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Abstract – The paper discusses opportunities and challenges
in development of the current ecosystem of digital services.
Special attention is paid to analysis of the role of Location Based
Services (LBS) platforms for service ecosystems in the Internet of
Things (IoT) era. We study architectures of LBS-enabled smart
systems and analyze factors that could enable faster adoption of
new service paradigms by the industry. The paper discusses
potential roles of the IoT infrastructure for addressing this
problem. One of the supporting questions is the role of mobile
operational systems in development of a future ecosystem of the
services, which we study by reviewing two approaches
implemented in two open source mobile operational systems:
Sailfish OS and Tizen OS. One of the starting observations was
that the “cold start” problem is one of the top factors that block
services from successful development. The problem refers to the
case when a new service lacks relevant content. We propose to
address this problem by providing developers with a toolkit for
accessing relevant content available in various open databases.
Development of a method for efficient data importing from open
databases and content management is one of the practical results
of this study. We implemented the proposed method as an
extension to the open source LBS platform Geo2Tag. Now, it is
available for free use and illustrates really good performance.
Results of our study were tested on the most typical use cases of
services for tourists and hospitality industry. The practical
results of projects are available for use by business and helped us
formulate priorities for further research.

Keywords: LBS; Internet of Things; Geo2Tag; Sailfish OS;
import of open data.

I. INTRODUCTION

Nowadays, the service market is in the middle of a major
transformation towards smart and proactive services. This
transformation is supported by higher availability of powerful
mobile devices with broadband network access, large memory
and significant processing power, which allow to store and
efficiently process large volume of data. Moreover, the
development of the Internet of Things (IoT) ecosystem
enables modern services to collect most relevant local content
and manage the environment around the user. But, despite the
fact that the opportunity is there, in practice, we still see only a
few examples of services that take this opportunity to practice.
So, let us analyze potential reasons for the slow adoption of
new technologies and present our solutions that are targeted to
improve the situation.

The absolute majority of available services are based on
the interaction of a user with mobile devices. The user does
not only consume deliverables, but is actively involved in
content creating, knowledge management and decision
making. However, we evaluate that this approach has reached
its limits due to the explosive growth of volume and
complexity of data. The services shall autonomously and

efficiently search, filter and process the data and so become
more intelligent and proactive.

Therefore, the motivation for this study is to take part in
the definition of design for the new generation of mobile
services ecosystem [1], which, in particular, fulfils the
following criteria:
- provides innovative pro-active smart services that

improve quality of life, are highly personalized, taking
over the most difficult and boring work from the user,
helping to save natural resources and wherever possible
allow to use prophylaxis instead of curing a damage
created by a problem;

- is stable, efficient and scalable to enable broad
deployment of Internet of Things paradigm that will
connect by two orders of magnitude more devices than
the number of humans on the planet.

The development of such ecosystem for smart services
demands to find solutions for the following two domains:
- mobile operational system (OS) that is functionally rich,

flexible and efficient to provide required low-level
support for the smart services;

- availability of a tool to define the accurate context of the
user and collect the corresponding contextual information.

In complex ecosystems, such as smart spaces, mobile
devices are considered primary as a tool for accessing services
[2]. However, development of the smart services ecosystem
demands more active role of mobile devices, i.e., they shall
become center of the personal smart space and the personal
management hub for the surrounding IoT devices [3].
Consequently the mobile devices shall become more powerful
and the mobile OS be more efficient, functional-reach and
flexible to provide the required support. In the next section of
this paper we provide the corresponding analysis and
comparison of the available mobile OS ecosystems.

Also, in the last years, we have seen that the role of
location-aware services is increasing and the corresponding
ecosystem is growing fast and developing in all aspects. Most
of mass-market mobile devices have embedded technologies
for detecting location. This creates a huge opportunity to
develop services and solutions that associate virtual tags to the
real physical objects and processing most relevant content
based on the geographical context. This domain is called
Location Based Services (LBS) and it very natural approach
for development of smart services of next generation, which
can be used for various use cases, e.g., for the cultural heritage
management systems [1][4].

The third section of the paper discusses the potential role
of LBS platform for development of smart services. As a
result of IoT ecosystem development, we expect significant
rise of the demand for LBS support, as IoT solutions need to
monitor the geographical position of the things in time and
attach them with a set of relevant attributes. This is exactly
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what LBS platforms provide from the box. For this study we
particularly discuss how the LBS platform can address the
“cold-start” problem. It is well known problem for newly
launched services that do not have critical mass of relevant
content. Lack of relevant content makes services less
attractive for the users and often lead to the complete fail of a
project.

For this study, we took as an example the IoT-enabled
open source LBS platform Geo2Tag [5]. The platform already
provides most of required service primitives, so importing
function could be delivered with reasonable efforts. The
additional advantage of the platform is that it provides
efficient toolkit for development of services based on the
Smart Spaces principles.

As a source of content, we are offering the universal
importer from largest databases of open data. Open data is fast
growing model of content delivery, where content is generated
by volunteers and in projects funded by government and
public funding, which makes the generated content available
for free use. Already now thus model is strong competitor to
the classical schemes of paid access to the content and it is
expected that its role will increase in the future [6]. So the
third section provides general presentation of our solution and
discusses benefits that it delivers to the services. The fourth
section presents implementation of the corresponding solution
and discusses its performance characteristics. The key findings
and results of our study are summarized in the conclusion
section, followed by acknowledgments and list of references.

II. ROLE OF MOBILE OS

The root of this study is based on observation that the
mobile device shall not be any longer seen as a pure service
consumption point. Nowadays, personal mobile devices are
powerful enough to take role of a manager of IoT environment
around the user. Smart spaces technology provides the best
infrastructure for it [7]. However, for deployment of personal
smart space its core part - Semantic Information Broker (SIB)
shall be installed on the mobile device. Such architecture does
not contradict to the smart spaces reference model [2], but so
far this case has not been studied. The main reason is that
previously mobile devices were not powerful enough and most
mobile OS could not provide required low-level support and
flexibility. Nowadays, technically smartphones are powerful
enough, but the main question whether mobile OS could
efficiently use the device hardware and provide all basic
functional required for proper operation of smart spaces SIB.

We started this part of study by making review of the
leading mobile OS. Analysis of iOS and Windows ecosystems
discovered that both are not suitable, as do not provide the
required access to the low-level interfaces, the provide privacy
tools are insufficient and the overall performance is not
insufficient. The first results for Android OS were much more
promising. One can find a number of publications on using
Android devices for smart spaces applications [8]. Moreover,
our initial tests show that it is possible to make SIB working
on Android devices. However, Android sets to many
restrictions on use of the low-level functions. Consequently
due to inefficient use of resources we end-up with situation
that smartphone cannot provide sufficient processing power

for proper management of the personalized smart spaces by
SIB even on most powerful Android phones. Moreover,
Android architecture is not good for implementation of the
proper privacy solution. As a result Android OS was excluded
from further consideration.

But, further study of this topic discovered that, nowadays,
there are two open source mobile OS that could fulfill our
requirements. The first candidate is Tizen OS that is the best
of available mobile OS adopted for use in resource restricted
devices and IoT environment. For the last two years, Tizen OS
is clearly positioned to take the dominant role as operational
system for Internet of Things [9]. Nowadays, one can find a
lot of IoT devices on Tizen and the system ensures seamless
device-to-device connectivity and address needs of the whole
Internet of Things environment. Tizen OS is target to remove
border between the personal mobile device and surrounding
IoT devices, as all devices operate under the same OS and
mobile device can be seen just as one of IoT devices. Such flat
peer-to-peer architecture is very scalable and well fits to the
general IoT scenarios. However, it is not optimal for
deployment of smart spaces that are done on principles of
client-server architecture. As a consequence Tizen
smartphones are not so much optimized for heavy
computations and the privacy model does not directly match
to the smart spaces needs. Moreover, nowadays there are not
many Tizen-enabled smartphones and none of them is
powerful enough to run SIB of the personal smart space. So as
a conclusion we admit that Tizen OS is very promising mobile
OS with great potential for our needs, but at the moment it is
not suitable and there are no Tizen smartphones that can be
used even for prototyping purposes. We are going to keep eye
on further development of Tizen OS ecosystem, but had to
drop it for the purpose of this study.

Sailfish OS is the optimized development of principles
defined in MeeGo OS [10]. Sailfish OS is focusing on
smartphone as a primary type of target device. Nowadays,
Sailfish OS is the most efficient and fast mobile OS where the
additional key priorities are privacy and usability. The system
is based on Linux kernel and provides most of required basic
primitives for accessing low-level functional and interfaces.
Smartphone under Sailfish OS can provide efficient hosting
for SIB and at the same time perform role of a hub when
accessing to the various IoT services. The open architecture
allows developing and integrating the missing primitives to
the system core. These are exactly the features we are looked
from a mobile OS. Nowadays, there is more than half a dozen
of high-end smartphones on Sailfish OS. So it was possible to
find required device for our study.

As a result, we confirmed that modern mobile OS can
enable the new organization of smart spaces, where the core of
the smart space is hosted by the mobile device. Also, we can
conclude that, currently, Sailfish OS provides the best
ecosystem for building personalized M3-enabled smart spaces.
Within scope of the study, we defined all basic elements of the
smart spaces that dynamic personalize the virtual and physical
environment based on users’ preferences. Based on results of
this study, our next step will be to implement a fully
functional IoT management architecture in personal smart
space developed on top of the open source Smart-M3 platform
[11].
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III. ROLE OF LOCATION-BASED CONTEXT INFORMATION

The recent progress in volumes of available data storages
and speed and availability of telecommunication technologies
enable development of the new generation of services.
Potentially this service in any place at any time can access any
piece of knowledge created by the humankind. But, the
volume of knowledge is so huge that it would flood any
service. There are multiple technologies to address this need,
starting from efficient data search algorithms to advanced
methods of data mining and big data management. However,
by applying even the best methods to the full set of data we
end up in unacceptable delays and low relevancy of the results.
The only way to significantly help this situation is by applying
efficient filtering of the content. Context is the most natural
filtering. Generally we took definition of the context as any
information that can be used to characterize the situation of an
entity, where an entity is a person, place, or object that is
considered relevant to the interaction between a user and an
application, including the user and application themselves [12].
For this study we focus on a subset of the context information
that can be derived based on the geographical location of an
entity. As it was shown by the previous studies, in majority of
practical use cases the location-based context gives the most
relevant filtering of the content [13]. Moreover, according to
the analytical forecast in the next 3 years the demand for LBS-
context driven solutions among developers will increase by at
least 22% [14].

As an illustration of the role of the location-based context
in smart services, we decided to address well-known problems,
typical for current services. We target to propose a solution for
the lack-of-content (also known as “cold-start”) problem of
new services. To make the story clearer for understanding and
results more creditable, we illustrate the demand for such
solution, the proposed idea and our implementation, on an
example of services for the tourists and hospitality industry.

The recent reviews of tourist expectations done by tourist
offices and agencies, as well as general analytic reports for the
hospitality industry discovering clear trend that modern tourist
is willing to see advanced e-tourism ecosystem that would
enable personalization of service with minimal cost overhead.
For example, one can easily see success of the simple trip
planning web sites, which created a new market of online
travel sales, with volume only in the USA of over $150B/year
[15]. Generally there are many services for tourists and
hospitality industry. But, basic services are not sufficient
anymore. Tourists demand smart pro-active services for
planning trips, onsite supporting, managing memories and
sharing experience after the trip.

At the same time, there is demand from developers to
reduce the complexity and the amount of resources required
for development and maintenance of such services. For
example, because of the development complexity, most
services are missing on-site support and are isolated from each
other. In this study, we target to come up with the toolkit for
efficient development of such services. As a result, the
development cycle shall be shortened and on-site support of
the tourists and data exchange between the services provided
from the box will take place. In the following, we start
summarizing the main identified problems for this domain:

1) “cold start” as most services cannot collect the critical
mass of relevant content;

2) update delays, which might results in significant decrease
of relevance of the content and sometimes be even
misleading;

3) user’s content and settings cannot easily be shared between
the apps;

4) development of smart services related to very high
implementation and maintenance complexity.
Due to the above listed problems current e-Tourism

ecosystem is highly fragmented and slow in adoption ideas of
advanced smart services. As a solution we propose to use LBS
platform that provides common ground for tourist services and
services of the hospitality industry.

Most of available LBS platforms have high entrance
threshold for developers, i.e., license fee, high complexity of
development or both. This stops developers from broad
adoption of LBS-enabled architecture in the services. Also
most of available LBS platforms are lacking efficient
mechanisms for keeping data up-to-date and only a few LBS
platform are IoT-enabled, which is strict requirement for the
future-proved services.

Based on earlier performed analysis of various LBS
ecosystems [16], we selected Geo2Tag LBS Platform [5].
Nowadays, Geo2Tag is the most popular open source LBS
platform in the world [17]. Geo2Tag is recommended by IEEE
Internet of Things technical community for prototyping IoT
solutions in City tagging scenarios [18]. Moreover, Geo2Tag
is available for deployment in clouds, can be provided as PaaS,
or configured on standalone server or even on the network of
regular PCs. This provides developers and users with widest
possible choice of architectures and development approaches
for their solutions.

A number of services and applications are implemented on
top of Geo2Tag, including a few cultural heritage systems and
tourist services, e.g., Open Karelia network [19] and New
Moscow cultural heritage system [20]. What is important is
that these solutions are not just stand alone museum systems,
but a service overlay on top of LBS platform. Such design is
very scalable and provides complete infrastructure for the
development of LBS services for networks of regional
museums. So far, a number of regional museum networks and
wide variety of supporting services were created on top of
Geo2Tag cultural overlay. A few local SME and independent
developers use the system and are able to exchange relevant
content between the services and share functional primitives
published in community-developed open source libraries.

Content is the key asset for all tourist services and its
availability has core meaning for the popularity of a service.
Building critical mass of content for new services is currently
a complex task that requires a lot of time and resources. At the
same time there is a lot of open data on culture and history (as
well as in many other application domains). In this study we
target to make content of open databases available for services
in LBS platforms.

The goal of this project is to provide developers with the
enhanced set of tools for importing cultural heritage
information to the Geo2Tag database. We developed an
efficient content importing tool that was tested with popular
European open databases and Wikipedia. Further details of the
developed toolkit are discussed in the next section.
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We are going to continue this work by expanding the list
of supported open databases. Finally, we target to provide
import access to major open data on cultural heritage
[21][22][23], plus add support of data import from Europeana
and make in-depth analysis of additional sources of relevant
content. Moreover, to help with content management we are
going to provide developers with special Geo2Tag modules
(agents) for automatic search and filling of the missing fields
(with unspecified/null content). Plus, we target to release a
special content kick-off admin tool to help create an initial set
of content for a service based on most relevant open data, and
these new results will be included to our next publication.

IV. IMPLEMENTATION OF THE PROPOSED EXTENSIONS

Implementation of the open data importer for Geo2Tag is
done based on definition of import API on top of user’s plug-
in subsystem available in the platform. The interface includes
module that defines general import algorithm, library of
abstract classes for all steps of import process and the set of
REST-interfaces for controlling and managing the import
procedure. Implementation of the import procedure has total
length of 1113 lines of code and is available for free download
as open source extension included to the default main package
of the Geo2Tag platform [5]. The algorithm developed in the
import API use the following source data:
- Channel ID (the named set of data);
- Link to the original set of open data;
- Name of the Geo2Tag service - destination of the imported

data.
The import algorithm implements the following four steps:

1. Downloading data. This step contains all actions required
for establishing connection, authorization and
downloading data from an open data database.

2. Fragmentation of the downloaded open data set to the level
of individual elements. At this step the algorithm performs
de-serialization of the initial set of data.

3. One by one translates each individual element from the set
of open data to Geo2Tag compatible format. At this step,
the algorithm extracts geo-location and time-stamps
attributes from the original open data element and saves
them to the newly created geo-tag element in Geo2Tag
database. In addition, content of the new geo-tag is
associated with metadata on current import session, i.e.,
link to the original data set and the time-stamp of the
import procedure.

4. Saves created set of geo-tags in the Geo2Tag database
available for direct access by the service.
The set of abstract classes of the import API contains logic

of each step of the import algorithm plus templates for
implementation of REST-interfaces for controlling import
procedure. Further details on the design of this part of the
algorithm are discussed by Zaslavskiy and Mouromtsev [24].

The proposed method includes procedure for geo-context
layout of the open data. Implementation of this procedure shall
be supported by the set of corresponding basic primitives and
tools provided by Geo2Tag platform. Moreover, due to
specifics of organization of open data the location information
could be stored in various formats, starting from geo-
coordinates and up to street address or even textual description

of a place. This creates the new challenge of building
universal solution for extracting geographical coordinates for
the street address (this is relatively easy as the corresponding
libs are available) and the text description. To address this
demand (which could be also useful as independent service for
some application) we have developed special Geo2Tag plug-
in, that solving the problem of direct geo-coding. This plug-in
extends functional of Geo2Tag platform by the following two
REST-interfaces:
• /instance/plugin/geocoding/service/<string:serviceName>/j

ob – creates task on packet geo-coding of data for the
specified service channel serviceName;

• /instance/plugin/geocoding/service/<string:serviceName>/j
ob/<string:jobId> - provides control of the created task.
As an example of the real use case created on top of the

developed API we developed a plug-in to import data from the
Open Karelia public museum overlay to make it available for
use by any services in Geo2Tag. This source of open data has
been selected for the first pilot as its objects contain
information about the location in the form of geographical
coordinates and time presented in an interval-based format of
dates with “B.C.” trigger. This let us to confirm that the
developed algorithm works and could successfully process
complex data structures of the open data defined in formats
that are unfriendly for machine processing.

The next step was to confirm that the proposed method is
efficient enough to be executed even on the mobile devices,
i.e., so that this import procedure could be directly used by
smart services on smartphones. We tested implementation of
the method on the low-performance home PC with the
following formal characteristics:
• Dual-core CPU processor @ 2.10GHz – this corresponds

to the top clock frequency for smartphones;
• RAM: 3Gb – this volume was selected as it is maximum

volume of RAM on modern smartphones.
We choose to use this PC instead of direct testing on the

smartphone as it helped us to save time on implementation of
the test environment plus let us use most well known and
verified monitoring tools. And the PC parameters were
selected in a way to formally match to the top smartphones on
the market. But, as we know smartphones are able to more
efficiently use memory and processing power, so the obtained
results could be safely referred as a “bottom” performance
estimate for modern smartphones.

Figure 1. Dependency of the number of imported objects per second on the
number of parallel import tasks.
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The first set of performance tests is measuring
performance of the import plug-in when serving a number of
parallel import tasks. This test case simulated situation when a
few services have to perform parallel importing of the content
from open data databases.

In fact, the most typical scenarios for smartphones is that
there is one or two parallel tasks that might need to
simultaneously import content. But, we decided to makes the
corresponding simulations for up to 10 parallel import tasks.
The result dependency of the number of imported objects per
second on the number of parallel import tasks is presented in
Fig. 1. The algorithm shows really good performance of
approximately 180 imported objects per second for the cases
of one and two parallel tasks. When the number of parallel
tasks exceeds the number processor cores we see step
degradation of performance, which is direct result of multi-
flow scheduling that has to be used in such cases. But, good
news is that all modern smartphones are multi-core so we can
expect similar level of per task performance, but for a larger
number of parallel tasks, which is very important as with
development of smart proactive services we can expect to see
up to 10 parallel tasks on importing additional content to
support efficient decision making.

The next analyzed key indicator was the time expectancy
for the complete import procedure. The corresponding
experimental results are shown in Fig. 2, where one can see
the dependency of the maximum, minimum and average
import time on the number of parallel tasks.

The results presented in Fig. 2 show that despite the
restriction of the maximum number of concurrent executed
threads and the Global Interpreter Lock (GIL) technology in
Python [25], the average import time is growing slowly.

Figure 2. Dependency of the maximum, minimum and average import time on
the number of parallel tasks.

When the number of parallel tasks exceeds the number of
processor cores we observe sharp step increase for the
maximum time of import. As discussed above, it is caused by
the fact that in this experiment we used only built-in
mechanism for managing connections to the web server
Apache and the GIL and have not apply advanced scheduling
tools. This leads to inefficient performance when one core has
to process multiple tasks. At the same time one can notice that

after this step change the value of maximum import time
remained virtually unchanged with the growth of the number
of parallel import tasks. This can be explained by the
operation of the MongoDb cache [26].

Based on the received good performance levels and stable
results without strict dependency on the number of parallel
tasks, we can conclude that the proposed import method can
be used for on-fly support of multiple smart services when
executed directly on a smartphone with Geo2Tag support. As
a result the developed solution can significantly simplify and
speeds-up development and testing of services and enable “hot
start” of new services. The proposed import extension has
been committed to the open source LBS platform Geo2Tag
and currently it is included to the default installation set of the
platform.

V. CONCLUSION AND FUTURE WORK

This paper proposes a new reference architecture for
personal smart spaces, where the center of smart space is
hosted by the smartphone. This idea is not new, but such
architecture could not be implemented in the past. The main
reasons were lack of efficient mobile platform to host SIB and
infrastructure for efficient management of context data based
on geographical location of the user. Within the scope of this
study, we developed all basic elements to enable dynamic
personalization of the virtual and physical environment based
on the preferences of the user. As a result, we can conclude
that this study gives a valuable scientific contribution to the
development of architectures for various use cases of smart
services in the Internet of Things environment. There is still
the unsolved problem of collaborative personalization as the
environment has to adapt itself to multiple users. The size of
gravity field of each personal smart space shall be
dynamically defined at any moment in time. This is an
important topic for study that we are planning to address in the
future.

Another direct conclusion of this study is that, currently,
Sailfish OS provides the best ecosystem for implementing
personalized M3-enabled smart spaces. Based on analysis and
received practical results, our next step will be to implement a
fully functional IoT management architecture in personal
smart space deployed on top of the Smart-M3 platform.

Another aspect that we are going to address in the follow
up study is the development of business model that takes into
account interests of smartphone and IoT-devices producers.
Our preliminary analysis shows that the discussed technical
architecture provides a very reasonable solution, as it does not
demand reallocation of business niches. In this case, one can
see the personal smart spaces architecture on Sailfish OS as
the business peacemaker for mobile device producers and
manufactures of IoT devices. But, in-depth study of these
issues is required and we also target to develop a solid
proposal on the monetization scheme for personal smart
spaces services. Moreover, we would like to come up with an
analysis of possible roadmaps that combine smartphones and
IoT ecosystems into a solid personalized service provision
infrastructure that will surround users 24/7.

Finally, the paper makes an important step forward in the
development of the LBS-ecosystem by offering an universal

176Copyright (c) IARIA, 2016.     ISBN:  978-1-61208-505-0

UBICOMM 2016 : The Tenth International Conference on Mobile Ubiquitous Computing, Systems, Services and Technologies



solution for importing most relevant content using open data
databases and defining relevance based on geo-context. As a
result, this helps to address the “cold start” problems as well
as a few other problems highly relevant for the service
developers. The developed content importing algorithm was
implemented on the Geo2Tag LBS platform. The performance
tests show that the proposed import method can be used for
on-fly support of multiple smart services, when executed
directly on a smartphone. Our import extension has been
committed to Geo2Tag and currently it is included to the
default installation set of the platform. A task for further study
is to analyze the dependency of import tasks performance
characteristics on the number of parallel tasks when executed
on Sailfish OS operated multi-core mobile device.
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