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Abstract—Recent advances in IT have offered people the opportunity to
have powerful ultramobile devices in their pockets incorporating a plethora of
capabilities which, in most cases, require Internet connectivity. This constant
need for Internet access though, especially when a wireless hotspot is unavaila-
ble requires connection via network data. The fixed cellular data packages of-
fered by carriers usually do not come for free and to a large extend cannot be
adapted to the dynamic needs of users who sometimes need more than they
own, while in other cases under-use their network data. This issue, in combina-
tion with the fact that signal quality in many areas is not even fair for one or
more carriers has led to the development of a novel android application that
aims at allowing users in general and tourists to foresee bad signal coverage at
places of their interest, as well as to share their cellular data via mobile tether-

ing.

Keywords—Smartphone application, crowdsourcing, smart-tourism, mobile
signal coverage, sensors, social application, data sharing.

1 Introduction

Mobile devices become more and more popular all over the globe, as they offer
time and space independence [1, 27], forming a tight” bond” between them and the
users as they always tend to be close by [2]. More specifically, statistics indicate that
78% of users are using their smartphones more than they did a year ago, while the
corresponding growth for laptops/desktops is limited to 42% [2]. This increasing
popularity of the aforementioned devices along with the fact that modern mobile de-
vices are real competitors of desktop computer systems with regard to hardware and
software [3], allow users to use them for a plethora of functionalities, ranging from
downloading and using data, to socializing and accessing emails. In particular, user
interaction with mobile devices has been recently counted in terms of tens per hour
[2].

With the above being said, a demand has arisen to access Internet-based services
via mobile terminals [4] with statistics showing that the 52.2% of website traffic
worldwide in 2018 was generated through smartphones [5]. Nonetheless, what is even
more interesting is that smartphone users, instead of browsing the internet, prefer to

38 http://www.i-jim.org


https://doi.org/10.3991/ijim.v14i03.11815
mailto:akontogianni@unipi.gr

utilize apps when using their mobile phones, while the majority of these apps re-
quire Internet connectivity. Particularly, TACYT 1, a tool that downloads on a daily
basis all applications from Google Play as well as other available markets and anal-
yses them, indicates that more than 90% of android applications publicly available
require Internet access [6]. These findings come at no surprise since during our recent
past user data have been considered as the “new o0il”, not only providing individual-
ized help and adaptation to users, but also great economic profits for companies
around the world [7].

Regardless of the aforementioned reasons, we are witnessing an era where
smartphones and mobile devices in general have become some kind of “wearable”,
following users everywhere and at any time and allowing them to connect with others,
perform a plethora of actions, access Internet based services, point their location [28]
etc. As a result, they are also considered as powerful tools while traveling [29], where
users tend to need as much “guidance” as possible. To that end, smart tourism appli-
cations draw increasing attention, as the aforementioned need does not pass unno-
ticed, with more and more destinations trying to transform themselves to Smart Loca-
tions, applications that require Internet access [8, 9].

In the cases Wifi connection is of poor quality or even unavailable, users rely on
accessing the Internet via operator networks. This option requires consuming cellular
data that, in many cases do not come for free. That being the case, along with the fact
that having sufficient phone signal is necessary so as to access the Internet and take
advantage of all capabilities that mobile devices offer. In view of the above, the basic
aim of this paper is the creation of a novel android application that shall pose a solu-
tion to all issues mentioned above.

More specifically, in this work we present a two-year study that resulted in the cre-
ation of a crowdsourcing android application [10] that visualizes signal coverage and
signal quality on a map interface. At the same time, it enables users to locate other
users around them that are willing to offer Internet connection by turning their mobile
devices to an instant HotSpot access point. More specifically, the developed applica-
tion offers its’ users the ability to view signal quality samples from all over the globe
that have been gathered for an evaluation period of 24 months, in 17 countries around
the world. In particular, the experimental results that derive from participatory sensing
[6] via the android application indicate that signal coverage is not the ex-
pected/advertised one and surely not the same for all carriers at a specific place. As a
test bed for our signal evaluation study, from the 13 participating countries we have
chosen the one that offered the largest amount of data in our database, namely Greece.
In fact, in countries like Greece that highly engage in the tourism industry can cause a
plethora of issues, since, evidently, signal coverage services in many touristic destina-
tions is ranging from “bad” to even “zero”. The developed app targets at offering a
solution to the Internet connection issues users may face, allowing them to both pre-
dict a possible connectivity problem in a specific location, as well as resolve it via
connection to other users with stronger signal connections via mobile tethering.

! https://www.elevenpaths.com/technology/tacyt/index.html
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The remainder for the paper is structured as follows: Section 2 contains related
works. In Section 3 we set the problem the developed application aims to resolve. In
Section 4 we present the architecture of the system while Section 5 consists of an
overview of the application. Finally, in Section 6 conclusions and future work are
discussed.

2 Work

We are witnessing an era where mobile devices, like smartphones and tablets, with
numerous integrated sensors enable the low-cost recording, storage and transmission
of real time data [11] regarding the environment of their owners. With that being said,
the idea of transforming mobile devices into sensors grew to be quite appealing,
which unavoidably gave birth to the concepts of participatory and mobile crowd sens-
ing [12, 13]. Indeed, due to the enormous number of devices, sensing through
smartphones has huge potential [14]. At the same time, mobile terminals can serve as
a crowd, so as to lead to the creation of collective intelligence in order to resolve an
issue. In view of the above, multiple crowdsourcing - crowdsensing applications have
been developed aiming to suggest solutions to a plethora of problems.

Sheng et al. [15] introduce the Sensing as a Service concept and present a
crowdsourcing system that consists of a number of Sensing Servers that are used to
hand over requests made by a system user to a number of mobile devices placed in a
specific location. The aforementioned devices perform the requested sensing task and
deliver the produced data to the Sensing Servers. The gathered information is stored
in a database and transferred back to the system user who performed the initial re-
guest.

Moreover, authors in [16] also harness the power of the crowd so as to obtain sig-
nal coverage data combined with location ones in order to save energy for cellular
data communications. The motivation of this research is the fact that when the quality
of signal is poor more energy is consumed when using cellular data. In view of that,
they suggest a crowdsourcing approach where signal strength traces collected by a
plethora of smartphones can be exploited, once they are filtered so as to predict the
signal quality in a location. By doing so, optimization of mobile devices energy effi-
ciency is realized by prefetching content in places where signal coverage is sufficient
while postponing packets in those that is not.

Another both crowdsourcing and crowdsensing approach, presented in [17], tries to
measure the network quality, nevertheless the authors aim to improve the services
offered by network providers. In particular, their goal is to offer to network providers
a single indicator regarding the network quality of a base station or a cell, by aggre-
gating measurements obtained from a crowd of users in a specific location, so as to
assist them in locating signal issues and take action to resolve them. Moreover, users’
usage patterns can be obtained and used for future planning. A main difference be-
tween this related work and ours, is that a main priority for us is to benefit users and
offer them insights about signal coverage in the locations of their choosing and con-
sequently provide them with alternative solutions via data sharing.
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Crowdsourcing applications seem to attract increasing attention in a plethora of
sectors, as discussed in [18] [19]. The system presented in [20], attempts to resolve
the 3-power exhaustion issue in mobile devices via a system that allows users that
wish to share their battery to get in contact with each other. An attempt to propose a
solution to the non-dynamic plans issue offered by carriers is made in [21]. Authors
here also locate the problem of waste or overuse of cellular data in combination with
that of the low Internet quality and aim at resolving it with a system that allows mo-
bile devices to cooperate so as to download data from the Internet. The aforemen-
tioned system is based on unfamiliar users that share network data resources in order
to reduce cellular data usage of a single user while increasing the download speed.

In this research we attempt to combine the concepts of crowdsourcing applications
with participatory sensing so as to propose a system that allows users to share their
cellular data via tethering, while considering the signal coverage in an area of interest
and actively contribute to the data harness via mobile sensing. While the are some
papers in the related scientific literature that aim at gathering signal samples through
users mobile devices, after a thorough investigation in the related scientific literature
we did not locate a system that combines the signal coverage information with a
crowdsourcing application that allows users to both act as data donors by sharing their
cellular data and connect to the Internet via other users’ network data.

3 Problem Setting

Mobile phones have established their presence in our daily lives, with the most re-
cent analytics indicating that, almost 80% of mobile users use their smartphones the
current year more than they did the previous one [2] as also mentioned in a previous
section. At the same time, mobile data traffic has grown 18-fold over the past 5 years,
with the global mobile data reaching 7.2 exabytes per month at the end of 2016 [4].
That being the case, it comes as no surprise that being able to access the Internet
through mobile devices anywhere at any time has become a pressing issue both for
users and also for the involved companies. Nevertheless, accessing the Internet
through smartphones, may be in some cases challenging.

Evidently, there is a plethora of times during peoples’ daily activities where WiFi
connection is either slow or even unavailable, making the consumption of mobile
network data a one-way solution. Being constantly connected to social media chan-
nels, streaming videos, accessing emails, as well as performing other online activities,
though, requires huge chunks of mobile data that the majority of carriers, if not all, do
not freely offer. To this end, there may be cases where users need to purchase more
data than their program offers, while, there may also be cases where users do not use
the whole amount of data they own, resulting in a waste of data. The aforementioned
facts lead to the conclusion that the fixed network data packages offered by carriers,
run counter to the dynamic cellular data needs of users.

Another critical issue that highly affects tourists is that while traveling to a differ-
ent country the cost for using cellular data may be extremely high. In that case and
given the fact that Wi-Fi is not available in every location, tourists may find them-
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selves unable to use the offered services, which require Internet connection that in
many cases may be extremely important [22].

Furthermore, there is a plethora of cases where users do have sufficient mobile data
to use but the quality of the signal in a particular location does not allow it. Based on
experimental results that derive from data gathered via participatory sensing, an ex-
periment that goes on for a period of two years, we came to the conclusion that the
aforementioned issue actually is more pressing than it appears to be by carriers, which
tend to advertise their signal coverage and stands a major challenge to be objectively
presented and dealt with.

Table 1: Signal Strength (dBm) Value Explanation

Signal strength(dBm)| Map color Quality Meaning
> -60 dBm Green Excellent Device is close to a cell tower
-60 to -90 dBm Light Green Good Decent coverage
-91t0-99dBm  |Orange Fair Coverage may be slow
100t0 110dBm  |Red Poor Probability of connectivity issues
<-110 dBm Black Zero A call is impossible to be performed/ completed

More specifically, we have developed and distributed, over the corresponding mar-
ketplace, an android application that aims at collecting signal quality samples in com-
bination with location points, via crowdsourcing. The app is based on participatory
sensing, where users’ mobile devices serve as a sensor crowd so as to measure the
signal quality in a particular location along with some other information regarding the
device and the signal coverage and thereafter store them in real time on the cloud.
After conducting an experimental study via this app for 24 months, we may safely
claim that there are specific areas in the countryside, the capital and/or at specific
timeframes (e.g. in concerts) where signal quality is poor for one or more carriers. At
the same time, other carriers may not suffer from such issues at the given loca-
tion/time.

Particularly, up to the time of writing about 200 registered users have contributed
to the data harness with samples originating from 17 countries all over the globe. A
quite extended database of 126.497 samples is produced while approximately 12.600
km of land distance have been covered. The experimental results signify severe issues
regarding the quality of services provided as well as the signal coverage. Indicatively,
as presented in Figure 3.1 only the 2.1% of the samples collected illustrate excellent
signal quality while approximately 33.9% of them indicate good signal quality. What
is quite alarming is that almost 25.2% of the samples recorded display poor signal
coverage and approximately 13.9% of them zero signal quality, which actually means
that users are not able to perform a call, let alone to connect to the Internet via their
cellular data. The aforementioned results derive from Signal Strength values (meas-
ured in dBm) which are presented in Table 1 [23]. With that being said, a demanding
need arises, namely the ability to inform users regarding the signal coverage in partic-
ular locations, as well as offering them an alternative way to connect to the Internet,
when Wi-Fi is unavailable or poor.
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An observation deriving from the aforementioned experiment is that there are areas
where particular carriers suffer from coverage issues while others don’t. What is actu-
ally a major finding is that in a country like Greece where the size of the tourism
industry is huge, the experimental results for rural areas like islands reveal that the
signal quality for the most carriers is zero while other carriers offer good, even excel-
lent signal. This fact might be known to locals but not to tourists who usually face an
unpleasant surprise. As an example, we present the following use case where signal
samples are collected in the same rural locations for two different carriers. The islands
presented attract loads of tourists during summer vacations, with a wide number of
visitors following the same routes and locations presented in Figures 3.2 each day.
The experimental results undoubtedly present that while one carrier has mostly good
or even excellent signal quality, the other one has mostly zero signal coverage. That
being the case, there is an arising need for the users to be able to be informed regard-
ing such issues, as well as being offered the opportunity to access the Internet via
alternatives, such as the cellular data of another mobile device that does not face the
same problems.

——— Excellent: 2.1%

Zero:13.9%

o \_/
. )

a

Good: 33.9%

— Fair: 24.8%

M Excellent [ Good MM Fair [l Poor [l Zero
Fig. 1. Signal Quality Results

Moreover, with tourism considered one of the biggest sectors worldwide [24] and a
crucial part for the economic growth of countries, it seems quite important to be able
to offer tourists a pleasant experience during their travels. With that being said and
given the fact that an increasing interest in creating Smart Destinations has arisen [25]
with platforms enabling the creation of real-time tourist experiences [26], the need to
offer smart tourist services via smart tourism applications, renders Internet connection
necessary. After a thorough analysis of the aforementioned dataset, an “unpleasant”
ascertainment came to light regarding a country that is highly involved in tourism,
namely Greece, where urban areas such as islands, villages, beaches as well as a high
percentage of highways and roads suffer from poor signal quality and, in some cases,
even total absence of signal. An example of the signal coverage to a large part of
Greece that includes highways, touristic areas and islands is presented in Figure 3.3.
To that end, it seems quite important to be able to offer insight to tourists regarding
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signal issues that may arise to locations they intend to visit as well as a way to resolve
them, guaranteeing a more pleasant experience, a way to avoid disturbing or even
dangerous situations and an unlimited access to smart tourism applications. At the
same time, it is the authors’ strong belief that through tourist feedback, authorities
may be informed about signal quality issues in areas of high tourist interest.

Last but not least, there is the vital issue about energy consumption in smart mobile
devices when using cellular data, in which signal strength plays a crucial role [16].To
that end, it seems quite important to be able to predict signal quality in locations of
interest, based on signal traces harnessed by other users, as well as having the ability
to connect to the Internet utilizing another users mobile device as HotSpot. The
aforementioned features are both offered via the proposed application which allows
its’ users to optimize energy consumption by avoiding connections to the Internet via
cellular data when signal quality is poor and offering them an alternative.

(a) Signal coverage for carrier A (b) Signal coverage for carrier

Fig. 2. Signal coverage for two carriers in the same location

AY

~e

Fig. 3. Signal Heatmap Instance Example covering the major cities and highways of Geece
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Fig. 4. Signal quality representation

4 System Architecture

Within the scope of this research we have designed a mobile application towards a
solution to the aforementioned issues. In particular, we present a system that supports
interaction between users that wish to share their data, along with a valid feedback
regarding signal coverage in a desired location. To this end, we have developed a
social network mobile application that allows users to easily identify the signal quali-
ty in a location, visualize nearby users that are able to share their cellular data in the
aforementioned location and record the frequency of data sharing required by tourists
in particular places of tourist interest so as to offer a better insight about how poor
signal coverage may affect the tourism industry.

4.1  The application

The application presented in this paper aims at exploiting the signal coverage da-
taset produced by our experiment, allowing users to have an insight regarding the
quality of the signal in a desired location, along with the ability to share their abun-
dance of cellular data. At the same time, for every byte shared a number of virtual
coins is credited to their account for future usage.

More specifically, the sharing application module targets individuals that wish to
share their mobile network data with others via tethering. The aforementioned system
is a native android social network type application that initially requires users to cre-
ate a profile so as to be credited with a number of virtual coins (e.g. 200 coins). These
coins are analogous to the number of Mbytes of data users consume when connected
to the internet via tethering, while using the application.

The app’s main Uls, corresponding to the app’s basic operational functionalities,
allow users to view their profile, their list of contacts along with their sent/received
pending contact requests as well as a two map interfaces. The first one is used to lo-
cate users within a certain radius and present their signal strength. Available users
appear with different color indicators on the map based on the category they belong
to: existing contacts, unknown users, friendship request made by/to the user where
confirmation is still pending. By clicking on the aforementioned indicators, the profile
of the possible data donor” is loaded, where details like his/her rating, current signal
strength and virtual coins are presented along with the option to request via notifica-
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tion data donation, if a user is an existing contact, or to send a friend request in other
cases.

The process for requesting data from another user via the application and connect-
ing to a HotSpot is described in the following use case:

e User sends a request for Internet connection.

e The potential data donor receives a notification regarding the request.

e When the request is accepted, the application generates two random string of ten
and fifteen characters that serves as the HotSpot name and password additionally in
the device that shall share network data.

e In the same device, the application enables tethering with the credentials men-
tioned above.

¢ A notification that contains the aforementioned credentials is sent automatically to
the user that requested the Internet access, which informs him/her that access is
granted.

e By clicking on the connect option in the notification, the application locates the
Hotspot in question via the name received along with the notification and connects
via the also received password.

e For each byte used, a number of virtual coins are credited to the data donor. At the
same time, this number is subtracted from the virtual coins of the client user. This
actually serves as an incentive mechanism so as to make sure that all users will, at
some point, serve as” data donors” in order to be able to ”pay” future connections.

D)) D)) D))

| &

" o
Request Internet Access

l Sensed Data —_—
Signal/Location
Smples

_~— B ———
Sensed Data

Confirmation Notification
Connect to
HotSpot

Fig. 5. : System Structure

Accept
Request

The second map interface is used to load all the signal samples. These signal sam-
ples derive from the app’s crowdsourcing module which collects via participatory
sensing information regarding signal quality combined with the longitude and latitude
of a mobile terminal at a specific time. The sensed data is sent on real time mode to a
Firebase database, a NoSQL cloud database, when Internet access is available. Fire-
bases’ off-line database feature allows us to store signal coverage data even in cases
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where Internet connection is not possible, as the aforementioned information are
synced back to the cloud infrastructure once network connection is re-established.

The overall goal of this harness is to collect as many information regarding various
aspects of signal coverage and quality as possible for a plethora of carriers and loca-
tions, so as to be able to provide some valid feedback which will eventually benefit
mobile users, carriers and authorities. All data collected via this application are stored
on the cloud and displayed on a Google Maps interface after being processed. Table 1
presented above, indicates how Signal Strength values (measured in dBm) correspond
to different colors on the heatmap based on the actual quality of a signal sample [23].
It is important mentioning that user’s data are not connected to their personal infor-
mation, they are totally anonymized.

The app’s Map interface allows users to view the signal quality in every location
they wish, if the additional information is available in the database so as to be pre-
pared for potential connectivity issues. The corresponding data is analyzed and cate-
gorized depending on both the signal strength and the carrier. To this end, users have
the ability to filter the presented data in order to see the signal quality only for the
carriers they wish. Moreover, the data points are illustrated with a different color,
depending on the quality which is measured in dBm, as presented in Table 1. Another
feature available in this map interface, allows users to locate potential “data donors”
at a different location than theirs, by simply selecting a place on the map. With that
being said, an additional usability is introduced that not only enables to foresee signal
coverage issues but also requires to locate possible solutions before visiting a specific
location

Aiming to offer the opportunity to users to communicate more freely and potential-
ly arrange a data exchange, another feature is incorporated allowing instant messaging
between users, for communication purposes. This direct communication, in combina-
tion with the aforementioned features, allows users to view the signal coverage in a
location they plan to visit, load users that are willing to share data at that area, com-
municate with them in order to check their availability and even request/receive the
acceptance notification required in order to connect to another users hotspot before
visiting the location in question.

Furthermore, so as to overcome a major restriction that requires Internet access in
order to locate users and request connection via Tethering, a complementary feature is
incorporated allowing connection via Bluetooth. As is widely known, Bluetooth is
used in order to send and receive data from other Bluetooth enabled devices. The
distance at which the connection is possible can reach up to 30 meters with the pre-
condition that the devices in question are in direct line of sight of each other while
inside buildings it is reduced to 10-20 meters [27].

As mentioned previously, the initial signal quality dataset has been created by us-
ers via the android application, where there was no tangible motivation other than
contributing to an experiment. In the proposed system users will also anonymously
contribute to the signal data harness, so as to enhance the signal coverage database
and be able to improve the offered services. Moreover, an extra option for users that
visit a location as tourists is introduced, so as to more clearly identify signal coverage
issues in areas of high tourist interest.
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5 Application Overview

In this section the proposed application is presented. More specifically, we de-
scribe the functionality of some basic Ul of the system, along with some technical
specifications. The bottom navigation bar of the proposed system contains four icons
that lead to:

o Users Profile: Users can view and alter their personal information as well as moni-
tor their available virtual coins

e A Map interface that loads potential data donors around a user

e A Map interface where:

¢ Signal coverage Heatmap can be loaded

o Data Donors in an alternative location can be loaded

e Users Contacts lists: Three available lists for received/pending contact requests
and existing contacts

Once a user firstly accessed the application, she/he is automatically transferred to
the map interface, which is integrated via the Google Maps Android API. There, by
selecting the human icon pinned at the left corner of the UI, all “potential for data
tethering” users within a radius (the default is set to five hundred meters) are dis-
played in the Ul, as illustrated in Figure 5.1. Potential “data donors” are presented on
this interface with a different icon, depending on two different properties they have:

e Their signal strength: more or less colored bars in the icon displayed that indicate if
the signal is excellent, good, fair or poor based on Table 1

o If they are existing contact (green color), sent/received pending contact request
(blue/orange color) or an unknown user (red color).

By selecting a marker on the aforementioned interface and clicking on the user
name that corresponds to the marker in question, the “data donors” profile is loaded.
In this U, users’ personal information are presented, along with other options like
rating the user, deleting/adding him/her from/to the contacts list, or request data dona-
tion.

The Map interface that integrates the signal quality dataset is presented in Figure
5.2a. By selecting the signal icon in the top left corner of the screen, a Heatmap that
contains the signal quality data is loaded, with different colors indicating the quality,
based on Table 1. In the same Interface, users may locate in a radius in a particular
location other than their current one, individuals available for tethering, which are
presented in the screen with the same icons as the ones described above.

The Settings Ul is illustrated in Figure 5.2b. This interface consists of options for
the users, such as the ability to alter the view of the map, change user credentials, as
well as an option so as to determine the data collection rate, namely “driving”, “walk-
ing”, or “standing”. Moreover, there is also an option for tourists to select, so as to
label the data samples sent to Firebase, in order to create, if possible, a clearer picture
regarding areas of high touristic interest.
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6 Discussion and Conclusion

The presented research study aimed at presenting both the results and also the un-
derlying innovative application that deals with resolving issues of the users’ constant
need of Internet access via mobile devices and unawareness of signal quality in loca-
tions of interest. Our system allows users to be a part of a social network where indi-
viduals wish to share their cellular data via mobile tethering. At the same time, they
have access to a dynamically created and updated map in which user-contributed
signal measurements are displayed, allowing them to foresee signal issues that may
arise and locate possible solutions, as for example other users that shall be willing to
grant them internet access via the application, or check if a mobile carrier can guaran-
tee at least fair signal access.

Our experimental results indicate that there are a plethora of areas where signal
quality is poor for one or more carriers while at the same time there is a fair number
of problems that this system could offer solutions to, making it safe for us to claim
that there is an actual need both for the presented application and also for the infor-
mation that it offers to individuals. As an incentive mechanism for sharing cellular
data, we have introduced a virtual coin’s system that assures that all participants act
also as “data donors”. While using the application users contribute to the signal data
harness, which is vital so as to enhance the already existing database and offer even
better assistance to users.

It is in our future plans to proceed to a further and more extended evaluation of the
presented application so as to actually define if such an idea would be widely accept-
ed by users and tourists, by receiving actual feedback from users. At the same time,
the success of this application would lead to the enlargement of our signal database
which can be further exploited in a wide range of applications concerning customers,
carriers, regulators and third-party companies.
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