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Abstract. The article is devoted to the analysishef OBJECTIVES
possibilities of GPS-technology (Global Positioning
System) in the tourism industry. The study is desdio The goals if this research are:
the identification and analysis of functionality wiobile . an analysis of current tourist information
computing devices equipped with GPS receiver inisou  systems, based on information of the user's logatio
industry, the methods and means of their implentiemta « an analysis of the structure and operation of
building on this basis a mobile information teclowyl for  GPS (global positioning system);
tourist support at all stages of his journey. Thieee the + an identification of the methods and tools for

goal a number of mobile information systems usiatad pyilding tourist mobile information systems based o

GPS, methods and means of their implementation, ®§namic information about the current location b t
comparative analysis of current cartographic sesvithat |;ger:

are used in the developing of mobile information .  getection and identification of research areas and
technology applications for tourist are analyzedeT aqks that require further scientific and technigaly
study outlines the place of GPS-technology in thg.search.

"Mobile tourist information assistant” system, dhd role The summarizing aim of the described in the paper
of Google Maps services for information technologyesearch is the identification and analysis of the
support and implementation of the main touristess in functionality of mobile computing devices equippeih
mentioned mobile information system. GPS receiver for tourism. The development of new

_ o . methods and means of their implementation, building
Key words: GPS, global positioning system, mobilgneir pasis a mobile information technology for risu
technology, tourist, tourism, location-based seasjc support at all stages of the trip.

mobile application, location-based recommendations,

trav_el .guide, route planning, navigation, indoor THE ANALYSIS OF RECENT
navigation. RESEARCHES AND PUBLICATIONS

INTRODUCTION Theanalysis of up-to-date resear ches and profiles
The use of modern Smartphones and tablets isOf the use of GPS technology in thefield of tourism

becoming an integral component of information suppo . | N€ most common profiles of researches on the use
of tourist during the trip. To determine the ustotation ©f mobile computing devices equipped with GPS
by mobile applications can use technology platfofrthe ~ 2nténnas and activity of the information services t
Internet, radio signals and GPS data (giobal pmsiig determine the location of the user in the fieldt@irism
system). The most common in the sphere of tourigen a2'®:
mobile information systems using GPS data. The
technology that is mentioned has several importaH@Vel: _ _
advantages: free distribution, independent from the ° information methods and tools for analysis of
operator and the territory coverage of mobildourist behavior.
communication technology, precision of positioning. , )

Location services can assist the user in obtaining |Ne Systems of the information support of the
travel experience while staying focused on trip'aim tourisisduring thetrip

aim, to make the trip more comfortable, more meibiera Information systems of specified class often have
and informative [1]. functions of information processing of the current

In addition to new features, the emergence of reobjfocation of the user. The systems that have no such

technologies with GPS antenna generated new nefeds'ction are becoming less popular, because toisist

tourists, such as rapid and accurate determinafigheir ©Ttén unable to determine his location during tiet
location, personalized planning of tourist routelse Popular mobile algorithmic applications for tousist
dynamic change of tourist route, and so on. that are based on GPS data are navigation systeuts,

planners, augmented reality systems and compueeltr
guides.

 information technology support during the tourist



66 V. Savchuk, V. Pasichnyk

Mobile navigation systems. An original route planning information system is a
The navigation task differs depending on thenobile software and algorithmic application creatsd
specifics of the environment [2]. scientists Mendes and Ribeiro [9]. Its main fundility

Scientists of the International Association ofis planning "healthy routes”, such that avoid aredh
Engineers (IAE) developed navigation system thahe highest air pollution, road congestion, andemor
provides the general information on the relevanted3]. Tourist computer guide.

The approach assumes that the user creates and form Scientists of Cultural Heritage Management
sightseeing trip plan by himself by selecting thesiced Laboratory (CHMLab) have developed a powerful mebil
tourist sites to visit from the proposed list. Thgtimal travel application with functionality of computeravel
route is generated automatically on the mobile @etiut guide. The system uses GPS to determine usergooca
only that objects that are the part of the roueeshown. and gives information according to that data. Tystesn
During the trip, the user must rely on a digitalprend is under improvement and implementation now [10].
GPS information. Authors of the system believe tihat Scientists of the University of Applied Sciences
use of this application while traveling offers moreZittau / Horlitts (Germany), Ronnie Kramer, Modsin
opportunities to get richer and more positive inggien Marco and Klaus Nahen are to developing a mobile
from the trip to the tourists tourist guide called DTG (Dynamic Tourist Guideattls

Among the information technology developments & thbased on contextual information. Mentioned mobile
field of navigation systems the navigation systéonsvater application identifies and stores user preferemcesder
vehicles are becoming increasingly popular. Saentf the to provide more personalized travel information. In
University of Munich have developed an informatsystem addition, DTG plans travel routes and uses GPS
to support safe traveling in mined waters [4]. Asential technology for navigation and information suppoft o
feature of this system is particularly centimetecusacy of tourist trips [11].

the coordinate calculations and optimal route $elec Under the guidance of Bruce Thomas, scientists of
criteria according to the safety needs and durattbn the University of North Australia have developed a
implementation of the trip mobile travel guide, based on information about the

Actual profile of the research in the field ofcurrent location of the user. The main functionsthof
information systems that actively use GPS navigatiosystem are [12]:
techniques is planning indoor routes. The resdlthese « providing information on tourist facilities acating
studies are useful for the tourism industry, as enaus to the place of residence in the form of hypertesrkup
tourist sites have quite complex spatial structarel language;
tourists may get lost or did not observe partidylar « Displaying users position on the map;

interesting elements of objects and spaces witbotside e Good quality mapping of the information on
help of the professional guide [5]. devices with small screen size;
Powerful navigation system GROPING « planning of tourist trips;
(Geomagnetism and cROwdsensing Powered Indoor < planned tours saving;
NaviGation) was established to support the proadss « spatial navigation manual of the user.

movement inside buildings. The system is suppobgd CRUMPET

Google Maps Indoor. The main users of the systean ar In the class of information systems that activedg u
employees of the large corporations that are locai¢he GPS data a powerful tourist information system
complex structured buildings. The system allow€RUMPET («Creation of User-friendly Mobile Services
managers to track the movement of their staff amel n Personalized for Tourism») developed by scientadts
employees to find the right way in the buildingsocial organization Information Technology (IST)psls

conveniently and quickly [6]. up [13]. Its feature is functionality load for guita full
Route planner. range of travel needs of the user. Because ofithkshb of

Scientists of the Masaryk University (Czechfeatures it is difficult to attribute the mentionsgstem to
Republic) developed methods and tools for planningne of the classes that were submitted previously.

optimal travel routes. They took into account patars The system has the following features, which are
such as comfort, value, duration and informativenesseparated by type of action and specificity [13]:
Researchers paid particular attention to the cocistn « the use of personal user information involves

and speed of the information processing of the taobigenerating of personalized recommendations, takita
route planner. The researchers developed originatcount of both individual and group needs and
mathematical methods for planning travel routesehall preferences, constant dynamic studying of user
suggested properties [7]. preferences when using the program;

Scientists from Aarhus University (Denmark) have « the use of GPS data involves the use of GPS data
developed a mobile software and algorithmic apfibca in the selection of its services, in the formatifrtourist

for indoor route planning, based on data from tHeSG routes, in the imaging user's location on the mag its
receiver. The features of this system are thewolig [8]:  navigation.

* precise definition of the location; The operation of the system is based on a set of
* good quality and fast route planning; scenarios and multi-agent technology, that is nesinte

» Augmented reality information labels; for the execution of these functions and user fater

« audio and map indoor navigation; implementation [13].

« Augmented reality mode.
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Tourist behavior analysis. Theanalysis of modern I T developmentsin the sphere
With the appearance of technological innovations of GPStechnologies and tourism
that are geographic information systems and GPS the
behavior of tourists, their goals, desires and gueafces According to the rapid growth of the developmerits o
changed significantly [14]. On this basis, new methof the tourism industry and the demand for good qualit
analysis of human behavior while traveling weranobile travel applications leading IT companiesttie
developed. The possibility of tracking the movemeht world have developed a range of available tourist
tourists by using GPS signals within the city akous to information of mobile technologies with GPS support
identify the most popular tourist routes and féeii, and The mobile applications for route planning and gation
identify those parts of the city, that tourists gldoavoid of the user have got the greatest popularity.
during his travels [15]. A good representative of route planners is a mobile
GPS data is usually analyzed at the macro and micirdformation system Voyager: Route Planner. The gdal
levels. The example of macroanalysis is a gendualys this application is automatized planning of optin@ites
and analysis of the movement of tourists during thef trips. The system uses GPS technology to det&rmi
Biathlon World Cup [16], where GPS devices weredusethe user's location and its navigation accordingato
by every tourist, management institutions and dociplanned route. According to mobile application
infrastructures that were marked on digital mapbe T developers Voyager feature is the ease of intenastior
macroanalysis can provide general information o@ ththe user and comfort of the interface [21].
movement of people and is mainly used in situations A popular application in the field of route plangin
where are big groups of people such as worldlso is ViaMichelin. This software and algorithmic
championships, festivals and others [17]. complex implements the following functions: deteming
Microanalysis needs the information on the factorasers location by using GPS, the use of varioussygf
that influence the choice of the route, such asaic and maps that depends on the user desires (Michelinsmap
natural conditions, available activities, socio-@gmaphic Lite maps, satellite view maps), planning the opfim
characteristics and other features of tourist datins. route by taking into account the mode of transpord
[17]. information on the current level of traffic, thetiesated
During the second symposium CAUTHE (Thecost of the route calculations by taking into acttothe
Council for Australasian Tourism and Hospitalitydata on toll roads, transportation fees, fuel mi@and the
Education) Sven Gross and Michael Hatch introdugedtype of the transport, providing data on the poiafs
mobile information system to analyze the behavibr dnterest [22].
tourists. To improve the efficiency and ensure high A popular application in the sphere of route plagni

quality of the system they conducted [18]: in general and tourism in particular is a softw#wel
«an analysis of the trajectories of GPS systemsyiser Route4Me. The main feature of this application he t
a survey of user experiences; existence of the possibility of forming a route vieeén
ean analysis of the factors of attractiveness afigd  unlimited number of target points [23].

facilities. In the class of mobile navigation technologieséhisr

The system performs a navigation function and ia powerful software application BE-ON-ROAD. This
designed for mobile devices that operate basing @ystem is a free navigation for devices based @mnating
operating system Android [18]. system Android. BE-ON-ROAD uses cartographic

A popular class of information systems is a mobilelatabase OpenStreetMaps, which are updated several
system to analyze the movements of people in ligsci times a year and can be stored in the user devit@aes
The target users of such systems is the taxi compad not require a permanent connection to the Internet.
individual taxi drivers. The main its objective t® Attractive features of the system are: free mapatsd
identify popular routes and stops to build optimalites night mode based on the local time zone, savingahte
for public transport [19]. on the user device [24].

An innovative technology elaboration in the fielfl o A popular offine GPS navigation application is the
modern information technologies to analyze the bigina mobile navigator Navitel with capabilities using oge
of tourists during the trip is GimToP Toolkit (GTK) social services and detailed maps of 62 count2&§.
which combines original methodological approach andihe features of the system are autonomous mode, the
processing technology trajectories obtained byqu@RPS ability to exchange information on social networks,
navigation. The system integrates results of thelyais saving the maps on the memory card in of the detime
of users route with the survey data obtained bwgisi dynamic information (the weather, traffic jams, doa
special mobile applications [20]. repairs, events, etc.), support of 3D mapping, itmgdual

navigation unlimited number of stop-points of tbate.

In the class of mobile tourist navigation systehesé
should be allocated the software navigator Maps.Mhe
system has all necessary features for offline GPS
navigation and planning of tourist trips. The feataf the
system is high detalization of maps and their dyinam
update when the use connects to the Internet [26].
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THE MAIN RESULTSOFTHE
RESEARCH

Structure and principle of the Global Positioning
System (GPS)

GPS (Global Positioning System)
electronic tools to determine the position and o#joof
the object on the Earth's surface or the atmospl2&ie
This worldwide radio navigation system consists2df
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Depending on the needs of the user the following
types of GPS receivers signals can be used [27]:

* Handheld GPS receiver, that is able to determine
the user's location with an error not exceeding;15m

« Differential GPS receiver (DGPS), which is alde t

is a set odetermine the user's location with an accuracy of 1

radius;
« Professional GPS receiver with the Real-Time
Kinematic process (RTK) support, which determirtes t

satellites NAVSTAR (Navigation Satellite Time andlocation of an object to centimeters.

Ranging), several ground stations and nearly ofleem

When switching on the GPS receiver it is in one of

user devices. These segments of the system, namthree starting states [36]:

space, surface, the user - are completely interoks.

« Cold start: Receiver does not contain any saved

The space Segment consists of 24 major and Seveinformation on the latter's location and the curtene.

additional satellites that are put on six differeircular
orbits located at an altitude of 20200 km abovegttoeind
and at an angle of 60 ° to each other so that fammto
twelve these satellites are seen from any pointhef
globe (see Fig.1).

Fig. 1. The location of the satellites in space. An exampl
of visibility from a certain point of the earth aertain time [28]

Ground segment consists of 12 stations: GPS master

control station, ground antenna and monitoringimtat
(see Fig. 2).

Monitoring stations monitor the navigation signafs
all the satellites in the continuous mode and ghisddata
to the control station for further processing. Coht
station calculates the position of each sateltitéhe orbit
and corrects data on its board time. In the futtinés
information is transmitted to the antenna statlonorder
to preserve the accuracy of calculations of the dat
each satellite it is updated three times a dayhBatellite
is always in sight of at least two ground statif#§.
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Fig. 2. Ground Station Global Positioning System

« Warm start: Receiver contains data about previous
user's location and the current time, but the terim
relevance of temporal data has expired.

* Hot start: a state when the receiver has acoesl t
necessary data and it is valid and correct.

GPS receivers perform the following functions:
accumulate the data from satellites, measure theaki
parameters, calculates the position, speed and time

To determine the exact location of the user, GPS
receiver must determine the distance to each ofitlele
satellites and measure the duration of the movesneit
the signal from the satellite to the receiver, aattulate
the time delay.

During the process of determining the locationha t
following errors may occur [27]:

« User side errors: delays caused by the ionosphere
and troposphere, the satellite clock error, andrso

« Equipment errors: interference receiver antenna
direction, electromagnetic radiation, many recejvin
streaming data, etc.

Construction of thetourist infor mation systems
with the functions of route planning and navigation
based on GPS data
Good quality location-based are available becatise o
the GPS receivers that are embedded into custonilenob
device.

Information sources of systems that are based on
GPS technology

These systems in addition to data from the GPS
signal receiver use information from road maps lolzgas,
data and points of interest (POI), dynamic datehsas
traffic and weather.

Road map databaseBatabases of this kind consist
of road maps converted into digital format of segtaef
corresponding maps. For example, the map of théedni
Kingdom consists of about a million individual segmts
of roads. Maps are stored in vector format as setpra
lines (connections) that are roads and interseqimints
that are intersections or other road features. Hah
must start and end points and data on road distorft29]

Among road databases and maps should be separately
identified services such as Google Maps, Open3tiaget
(OSM) and Yandex.

Google Maps is a set of databases that are based on
the free map service and technology provided bygiono
Service enables the usage of cartographic data and
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satellite images of the earth's surface, and pesvatcess
to an integrated business listing and maps of roaith Table 1. Comparative matrix of functionality of cartographic

function of routes planning [30]. services

OpensStreetMap is a free service of creation and use .

. . Cartographic a
of publicly available maps of the world, foundedthe services g |z
UK in July 2004 by Steve Coast. OpenStreetMapadt, f ® T | = §
is not just a map in the conventional sense, inisst _ 25 % =
likely a base of geospatial data. It contains theggaphic | Functional 182 ¢ |8|2
) LI . - ) Characteristics . o | Elm

coordinates of individual points and informatioroabthe s I=
objects of the highest order — lines that conpettts, [~Available Road maps 4 4 |-
connections, which may include points and linesl #0®@ [ Available satellite view H - b+
attributes of these objects. Therefore services diféer Available building indoor plans 4 4 =
among themselves, by the way of mapping data DBtreet view + - ++
functionality, can be built basing on the same O&fa | Points of interests detalization (max 4 p.) 4 |2 | 13
[31]. Dynamic information (traffic jams) H o -+

Yandex is similar to Google Maps service, creatgd kb Dynamic information (weather conditions) + | — | —| —
Russian developers. IT has more detailed informatio | Detalization (max 4 p.) 4 3 21
cities of Russia and CIS countries [32]. Speed of map layers drawing (max 4 p.) 1 |3]|4#

Bing Maps (earlier service called Live Search Maps,
Windows Live Maps, Windows Live Local, MSN Virtual ~ Geocoding is a transformation of the place address

Earth) is the cartographic service from Microspfist of into earth in a pair of coordinates (longitude &atttude)
the portal Bing. The feature of this service isral need to display the point on a road map. This is a basic
for internet traffic and high speed of drawing bétmap function of geospatial application system. The sien
layers. But Bing maps differ because of insuffitienof direct and reverse geocoding is critical whekirtg
detalization [33]. into consideration the results of the system ashalav
POI databasesMobile concierge-type services help[29]-
users to identify of the location of certain ingtibns or
attractions near a given location. To this purposdbile Content
travel applications use databases that includerimdton ( Trafficbata | ( GeoSpatial ) ( Points of Interest )
on places that might be interesting for touristhed3e
databases contain detailed information on the BG@¢h

» TrafficCast * Source 1 * Source 1

as their location, purpose, features, photos, 29t These * TeleAtas * Source 2 * Source 2
are highly structured and big databases [37]. , ,
Conventional points of interest databases are | = TTTTTTTTTC !
integrated with roadmaps database. For examplegl&oo
maps service has integrated POI databases. lisrdeist Kivera Traffic Server
the availability of information on the desired Itioa that
is support by the panoramas and indoor plans [30]. « Traffic feed connection
Yandex.Maps have a so-called cards of the fadlitie » Other connectors (custom)
— tags attached to objects on the map that consist » Connect, parse, sort fraffic incidents

information on the location of the object, its wdrkurs,
features, review, and so on.

Dynamic dataln this representation information that
is relevant for a short period of time, for examgtaffic
vehicles in certain segments of the route [38primfation
about weather, etc is given. Such information igallg ]

. . .. .. « Geocoding
useful for drivers and tourists that are limitedime, and «Reverse Geocoding

Y
Kivera Location Engine

S99IASD 13SM)

their subsequent actions can greatly depend aoittent. «Routing
[29] « Proximity Search >
As a results of the analysis of available cartobi@ap *Map Rendering

service authors formed comparative matrix functiona

characteristics of mentioned services (see. Table 1 ] . ) )
Fig. 3. Engine Architecture Systems Kivera, based on data

The general structure of GPS-based information from the GPS [29]

systems

. . . The implementation of routing features is about
The basis of the location-based system, is SOd:a”((‘:alcuIatin optimal routes between points, takimgp i
"engine" that is an essential algorithmic compléatt 9 op P y

modifies GPS data (see. Fig. 3). account a number of criterias, such as cost ofrdlge,

The basic functions of mentioned complex anpersonal user prefe_rences, and so on. It shouldobed _
geocoding, routing and search for POI that the construction of a tourist route has certai
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peculiarities. In many cases, the system mightcoatain As a result of preliminary analysis the authorshid
information about all the waypoints, so calculasionarticle outlined of GPS technology in the "Mobititist
should be based on personalized information abmeit tinformation assistant ", which is a set of softwared
user and trip duration to determine the recommetided algorithmic tools to support all stages of toutigp and
of POI in order to create the most interesting €outthe implementation of basic user information and
according to user preference. technological motto "EVERYTHING! HERE!
Equally, important function of the complex is thelMMEDIATELY!" [34]. It is proposed to implement GPS
search POI. When searching for objects the locaitsn components in the system to support tourist trgpshe
preferences and schedule target objects shouldkent castle "Palanok"” in Mukachevo, Khust castle in

into account. Transcarpathian region, the so-called "Golden Hsirse
of Lviv" (a tourist route that includes a visit Bidhirtsi,
Implementation of the navigation functions Olesko and Zolochiv castles) and support tourigta® in

One of the major functions of GPS-based informatiothe center of the city Lviv, as historic monument,
systems is user navigation. By performing the fiamcof protected by UNESCO.
computer guides, navigation systems navigate the tas The need to in the use of GPS technology is
the selected object on the planned route of tipe Trhis embedded in the core objective of the mentioned
function is vital for the tourist when he is in anfiliar program-algorithmic complex, that is providing tistr
region during the trip. with full information support during the realizatiof the
Deploying global positioning system (GPS) radicallytrip and after it is finished, which is impossibAéthout
changed the structure and quality of service ndiaga tied to fast locating of the tourist on the map.
systems. It is proposed to use GPS technology to support the
The example of general architecture of navigatiofollowing functions of the system "Mobile tourist
systems is presented in Fig. 4. System componerntdormation assistant":
include client-side devices containing a GPS reseiv « tourist route planning;

(smartphone, tablet, car GPS navigator, etc.). dligat * navigation the route;
device can be completely independent, in the césleeo « user indoor navigation within a tourist facility;
use of cloud-based technology [29]. « provisioning of tourist information in accordance
with the user's location;
Spatial Database Server « generating location-based recommendations;
Road maps, Consepiual, e analyzing the trajectories of the user to provide
POI, PL,ffs'f:a'i and. better quality of personalized recommendations;
AOI Data Models « attaching the information about the location loé t
‘ user to photo and video files;
GeoMobility Server diar;/ using the user trajectories when forming a trip
((Gateway )(_Location Utiity ) When planning the trip route the system can use the
(‘oirectory ) (" Route Determination ) location of the user as starting point. The systm
create a route to a point on the map or offer peaiéred
( Presentation ) route planning according to the information on isur
‘ attractions in the vicinity of the user and his soeral

preferences.

Technological realization of navigation features in
travel information systems differs depending on the
environment [2]. It is assumed that the system M
‘ navigation the user as in the central part of iheloviv,

as within the indoor areas of tourist sites (musgum
within of historical monuments, castles). Navigatiwill,
as in the form of traditional information suppofft the
user movement between certain points of the ragedn
g?e form of tourist guide that will dynamically ptide the
user with information about the objects that arehis
sight and are parallel to trajectories of planrmde.

The feature of indoor navigation in tourist faddg
needs an accurately determined user's locatiorthere
M obile tourist infor mation assistant and GPS are high requirements for the develc_)pment of sigguittly
more powerful GPS data processing tools. The system

technology ) .
should respond to small changes of user’s location.

A group of researchers from the National Lviv

Polytechnic University are working on innovative.MOb'Ie tourist information assistant" will provide

technological project "Mobile tourist information interesting tourist information about the objediattwill
assistant", within which a prototype of integratedbile be in close proximity to the user of the system levhi

oy . Vvisiting museums of Lviv city center, which is pzoted
Eg?r%aézvi?gp;ljgomhmm complex of next generatien by UNESCO and a number of historic castles of

Communications Systems
( Wired Networks Ethernet )

VR

Whireless Networks

o/

‘ User devices ‘

Fig. 4. General architecture of navigation systems

The server part of the system consists of spati
database server and GeoMobility server. Client aesvi
are connected with the server side using commuaitat
components of the system [29].
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