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1 ABSTRACT

Mobility is a central aspect of today’s life. Hursalmave becomedigital nomads, just as informatiath an
knowledge is increasingly ubiquitously available. @&ddition to the smart networks (grid-based and
wireless), which create a new urban topography,e& multifunctional tool becomes prominent: the
smartphone. It has developed into an all-rounddrres established its significance for urban Tilee homo
sapiens has developed into the permanently wireabhjanctus (or homo sapiens junctus). He takesith a
designs his surroundings by using this new tools Ithe key to bi-directional exchange of inforroati
money, authentications, support and communicatitm ether people.

The aim of this paper is to present a newly dewvedoppplication, which will extend the smartphone
functions in order to collect climate data autoewlty and autonomously in an urban sensing scenahie
smartphone sensors are read out and the resuk®m@wverted into climate data. Thus, combined withwd
sourcing, a new type of climate monitoring is ceelatAdditionally, it is demonstrated how the resudt
such measurements can be saved, interpreted, aswiagfe used. Furthermore, some specific exangbles
mobile monitoring using smartphones, coupled witwd sourcing, are presented, which illustrate o
type of climate measurement can increase the yudllife of the urban population.

2 INTRODUCTION

2.1 Smartphone market analysis — Smartphone market coritions

At the moment, there are almost innumerable diffesenartphones available. Every year, new models ar
introduced. In 2013, 1,804,334 smartphones werd aobund the world. The predominant systems are
Android, i0OS, Windows, and Rim. It is predictedtteaen more smartphones and tablet PCs will beisold
the future. In 2013, 877.9 million devices runnitige Android system, were sold. This equates to
approximately 38 % of all PCs, cellphones, ultrapg®) and tablets which were sold in that year.|26t5,

the market share of Android could increase to 5[GHRTNER, 2014]. Android 4.4.2 (KitKat) is the late
version of this system, and by January 2014 it used on 1.5 % of all Android smartphones. Curyentl
approximately 60 % of Android owners are using wars 4.1.x — 4.3 (Jelly Bean) [STATISTA, 2014].
Within every smartphone sensors are integratedh @usensor consists of two elements: a sensinga@levi
and an evaluation unit. Thus, it is possible todtmt quantitative and qualitative analyses of cloami
physical, climatological, biological conditions, &sgll as of medical conditions. Sensors in our ements
are ubiquitous and can have various forms [cf. HERIET AL, 2012:1FF]. For instance, absolute positi
transducer, acceleration sensor, and lighting seaiso part of most smartphones. GPS is anothemosens
which allows to enhance every information with #pecific location of the smartphone. The spreadihg
smartphones in our society changes the spatiatemgoral availability of knowledge. Additionallyew
ways to acquire knowledge are created. The poggibflindividuals to participate in creating angtrsading
knowledge is increased by the internet. Thus, timwvkedge of the masses is in opposition to the kedge

of experts. The free online encyclopaedia Wikipediaone of the most prominent examples [cf.
SCHWALBE; MEYER, 2010:34FF].

For meteorology as well as urban climatology thiection of data by urban sensing is of interesd has
various advantages for climate monitoring [cf. ALABH; HENNINGER, 2013:1FF]. The Committee on
Urban Meteorology states that the usage of “petstigéal assistants” (e.g. smartphones and themsers)
might lead to improved databases for urban clinogtplcf. SNOW; ET AL, 2012]. Mobile measurements
are well suited to analyse the climate in an uru@a. There are various methods of measuremenh\ahéc
conducted, for instance, by car, by bicycle, ofaot [cf. HENNINGER, 2011]. Smartphones have became
new tool for such mobile measurements (Fig. 1).efadied analysis of the currently available smaotyh
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‘Samsung Galaxy S4’, which uses the Android systeoyld be the best choice because of its integrated
sensors.

2.2 Best sensing smartphone

The Samsung Galaxy S4 has a multitude of sensd&P% sensor to track one’s position, a temperature
sensor to measure air temperature, and a humieditgos to measure the air humidity. Additionallye th
barometer can determine atmospheric pressure andltitude. The integrated RGB sensor measures ligh
intensity and colour temperature and can autoribtiealapt the brightness of the display to the loca
lighting conditions. The gyro-sensor coordinates ‘thtelligent turning’ and orientation of the srtrone.
The Galaxy S4 uses ‘smart stay’ in order to asgdbe display needs to be rotated or if the usedying
down. An electromagnetic sensor (the Hall-Gebenjiesv cover) enables the Galaxy S4 to know if its
protective cover is open or closed. Thus, dependinthe status of the protective cover, the dispkay be
switched on or off automatically. The acceleromesan measure how far and how fast the smartphome ha
moved. The digital compass measures the magnetasfand is also used by navigation apps. All these
mentioned sensors allow its user to measure thésatdtmosphere at a specific location.
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Fig. 1: Smartphone as a “Sensing Device”.
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Table 1: Extract and functions of Sensing Apps.

2.3 Analysing “Sensing Apps” for the Samsung Galaxy S4

Before the development of the “Urban Sensing Apgrious apps for urban sensing scenarios (e.g.
‘Baumkataster [cf. ALLBACH; HENNINGER, 2013] or coepts like the ,Baumbestimmungs-App“ [cf.
GRUB, 2013]) had already been programmed. After ititegrated sensors of the Galaxy S4 were
announced, it became obvious that this smartphooll de suited for local climate monitoring. Sangsun
had already provided the Galaxy S4 with a healtd anvironment app, and later on several other
applications followed. It is therefore necessaramalyse and evaluate the functions of theseablaibpps
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(Table 1). The publication ,Crowdsourcing urban @mperatures from smartphone battery temperatures
has to be acknowledged, because its focus is oaithemperature, and because it has a huge ds¢a[tfa
OVEREEM; ET AL, 2013]. However, the “Urban SensiAgp” will be able to record more than one
climatological parameter.

3  “URBAN SENSING APP”

3.1 Functions and Characteristics of the “Urban Sensing\pp”
* Measurement of climate data and other relevantnmition (meta-data)
* Recording the geoposition
¢ Recording the data
« Possibility to export the data
* Measurement of the present data (action point 8adh for a specific time period
* Possibility to present the data in a list
e Gateway for additional sensors (under construction)

The “Urban Sensing App” is able to measure clim@gmal and environmental data by using the
smartphone’s sensors. Futhermore, the app recoeddate, time, position, and identity (anonymized).
data is saved on the smartphone and, additioribyapp offers the possibility to export the datate them,

for instance, in an “Urban Sensing System” [cf. LAACH; HENNINGER; DEITCHE, 2014]. There are
two ways of collecting the data: 1. actively by gmieag a button to start a measurement of the durren
situation, or 2. passively by pressing an extradpouto start measuring over a specific period rokti(,00").

+URBAN SENSING APP" — | SCREENS"

(]

!sl Urban Sensing App

Breite Lange Temperatur Luftfeuchtigkeit Luftdruck Helligkeit
18 49.5375 8.18051 16,0 66,8 994,670 1779
40 49.5389 8.1809 16,0 66,3 995,440 143
)3 49.5465 8.18292 159 499 994,480 360
41 4955 8.18212 15,7 50,1 994,040 446
56  49.5536 8.16969 98 50,5 991,950 650
25 49.547 8.14424 89 50,1 982,750 327
J0  49.5465 8.14355 89 50,1 982,370 686
38 495419 8.12311 84 50,4 975,600 492
Messdaten 47 49.5328 8.09717 87 498 977,020 675
Epditiersn 31 495326 8.09637 87 498 977,270 588
e 58 49.50098 8.01994 15,0 42,2 969,530 241
n AQ RNAT R N12ARR 181 447 aRR 72N 245
Beenden
Hauptment

Fig. 2: “Urban Sensing App” — “Screens”.

The current version of the “Urban Sensing App” alado display the collected data in a listing (R2). At
some future date it is planned to extend this foncivith additional graphs and options for compamisA
function to read out and save data collected bgratknsors, which are not part of the smartphdad,)8B,
WLAN, or Bluetooth has currently not yet been depeld.

3.2 Tools for the Development and Programming of an App

In this chapter, a brief introduction to programgian application is given. While a markup language
describes the “how”, a programming language stdad$what” should be done. Every Android App is
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based on Sun's, or rather now Oracle’s programranguage Java. Eclipse is mostly used as the
development environment for Java. Originally, itswexclusively used for Java development and (versio
4.3, its name is “Kepler”) it provides a lot of ghins and extensions [cf. Eclipse, 2014]. Thishis teason
why eclipse is also used for other developmentstaBkie to Android Development Tool (ADT-Plugin)st
possible to integrate the APIs (Application Prognmdnyg Interface) and tools of Google's Android SDK
(Software Development Kit) with an emulator, a pabjassistant with a special view and a GUI-Edithis

is necessary for the development of Java-basedokhéipps in eclipse [cf. LAU, 2011].

The Java platform consists of the Java APls, wharitains the virtual machine (VM) and compiled dibes
that can be integrated into programs. The VM exacand interprets the machine-readable code. Tthas,
possible, that each system with the Java VM, cacwe the code independently of the system on whieh
code was originally developed. A compiler is usedransform the source code into a byte code.df th
program was compiled successfully, the code ingtgpitranslates it into a platform dependent cbdé dan

be understood and executed by the system [cf. PAWAODO]. Java is a powerful and common object-
oriented programming language that pursues theviiollg objectives: simplicity, object orientationatform
independence, robustness, security, interpretgbifierformance, distribution, adaptability and rault
threading. Despite the similarities with C++, J&va slim language. It provides help to the progrem e.g.

by automatic memory-management, space allocatidrirengarbage collection.

it Graphical User Interface (S
. 3 6°C . Icmpera:ur..Jz.;,S'c

Luftfeuchtigkeit: 45,4%
Luftdruck: 1013,25hPa  Luftfeuchti GPS Keordinoten, gaf Ort Luftdruck: 997,000mbar
Helligkeit: 0
C)Tempewturongobe
AP = Beenden
Hauptment
Luftdruck  Luftfeuchtigkeit
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Qzon
coz
Schallpegel
Stoubsensor
Sensgor x (Platzhalter) _
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des jeweiligen
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Funktionstaste des Smartphones
fGhr 2u einem Mend mit
verschiedenen Befehlen
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+  Messung / Punktmessung
speichern
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Fig. 3: Graphical User Interface.

Java applets are programs that are initiated withiHTML page. These external programs, which are
executed on the user’'s machine, could potentialyse many security risks. To avoid damage, the Java
applets are executed on a virtual machine, the afledc “sandbox”. All programming commands are
translated and executed at runtime. Java, as ardgrianguage, is able to adapt flexibly to its eanment.
Database access via SQL is made possible by tleelaabase Connectivity APl (JDBC). With the aid of
JDBC classes and interfaces, it is possible toémpht a database entirely in Java and to send &qests

to any relational database. The closer a programainguage is to the machine code, the fastemitbea
processed. Java is efficient due to using a compite the multi-threading, even though is an iretggl
language. For optimum performance, the virtual ritachses just-in-time compilers.

Beside the development of graphical user interfat® is applied on servers and mobile devicd3 (J&/a
Server Pages) is able to produce content dynamicathich is why Java is used for web-server
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programming. J2ME (Java Platform 2 Micro Editiomympletes the Java-family. J2ME is mainly used on
mobile devices with only limited resources. Javpasticularly suited for client/server applicatiph&cause

it implements APIs for distributed applications wssll as its database connection with JDBC [cf. TEIA
2002].

3.3 Development & Evolution of the “Urban Sensing App”

During the “Urban Sensing App” project, the apgdica was not only programmed in code; Structures,
hierarchies, graphical elements of the display, thedGUI (Graphical User Interface) were also @edFig

3). This development has not yet been completed iandonstantly under construction as well as,
improvement.

Diverse layouts have been created, improved, slasivel recreated. In order to create sketcheseofisier
interface, the program Balsamiq Mockup (Fig. 3 rféjlds used, because it can present the graphssal u
interface and a simplified scope of operation BRALSAMIQ STUDIOS, 2013]. Balsamig Mockup is coded
in Adobe Flex and can easily and intuitively bedugecreate wireframes and sketches. The integratéds
appear as if drawn by hand and help the user tatecra digital version. However, wireframes are rofte
misinterpreted by users as suggestions for a dfANNEN; SCHMITZ, 2010].

3.4 Data Storage

The recorded sensor data is stored straight omtosthartphone. The most popular storage solutioms ar
TinyDB, TinyWebDB, and the SQLite software librago, the focus of the following consideration ialke

on the requirements of mobile applications. ForégmbsyDB and TinyWebDB of the Google-based App-
Inventor are introduced, because they offer seva@naplifications to the user. The surface provideme
components, which reduces the communication betwsen and database to simplify storage- and call-
functions. It depends on the purpose of the apphicavhether TinyDB or TinyWebDB is chosen. Ifist
sufficient to store the date on the device, Tiny BBappropriate. Since most apps require data+siari
TinyWebDB is usually chosen. In comparison to TiByDhe selection of data from TinyWebDB is more
complex, because two steps are necessary: 1. EbipF sends a data-request via the World Wide Web to
a web-database. 2. the database processes thetragdesends it back to the device. An event-harudie
the device passes the arguments to another fun@iach an event-handler is called “callback-procetiu
[cf. WOLBER; ET AL., 2011: 305FF].

One database that is frequently used in combinatithmobile devices operating systems is SQLit@sTs

a compact, open source program library, programmec, which provides an embedded database server.
The special feature of the program library is, thagn be directly integrated without the needdarextra
server. SQLite is a transaction-consistent datablbsemprises different tables, indices, triggensd views.
Because of its platform-independent format, it isgible to copy the database between 32- and 64-bit
systems. The particular suitability for resoureadled devices, like cellphones, results in the net@
minimal stack-space with a size of 4kB, and a matilmeap-pace size of 100kB [cf. MELTON; ET AL.,
1993]. The following goals were in focus at the elepment of SQLite: simple administration, simple
execution, simple embedding in larger programspkmmaintenance and simple adaption. Typical u§es o
SQLite as application-data-format for embedded iepfbns are e.g. internal and temporal databases o
websites. For large websites, client/server apiptica, and very large datasets, this library is suatable
Overall, SQLite supports the SQL92 standard [cfLB®, 2014]. For the “Urban Sensing App”, a SQLite
database is sufficient and is therefore used. Aaditly, it is possible to store the data in consegarated-
value files (CSV) that facilitates storing and mssing the data in other systems. The applicafif@nsothe
option to send locally stored data to a web dambksthis case, the information is stored in ambdh
Sensing System” [cf. ALLBACH; HENNINGER; DEITCHEQ24].

4 TEST OF THE “URBAN SENSING APP”

4.1 Validity of data — Samsung Galaxy S4 vs. common mgarement devices

To ensure the validity and accuracy of the dataioua tests were run multiple times (Fig.4). Foisth
purpose one version of the Samsung Galaxy S4 wapamed to different mobile measurement devices.
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SAMSUNG

© Allbach, 2014
Fig. 4: Samsung Galaxy S4 vs. common measuremegitege

Initial tests confirm similar results in comparittge “Urban Sensing App” with mobile measuring degic
regularly used for climatological measurements witlrban areas. Of course, it has to be notedewern
these devices do not always deliver exact valuesstiould therefore not be regarded as absoluter Aft
elaborate, specifically conducted tests, the difiee in air temperature isaTmax = 1,5° C; the difference
in air humidity was no more than 3 %. The resulistie light intensity (brightness) were almost
incommensurable, but considering the different weshof measurement, they are still within the same
range. However, differences in brightness werecaedtwhile measuring during movement; the positibn o
the smartphone has great influence on the outcBmell changes in position can result in great chang
e.g. brightness. Further development is also nacgd®r measuring noise. The precision of GPS is
consistent with other measurement devices; it dlfyiocvaries depending on where it was used. Dempgndi
on the singular measuring device used, the reattimnof these is quicker in comparison to the ©ala4.
However, this could be modified by adapting thej@rency of measurement intervals in the “Urban Sensi

App.”
4.2 Comparing Samsung Galaxy S4 to Samsung Galaxy S4

Fig. 5: Samsung Galaxy S4 vs. Samsung Galaxy S4.

Tests comparing seemingly identical Samsung Gatkynodels offered differing results, even though th
same version of the sensing app was used. Theetedts indicated that there is only a minimal dkpancy
between different Samsung S4 smartphones (Figd&)ever, some tests did show striking deviationg. (e
~2°C, ~3% humidity, ~10 millibar air pressure) asllvas a different measuring speed.
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Fig. 6: Samsung Galaxy S4 vs. Samsung Galaxy ferelift system versions may cause difference.

It was also found that the sensors’ differenceadcuracy not only occur between different modelsatso
between different system versions. In additionh tarious sensor models, the age of the sensdream
long the smartphone has already been used fonemées the measurement results (Fig. 5 & Fig. éhck,
it is necessary to gather this meta-informatiomglwith the measurement results.

4.3 Comparison of the location of the smartphone: unolisucted vs. in a pocket/ bag

A huge discrepancy between the measurement ratepsnding on the position of the smartphone can be
expected. Depending on whether it is held in taedh carried in a pocket or bag, close to the body,
positioned at a fixed location, different readingdl be received. Tests indicated that air tempamt
brightness, and humidity differ if the smartphorseldcated close to the body. The measurement of
brightness, obviously, makes no sense if the sianp is in a pocket or bag and not exposed to.light
Additionally, noise levels of the surroundings wibble adulterated by the pocket or bag. Likewise bibdy
temperature could influence the measurement regufis like sweat would influence the humidity
measurement. Whether these results would be evea faisified by different seasons could not beetgst
but it can be assumed. The GPS sensor is not edfégt whether the smartphone is carried closeaddtily

or if it is unobstructed. In the future, speciafj@ithms have to be developed in order to corrbete
disruptive factors.

5 USE CASES

It is necessary to have a data basis for energetiziomic, urban and ecologic simulations. Thissbeen be
created by the “Urban Sensing App” and smartphofiks. data of the App can be used as a basis for the
presentation as a map, e.g. heatmaps and clima¢tidfo maps. A heatmap, or hot-spot-map, is a nased
on the accumulation of a certain phenomenon aeeifgplocation. Thus, the “heat” in the heatmagsioot
necessarily show the temperature of the environnkrgnomena could be criminality, traffic accidenis
quality, pollutants, and humidity [cf. DEMPSEY, Z)1These offer information and can be interprdigd
planners and scientists as well as by non-profeakiasers. Thus, the “Urban Sensing App” in corinact
with a freely available “Urban Sensing System” cbbhkecome a helpful tool for mapping. A connectién o
the App with devices used in sports (e.g. cyclomatel heart rate monitor) in order to record thiita
would be interesting. The analysis of the dataelation to the altitude and climate situation coleldd to
improved training schedules. Additionally, indivads could be warned about environmental hazards. Th
App is able to record and analyse the indoor cienadnditions. Based on that, the average humidibjse,

or temperature of an indoor situation could be ys®l. Climate and weather monitoring are complek an
complicated circumstances, just like the urban .dfesther investigations are necessary in ordegaio a
better understanding of the interrelation betweagn climate, human being, and individual healtlsirg the
“Urban Sensing App”, makes possible to collect andlyse data, relevant for planning and climatoldga
new way.
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6 PERSPECTIVES — FUTURE — UPCOMING VERSIONS

In a future version, additional new functions viaél integrated in the App. In the future, it will pessible to
draw conclusions from meta-data for the generalval as climate monitoring. For instance, through
acceleration sensor, GPS, light intensity sensut,@sition sensor it is possible to tell how theagphone

is transported and, thereby, how accurate the memsmts are. Additionally, information about cadori
consumption, speed, means of transportation, gndayroutines in movement and recreational behaved

the user can be collected. The “Urban Sensing Aghwuld be used on as many Android smartphones as
possible. Even if sensors like the humidity semserlacking on some smartphones, all other secsorstill

be used and the collected data be saved. The pibggi connect the App with another “Urban Semgin
Device,” which is based on a microcontroller, akoane to conduct specialized measurements, fariost

of the air quality or climate accessibility. Evegalt rate monitors could be connected to the Apye. ell-
being of the user could be evaluated by varioushematical calculations. A simple and adequate naetho
would be PMV (Predicted Mean Vote). It comparesdbsorbed and the emitted heat of the human body.
The calculated PMV value depicts the average thesergsation of the majority of humans. A positivd\P
value shows an overload of heat, while a negatie affers the opposite. In order to calculate tMy/P
value, air and radiation temperature, humidity, amdrage wind speed are included. Additionally,guts/
activity and clothes are of importance. In ordegain significant and comparable results by smantph, it

is necessary to create formulas for bug-fixing aptimized interpretation of the data. For instanog,
including the date and season, external conditiemsrage body temperature, and location of thetpimane

on the body, a factor could be calculated to cotter measured air temperature and humidity.

7 CONCLUSION

The developed application shows the potential ofdaily available gadgets, like smartphones antetab
PCs. Even if measurements are currently not asraiec as other mobile measurement instruments, the
spread of smartphones and tablet PCs in todayistgadlows a multitude of measurements over aéong
period of time. Since not all measurements candpelucted using the traditional methods (e.g. cogti
smartphones offer the possibility to conduct thessmasurements cost-efficiently and simultaneously by
various individuals. Furthermore, the smartphonenbile, light, and can be used in terrains that ar
difficult to access. Furthermore, the hardware astefficient, and through the depicted method and
technology it is already possible to collect andlgse datarelevant for planning.

Currently, it is being attempted to analyse a cohae between climate, city, and people. By using t
"Urban Sensing App" and the "Urban Sensing Systéns"possible to collect new and specialized date
scenarios about our society. This new technologylead to new ideas and results. Consequentlynurba
sensing scenarios have a huge potential irreseofiprivacy protection concerns. This technology ¢
influence the planning of and the living conditions city, if data is anonymized Since data casdied as
well as received, it is possible to analyse it m"&rban Sensing System." Users can then be infdiyme
warned, or guided. Thus, the smartphone becomésmortant tool for the urban being and, additiopall
becomes a measurement device for Smart Cities. tawthis technology is still not fully developeddaits
reliability, system stability, and usability nedadgprovement.
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