1a

Service Name
Itinerary generation

Description
The user sets the parameters to create
the itinerary by choosing:

the combination kind
of user/part of the day

the distance range
where
the
potential
itinerary steps have to be
selected

the transport mode
used to move
The user chooses what mode to use to
visualize the route within two
possibilities:
AR
mode,
Map
visualization mode; online services
provide an optimized (in terms of time)
itinerary by
the selected mode

1.1b

Itinerary generation

User visualizes “My itineraries” Page;
the list of itineraries followed in the
past and available at that moment will
be shown; the user chooses to take an
available itinerary and the mode to use
on the assisted route; the online
services provide the optimized best
itinerary by the selected mode.

1.2

Itinerary assistance

Depending on the itinerary mode
selected by the user a 2D map of the
path is shown with indications of the
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included steps; or the camera of the
device is activated and used to follow
the path.
1.3

Edit itinerary service

1.4

Updated travel time
information

1.5

Updated travel indications

1.6

Geolocalization promotions

1.7

AR elements - informative
details provision

1.8

Disrupted service assistant



After the generation of the route it is
possible to edit the itinerary provided.
Touching the steps to delete the map
visualization, or adding new steps.
Services provide trip/arrival time
estimates while the assisted route mode
is activated.
Services provide trip directions to
reach each place included in the
itinerary acceding the options page
while the assisted route mode is
activated.
This function will show local events
and celebrations promotions on the
banner section.
In AR assisted route mode the user
follows the path with the camera
focusing the viewfinder, the online
services provide AR elements, if
available, so that the screen is overlaid
with added information.
In map assisted route mode more
information and details about a place
on the itinerary map can be accessed.
Service detects disruption to any part
of the planned itinerary and offers the
best alternatives to the traveller.

Local businesses or entities related to T&T or Mobility Industries Scenario.
Shown in Table 6.

Table 6. Scenario 2 of CESARSC

Scenario 2 : Exploitation of the information generated
Number
2.1

2.2

Service Name
Travellers marketing data
provision

Mobility data

Description
Data collected related to behaviours,
opinions,
transportation
mode
preferences of the users will be
provided to the interested entities. .
Data related to the public transport
used to reach each step of the itinerary
can be provided to public or private
entities responsible for the services.
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2.3

3.5.

Other data

Other data related directly to final user
use of the product could be used to
encourage the development of new web
applications related to T&T or
infomobility or to innovative devices
production such as smart glasses.

Field Requirements




Aversion and diffidence shown by the main potential beneficiaries identified in
being involved in the exploitation of the platform.
CESARSC success is also strictly related to the concept of Smart City,
likewise to the availability of a free Wi-Fi connection both of which could
discourage the final users
Difficulties in reaching an adequate market level to lead to international
distribution of the product.

The success of the research is also strongly related to other kinds of technological
devices and until there are adequate devices, the application will not fulfill its promise
in terms of “sensational experiences” derived from the exploitation of Augmented
Reality elements. On the other hand, the main functionalities included in the app are
related directly to the T&T industry, and are not at all influenced by this fact.

3.6.

Framework benefits

Seven kinds of potential beneficiaries of the system development have been identified,
where the final user is any mobile device owner or a potential one. In the following
section the main benefits the research will produce directly in user experience, as well
as in the other stakeholder activities, will be described.
 Intelligence:
The CESARSC platform can become a meeting point for a significant quantity of
travel-related data coming directly from users about the way they move. Intelligent
applications can take these co-located real time data, and transform them into
information which is useful to public cultural / tourism promoter entities, transport,
local enterprise such as shops, malls and pubs, travel agencies, hotels, tourist and
traveler information and assistance and, at the same time, support the development of
other innovative services.
Thanks to the current and future technologies involved in its development, the
resulting benefits can be generated without any kind of geographic limit. The same data
could be used to make a more accurate segmentation of the users. So it is possible to
think about an international distribution beyond national or local boundaries.

CESARSC: Framework for creating CES in Smart Cities
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 Efficiency:
The most significant results will be: time and cost savings for the final users and ease in
addressing the business offer for involved local companies through personalized
advertising.
 Performance:
The intelligence applied to itinerary planning and tourist assistance can generate
reduction of travel time uncertainty and an improvement in generalized mobility
services, by means of faster, shorter and more comfortable ways to travel by
responsible entity’s transport initiatives.
In addition, the final users’ feedback will be transformed into a knowledge base in
order to improve the commercial activities provided by the involved local partners and
to contribute to the generation of other innovative initiatives connected to mobility and
entertainment, especially in the field of augmented reality and its future applications.
Previously the main benefits have been described–along with the objectives of the
research related to the partners involved in using its results.
Some possible consequences could be derived from the Social Networks approach of
the research. The main results in these terms could be represented by the formation of
travelers’ groups within which exchange of knowledge, experiences and opinions could
be carried out. This information can be exploited to provide recommendations, meet
market trends and so on

3.7.

Exploitation Framework

What means will be used to deliver value to all the beneficiaries in order to entice them
to pay for that value, converting those payments to profit?







Contents model. The data collected could be sold to web sites or businesses or
entities related to T&T or mobility industries.
Promotion model. Local commercial business, for example hotels, shops and
cinemas, will promote their offer by banners shown to the final users or by
obtaining a higher visibility level in the generation of results. This will be
possible by the payment of an annual fee.
Cultural incentive model. Public entities involved in exploiting the platform
will be able to promote some seasonal or sporadic events such as public
concerts, festivals and holidays and art exhibitions directly to final users at the
moment they are geolocalized by using the app. This will be possible by the
payment of an annual fee or a one off charge.
T&T mobility app store model. A set of innovative applications and services
related to T&T, as well as mobility, could be generated and made available
online for consumers and operators, starting from the results produced by using
the solution.

With respect to other approaches, Barazzetti et al. propose a framework for
Historical Building Information Modelling (HBIM) based on AR [38]. Such frameworks
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use AR to include information about buildings in mobile devices that can be used
during cultural tours. However, the framework is centred on HBIM processing and
representation. CESARSC provides the ability to create and share tours including AR
information. Pirker et al. present a location-based application creator that allows the
definition of routes with different points of interest and also includes both location
information and questions for each point 8. They conclude that further research is
necessary in the domain of usability, advanced playful design, further interaction
possibilities and improved technology and feature support. With respect to the proposal
of Pirker et al, the CESARSC includes AR functionality in the design of the route and
user interaction. In addition, CESARSC’s model allows the inclusion of new elements
used to create routes. Borrero et al. present a pilot test based on AR and a mobile
application in a museum. The experience was based on QR codes and completes a
number of missions [39]. The authors conclude that such applications could improve the
tourism industry to the extent that they can be extended to more scenarios. Other studies
such as Fino et al., Kourouthanassis et al. or Chen also refer to specific applications.
The CESARSC framework allows the definition of multiple routes with missions to
accomplish, and includes AR elements in the experience [40, 41, 42].

4.
4.1.

Proposed Framework Architecture
CESARSC Framework Components

The aim of this research is to define a framework, called CESARSC, for the creation of
CES in tourism domains, using Augmented Reality and employing cloud-based
technologies. Furthermore, the framework developed requires the interaction of
heterogeneous mobile technology in the field of SC.
CESARSC framework will also implement a reservation system that will allow
buyers to conduct a series of games and augmented reality challenges that will improve
their tourism experience in the destination by employing the concept of gamification.
Each participant through a mobile device (smartphone or tablet for example), or a HeadMounted Display (HMD) equipped with a camera such as Augmented Reality glasses,
will watch real time images and will receive cultural information from the central
computer, potential new destinations or cultural activities to perform at the users’
location.
The main components of CESARSC framework are depicted in Fig. 1. The main
feature of the CES is that users will be directed from a central computer, via a system
controller component from which the information is sent to various roles involved in the
system. Users, with heterogeneous mobile technology, will capture images and GPS
coordinates relative to where they are at that moment. Elements defined in the CES, and
other elements the director of the system wants to send, will be included in these images
by means of the mobile client component.

CESARSC: Framework for creating CES in Smart Cities

409

Fig. 1. General architecture: components of the complex system

As shown in Fig. 1, CESARSC architecture is formed by four modules: capturing
scenarios module, CES definition tool, system controller and mobile client component.
Capturing Scenarios Module
This module is responsible for capturing the GPS coordinates for the definition of the
playground of the CES. The capture of the GPS coordinates is done by means of a
smartphone application with GPS features. The user defines points of interest for a
given scenario using the smartphone. Users can also take photos and add audio
recording related to the point taken.
Definition tool
Once the GPS coordinates and the additional information have been collected, the
definition tool allows CES to be created. With this tool, users can associate a set of GPS
coordinates with a CES, including text or multimedia information for each coordinate.
This additional information will be displayed on the mobile device of the CES
participants. The definition tool allows all the gathered information to be put together,
showing all the points in a map view.
The definition tool also allows the inclusion of GPS coordinates, uploading the
contents related to each defined location.
Once the GPS coordinates have been associated with a CES, the definition tool
allows the rest of options of said CES to be configured. A defined CES, apart from the
GPS points and the additional information available for each point, has a set of
attributes that can be configured:
 Name of the CES. This name is visualized by the participants and allows the
CES to be identified.
 Open or restricted CES. A given CES can be publically accessed by every user
of the system or only by a list of participants.
 Time limit. A time limit can be configured in order to limit the time a CES is
available.
 Maximum number of participants.
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The CES defined is available for all users or only for selected participants depending
on the configuration. A CES can also be executed several times by different groups of
participants. The system controller is in charge of managing the instances of each CES
according to its characteristics.
The definition tool is based on a Model Driven Architecture (MDA). The foundation
of this architecture lies in the definition of the CES in a device-independent way, so that
performance on specific devices will be based on the interpretation of the generic
definition of the CES. It will allow the execution of the system in several existing
platforms as well as future platforms, by means of specific components for each
architecture. Furthermore, modelling each CES in a device-independent way facilitates
the creation of different generic components that can be used for different domains on
different platforms. It will also ease the process of setting up each CES without devicedependent considerations.

Fig. 2. Process for defining the CES (device-independent)

Fig. 2 depicts the sequence of CES definition. The proposed architecture is open to
the incorporation of new components, device dependent or independent. As shown in
Fig. 2, the first step consists of the capture of the GPS coordinates in the CES scenario.
This capture can be made by means of the capturing scenario module or the definition
tool.
CES Controller
Once a CES has been modeled and defined, participants can join it. This means that
different groups of users can play several instances of the same game simultaneously.
Usually games have all their elements defined (GPS coordinates, landmarks, additional
information). However, it is possible to include dynamic information during the game.
Once the CES is defined it is possible to create one or more instances. An instance of
a CES is a set formed by the CES definition, a set of users, and a status. The status
includes information about the users, their actual position and the status of the elements
displayed for the instance. Thus, the same CES definition can be “executed” by several
groups of users. A CES controller is in charge of controlling all the instances of CES
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running at a given time. Users’ mobile devices involved in the CES establish
connections with the CES controller sending their GPS position and the instance of the
CES. The CES controller stores the received information in order to determine the
status of the CES and returns the available elements to the position received. Also, the
CES controller allows dynamic information to be sent to the CES participants. For
example, users near shopping centers could receive real time sales information.
The validation of the proposed framework will be made on a centralized controller
component, which will include an element of control for the CES director, and a client
component from the game for Android platforms.
Mobile Device
The mobile device component interacts with the CES controller sending information
about the location of the user and receiving information relative to this location. The
information relative to a given location is shown based on Augmented Reality
technology. The mobile device is able to receive the dynamic information provided by
the CES controller including real time information.

4.2.

Framework Architecture

Fig. 3 depicts the detailed framework architecture based on the main ideas outlined in
Section 4.1 As mentioned, three main players are identified:
 The CES Modelling is in charge of the definition of the CES, identifying
scenarios, interest points, information and GPS coordinates.
 The CES Director is in charge of controlling the execution of the CES. The
CES director can define new reference points during the execution of the CES
and receives information about the CES players: where they are, what
information they have received, and what they are doing in the CES context.
The CES Modeler and the CES Director share functionalities in the definition
of GPS coordinates and the inclusion of information, but the information
defined by the CES Director affects only one instance of the CES definition
and the information defined by the CES Modeler affects the CES definition
(and then all the CES instances).
 The CES Player is the person who plays an instance of the CES. The person is
moving around the smart city visiting the suggested points, receiving
information from the CES Controller and the CES Director, and interacting
with the system.
The main elements of the architecture are organized as follows:
 User layer. Is in charge of the direct interaction with the players of CESARSC.
o The CES Definition tool: as mentioned in Section 4.1 and 4.2, the interface
for CES definition allows the CES Modeler to create a new CES, defining
the GPS coordinates that delimit the CES environment as well as defining
the GPS interest points with their related elements (images, tips or any
other additional information for the CES player).
o The CES Capturer is a mobile utility for capturing real GPS coordinates
for a CES definition by means of a mobile device. This element is used by
the CES Modeler.
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Fig. 3. Detailed CESARSC Architecture

o

o



The CES Control Tool allows the CES Director to define new instances of
CES Definition, selecting the players who play it. The same definition can
be instantiated many times and can be played by different players. By
means of the CES Control Tool, the CES Director can monitor the
execution of a CES instance, receiving the information about where the
players are and what information they have received. Also, the CES
control tool provides an interface for defining new points dynamically,
messages of information of one, several or all players of the CES instance.
The CES Player tool is the component on the mobile device of the CES
Player. It allows the player to receive information, images, tips and new
coordinates from the CES Controller. Once the player is moving around
the CES environment the CES Player tool checks the current GPS position
of the player and sends it to the CES controller. Thus, the CES controller
sends information relative to that GPS point and the next point to go. In
addition, the CES director can view the current position of all of the
players and send information.

Business layer. This layer is in charge of the business logic of CESARSC. The
elements of this layer are:
o The CES Modelling module. This module is in charge of the definition of
the CES. A CES definition is formed by a meaningful name and a set of
GPS points with related information (mainly text, images and GPS point to
go). This module interacts with the CES Definition tool and the CES
Capturer to obtain the required information for the CES definition.
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The CES Runtime Controller. This module is in charge of the execution of
instances of CES definitions. It controls the instances of the CES at a
given time. On the one hand, for each CES instance, it controls the CES
players who play the CES, their current GPS position and the information
they are sending and receiving. On the other hand, it provides the CES
Director with the information about the players and the CES information
and allows the CES director to define dynamic points and information for
the players.

Persistence Layer. The persistence layer is in charge of storing the information
generated by CESARSC. This information includes CES definitions as well as
information about the concrete executions of CES instances and information
about the CES Players.
o CES Model Data stores the CES definitions, a set of related GPS points
with additional information.
o CES Runtime Data stores information about the execution of CES
definitions by a set of players. As mentioned, an instance of a CES
definition is a set formed by the identifier ID of the model, an ID of the
instance, IDs of the players of the instance, current position of each player,
past positions visited by each player and information received or sent by
each player.
o CES Users data. Stores the information about CES Modelers, CES
Directors and CES Players. The information about the players is
particularly interesting in order to analyze the trends of the CES players:
which coordinates they visit frequently, what they do at these coordinates,
what is in these coordinates and similar information that can be used to
provide the players with richer contents (such as personal
recommendations).

System Implementation and Proof of Concept

This section presents the proof of concept of the framework and the architecture
described in Section 4.1 and Section 4.2. Based on this architecture, the system
implementation has been developed in order to obtain a cloud-based platform and an
app for mobile devices (Android and iOS platforms).
The implementation of the platform has been carried out using an Apache server,
PHP5, MySQL server as well as an app for Android and iOS. Web interface allows the
CES definition as well as CES control (see Fig. 4). CES control includes the monitoring
of the users on a given route. The web interface is based on a PHP development which
maintains the model defined in a MySQL database. At the same time, the CES players’
view is based on an app (with Android and iOS version) which is able to interact with
the defined web services in order to allow the interaction with the defined CES models.
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Fig. 4. Detailed CESARSC Implementation

Fig. 5 depicts the interface for defining new CES projects in the cloud platform,
providing a meaningful name and a brief description. The CES administrator can
manage an existing CES by selecting from a list.

Fig. 5. CES Definition in the cloud-based platform.

Once the CES has been defined, and the rest of the attributes have been assigned, a
set of GPS points can be assigned in order to define a route. Fig. 6 shows the interface
for assigning GPS points in the CES definition. With the cloud-based platform, it is
possible to select the coordinates using a map view so as to locate a point of interest
with accuracy. The list of GPS coordinates can be used with another CES. For example,
the Coordinate “Madrid Airport” can be created once, and then used in several CES.
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Augmented Reality elements and images with additional information can be defined for
each coordinate.

Fig. 6. Defining GPS points for CES in the cloud-based platform.

Once the CES has been defined can be instantiated several times. As mentioned and
instance is the execution of a CES by a number of users.
Fig. 8 shows how a CES instance can be created on the system. Each instance has
defined a radius that represents the maximum distance for receiving information about
the current position of the player. Thus, if there are four interest points defined in the
defined radius from the GPS position of the CES player, the player will receive such
information in order to guide the CES (see Fig. 7).
Once a CES has been activated CES players can join it in order to participate on it.
CES director can monitorize the execution of each CES instance and delete it after the
play (see Fig. 9).
The instances can be configured allowing different radius as well as including or
removing existing GPS coordinates (see Fig. 10).
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Fig. 7. Radius from current GPS position of the player

Fig. 8. Activating CES instances in the cloud-based platform.

Fig. 9. Removing CES instances in the cloud-based platform.
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Fig. 10. Managing CES instances in the cloud-based platform.

Fig. 11. Capturing targets with the app in iOS device

The capturing module has been implemented for Android devices. Fig. 11 shows the
interface for capture GPS locations (also called Targets). A target is identified by a
meaningful name, and the GPS coordinates can be captured using the technology of the
mobile device. If a cammera is available, a photograph related to the target can be taken.
This information is sent to the server for configuring the CES.
Once the list of GPS locations has been captured, the CES is saved with a meaningful
name and stored in the server. Fig. 12 shows how the CES is saved to be sent to the
server.
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Fig. 12. CES definition and Route creation in iOS device

The list of GPS coordinates related to the CES can be retrieved in order to manage it.
Fig. 13 and Fig. 14 depict the list of GPS coordinates in the mobile device (iOS and
Android devices).

Fig. 13. List of GPS coordinates (targets) for a route in iOS device
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Fig. 14. Map view of GPS coordinates (targets) in Android device

Finally, as shown in Fig. 15 and Fig. 16, both CES Modelers and CES Players can
access the list of defined CES. CES modelers can edit the list of GPS locations as well
as define new ones, and CES Players will receive information of near GPS locations of
the selected CES.

Fig. 15. List of routes defined in a mobile device in iOS device

Prize management has been included in order to give prizes for obtaining the
objectives of a given route, to include gamification features in the CESARSC (see Fig.
17).
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Fig. 16. List of nearby routes in Android device

Fig. 17. Prize screen in Android device.

As shown, the authors have achieved an operative cloud-based platform which is able
to support the defined architecture. Moreover, an app for mobile devices has been
developed in order to give users the freedom to move around the city and to interact
with the environment in real time. In further research, the system will be improved with
more features; for example, personalized recommendations related to the CES, based on
the opinion of CES players using a Recommender System integrated with the
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framework. It would provide added value in addition to opening up a world of
possibilities, based on advertising, and a social network of CES users.

6.

Conclusions and Future Work

This paper has introduced the work for developing CES in mobile technologies using
AR, geolocation and gamification features in a novel framework. The proposed
framework allows the creation of personalized CES by users with limited programming
skills. Moreover, it could be used for personal entertainment and also for professional
training or simulation of role -laying games (especially simulation of risk situations), or
as a mobility assistant. Thus, the main contribution is a framework able to model games
based on positions using AR, making it available for multiple users via mobile devices.
Thanks to the framework structure, it is possible to include more actions related to each
Point of Interest (POI).
The impact of the proposed framework on the market is twofold: on the one hand, it
could become a professional development tool for tourism companies to develop CES
on mobile devices, and on the other hand, it could serve as an institutional version that
allows this kind of content in public agencies to be created.
The novelty of this research is the definition of a framework for creating a
collaborative CES with the capacity to model routes and to include new elements such
as AR features, gamification, geolocation, and so on. This framework is implemented
on a cloud-based platform with the interaction of mobile devices and it could also be
integrated into a Smart City environment in order to promote the tourism sector of the
city. Another novelty of CESARSC lies in its usability aspect; it enhances the
traditional user experience while interacting with a mobile device in a Smart City
environment. The architecture defined in this research allows the development of the
interaction with the heterogeneous mobile technology (in Android and iOS platforms).
Accordingly, it serves as a tool which is useful in terms of contributing innovation to
initiatives connected to mobility, entertainment and tourism, as well as fields of
augmented reality and their future applications.
As shown, a cloud-based platform has been developed by the authors from the
defined framework and architecture. The platform allows the definition of CES and its
related GPS coordinates both by using a map view and by capturing with an Android
app, in order to locate a point of interest more accurately. AR elements and additional
information can be defined in relation to each coordinate; specifically, the framework
allows AR images related to the selected coordinates to be included. These AR elements
are incorporated into the platform as part of the definition tool and the app (both
Android and iOS versions), in order to facilitate the use of this technology by modelers
and players. The platform with special glasses, which are compatible with Android apps
(for example EPSON Moverio BT-100 26), allows the experience of viewing these AR
elements as part of the real environment, thus enhancing user experience. Finally, CES
Players can join a CES and receive information relative to defined GPS locations near
their current position. It is therefore possible to provide useful information for the CES
Player based on location. Consequently, the evaluation platform is able to support the
defined architecture.
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In addition, the nature of this research is clearly horizontal because this particular
technology is not only focused on cultural entertainment systems, but has other
applications as well; for example, the creation of training simulations for evacuation
plans, carrying out tours that include information, allowing POI and even the inclusion
of advertising elements. In short, the platform opens up a new world of possibilities for
Augmented Reality Content for Multi-device distribution. Finally, the inclusion in the
cloud of this technology platform enables real-time access, thereby opening distribution
to the PaaS (Platform As A Service) paradigm.
Acknowledgements. This work is supported by the Spanish Ministry of Economy and
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