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A location aware mobile tool for direct and
indirect climate data sensors

Francisco Ramos, Aida Monfort, Joaquin Huerta

Institute of New Imaging Technologies, Universigue | of Castellon, Spain

Abstract Access to GIS data from mobile platforms continbeiig a challenge
and there exists a wide range of fields where @dsemely useful. In this work,
we combined three key aspects: climate data senwotsle platforms and spatial
proximity operations. We published and made usewéb 2.0 network of climate
data, where content is user-collected, by meanheaif meteorological stations,
and exposed as available information for the virt@anmunity. Moreover, we en-
riched this data by giving the users the opporjutatdirectly inform the system
with different climate measures. In general, manag# of this type of infor-
mation from a mobile application could result inierportant decision tool, as it
enables us to provide climate-related data accgrtira context and a geograph-
ical location. Therefore, we implemented a nativebile application for iPhone
and iPad platforms by using ArcGIS SDK for iOS dndintegrating a series of
ArcGIS webmaps, which allows us to perform geogpatieries based on the us-
er’'s location, offering, at the same time, accesalltthe data provided by the cli-
mate data sensor network and from direct users.

1 Introduction

Nowadays, access to data sensors is progressiedyg ladapted to different
standards with a clear objective: to increase find@roperability and visibility. In
this context, the growth of volunteered geographiormation [1] as sensor data
providers is an assertive method of collecting patal information, and it seems
difficult to force the use of strict standardslistkind of data workflow. This free
source of data, through the efforts of voluntesrgrowing and becoming a very
important base to build applications that explaitls data. Our work takes ad-
vantage of this new manner of collecting and distiing information by using us-
ers and a climate data sensor: Meteoclimiaticnetwork of meteorological sta-
tions updated in real-time and which are owned by-professional volunteers,
that is to say, a type of VGI context.

1 Email addreses: francisco.ramos@uiji.es, aida.mu@faji.es, huerta@Uuiji.es
2 http://lwww.meteoclimatic.com/
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In this work, we aimed at integrating a climateads¢nsor and VGI into a mobile
platform for the easy management and accessiltditthis type of information.
Our tool features the following contributions:

* VGI mashup: we combine data from different souricea single application.
These data sources come from a network of climata skensors: meteoclimat-
ic, where users own meteorological stations andrafaita to the virtual com-
munity, and from our application users, who coulectly add information to
the system at any time.

» Availability: big data [2] consist of technologiasd initiatives that involve da-
ta that are too diverse, change quickly or masgifal conventional technolo-
gies, skills and infrastructure to approach effithg In other words, the vol-
ume, speed or variety of data is enormous. In ¢bistext, we process a big
data source such as a meteorological sensor, pmgvéd service layer, which
offers data in a reliable and efficient manner.

« Climate data sensors comparison: we performed garative study of popu-
lar and well-know climate data sensors.

As previously commented, we also consider importata visibility. Thus, the
fact of creating actionable information and usaplications from data sensors
offers valuable insights by exposing and exploitihg geographic dimension of
that data using maps as a visualization tool to-gierusers. This application is
open and visible to all those users through a giatfof distribution for mobile
platforms. Moreover, we also provide a scheme éichsa type of mobile applica-
tions, with existing components, and a standard tARiccess data in a networked
environment.

We have organized this paper as follows: we withgcaut an analysis of related
work in section 2. Section 3 presents the architecof our tool with internal de-
tails. After that, in section 4, we introduce thmeplementation details with an
overview of the different technologies we made ofsd.ater, section 5 shows the
different results obtained. Finally, conclusions erposed in section 6.

2 Related work

VGl is a term coined by Goodchild [1], used to defthe web usage with the aim
to create, assemble and disseminate geographigpdataed voluntarily by ordi-

nary citizens. However there are more names forsdtrae phenomenon, as the
wikification of GIS [3]. Although VGI is the modiroadly used term, there is a
discussion whether the word volunteered is appatpr not [4]: not all VGI data

are provided only by users, since some organizaitt@m help in the task of get-
ting the information. Moreover, volunteered is abways the right adjective as in
some crowdsourcing geographic information systeshslie user has to be aware
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of all the information he provides and decide wteprovide it for it to be volun-
teered, and not everybody might realize that temartphone is reporting loca-
tional data to the Internet.

In the recent years, the market of smartphonegdashed particularly high lev-
els; this fact makes the process of sharing croumtsog information (either vol-
untarily or not) easier and faster. The level adaccuracy is increasing accord-
ing to the improvements in software and hardwarecds, but still there are some
issues with the mobile GIS users regarding thermeteconnection because it is
not always possible to work connected due to ndisyited or insecure connec-
tions [6].

VGI has had a great impact on Geographic InformaBgience (GIS), because
data collection was usually one of the tasks thquired more time and effort. If
some time ago, all geographic data needed to bectad manually or localized
by GIS experts, nowadays everybody can act asagocref geographic data, since
each citizen generates a big amount of data whieg tiseir smartphones.
Besides, the number of sensors embedded in theseedéhas also dramatically
increased. The combination of these two trendshabled a new kind of research
called people centric sensing [7][8][9]. Therefosensors in mobile phones and
other wireless devices can be used to collect lgtgatities of continuous meas-
urements about their users. The different data ti@dacollected through the cli-
ent can be categorized as follows: Social intevadtiata, that can be inferred from
call logs, short message logs, Bluetooth scannésylts, acoustic environment
samples, etc.; Location data: that can be detedri@sed on GPS (when availa-
ble), cellular network information, and WLAN accessint information (when
available); Media creation and usage data: infoilonatan be captured concerning
locations where images have been captured, videbashmusic played; and Be-
havioural data: information can be captured coringrapplication usage, activity
detection based on acceleration sensor, and redalace usage statistics based
on call and short message logs.

In this work, we also consider two types of datassees, direct and indirect ones.
Indirect ones refer to the typical networked dataser; direct ones refer to those
data provided by users into applications. The éanerging them can lead us to
an interesting mashup of information. In Table &, show a direct climate data
sensors comparison from different providers, atvargtime. As another aim of
our work, we consider interesting to compare theisect sensors to the infor-
mation provided by users.

Therefore, the combination of all these elemenasl las to the development of
tools to share and display geographically locat&#drimation that can help to
solve problems or in the decision making process.

Thus, we propose a mobile application based on §&& provided by direct and
indirect sensors related to climate data. In otdeachieve this aim we designed
an architecture based on levels, and we publigihedirial result in a mobile store
platform.
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Sensor Location Date Temp. Humidity | Wind | Pressure | Rain
Coordinates °C % km/h hPa mm
Elevation
CASTELLON (SPAIN)

Meteoclimatic 40°02'43" N 13-02-2014 23.6 41 11 1013.0 0
00°03'45" E 17:46 UTC
14 m

AEMET 39°57'26" N 13-02-2014 24.0 33 17 1006.6 0
0°4'19"0 18:00 UTC
43 m

OpenWeatherMaps | Not available 13-02-2014 23.2 37 14 1012.6 0

18:50 UTC

VALENCIA (SPAIN)

Meteoclimatic 39°27'42" N 13-02-2014 21.8 51 13 1015 0
0°23'57"W 17:43 UTC
45 m
AEMET 39°28'50" N 13-02-2014 22.9 39 15 N/A 0
0°21'59" 0 18:00 UTC
11m
OpenWeatherMaps | Not available 13-02-2014 223 51 11 1011 0
18:41 UTC

Table 1. Climate data comparison from different poviders or sensors at a given time: Me-
teoclimatic, AEMET and OpenWeatherMaps.

3 Architecture

As shown in Figure 1, the architecture we propgseaised on three layers: VGI,
data and service layers.

First layer (VGI) is composed of citizens, who ntiglarticipate as direct sensors,
i.e. mobile devices, or indirect sensors (see tahlée. climate stations, we sup-
port and implement both. There are a lot of platfoithat are used by citizens to
share geographic information, and they can shdmenmation such as crime re-
ports, buildings and streets, climate informatiod @o on, it depends on the plat-
form.

Second layer (data layer) is the component thatipes some functionality to re-
trieve and store the data, usually through an AR service. Thus, data from the
corresponding sensor is offered to the next leémdhis case, the data layer. In this
layer, all the information provided by the datas®ms maintained in such a way
that the service layer could exactly adjust therimiation required for the client
application to consume.

Finally, the service layer is responsible for Iitey to the clients’ requests and
sending the required data. Finally, clients show dlata. As shown in Figure 1,
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layers interact one with each other to obtain diaten or to pass data to another
layer.

VGI Data Service

Layer Layer Layer e

Read

Ly |
.

Collect

[

Fig. 1. Main operations between layers in a VGI plgiorm

3.1 VGI Tools

In general, we could consider three main use dasad/Gl tool[10] as shown in
Figure 2: view, report and receive information fromto the server. To view the
information, the tool may display a table, a maaollection of elements. Gen-
erally users can query or filter the informatioeyhwvant to observe. In order to
report new data, the tool usually provides someliegtpn program interface
(API) that interacts with the client to collect ttiata. In some cases, users can also
receive alerts: when new information is providediew new data is needed or
when a specific warning occurs.

Report

Receive

L4

Fig. 2. View, Report and Receive are the main usases in a mobile VGI platform.



4 Implementation

4.1 Climate data sensor

As far as the source of data of this work is conedr and as we previously com-
mented, we are using data directly provided byusars (see Figure 3), and a cli-
mate data sensor from a community called Meteo¢ian@his community of us-
ers provides a free service for sharing user-géegtralimate data. In fact, they
buy their own climate stations. Therefore, theseens, or users, can register an
automatic meteorological station along with thenelie sensors they have, the city
and the exact geographical coordinates, and treglira software that communi-
cates with the community service, sending fileshtiite sensors data and provid-
ing, in this way, what we can consider VGI: volwred geographic infor-
mation[1].

12:10 PM

vodafone ES = 18:27 12:09 PM

Stations in the list

Veteodimatt

@ 12 by Temperature

< List Add data
<
O—

Vilafranca Y
Gastells c 118 -0;
Villanueva de Viver

Castellé nago

126 305

Morella

138 305

Castelis o
Segorbe - Pla D'Arguines
Castelis 2h2mage  °C
Vinaros

Castelis

Cati

Castellé

Viver
Castells

Vinaros - Oest

A VN v
b) c)
Fig. 3. From left to right, a) users are able to ench the system at any time with climate in-
formation, b) the application shows, in different olours, information provided by direct

and indirect users, red and blue, respectively. apap shows clustering without differentiate
sensors data source but particular stations.
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Nowadays, there are 1983 stations registered amain, Portugal and south of
France. Meteoclimatic has also a web portal withl cdimate information from
the registered stations and it also offers wedtimecast, among other services.
From the implementation perspective, climate stetiprovide the information
from their sensors by means of a RSS feed.

They provide RSS feeds to read this informatiorr. &ample, in the following
URL we get the information for all the stations dted in Spain:
http: //mvww.meteoclimatic.com /feed/r ss’ESP

Each station has an identifier, which can be usagkt information about a specif-
ic station. For example, to read the Burriana aitesi feed we might use the RSS
URL followed by the station identifigrThis RSS feed loads a web page as shown
in Figure 4.

Meteoclimatic - RSS

Burriana (Castell6)
27 de noviembre de 2013 10:03

* Burriana
o Actualizado: 27-11-2013 09:03 UTC
o Temperatura: 7,3 °C (Max.: 7,3 / Min.: 5,2)
o Humedad: 49,0 % ( Max.: 64,0 / Min.: 49,0 )
o Bardmetro: 1025,1 hPa { Mdx.: 1026,2 / Min.:
1024,1)
o Viento: 5,0 km/h { Mdx.: 34,0 )
o Direccidn del viento: 351 - N
o Precip.: 0,0 mm

Fig. 4. RSS feed from Burriana’s station

In Figure 5, we can also observe the part of th& RSated to the climate data
from the sensor.

<)==

[[<BECGIN:ESPVA1200000012530A:DATA>]]
[[<ESEVA1200000012530A;(7,3;7,3:5,2;8un);{(49,0;:64,0;49,0);
({1025,1;1026,2;1024,1)3(5,0;34,0;351);(0,0);Burriana>]]

[ [<END:ESPVA1200000012530A:DATR>]]

—_—

Fig. 5. Data sensor in the HTML code from the RSSkd.

In the Meteoclimatic documentatibwe could read and understand this particular
format, for example, in the second line, after $kation identifier, we first obtain
the values for the temperature sensor, currentjrmar and minimum values re-
spectively, then for humidity, pressure, wind anelgpitation.

This part of the RSS feed is not very easy to lmegssed, as it is provided in a
non-standard format. Thus, we needed to implemsetce to decode the values

3 http://www.meteoclimatic.com/feed/rss/[ESPVA1200008530A
4 http://www.meteoclimatic.com/index/wp/rss_es.html
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and save them into a database which we will use tatretrieve the sensor values
in a better organized way through an API REST.

For each station, this service periodically upd#tesdatabase with the new values
for each measure.

4.2 Mobile platform

For the client application implementation, we dedido create an iOS native ap-
plication due to two important aspects:

e The interaction between the user and the applicagi@asier when the applica-
tion is native; the process of distributing, inktg and keeping the application
in the mobile device is easier when the applicatiomes from the official App
Store. Moreover, the different controls, maps aievs have less time to re-
spond if they are native and it is easier to actlkssmobile device sensors,
such as the GPS.

* The ArcGIS mapping platform SDK for maps we warntieéhtegrate had more
documentation and available functions for the i@8sion than for the Android
version.

However, it is important to underline that our atetture could be implemented
in other mobile platforms as well.

In the client, we use the device GPS when availabtewhen the user

allows the application to gather the GPS data. 8gngithe provided coordinates
we can estimate and show the user how many kil@wetre between his current
position and the meteorological stations, approtéfya In the mobile applica-
tion, we also show, within an ArcGIS map, the stadilocation. As expected, the
ArcGIS map is integrated with the ArcGIS SDK fordOWith this SDK the map
loads a basemap first, which can be a basemap thenavailable default base-
maps or a user-defined basemap. Other layers soeaahilable to be loaded or
created directly in the application or it is possito load a full webmap from the
ArcGIS online platform as well.

In the ArcGIS online webpage you can basically ereawebmap, add basemaps,
add layers from a file or from the web and finalbu can save and share the map.
This shared map has an identifier, which can be teeémport it to the SDK in
iOS, as we performed.

4.3 API implementation

The communication between the client and the seisvetone through an API
REST as long as the client needs to obtain orgkeftlee sensor values.
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REST stands for Representational State Transfedasctibes a set of constraints:

Uniform interface: Interfaces are resource baskentcand server interchange
information usually in HTML, XML or JSON format.

Stateless: Statelessness enables greater scyldiilde the server does not
have to maintain, update or communicate sessidessti is the client who
sends the information needed in the requests body.

Cacheable: Clients can cache Responses.

Client-Server: Clients and servers are developedrséely; this increases sys-
tem portability and scalability.

Layered System: Systems based on layers may erdentgity, a client cannot
know if it is connected to the server.

Code on Demand (optional): Servers can expandutigtibnality of the system
when required.

The client application sends some parameters té&\HeREST through the URL;
those are used to construct a SQL query that retilm® appropriate stations re-
quired by the client in JSON format. Among theseapeeters there are, (if availa-
ble): the current device latitude and longitudette® query calculates and returns
the distances. In addition, the application alldhes user to specify from which
province and how many stations he wants to coraidt,in which order.

In Figure 6, we can examine the data in JSON fonaatrned from the REST
web service. Province filter was set to Castelhajtlto 2, and the sorting measure
is temperature by ascending order.
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"data" [
{

"B "1032.7",
"distance": "4434.80739818563",
"Elevation": "529.600463867188",
" w3,
"D 14247,
"LATITUD": "39.9058",
"LONGITUD": "-0.614167",
"NAME": "Viver ",
e v
"PROVINCIA'": "Castell§",
"Rain" "gebre",
", 42",
"Tmax™ "2.7",
"Tmin® "4.3",
"UPDATED": "2013-12-10 06:17:00",
A g

"B": "1032.4",

"distance™: "4497.14258236582",
"Elevation™: "664.73583984375",
" 86",

"ID": "188",

"LATITUD": "40.4719",
"LONGITUD": "0.0216667",
"NAME": "Cati ",

npe. 4,

"PROVINCIA": "Castellé",
"Rain"; "hazesun",

g

"Tmax": "12.9",

"Tmin": "-0.4",

"UPDATED": "2013-12-10 17:19:00",
' e o

Fig. 6. Web service result in JSON format example.

In Figure 7, we show the final architecture andhitedogies used in this work.

Server Client

1213 P

Stations in the List

Fig. 7. Final architecture and technologies used ithis work.
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As for the service that accesses Meteoclimaticasetiata and updates the data-
base, it was implemented in php. For the databaseajsed MySQL, for the API
REST that gets the parameters from the client,igsi¢he database and returns the
results, we used a RESTful Web application PHRatipsuch as Tontc Finally,
the client was implemented in Objective-C using X@ode integrated develop-
ment environment.

4.4 Maps backend

As mentioned above, about GIS technology, we argusrcGIS online platform
to create the map, and ArcGIS SDK for iOS to intgithe map in the native ap-
plication. There are some options to show the pgodrftthe stations on the map
view in the application, and these are the onedewéded to use:

e KMLE Layer.

 CSV Layer

» Graphics Layer created in client application.

Our first attempt was to create a webmap in Arc@Giine, with a KML layer
containing all the stations. As shown in Figuréh®& KML generated was correct-
ly created. However, due to existing limitationstlie ArcGIS SDK for iOS, the
layer failed to appear.

Arcals - meteo map KML

ID Details ‘ $»Add ~ | BH Basemap Bl save ~ =2 share

1 B E
Contents

M s stations

@ Topographic

PORTUGAL B

Lison ) JAOI

Rabat
Casabianca W

4 TUNISIA
Funchal MOROCCO p~
v

Fig. 8. ArcGIS online webmap with KML Layer imported from the server.

5 http://www.peej.co.uk/tonic/

6 Keyhole Markup Language
7 Comma-separated Values
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Our second choice was using a CSV imported file.shAewn in Figure 9, it
worked in the iOS integrated map, but as CSV files static files, it was difficult
to refresh the layer when we updated the file ingmrver. It is important to un-
derline that our RESTful services are dynamic, thathey dynamically obtain the
information from the data sensor provider as exgldiin section 4.3.

ArcGls - meteo map CSV

DDetalls] 4> Add ~ | BH Basemap 2l save + ©2 share & Print | % Measure ([ Bookmarks

) B E
= o o 9
Contents %° o o%go
00 o °
™ s generatecsv Andorra
¥ % oo L q? la Vella
@ Light Gray 5 8 o o ° P
Canvas § Vi . oo &
o o9 °

§roon 8 »
° dngo L

Lisbon § g)

§80 Eig, of s e
° @
£ e

°

Algiers

°
————
0 100  200km Tangier

)

Fig. 9. ArcGIS online webmap with CSV Layer imported from server.

Therefore, we decided to add a graphics layer tiyrét the application and paint
the desired points in that layer whenever it wasded.

At this point, some cluster analysis was needetidke the map interface clearer
to understand.

Clustering[11] is the task of grouping some elersdnt some given properties.
These groups are called clusters. Elements in dh@e scluster are more similar
among them, than elements from other cluster. kamgle, when working with
population data, individuals could be clusteredabg, location or other attributes.
In our case, we needed to group stations by i@time on the map, most of map-
ping services do cluster analysis automaticallycalbbse the data are displayed
clearly, and it helps in the map reading and intetipg process.

Unfortunately, there is not an available clustepmgcess in iOS SDK, so we im-
plemented a module in the client application tccekate and redraw the points
grouped in clusters by a proximity criterion. Thalculation depends on some pa-
rameters:

» Points latitude and longitude coordinates.

e Map zoom level.

« Current extent on the map.
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With these parameters the clustering module obtdiespoints coordinates that

appear on the screen, which are inside the cuendent, and calculates the posi-
tion for the clusters, and how many points are gealinside. Every time the user
zooms in, zooms out or changes the extent of thg, thés process is repeated to
get the new clusters positions. In Figure 10, wemshoth versions of the map

view, the one on the left, before the clusteringdloie was developed, and the one
on the right, with the resulting clusters calcutbbg our clustering module.

12:45

Stations in the list

Fig. 10.From left to right, map view without and with clustering analysis, respectively.

5 Results

5.1 Deployment

In Figure 11, we can observe the details of theghersions of the mobile appli-
cation (named Meteo Reader) submitted to App Steirst version of the iOS
App was submitted on 14th August and was releasetDth August.

We submitted a new versibon 16th September with software integrated toktrac
users, user sessions and time spent by users applieation.

With the iOS7 release, for iOS devices, we subohitenew version according to
the new iOS aesthetic and with some improvements) as showing the station

8 Meteo v1.1 on simulator http://youtu.be/sXhZ7T6WeH
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elevation together with the sensors data. Thisimenwas submitted on 4th Octo-
ber and was released on 11th October.

Current Version Current Version Current Version

Version 1.0 Version 1.0 Version 1.2

status @ Ready for Sale m status @ Ready for Sale m starus @ Ready for Sale

Date Created Aug 14, 2013 Date Created Aug 14, 2013 Date Created Oct 4, 2013

Date Released Aug 20, 2013 Date Released Aug 20, 2013 Date Released Oct 11, 2013

w Details

Fig. 11. METEO READER versions in the App Store.

5.2 Tracking users and sessions

Tracking software, which was added in the secomdioe, consists of a Software
Development Kit (SDK), which is integrated in thgpécation. It provides us with
interesting information about the application usalfe are not storing users data,
that is, users can use our application without dpedgistered. Therefore, we only
had the sales and download information providedidfgult within iTunes devel-
opers platform, which does not include any infoiioragbout the actual usage da-
ta. For this reason, we integrated this software tihe application with the aim of
monitoring, tracking users, and obtaining some ulseformation such as usage
patterns, user retention and errors occurred impipdication. The SDK we are us-
ing is called Flurry and it is available to dowrdoia their webpade This SDK is
available for most used mobile platforms like iGdroid or Windows Phone.
With the Flurry SDK integrated in the applicatiorh version 1.1 (second ver-
sion) we obtained very interesting data about #ersibehaviour. Every time us-
ers send the application to the background by prgskhe home button, Flurry
sends data to their system, that we can later smaly their webpage. These data
include user location, time spent on the applicgtapplication version and even
error or crash reports when they occur.

The actual usage data summary of Flurry informationtains how many sessions
there are, the median session length, how manyusens there are and the aver-
age of active users, as shown in Figure 12.

T 3,982 5 44.¢_l secs
Sessions Median Session
Length
. 520 ——\ 91.5
New Users Avg. Active Users

9 http://www.flurry.com/
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Fig. 12. General information about sessions and usefrom 16" September to 8 December
2013.

Chart shown in Figure 13 is related to the numlfesegsions per week. There are
3982 sessions in total, distributed from"18eptember until the'3December.
First weeks, increasing trend of sessions is vagly Hue to users updating the ap-
plication to the new version with Flurry, but stitlere is an interesting usage of
the application with an average of more than 258isas per week.

600

480 \
\
A
\
" \
\

240 \——/ _\ “\

Number of Sessions

09/16/13 09/30/13 10/14/13 10/28/13 11/11/13 11/25/13

Fig. 13. Number of sessions per week, from #6eptember to late November (sessions for
the last week are still being calculated).

We also obtained a valuable feedback from the affesession frequency (Figure

14). This chart shows the number of sessions pextiueekly by the same user,

in other words, how many times each user has ugedpplication, on average, a

week. For example, during the week of thé" Eeptember there were 533 ses-
sions, which means that the application was op&B&dimes during that period.

/'1_ sessions: 392

100+ sessions: 1
! 50 - 99 sessions: 1

i 20 - 49 sessions: 13
- \ 10 - 19 sessions: 48
7 - 9 szessions: 59
4 - 6 sessions: 142

Fig. 14. Session frequency, how many sessions areduced by the same user weekly.
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As shown in Figure 14, we have a high percentagesefs that quit, or never use,
the application once opened for the first time, asda result we know that we
have to work on user retention besides user at¢musi

In order to know how much time users spend on gplieation, we are tracking
session length among other parameters. This isilugefrack in which periods of
time the application is more used. For exampl@nifupdate (new version of the
application) has greater session length than teeiqus one, that new version ac-
complished its objective. We can observe in Fidilbdhat the total time spent by
users in the app had a great increase when weadpttaversion 1.2 (released™ 1
October) with iOS 7 support. Total time spent oplaation increased from 3to 5
hours from previous weeks to 10 hours from theveiZion release. The median
session length has slightly decreased, that méetghere are more sessions per
week than in the previous version.

Date ¥ Median Session Length Total Time Spent in App
11/25/13 40 sec 7 hr 37 min
11/18/13 43 sec 9 hr 5 min
11/11/13 49 sec 10 hr 15 min
11/04/13 44 sec 4 hr 7 min
10/28/13 45 sec 5 hr 17 min
10721713 42 sec 3 hr 58 min
10/14/13 45 sec 4 hr 41 min
10/07/13 45 sec 5 hr 44 min
09/30/13 44 sec 8 hr 36 min
09/23/13 41 sec B hr 55 min
09/16/13 5B sec 2 hr 35 min

Fig. 15. Median session length and total time spebt/ users per week.

We can also obtain the time spent per session ahdtigthe cumulative time
spent, sessions are grouped by predefined perfdite@ As shown in Figure 16,
users never spend more than 30 minutes in thecapipl, and there are almost
900 sessions which range from 1 to 3 minutes length
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Fig. 16. Number of sessions per length of sessidorg all the time.

In brief, the aim of tracking users is to learnnfraheir behaviour and improve
their experience.

5.3 Ranking

In the App Store from Apple, applications are grediinto categories, each appli-
cation can belong to one or two different categgridhese categories include
among others: Books, Education, Entertainment, Gamigestyle, and Weather,
which is the main category for our application. Eaver, applications are
grouped according to costumer’s country. In ouec#se country we are interest-
ed in is Spain. With these two parameters we dtar the ranking position for our
app, this position depends on the number of dowddo@he ranking positions are
different for iPhone and iPad, because our apjiinas optimized for being used
in iPad, in addition to iPhone.

We can observe in figure 17 the iPhone rank occlubjeour application in a giv-
en day, the day when our application was in a higlsition was 3 September,
and it was the 4%application the most downloaded one that day.
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Fig. 17. Ranking for our iPhone application in theWeather category and App Store Spain.
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As far as the iPad version is concerned and assihdéwn in Figure 18, our appli-
cation highest position in the ranking was"Beptember and it was the"Bost
downloaded application that day. It is always abitne250" position and general-
ly above the 150 position, while in iPhone it reached the 8Gsition.

1
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Weather 15

150

250
Sep 2013 Oct 2013 Nov 2013 Dec 2013

Fig. 18. Ranking for our iPad application in the Wather category and App Store Spain.

6. Conclusions and Future Work

In this work, we successfully combined three fundatal components: data sen-
sors (from direct and indirect users), mobile glatfs and spatial proximity op-
erations. As a result, we obtained a mobile apfidinawhich allows us to operate
in a reliable manner with data from a climate dsgasor and from direct users,
taking advantage of the geospatial information al.Wwn fact, this application of-
fers us a valuable type of VGI mashup from différéata sources.

We introduced architecture to build this type oplagations and we implemented
it by means of well-known platforms and librari€aally, we analysed the client
application by tracking users and sessions, vanatin ranking and so forth.

We would like to underline that the climate datasse we used offers valuable in-
formation, but it is provided in a proprietary fatincluded in some comments of
the RSS feed. This obstructs its interoperabilgyyvmuch and, in our case, we
had to construct a specific service to fix it.

As far as future work is concerned, we are consideincluding alerts in the ap-
plication with push notifications. This would beuaeful functionality for users
who desire to know when a specified station reachgsven temperature, or a
given precipitation value.

Moreover, in order to take advantage of the geddcap information provided by
stations, we would like to perform some spatiallgsia such as calculating the
optimal location for a new station.
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