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Route optimization and customization using real
geographical data in Android mobile devices

Cira Cuadrat Setxand Antoni Pérez Navafro

Abstract— Nowadays, there are several services and
applications that allow users to locate and move tdalifferent
tourist areas using a mobile device. These systernan be used
either by internet or downloading an application in concrete
places like a visitors centre. Although such applations are able
to facilitate the location and the search for poird of interest, in
most cases, these services and applications do nmtet the needs
of each user. Users can lose the internet connextior the results
offered may not fit their schedules or their own pesonal tastes.

This paper aims to provide a solution by studying e main
projects, services and applications, their routingalgorithms and
their treatment of the real geographical data in Amroid mobile
devices, focusing on the data acquisition and treasent to
improve the routing searches in off-line environmets.

Index Terms— Android, OpenStreetMap, OSMAnNd, routing,
optimization

. INTRODUCTION

S defined in reference [1], the term Geographice
Information Systems (GIS) involves a wide range ¢
hardware, software and geographic data organized 1

managing and analyzing spatial information refeeghwith

the aim to solve complex problems of planning an

management, but also used for individual purposes.
With the advent of GPS software and the fast exparend

great acceptance for smartphones in the market ssch

IPhones, Blackberries or HTCs, and other mobildadsvsuch
as tablets and PDAs, has increased the number $beéded
applications that deal with geographic informatkringing it
to the general public and promoting the creation
applications with functions for leisure and ententaent.
These new applications provide information and ises/such
as points of interest (POI’s), routes of all typesyigation and
augmented reality [2]. Currently, only in the Aniatdarket it
is possibly to find over 400 applications relatedldcation-

C

creation of routes especially for the preparatidntaurist
routes or location of POI’s.

Tourism is an area that has experienced tremenglawgh
in recent years thanks to the emergence of geoigraph
information accessible to everybody and free ofrgbd4].
Web applications like GoogleMaps [5], OpenStreetd &)
or Wikiloc [7] have their own versions to be used i
smartphones and other mobile devices. Moreovergtiea
wide range of applications that use these informmasiystems
providing specific services: audio tourist guidésfault tourist
routes, etc.

However, most mobile devices have many limitatidos
effectively manage geographic information, in mastses
using a continuous Internet connection to run these
applications on the server. The main problem lie3G or
HSDPA (3.5G) coverage which only covers the mosisdby
populated areas as shown in the image:

Fig.1. Areas with 3G coverage in Spain [8].

based systems (LBS) and GPS [3]. Over half of these [N addition, this service is expensive and oftes aited

applications are used in particular title, focusinginly on the
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bandwidth consumption per month.

Making the execution of these applications on thwer is
not a viable option because of the large numbareds where
there is not coverage that most of the times arasaimportant
for tourist purposes. Running GIS applications onbite
devices independent of the server is necessary.ekny as
pointed in [9] limitations in display performancadastorage
capabilities of these devices hinder this optignalé screens,
low working memory, limited data entry, etc. Themef
finding a solution that allows mobile users to hardy the
amount of information they really need is necessdtyat
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means allowing the users to filter the data acogrdo their
needs and their preferences. Thus, the known demver
architecture would be valid, even though, wouldyobk

required for short time periods because its goalgomizing
the GIS for the user: the information sent woulddiféerent

according to the interests of the user (architegtoature) or
according to other factors such as the numberpastyf users,
or if the route is done in a vehicle (car, bicyaglking). To
achieve this goal will require considering sevdeators: to
improve the hardware of mobile devices with morekivig

memory and computing power, to have more abilitygéd

input data, to better display and moreover to inaprohe
running data, to create standardized ontologies liefp to
optimize the user search, and furthermore, to eraatl refine
algorithms that allow us to consider all this imf@tion and
create routes for each user’s needs or tastes.

This paper focuses on the study and the improvifg
routing algorithms to facilitate customization antket the
needs of users considering factors such as conitg@nd the
data processing in the routing algorithms. To cé#niy out, it
is necessary to know the efforts that have beere diorthis
subject by the mobile device markets.

The paper is organized as follows: a review of tigin
devices and the technologies involved is providedthe
section 2. In section 3 are described Android,Qigselected
to develop the study, and its main APIs for routilmgsection
4, there is a summary about the OpenStreetMap qirajed
the presentation of some remarkable applicatiosedan it
for mobile devices. Section 5 provides a reviewgoéph
theory issues which are used in navigation andirrgutn
section 6, the four Android projects selected a&é@emwed to
know how they solve the main routing problems. he t
following sections, 7 and 8, the improvements frihva ideas
on the studied projects, are presented, implemeartddested.
Finally, the paper closes with the key outcomemftbe paper
and a brief discussion of the future challengesdirettion of
this research.

A mobile device is a small, hand-held computing iceyv
typically having a display screen with touch in@utd/or a
miniature keyboard and less than 2 pounds (0.91 Kkgjly
pocket sized ones were joined in the late 2000&iger but
otherwise similar tablet computers. As in a peratigital
assistant (PDA), the input and output are oftenldoed into
a touch-screen interface. Nowadays, smartphonegéadntelts
are popular amongst those who wish to use sontfeeqidwers
of a conventional computer in environments whereyosy
one would not be practical. Mobile devices sucthasPhone,
iPad, Android and others are
information can be disseminated as explained i [10

The most common mobile operating systems (OS) byged
modern smartphones include Google's Android, Apff@s,
Microsoft's Windows Phone, Nokia's Symbian,
BlackBerry OS, and embedded Linux distributionshsas
Maemo and MeeGo. Such operating systems can ledléubst
on many different phone models, and typically edevice can
receive multiple OS software updates over its ilifet It is

MAIN DEVICES AND TECHNOLOGIES INVOLVED
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important to know which OS gives more features facilities
to develop this study. In order to choose one, fhest
important factors to be considered are explaindovbe

The distinction between smartphones and featurengsho
can be vague and there is no official definitiom fehat
constitutes the difference between them. One of riuest
significant differences is that the advanced apghn
programming interfaces (APIs) on smartphones faming
third-party applications can allow those applicaido have
better integration with the phone's OS and hardvibaa is
typical with feature phones. In comparison, featpt®nes
more commonly run on proprietary firmware, withrthparty
software support through platforms such as Java OE
BREW. An additional complication in distinguishihgtween
smartphones and feature phones is that over tinee
capabilities of new models of feature phones canelse to
exceed those of phones that had been promoted
smartphones in the past.

So, it's obvious that the kernel of a SO is thetwgafe
responsible for providing secure access to the vienel
device, responsible for managing resources, arits thvy it's
important to know which kernel uses each the devBmth
Android and Palm are based on Linux. Blackberdyased on
a proprietary kernel. Iphone is based on OS X.iS@@sed on
Symbian and Windows Mobile is based in Windows B&th
of them are all proprietary software. The main atiihce
between a private or free distribution kernel hattthe kernel
which is based in open source software will havéarge
community of developers, thanks to which it is plossto
quickly find errors, make improvements and resgueblems
facilitating the rapid adaptability to the needsafl users.

Another important factor to consider is the adaititalof
the platform to different terminals. In this itedndroid has
great adaptability since it is being increasingbed in more
mobile devices and not just smartphones.

Finally, the last important factor to consider @nectivity.
It's quite important having Wi-Fi Internet accesada3G
connectivity to improve data acquisition. All cumte
smartphones offer this possibility with the onlgniiation of
the network are connected and the distributor obngh
services.

Android is the platform chosen to carry out thisjpct, for
the significantly increased demand in the markefoéroid
devices which is the 43% according to [11]-[12]gufe 2),
the availability of the applications, the fact thais an OS
non-dependent on a specific hardware, and in addithis
platform has an enormous community that offers mimoys
for the development.

revolutionizing the ywa

RIM's

th
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Ancirold
43%:

@® Andmsd @ Symblan Apple @ RiM
@ Bada @ Micrasoft @ Other

Fig.2. Share of worldwide 2011 smartphones salesitl users by operating
system, according to [11]-[12]

Android is a Linux based operating system for nbil
devices such as smartphones and tablet computers |
developed by the Open Handset Alliance led by Gaogl
Nowadays, Android is spreading their market foreottievices
such as MP3 players, netbooks, computers, TV'seahdok
readers.

Programming on Android is based on APIs. An AP
(Application Programming Interface) consists ofeh af class
libraries that can be used quickly and easily. €helements
and features for applications can be used and olgeel
without having to start from scratch when startiagnew
project. There are 2 great API's for programmingpman
Android: Android Maps API [13] and OpenStreetMag].ln
order to carry out this study, the features andatharistics of
both API's must be studied to choose which one gjivere
faciliies and better characteristics. Therefore, litile
description of both API's is presented here.

Android Maps API is a web mapping service applmati
and technology provided by Google, free (for nomowrcial
use), that powers many map-based services, inguthe
Google Maps website [5], Google Ride Finder [14hoGle
Transit [15], and maps embedded on third-party wwebvia
the Google Maps API. It offers street maps, a rplaener for
traveling by foot, car, bike or public transportdaan urban
business locator for numerous countries aroundwhbdd.
Google Maps satellite images are not updated ih tiee;
they are several months or years old.

ANDROID AND ITS MAPPING APIS
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looks up the location of the cell site using a Hate of known
wireless networks and cell sites. The Cell-sitextmn method
is used by triangulating the different signal styttis from
different cell transmitters and then using theircaltion

property (retrieved from the online cell site datsd) to aid
“My Location” in determining the user's current dion.

Wireless network location method is calculated Isgalvering
the nearby Wi-Fi hotspots and using their locatmoperty
(retrieved from the online Wi-Fi database, in thene way as
the cell site database) to further discover the'sidecation.
The order in which these take precedence is:

-- GPS-based services.

-- WLAN-, Wi-Fi-based services.

-- Cell transmitter-based services.

The software plots in blue the streets that aréabhla with
a yellow icon and a green circle around the esgchadnge of
the cell site based on the transmitter's rated pqamnong
other variables). The estimate is refined usingsinength of
the cell phone signal to estimate how close toctiksite the
mobile device is.

Google Maps Navigation for Android 2.0 is free. Trhain
features provided in the application are:

-- Search in plain English.
-- Search by voice.

-- Traffic view.

-- Search along route.

-- Satellite view.

-- Street View.

-- Car dock mode.

Although, GoogleMaps APl is an extension of the
Android SDK that provides easy access for Android
applications of the Google services geographic, dakeas two
important problems. First, for proper operatiomézessary to
use a continuous connection to the Internet asstésed in
[16]. Second, the terms of the license: when usBupgle
Geocoding API, the application of map viewing ibjsat to a
limit of 2500 queries geocode requests per daxpki@ed in
[17]. This limit is fixed in order to prevent abusd the
service, after that the API stops working for 24utsp making
it impossible to view the maps.

However, the powerful Google Maps infrastructures laa
major limitation: users cannot interact with theogephic
data. Instead, they are shown pictures of the datd, any
content they add is a separate, and weakly linkgér [18].

OpenStreetMap (OSM) is a collaborative projectreate a
free editable map of the world. Two major drivingrdes
behind the establishment and growth of OSM haven bee
restrictions on use or availability of map inforioat across
much of the world and the advent of inexpensivegine GPS

In 2006, Google introduced a Java application dalledevices.

Google Maps for Mobile, intended to run on any Jbssed
phone or mobile device. Many of the web-basedssiegitures
are provided in the application. One of its impottieatures is
the introduction of a GPS-like location servicettdaes not
require a GPS receiver. The "my location" featuks by
using the GPS location of the mobile device, iEiavailable.
This information is supplemented by the softwartedsining
the nearest wireless networks and cell sites. dftevare then

The maps are created using data from portable @RiSeas,
aerial photography, other free sources or simphmfriocal
knowledge. Both rendered images and the vectorsebtae
available for download under a Creative Commons
Attribution-ShareAlike 2.0 license. All the contutors of the
project must register on the project and must cdmtmi
provide data in a Creative Commons BY-SA 2.0 lieeos
choose a compatible license as explained in [19].
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The OpenStreetMap approach to mapping was insfyed Transportation [23], a collaborative mapping foreegency
sites such as Wikipedia; the map display featurpsoainent routing for disaster logistics used in Haiti earthke and UN
'Edit' tab and a full revision history is maintaindRegistered portal for Africa.
users can upload GPS track logs and edit the veatarusing A. Editing Tools
free GIS editing tools like JOSM (Desktop Java @it ’
Various mobile applications also allow contributioh GPX ~ User-contributed geographical information is a cpaet of
tracks to the OSM project. OSM, and the OSM developer community has made at gre

Due to its simplicity for creating maps and geriegatoutes effort to implement tools to facilitate user cohtriions to the
even without network connection, the free acceshdmsource database.
code and the real geographic data and finally,ugs in For most casual contributors, the OSM Web sitersffe

implemented in the OSM environment. lets users add, update, or delete geographicalrésathrough
a relatively easy-to-use interface. As can be sedigure 4,
IV. OSMPROJECT user can choose between lists of tags, orderegpsy telect

one, then select its position on the map and ehié t

As mentioned in [20], “OSM follows the peer prodoot appropriate information.

model that created Wikipedia; its aim is to creatget of map
data that's free to use, editable, and licensedeumkew —;
copyright schemes”. This project was born at thevéhsity
College of London in July 2004. The main purposeais |
stated in [19]: “The project was started becausstmmaps you %E%gg
think of as free actually have legal or techniatrictions on =ZmEZBEREBEM

Bienvenido, cira | inicio | bandeja de entrada (3) | Salir

their use, holding back people from using them rieative, Z2HEEHE
productive, or unexpected ways". HEmEOOD
A considerable number of contributors edit the darlap BEOEBES

collaboratively using the OSM technical infrastwret and 8 pEEozEn
core group, estimated at approximately 50 volustededicate

Tourism:

their time to create and improve OSM's infrastruefu mOREREE
including maintaining the server, writing the ceddtware that EREXLWHAD

handles the transactions with the server, and ingeat wm &
cartographical outputs. There's also a growing comity of
software qlevelopers who develop software_toolsak_mO_SM S
data available for further use across differentliapfion wBEEREBOEE
domains, software platforms, and hardware devitésvever, HEHEO

Waer: {*%
the main project is the OSM Web site, which carseen in Z2E& g a X e
figure 3 below. Fig.4. Capture of the web interface of Portlachd®ign Tool.
e Mt o T eem - So the interface is kept deliberately simple, witiore

advanced functionality provided through keyboardrstuts;
Potlatch gives extensive guidance to users by ghoyi
predefined tagging schemas for frequently occurfeegures
(such as motorways or primary roads). Potlatch Etsousers
upload and integrate GPX tracks recorded from helddGPS
units.

More experienced OSM contributors also use the JO8M
editing suite with an interface similar to tradit@d GIS
packages. The application lets users import, edd,tag OSM
data offline and allows uploads of OSM updatesughothe
OSM API.

Moreover, apart from individual user contributiofrom

=7 7N L GPS tracks and the digitizing of aerial imageryMOi#as also
= PN a8 Y taken advantage of the availability of free geobregl
Fig.3. Capture of the OSM Web sitg with the basforimation of the town of  jf5rmation in certain parts of the world. For exde) the

Lleida. . . . .
most important cases explained in [20] which are th

Furthermore, new projects have been developed iM OsFommercial — navigation  information provider ~ AND
with special functionalities such as: GreenGPS [a1§ensing (Autonomous Navigation Data) and the Isle of Man’s
fuel-efficient maps application; the STRIVE OSM et Department for Local Government and the Environnthat
[22], an application to deliver location-based eommental donated the entire street map information of théhditands

information in Ireland; and UN Spatial Data Infrasture for and the Isle of Main to the project.
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B. Technical Infrastructure

The heart of OSM’s technical infrastructure lieghe central
database holding the live data, which is implenenie
MySQL. The database schema is designed to suppkit
environments, such as versioning and rollbacks, keebs
copies of modified and deleted features indefipitel

All geographical entities are recorded as pointsdés),
which contain the latitude and longitude coordisatdong
with user name and timestamp information. Linead area
features are defined by reference to a list of mdienodes,
called ways. Area features are not explicitly dedinin the
database schema, rather, they're defined implidityy the
condition of a way that’s closed (the first nodeaokvay is the
same as the last one) and explicit tagging convesit{using
thetag area=ye}.

As explained in [25], “OpenStreetMap's internakdilare
lists of nodes, ways and relations, which can lgged with
information about the respective map element”. Aiser is
free to introduce its own tags, but it is recomnehdo use
existing tags and only have new ones if they ateaheady
covered by the existing ones. The tags of the nepeants are
represented as (key, value) pairs. An elemente@ithp may
have multiple tags as can be seen, for examplénén6 of
figure 5, where the key (k) is “addr:city” and thalue (v) is
“Bremen’:

<node id="834034642"
lat="53.0871310" lon="8.8091071"
version="7" changeset="6027662"
user="Kerridge" nid="324245"
timestamp="2010-10-13T09:51:39Z">
<tag k="addr:city" v="Bremen" />
<tag k="addr:country" v="DE" />
<tag k="addr:housenumber” v="20" />
<tag k="addr-posteode” v="28215" />
<tag k="addr:street” v="Theodor-Heuss-Allee" />
<tag k="amenity" v="charging_station" />
<tag k="name" v="Elekirotankstelle swb" />
<tag k="note" v="telephone reservation necessary" />
<tag k="opening hours" v="Mo-Fr 6:00-18:00; 5a off; Su off" />
<tag k="operator” v="swb" />
<tag k="phone" v="+49 421 3593186" />
</node>

Fig.5. Example of an OSM node with its tags in ailXrepresentation as
seen in [25]

On the other hand, as we can see in the exan@deQ EM
uses a topologic schema of data. The basic elenerttse
cartography are:

-- Nodes: points that include the geographic lacagiven.

-- Routes (Ways): ordered list of nodes represgntin
polyline or polygon (when it begins and ends at #aene
point).

-- Relations (Relations): groups of nodes, pathd ather
relationships that can be assigned to the partiquitzperties.

display and allow interaction with users. As usdrag the
map, the visible extent is updated and new map tHee
requested in the background without reloading tdires

wHTML page.

A search function, implemented as an external W\shice,
lets users to quickly find cities, villages, or etHPOl’s in the
database. There is also added an export tab,dtsatisers to
quickly generate map images, PDF files, and rawa dat
downloads of custom bounding boxes. The defaulb&étes
on the main OSM Web site is rendered using Maparikopen
source library for generating high-quality map iresglt uses
a weekly database dump as the source for the riegdgrmap
tiles, given that live rendering of tiles on théents request
would be too computationally expensive to be pecattimap
tiles are rendered for all zoom levels and savedhenserver
so that they can be served rapidly as static images

Thanks to the open source nature of all the toeedad for
map rendering, several OSM contributors have d@ezio
custom map tile sets that cover specific needs s&f, dior
example, a tile set that highlights cycle-path meks and
other relevant information to cyclists.

D. OSM Routing

OSM data includes information for routing by mangdas
including car, foot, bicycle and horse. There aenynoffline,
embedded and web-based routing services using O&# d
One of the most remarkable is OpenRouteService JQ&EE.
This project has been the base for most projectstiting in
OMS. ORS is a route service operating on OSM dwsawas
launched in April 2008. This service available orebw
implement open standards of the Open GeospatiasdZtinm
(OGC), mainly OpenGis Location Services 1.1. ORS tiee
first national route planner for pedestrian or bleyroutes
even before the companies like Google.

OSR’s routing algorithms are based in the implet#on of
the combination of A* and Dijkstra’s algorithms. Wever, its
main purpose is giving routing services for trawegll and
navigation and other information such as POI's, nist
considered. The data processing is done in the sesber
using the database information. In figure 6 [26le tmain
components and structure of the ORS are showndetivby
typology: the viewer tools (OpenLayers), the sessimvolved
in all the procedure (OpenLS and the Geoserver)fiaadly,
the renderer (Databases and OSM data).

-- Labels (tags) can be assigned to nodes, paths or

relationships and consist of a key and value. Bample,
highway = trunk.

C. Mapping Outputs
The main cartographic output from the OSM informatis

presented on the OSM Web site as a Google Maps-like

interface, named “Slippy Map”, which uses the opeurce
AJAX library OpenLayers to automatically update tmap
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prepared TMC data

JViewer' Services Renderer
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|
RESTHul OLS* I
|
“““““ ’
Utilty Service TileCache
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TMC WESIWMS -
_ (GeoServer)

Fig.6. Schema of the components in ORS as se&®]n [

OSR presents some problems, which also affect 8y
routing projects, in order to offer a reliable asdccessful
routing service. The core of each routing applaratis the
routing graph. The routing graph represents treesimetwork
as a model of nodes and edges. It is importanttiieagraph is
built from a topologically correct dataset: junctio are
represented as nodes and streets are representedges
between them. Junctions are only recognized as, suthe
crossing streets have a common node at their étutos.
During the collaborative work, as explained in [2iHe
intersections and junctions were not well defined, the
existing topology of OSM data is examined regardthg

the number of streets and the position of the numbe
However, the increasing amount of the volunteersl an
contributors in the OSM project, are improving tHata
quality and moreover, increasing the amount ofrimiztion in
most areas.

E. OSM Projects for Mobile Devices

Currently there are multiple projects that use OSM
developed on Android and also provide searchescdiatbe
performed without Internet connectivity. Some o€ tmost
popular are: Navit [28], GpsMid [29], OSMANnd [30ha
VGPS [31], as seenin [19].

Navit is a multiplatform project that mainly focssen
navigation functions performed by vehicle. Navibige of the
most successful applications because it offerduthetions of
a GPS even having no connectivity and it is alaodiated to
49 languages, including voice directions.

GpsMid project is also multiplatform, including Amid,
that offers navigation and also the option to viemd search
for POI's. It does not only allow the navigationt bualso
offers the option to edit maps and customize thend thus
actively collaborate with OSM. It is licensed un@dPLv2.

OSMAnNd is a fully open OSM-based navigation appiara
for Android. Its main features are: display vec@8M maps
and tile maps (using Mapnik), supports layers &vesal types
of POI's and let the addition of them into OSM d=tses,
gives navigation with or without connection, voicavigation
and uses ORS to perform the online routing, and RObr
CloudMade for offline routing. It also allows editi and
customization of the maps. Moreover, not only itves
navigation and routing by vehicle, also for pediast.

occurrence of street intersections with common spde Finally, VGPS is also a multi-platform project thatows

junctions, and at those common nodes, streetsidoked into
individual edges or ways. The number of edges énrtiuting
graph is usually higher than the number of stréetghe
original dataset. In figure 7 an example of thiwation is
shown: OSM data on the left shows 2 streets divigéo 9
different nodes; and the ORS data, on the rightvshanly 4
nodes to define the same 2 streets.

— Way 1 () —_— Way 1 (i)
— Way 2 ] Node — Way 2 Node
— Way 3
— Way 4
' 3 m .
O—<C W

(28)
3/\(_ )
’ N

(44

) /.}

@ )
\Z
Fig.7. Example of building the routing graph fror8kd data taken from

[27]: on the left there is the original OSM data,tbe right the modified
OSM data.

Moreover, another problem is the inconsistencyhan®SM
data. Unfortunately, in many regions the data dmaost
nonexistent or not well defined, because of the o$e
abbreviations or different spelling for the sameet or POI.
For this reason, the results are not detailed dnang are not
fully reliable, given that often lack basic infortizen such as

addition of GPS off-line navigation and also allows
geocatching but only for personal use. However rtging is
focused in travelling by car or any other motorickh

Studying the different technologies used in thesgepts,
the work and the treatment of data with differeetrsh
algorithms (mainly A* and Dijsktra algorithms) afidally, the
way the impedances are considered to favor theclsefar
different user preferences, is the key to imprdve search
algorithms involved in the routing to get betted austomized
routes.

V. GRAPH THEORY ISSUES

The routing algorithms on OSM are mainly based earch
algorithms in graphs. A graph is an abstract repredion of a
set of objects where some pairs of the objectsanaected by
links. The interconnected objects are representgd b
mathematical abstractions called vertices, andlitiles that
connect some pairs of vertices are called edgegicaly, a
graph is depicted in diagrammatic form as a setot$ for the
vertices, joined by lines or curves for the eddesexample of
a graph can be seen in figure 8, with 6 verticesaadges.

Graphs are one of the objects of study in discrete
mathematics.
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Fig.8. Example of a scheme of a graph in [32]

The typical structure in which the information tered in a
graph depends on the graph itself and the algoriteed to
manipulate it. Some structures are simple and iste &nd
arrays or matrix, although, as pointed in [33] ¢h&r often a
combination of these structures.

The two algorithms used in most applications basad
OSM routing algorithm is A* and Dijkstra's algonitis,
although the application Navit, also used Dijkstralgorithm
with Fibonacci as seen in [19].

A* is an algorithm widely used in path finding agdaph
traversal, the process of plotting an efficientiversable path
between points, called nodes (denoted rhs The main
problem with some search algorithms in graphs, aglthe
greedy algorithm, which is guided exclusively b theuristic
function, is that may not indicate the path of Istveost, or the
actual cost of travel to one node to another (fagklimbing
algorithms) and can be given if necessary to makeee to
achieve greater cost solution. Therefore it iseinituitive that
a good algorithm research should take into accdwmt
factors, the heuristic value of the nodes and ttteah cost of
the tour.

To avoid that problem, A* uses a best-first seact finds
a least-cost path from a given initial node to goal node
(out of one or more possible goals).

It uses a distance-plus-cost heuristic functionudilg

denotedf(n)) to determine the order in which the search visi
() I n wh V]i Iwith weights on each edge. Its name refers to Ed3gkstra,

nodes in the tree. The distance-plus-cost heuiistic sum o
two functions:

-- the path-cost function, which is the cost frdre starting
node to the current node (usually denaém)

-- and an admissible "heuristic estimate" of thetatice to
the goal (usually denotddn)).

The h’(n) part of thef(n) function must be an admissible

heuristic; that is, it must not overestimate thstatice to the
goal. Thus, for an application like routind)(n) might
represent the straight-line distance to the gadatesthat is
physically the smallest possible distance betweeyn tavo
points or nodes.

In addition, the A* algorithm maintains two auxifjadata
structures that can be called open, implementea psority

gueue (ordered by the valfig€n) of each node), and closed

which keeps information nodes already visited. @&ttrestep of
the algorithm, the node is expanded first to ol if that is

not a goal node, calculatgn) of all of its children and insert

them to open and mark the evaluated node to closed.

The search algorithm is a combination of the bredidst
search (BFS) and the depth-first search (DFS): emhi(n)
tends to first in depthg (n) tends to first in width. This way,

promising. An example of the A* search algorithnsiewn in
figure 9 below, where the green square marks thetirgy
point, the red squares show the path followed,gttes ones
mark the obstacle, and finally, the blue squareottenthe
destination.
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Fig.9. Schema of a search using A* algorithm asvshio [32]

If the heuristic h satisfies the additional condition
h(x)<=d(x,y)+h(y) for every edge, y of the graph (where d
denotes the length of that edge), theis called monotone, or
consistent. In such a case, A* can be implementedem
efficiently because no node needs to be processed than
once, and A* is equivalent to running Dijkstra'gaithm with
the reduced cost(x,y): = d(x,y) — h(x) + h(y)

The space required for A* algorithm to be executethe
biggest problem. As is well possible to store alfles in each
state, the amount of memory required is exponentidh
respect to the size of the problem. To solve thisblem
several variations of this algorithm have been psag and its
performance combined with the Dijkstra’s algorithm.

Dijkstra's algorithm, as defined in [33], also edllthe
shortest path algorithm, is an algorithm to detaemihe
t§hortest path given a source vertex to other \estic a graph

who was first in describing it in 1959.

The idea behind this algorithm is to go exploritigpaths
shorter from the vertex origin and leading to &lley vertexes,
and when the shortest path from source vertex twerot
vertexes, that build the graph, are obtained therdhm stops.
The algorithm is a specialization of the unifornsiceearch,
and as such, does not work on graphs with edgesgdtive
cost (in always choosing the node with less digtamay be
excluded from the search nodes in future iteratiovit
decrease overall cost of the path passing throngédge with
negative cost).

The algorithm would work as follows: given a weigght
directed graph oN nodes not isolated is the initial node, a
vector D of sizeN will store at the end of the algorithm the

"distances fronX to other nodes, and the following steps will

continue:

-- Step 1: Initialize all distances I with an infinite value
on the top because they are unknown, excepXfithat has to
be placed at 0 due to the distance foémo X is O.

-- Step 2: Letn = X (to take as the current node).

the way of research changes whenever nodes are most
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-- Step 3: Travel all the nodes adjacent to a, eixtee
nodes that have been already treated or completdling
these nodesg;

-- Step 4: If the distance frold until it is stored inD is
greater than the distance frafto a, added to the distance
fromatov;; then it is replaced with the new distance, thisfi
(Di>D,+d (a,\v)) thenDi=D, + d (a, V).

-- Step 5: Mark as completed node

-- Step 6: Take the current node as the next ndtethe
lower value in D (this can be done storing the &alin a
priority queue) and return to step 3 while there apdes
which are not marked.

Once the algorithm has finished, D is completely fu

In figure 10 below, an example of the Dijkstra’'ga@ithm
completed route is shown. In the schema, every imdeted
with a letter and the distance between the nodeslready
calculated with a value number. The problem liekriowing
which is the shortest path between nodesnd z. After the
execution of the Dijkstra’s algorithm, the shortgetth is
ADCBFEZ, marked in red, and the total distance3is 2

Fig.10. Schema of a search using Dijkstra’s alparias shown in [32]

The combination of the A* algorithm and Dijkstra's
algorithm, get on reducing the high computatioratof the
A* algorithm while minimizing some cases search simpler
to use the Dijkstra’s algorithm because the roadilisost
direct. So, the combination of both algorithms éfect for
routing in mobile devices because of their actimithtions of
the hardware: low memory and low CPU.

VI.

As seen in previous sections, there are severdlgns in
routing and navigating in mobile devices. Thesenaaily the
limitations of the hardware of these devices, thekl| of
connection in some areas, the quality of the dadkfiaally the
data acquisition and treatment to develop the solEm now
and on, the following sections will focus in solgithe main
problems that directly are involved in the routgaculation to
improve and optimize the searches. In order toeaghithis
goal, a previous study of the solutions offeredthg main
projects in Android mobile devices, is necessary.

The main issues that directly affect the calculatid routes
are the connectivity, the quality of data and thatad
acquisition and treatment in the routing algorithiise use of
the combination of Dijkstra’s and A* algorithms el the
hardware limitations problem, for this reason, adification
or new combination is not proposed. However, thg wa

STUDY AND ANALYSIS OF THE PROJECTS
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which data is acquired and treated by those algust is an
importance subject to improve the routing and auste
searches.

The four projects selected are Navit, GpsMid, VG&l

OSMANd because of their popularity and importance a

pointed in [3] and [19]. For the connection issue ghe
quality of data, all four projects provide a similsolution.
However, the acquisition and treatment of the ddiffers in
each project in some aspects.

An important aspect to be considered is the purpésach
project. Both VGPS and Navit, are applications giesd to
calculate routes for vehicles, to travel by caramy other
motor vehicle. These projects only include POI's e
displayed on the maps, but there is no real treatrok that
information in the routing algorithms. For that sem, these
two projects will only be considered for the corinety
problem.

A. The Connectivity Problem

An Internet connection is a requirement for mosttlod
routing systems. The mobile device running thisetypf
applications must be connected to the Internetesnadble GPS
features in order to give the exact position andtrod the
movement during the route. However, neither therirdt nor
the GPS coverage, are not always available. Moredhe
long term connection also implies the waste of Ifadgtery
which is quite limited in these devices.

To solve this issue, all four projects, allow th#-lme
routing. To achieve it, user must download the mapthe
area that is going to visit and store it in theidevnemory.

Nevertheless, these maps include the informatiorbigf
regions, even full countries, becoming big filesakhmust be
stored in the limited storage memory of the mot#eice. For
example, OSMAnd maps can be downloaded from thgqtro
web [30], but as seen in figure 11 below, everg filcludes
the information of a full country, making it too &g to be
stored in the device main memory.

Filename » Summary + Labels ¥ Uploaded v Size ¥
Benelux_esurope_1.obf zip-2 hap, POI, Transport, Mov 13 190 MB
Address index for
Benelux europe
{13.11.2011 : 454.7
MB} Testdata
Benelux_surope_1.obf zip-1 Map, POI, Transport, Mow 13 180 MB
Address index for
Benelux europe
{13.11.2011 : 454.7
MB} Testdata
ltaly europe 1.obf zip-1 hap, POI, Transport, Moy 15 190 MB
Address index for ltaly
eurape {14.11.2011 :
236.6 MB} Testdata
Methetlands_europe_1 obf zip-1 Map, POI, Transport, Moy 15 190 MB
Address index far
Metherlands eurape
{14.11.2011 : 347 6
MB} Testdata
Czech_republic_europe_1.obfzip  Map, POl Transport,  Jan B 184 MB

Address index far
Czech republic europe
{14.11.2011 : 184 MB}
Testdata

Fig.11. Capture of the maps repository of OSMAngjgut in its website
[30].
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Another example is the repository of GpsMid projesttown GpsMid does not need any conversion and accepts OSM
in figure 12, which even offering the maps by @#tracts, the data files in bothxmland.osmextensions.

weight can be of 47MB. Navit's map files can be downloaded from Garmie $85]
or OSM site [6] in XML format, as GpsMid or VGPSp n

City extracts conversion is needed. Garmin is a private compdmt t
o B e develops consumer, aviation, and marine technadodie
Amaterdam l23 - Jor - 7ip Monday Decemoer 12, 2011 12M GPS. This company has the intellectual propertglbtheir
Armsterdam-Rotterdar| jad - jar - Zip [Monday December 12, 201142 maps HOWeVer according to [28] th|5 Company g"aen
Berir [od Jar zip [Mongay Decermber 12, 2011 [27H | ' ’ : o :
Foulder o jar- s [Gunday Docermber 11, 2071|2601 access to some of their maps, like the MetroGuideojze
Greater London j[@_]g—m;MomdayDecembeM?JOH A5 Wthh iS Open and can be Used freely.
Harnburg }[ja_j-' - ZipiMonday Decemnber 12, 201128 H H H H
e L e OSMANd prolect offers . their maps in .obf .exter?smn,
Kartsrihe 29" jor - zip|[Monaay Dacember 12, 2071 16M | compressed into ZIP files, in the repository of pheject site
Koeln/Bonn ghﬁ-ﬂ-Z—iEMmdavDeﬂembEf12-20”45M [30]. User can also download directly the data fr@inS
KrakowfKatowice \llad - jar - ZipMonday December 12, 2011200 .
B lo5- o0 oo boraay Decsmber 122011144 webpagg in XML format, gnd use the OSMAanMap(;reator
Lodz Jiad—jar - zinMonday December 12, 20115.0M application to convert the files into .obf. Morey#hris project
L T B D e allows to charge GPX files which is quite useful rtmke
Miadrid liad - jar - zip|Sunday December 11, 2011 214 . . . . . .
Milano/Bergamo |jad - - zip |Monday Decerrber 12, 201125 routes offline. The main problem is the big weighthe files,
Moscon llizd jat - zinMenday Deceraer 12, 201100 for example, if a user wants to download the map déa city
hiuenchen jhag-jg-z_ig IWonday December 12, 2011)47M

of Spain, must download the full Spain map, andviggght's,

even compressed into a ZIP file is 43.1 MB. To migk the
b problem, OSMAnNd allows choosing to store the datahie
memory of the device or in the SD target and mogeothe
place in which download it. This facilitates thersige because
user can download the maps both in a computerterdinsert
the SD target to the device, or directly in the if@hblevice,
and then, decide if the maps must be stored ish¢arget or
in the main memory.

Fig.12. Capture of the maps repository of GpsMinjgut in its website [29].

In order to not collapse the main memory of the io
device, each project offers different solutions.

GpsMid and VGPS obtain the data in several ways:

-- downloading it from Planet OSM [34], which isvaeb
repository of all OSM data in one file. There atsoafiles
called Extracts which contain OSM data for individual
continents, countries and important metropolitareaar
However, it is not recommended because of the Igighw of B. The Quality of Data

the files and the repository is quite big, so =BT get lostin  Tne ayailability and accuracy of spatial data ipémant for
It. ) o ) these applications to work efficiently, effectivelyand
- downloading it with JOSM [35], which allows the correctly. As explained in previous sections, O&Merage is
selection and extraction of OSM data of the uséecsed ot yniform across all the territory and the beapped zones
areas. This process includes the installation 08MOand gre cities and towns. The lack of spatial data ipagicular

exporting the data to an XML file. _ ~ region can lead to these systems not performingy wel
- downloading it directly in the OSM site [6], Sirsearching  Nevertheless, the popularity of OSM is growing ljicand
the area and then exporting the data into an XML fi the diversity and quantity of the points of intérpsovided

Once the user has the XML file, this has to be eod in  sffer new opportunities and challenges in creatingtomized
the formats that fit for each application. As expdal in [31], and detailed visualization of cities.
Generator. As seen in figure 13 below, this prodesslittle  qyality and quantity of the OSM data, both GPSmidl a
bit complicated for novel users, because VGPS Mape@tor  osMAnd implement the functionality to set data anaick
works using commands in the terminal. routes to be uploaded to the OSM project autonigticehe
only limitations are the tags provided in both &gtions. So
if the users do not find a predefined tag that mmedcthe

~bhin;C:wProgram Files~Javasjdki.6.@_@4~1ih;

twugpsrset classpath=c:\wugps;

s\wgpedcopy UCPSHANIFEST .HF MANIFEST.NF information they want to store, the only way isiegvthe track
1 tileds> copied. and the position in the mobile device and upload ihe OSM

ugps>jar cfm UGPS.jar MANIFEST .MF -C vgpsclasses . —C res . Web page

Phogpe>dir YGRS, jar  13UGPEFilesize . txt The process of recording a track is quite easy athb

B e Cad aapied. T MANIFEST-HE applications. The user only has to select the ‘tadeack”

T b ERR e e B BRI e T EE i ] option on the menu and follow the instructions. ‘Eldéion of

Pwapsddir UGPS1?9.jar  1>UGPS179filesize-txt every point is quite easy, as seen in the figurewtsere first
Ué;;sggzgg;;jgggggg; user _selects the coordinates ar_ld then, speciemtbrmation
e e UGPSHap to edit and choose the appropriate tags.

UGPS179? mapname:
filesize: 98138
C:\ugps >

Fig.13. Capture of the VGPS Map Generator takem fi@i].
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Create POI

OSM map classification with images

Mo-Su 08:00-20:00

Comment 6l changing

All other tags are preserved

Fig.14. Capture of the POI editor tool on OSMAnNd.

C. The Data Acquisition and Treatment

In both projects, the searches can be done in fiffereht
ways. The first one is a simple text-based intévachor free
search, similar to the one existing in tools likeo@le Maps or
OpenStreetMap, where user selects “Search” optidnaites
down then name of the address or POI.

In this case of search, the text input by the unssrds to
undergo a process of analysis which extracts froenquery
the concepts which are matched. There are seveshlgms
with that type of searching. The main problem iattim this
direct search depends on how the tags have bemalfoed in
the OSM project. For example, in the region of @ata,
there are two official languages: Spanish and @atdf a user
searches for a specific street, has to write @atalan if it was
introduced in Catalan, and the search in Spanisk dot offer
any results. Moreover, the tags may not be welinddf For
example, if a user does not write it in the sameg its written
and defined, there may not be a good result. Tdaisbe seen
in figure 15: if the user searches foPdsseig de Ronda,

Lleida, Catalufia, Spalinthere are no results. But if the user

searches for Gran Passeig de Ronda, Catallfiaiser can
choose between the following resultsGran Passeig de
Ronda, Parc, Gualda, Llivia, Catalufia, 25171, Esgaénd

“Gran Passeig de Ronda, Parc, Gualda, Llivia, Cafalu
Espafd, which are the same street in Lleida, but inste&d
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the data has not yet been indexed. The main refipperfer
indexing the data in OSM project is Nominatim [37].
Nominatim is s a tool to search OSM data by name an
address and to generate synthetic addresses of fiiis.
Usually, the indexing process takes about 2 daysvever,
there is no update for some areas; for exampletaiva of
Lleida (Catalonia, Spain) has not been updatedesR@07
[37]. For this reason, if user searches for a digesireet or
POI using internet connection, may not find anyultes
However, using the offline mode, user can updataiiea file
and then have the actual data.

The second type of search provides a better stingtof the
query with the help of a tag selection. As seefigare 16,
user selects the option search by POI's and caroseho
between a big list that includes: the search by enam
predetermined data groupings of POI's (car assistafor
tourists, etc.), the nearest POl's from the locatend of
course, by the OSM categories: Transport, Educahiature,
etc.

Yol B 15:36 [E

= Natural
Shop
# Leisure
=™ Sport
= Barrier
= Landuse
= Man made
Office

= Emergency

# Custom filter

* Search by name -
+ Car aid

* For tourists
# Fuel

+* Food shop
= Closest POI
m Sustenance
# Education
# Transportation = Military

= Finance # Administrative

Fig.16. Capture of POI's options search in OSMAnNd.

So, while the first interface is more intuitivegtBecond has
the advantage that it is easier to relate withctirgcepts in the
ontology of the POI's. Moreover, user only has étest the

neighborhoods (Gualda and Llivia).

" il B O 15:34 ¥oal B 15:35

Search near :

I Fixed 41.61;0.62 |/
5 <> &

=) <7

Search address using OSM Nominatim Search address using OSM Nominatim

Gran Passeig de Ronda,
Catalufia

1,73 km Gran Passeig de Ronda,
Parc, Gualda, Llivia,
Catalunya, Spain

Gran Passeig de Ronda,
Parc, Gualda, Llivia,
Catalunya, 25171, Spain

" Passeig de Ronda, Lleida,
Catalufia, Spain|

758 m

Nothing found

Offline
Fig.15. Capture of the two search cases in OSMANd.

Another problem is the lack of data, explained tie
previous sections of this paper. And the other j@mohis that

New Search Offline New Search

any problem of the nomenclature or definition.

In both projects, once the point of search has loedimed
(address or POI) the way in which the search isddiffers.
On one hand, if it's an online search using theneativity
characteristics of the device, internet connectind GPS, the
process will involve a continuous exchange of dagdéween
the server and the application in the mobile devieeseen in
figure 17, the application will send the data te gerver for
both types of search, the text input search natypd land
the POl's selection search, nantgge 2 The search will be
done on the OSM server, as well as the routingutation.
The result and the calculated route informatior laél sent to
the devices and shown in the application map.
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Online Search

Server Server

Specify
the
address
(el

Search
for
possible
matches

Select % B
POI
typology

Show the
route

the list

Server

* Data transfer between the mobile device & the server

Fig.17. Schema of the online search process casidieoth typologies of
search. The squared procedures are completelyrperdioon the server.

On the other hand, if the search is done withoaheativity,
the mobile device will be responsible of all theogass, as
seen in figure 18. Firstly, the data for the seagtwill be
taken from the data files stored in the memoryhef device.
Secondly, the calculation route will be generated the
application. And finally, the application will shotle routing
search result in the map of the application.

Off-line routing

Mobile device

the B
address P - ud
or POI ¢

BN show the
g route

Show the
route

POI [ 3 POI from

the list

typology

Fig.18. Schema of the offline search process cernisig both typologies of
search.

VIl. PROPOSALS FOR IMPROVEMENT
As seen in section 6, all four projects (Navit, @k VGPS

and OSMAnNd) have done great efforts to solve thénma,

problems. However, there are several points, inchlwhi
improvements can be made, in order to get fastemem
customized and more optimized routes.

These solutions involve the 3 main problems:
connectivity problem, the quality of data and fipathe data
acquisition and treatment. The main goal to be eadd is
solving and minimizing the problems, consideringesds such
as time, CPU load, memory use and the quality efrésults
per search. Besides, the quality of the resultsalgb include
the improvements in order to achieve the user'sise€hese
proposals for improvements are explained below ewery
problem.

A. The Connectivity Problem

The lack of connectivity is already solved usinglpaded
data which is been downloaded from every projet# sr
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directly from the OSM web. However, the files obtd are
quite big to store them in the mobile devices maemory.

Moreover, its weight also influences negativelyhia searches
because of the great amount of data that must bsidered

and treated before getting the correct match. Theendata
involved, the more time is needed to locate thatptie more
memory is used and of course, the more CPU isualed.

To solve this problem, data files must be reduded:
example, instead of having all the information déithcountry
or continent in one file, this information can bigided into
small parts involving only the information of a pewlar city
or region.

It is important to note that this solution does padvide any
improvement when the search is completely carrigdvath
connectivity. However, the results obtained maypb#itable
and can be taken into account for future developsnémat
work out how the information is stored on the sesve

B. The Quality of Data

As explained in previous sections, OSM coveragads
uniform across all areas. The lack of spatial datparticular
region can lead to the system not performing welbr
example, the town of Lleida (Catalunya, Spain), adack of
basic information such as streets names or POl&ebVver,
there are areas that are not well defined: incomames of
streets, squares or POI’s, incorrect locations Of'$? and
streets, etc. So there is a need of having availabtl correct
data.

In order to solve that problem, there are mainlg tways.
The first one involves the use of the Portlach ikdifT ool (or
other editing tool depending in the expertise eftiser) in the
OSM webpage. The web user interface of this toajlge
easy to use and quite intuitive. Moreover, the geancan be
seen immediately into the OSM website.

Nevertheless, improving the data in the OSM wehsiss
not be enough: depending on the area, the infoomasi only
stored but not indexed for the searching tools,sesn in
previous sections. So even if the appropriate obsngre
made, searches will not be optimized.

The second way to solve the problem of coveragéois
optimize the data using the mobile application. I@igsand
OSMANd projects allow creating POI's and tracks dhen
uploading them in the OSM project. And what is more
important, the new data is stored in the projectpsnand
updated regularly. This information will be takema account
in the off-line searches. However, the depuratiomd a

th€orrection of the data is not an available andatlioption from

the mobile applications. To solve that problem,tiedi the
map information and correcting it, is the only way.

C. The Data Acquisition and Treatment

In mobile devices, as seen in section 6, searatwpsire and
process the information depending on two aspedie t
available connection and the type of informationiclthis
being searched. The lack of 3G or HSDPA (3.5G) mzye
can not be solved because depends on the sendvelgr.
However, in both methodologies, the availability dan
correctness of the data stored and indexed in ¢heeis and



> Master Final Work — Official Master in Free Sadtve — Universitat Oberta de Catalunya <

stored in the mobile device, can be solved as $eethe
previous subsections.

Nevertheless, there are some aspects that cannselered
to be improved related to the data. These aspeasder the
customization and optimization of the searchesdeec the
final user needs: the ontology used and the grofipags by
activity. As seen in section 6.c, OSMANnd and Gpshtidjects
use the ontology formalized in the OSM project afférs the
POI’s search organized by it.

However, this classification of data is not wetustured and
furthermore, is not really intuitive. For examptege History

12

Another advantage is that the project has the gmareate
comfortable navigation/routing application for Andt mobile
devices that have limitation with internal, opangtimemory
and processor resources. Also application has d tpa
economy internet usage or do not use it at alhfupreloaded
data), that's why offline features are more piimeid than
online. As most of the improvements proposed aregytm be
displayed using offline characteristics, this pobjes the one
that fits the main needs of the improvement prolsosa

The implementation and testing will be done in ardwid
mobile device. The selected model to perform al th

andTouristthemes can be confusing: a user may expect to fimtiprovements is an HTC Desire, running in Androics O
in the Tourist theme, the historical monuments of the areajersion 2.2. The main hardware characteristicshisf device

instead of information of hotels or tourist infortioa offices.
Another aspect to be considered is the lack of ald&u
information about the POI’s. Information such as #ithedule
of the POI should be offered. This way the useisdo® waste
time going to a place which can be closed. Soitlficgmation
is quite important in order to cover user needs modeover,
to optimize searches. Thus, there is not only &ngan user’'s
time, but also there is a saving of searches imgenof
exchange of information (data acquisition, queriasd
displays) between the server and the mobile deyine
available connection searches) or a saving of éseurces in
the mobile device (in offline searches).

As well as the typology can not be easily modifietause
depends on the OSM project, the improvement of tdus
information stored in the map and POI files of sqmnejects
can be optimized. For example, OSMAnNd offers th&oopof
storing the schedule information of POI’s, as cansken in
figure 14. However, this information is not used the
application and not even filled for most of the RBOISo,
filling the information of these tags and the impéntation of
the functionality that considers them is the immnment
proposed to this problem.

D. Methodology Implementation

In order to implement and test the improvementpased in
the three previous sections, there are some medtigpdissues
that must be considered and explained.

To be able to carry out the proposed improvemendstlaeir
testing, the development is done in a clone apjdicaof one
of the projects studied in the previous sectionisis Tclone
application includes the changes proposed to opginand
customize the searches. These improvements involve:

1. Reducing the existing data files size.

2. Creating and editing quality data files for seamghi

3. Developing the functionalities to carry out thetirgg

4. Developing the functionalities to customize therskes.

The Android project selected between the studiefepts in
previous sections is OSMANd project [30]. This stte is
due to the fact that it's the only fully open Op&estMap-
base navigation application for Android. Other pat$ such
as GpsMid are working on the migration to Andrdidf there
are several bugs and problems that have not bdeadsget
and do not work properly in Android platforms. Mover,
OSMAnNd allows OSM data contributions and works B@!’s
data, not only displaying it but editing and searghby it.

as seen in [38] are:

-- CPU: 1 GHz.

-- ROM Memory: 512 MB.

-- SD Memory Target: 4 GB.

-- Screen: AMOLED 3.7 inches and resolution of 8080

-- Other characteristics enabled: GPS, 3G, Wi-Fd an
Bluetooth connectivity.

The connection between the mobile device and thgpater
is done by USB.

The development environment used is the SDK Andi2ed
and its tools for developing in Android 2.2 Platfor

The environment to develop the source code is Eelip
Indigo for Java Developers [40] performed in the OBux
distribution Ubuntu [41] version Oneiric.

For compiling the OSMANd clone project, the prognaing
languages have to be specified. Mainly the soude cis
written in Java, but there are some features tidtide C++
language. Moreover, the features to treat the dmeed in
.obfformat are mainly implemented in JavaEE and XML.

The OSMANd clone project can be downloaded from the
web site of the project usirgjt [42], a version control system.
Once downloaded and compiled, the clone project loan
exported to the Eclipse SDK to work with the soucoee, as
seen in capture 19 below.

Fig.19. Capture of the OSMAndksourCé cbmpiled infse.

As explained in previous sections, OSMANd datat@sed
in .obf (OSMANd binary format) format for the mapgidata
and the POI's data. This extension file can beeediising
SQlite database [43] or the OSMAnNd application. #ie
instructions to create, edit and upload the datarces are
available in [44].
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As pointed in previous sections, OSMAnd enablegimgu
offline if previously the track is stored in the $iemory card.
This type of search is based in POI’s to locatepiaees. So
the tracks have been recorded and stored in thenSmory
card of the device for the testing in GPX formate$e tracks
have been recorded using OSMANd.

The OSMANd maps available online for the area efdity
of Lleida are included in the files namé&ilirope_Spain.obf
(166MB) and Catalonian_wiki.obf (156MB)

Catalonian_wiki.obfis reduced to the area of the province of

Lleida. Moreover, some POI’s of the town of Lleidave been
edited and corrected. The weight of the final filgmed
Lleida.obf, is about 29 MB, almost a 19% less thha
original file.

Finally, all the screenshots are taken using teéaudt
screenshot application on Ubuntu. The screenshotghe
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can be seen in figure 20. This process gives Usa wea if
the changes made in the data files, are correct.

Route calculated in:
0:02s

3

Fig.20. Capture of the dialog showing the time glltton of a route online
search (in the testing section specified as Case 2)

In order to be able to know the quality of the thog

HTC device are taken using Dalvik Debug Monitor J[45Searches, the route described in the mobile dévicempared
(DDM). This monitoring tool is also the main respibie to
show the HTC hardware use. In figure 20 below, DiEM is
monitoring the Memory use of the device.

Info_ Threads VM Heap Allocation Tracker Sysinfo  Emulator Control Event Log

Name Memoryusage | v  |Load from Fle |Update from Device|
- @ sHoAsPLo%281 oniine 22

com.google.android.app 549

PSSinke

SavedFilters &

All messages (no fiters)

Le Time.

PID  Application

Fig.20. Capture of the Dalvik Debug Monitor, moniibgy the HTC memory
use.

The development in the source code involves tvilergint

objectives:
1. The functionalities to carry out the testing.
2. The functionalities to customize the searches.

For the first objective, the main changes in therse code
and data files are made in order to visualize tiggrovements
proposed considering aspects such as time, CPU hozthory
use and the quality of the results per search.

The system device characteristics can be monitbyethe
DDM tool. However, the time and the quality of gearch can
not be monitored with this tool. For this reasonfuaction
which calculates time has been added to the smade. This
functionality is called when there is a searching two
different ways:

-- when user makes a search by POIl's: the fundsocelled
since the user selects a typology or group of Paid ends
when the selected POI is shown in the map.

-- when user makes a search for routing: the fanas called
when user selects the option “Navigate to a pant finishes
when the route is showed to the user in the map.

Once it has finished, a message in shown in thécee
screen, specifying the time that has been speahtisearch, as

to the same search done in the ORS webpage [26hoaen in
figure 21, using the same coordinates in both. Atexh
searches are performed in the same travelling ajispl
pedestrian.

' OpenRouteService.org

MAPAAENCAMINAMENTO AYUDA Y1 INFORMACIONECONTS

\ < ©
9 > ! %

Fig.21. Capture of the OSR comiparative ofm;h/e»i;easedrin testing Case 2.

For the second objective, customizing and fadititathe
search of the user, the data of some POI's has dyetimized
including the schedule time. OSMANnd does not oféey
information about the schedule even though it sfferset that
information. For this reason, a little functionglihat considers
this aspect has been included. This function chdukslay of
the week and the time in the device mobile and @re®it to
the data of the POI. As shown in figure 22, if sedected POI
is closed in that day in that time, then showsitf@mation to
the user, and asks if the user wants to go onthittsearch.
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Elegir POT

! . Encontrar mas <500 m|

N 454 m landmark La Llotja

Aallaida

Fig.22. Capture of the screen telling the POI detkta Llotja is closed.

With this functionality, users won’t waste timeigg to a
POI that is closed. Moreover, this functionalitypiraves the
user satisfaction and helps in customizing the e®utven
though do not affect in the routing optimizatiordaneatment
of the data and it’s not included in the testing.

E. Testing the Improvements in the Android Device

All the testing will be performed in the town of ditla
(Catalonia, Spain). The testing will be done fae thllowing
search cases:

Case 1 Search of a particular POI and its location o
the map.

Case 2 Search frommy locationoption to a specific
address.

Case 3 Search frommy locationoption to a specific
POI.

All three searches will be done with and withoutectivity
for each file: theEurope_Spain.olfile and the simplified and

improved file, named.leida.obf . The online searches are

performed with GPS and Wi-Fi enabled in order t6 loose
connectivity. The offline searches are done ushey GPX
files tracked before.

The address introduced to the systenGimn Passeig de
Ronda, Lleidaand the POI’s selected are, in Cadenlllotja,
the emblematic Congress Center of the town, anGase 2,
Centre d’Art La Paneraan art exhibition hall.

The difference between the OSR and the OSMAnNd clorafé

search is denoted by a numerical value. This véaug¢he
difference of the distance (in meters) of both cees,
establishing the same coordinates. The value shdich has
given the best route, being the best search theesh@ne, and
it is expressed like that:

--If value=Q both routes are equal.
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TABLE |
RESULTS
File Case Status CPU Memaory Time Quality

33%
9%
88%

401MB
316MB
385MB

8s
§s
9s

1 Online
Offline
Online
Offline
Online
Offline
Cnline
Offline
Cnline
Offline
COnline
Offline

Europe_Spain.obf

94%
B1%
1%
89%
96%

412MB
358MB
384MB
316MB
3V2me

188
13s
is
4s
a3

LIeida odf

42608 |
Fiame |

85% |
9% |

125
93

e ok [k | = | = oo fea |ra fra] =

Table | shows the values monitored in the tes(GgU
load, memory use, time per search and the qudliiyeoroute)
for each case and for each data file considering th
connectivity.

These results show the fact that OSMANd cloneris a
application implemented thinking on mobile devices
characteristics and limitations. Its adaptability the device
main resources can be seen in the figure: it newgrasses the
ROM memory capability or collapses the CPU.

It's also shown that offline features are more ptied than
online features. This prioritizing can be seen,dgample, in

he fact that offline searches can not be perforihélte user

must type the address, because of the use of Nomioaline
tool. For this reason, there are no values inrefearches for
Case 2in the table.

Analyzing the results between the online and dfflin
searches for every file, there is a significantrdase on time
values as well as for the ROM memory use, betwden t
searches. However, the CPU load is quite similathie 3
cases, in which the lower value obtained is 79%bfgh files.
For the offline searches, still there is little impement in the
CPU load, because even the search is performént idevice,
the GPS and Wi-Fi connections, with the system gsses and
the exchange of data to maintain the connection, raot
working.

Comparing the results obtained between the twedtbiles
(Europe_Spain.obfand Lleida.obj, there is a significant
crease on the time values. CPU load and memeanare
lower comparing them with the full Spain file besau
OSMANd also uses the stored file information foe tinline
searches, minimizing the exchange of informatiotwben the
device and the server, directly sending the coatdm of a
POI, instead of the query for the name of the POI.

The differences between the OSR and the OSMAndeclon

—If value<Q the OSR search is shorter than the OSMANG, iing searches are minimal: 14 m and 8m. Thituis to the

clone search.

--If value>0: the OSMANd clone search is shortantthe
OSR search.

Every case of search is performed 3 times for tilaes of
CPU load, memory used and time spend on the sealah.
values shown in the final results are the averdgie three
results obtained.

VIIL.

Following the testing and the implementation metiogy,
explained in the previous section, the results inbth are
shown in table | below.

RESULTS AND DISCUSSIONS

fact that the data of Lleida has not been indexaces2007, as
explained in section 6, so they have the same ablaildata.
Moreover, ORS gives the total distance value ofrthge in
kilometers, rounding it off up, while OSMANd closbows the
distance in meters (also in kilometers but doesrowhd off).
However, as seen in figures 20-21, showing the sseaech,
OSR makes an optimal path, the shortest one, ttf&And
clone. OSMANd clone runs the route by the othee sifithe
round.

To sum up, with the results obtained, it is showat tthe
weight of the data files and the quality of theadiafluence the
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result. The less the weight, the less the timetspesearching and its ontologies must be carried out.
and the less waste in memory and storage of thiealev Finally, with the improving of the IA, a study dfé final
user's needs should be considered in order toitteilreal
IX. CONCLUSION thematic routes and information display on the w@pgbn

This work presents the state of the art of the maiaccording to the user wishes.
technologies, projects and services that are bdegloped
for Android mobile devices. From the study of theim
services and applications, their routing algorithamsl their
treatment of the data, this paper describes a rdetbgy
working on the data files to improve and custontiEerouting
searches considering the main problems in routingobile
devices:

1. The lack of connectivity in some areas.
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