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1 ABSTRACT

This paper introduces the research field “Urban &me” — an interdisciplinary approach combining no
only spatial planning and (geo-) informatics, bigbacomputer linguistics and sensor technology oughA
new set of methods will be formed for the area fan and spatial planning, resulting in a fundament
change of the understanding of planning. One ofntiaén objectives is the involvement of citizensoint
planning processes. Therefore, new techniques erelaped to collect and analyse data on the enation
perception of space and provide it to the peopld @so planners. Not only the human perceptiorhén t
context of the city, and the combination with hunsansory processes are contents of this papea)dmthe
critical discussion of these effects to privacyuess Based on the topics “mental maps” and
psychogeography in combination with the field ofjitil emotional urban tagging, the potential of
integrating objectively quantified emotions in tbentext of citizen participation will be explaineld. the
following, partly established and partly experin@ntethods for collecting and analysing “Urban
Emotions” will be introduced. Based on two studitheg possibilities of transfering these methodsiii®
planning praxis will be shown on the one hand amdhe other hand the potential for further develeptn
for other disciplines will be more evident.

2 INTRODUCTION

Spatial Planing is a cross-section discipline tmatsiders all spatial and social structures withia city. In
an ideal case, a good planning process weighsibligpand private issues to minimize conflicts aodet a
good planning result. Jane Jacobs, one of the eisred a bottom-up and people centric planning @gog,
concluded: ,Cities have the capability of providisgmething for everybody, only because, and onlgnyh
they are created by everybody” (Jacobs 1961, p). 23& question is: How is it possible to integralleof
these issues into the planning process? Also hewcitezens’ perception of urban space be measuned a
how can new technological approaches help in thigav

The Urban Emotions approach figures out the useewof biostatistical and sensoring technology to bbgve

a new method set, that creates a new point of Wethe “city as a body" and can be used in in urban
planning processes. A new understanding of planmmfigenced by network society (Castells 1996; IBen
2006) is described in the academic discourse (Btr2D12a), in which bottom-up participation proesss
with a proactive embedding of citizens is the celement. Also smart city concepts could be takéo in
consideration in these new planning approaches.chihage from "digital cities* to "intelligent cit# was
easy to follow, even the potential for spatial amdan planning. The possibility to collect geodataear
realtime and to generate information about spgtiatesses open up new possibilities in analysitigsci
.Realtime cities" combine the physical world withitual space over sensor networks and sensor tépno
Forerunner in this scientific apporach is the SEBSE& City Lab from Massachusetts Institute of
Technology (MIT). They shaped the term ,real-tiniig“cby creating dynamic visualisations, in whidiel
presented the (body of) the city as a pulsing andgrganism. Projects like Real-Time Rome (Caladbetsal.
2010), LIVE-Singapore! (Kloeckl et al. 2011) ana t@openhagen Wheel (Outram, Ratti and Bidermann
2010) used ubiquitous senor technology (f.e. in@hanes or over collected cellullar networ datis)stor

a better understanding of humans interaction andilityoin cities. These spatial, temporal and sgpati
temporal patterns help in research activities @midiying urban processes and to characterizeiapsucial-
cultural movements and developments. In all theseg it is important to mention, that only citidecan
make a city really “intelligent” (Batty et al. 20L2This interaction between citizens and urban epac a
digital society is worth to discover. ,Urban Ematsaims to address this shortcoming by providing a
human-centred approach for extracting contextuabtiem information from technical sensor data
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(measurements from calibrated bio-sensors) and hwsaasor data (subjective observations by citiZens)
(Resch et al. 2015b, p. 200). The results shoulddeel as a new kind of decision support systemcand
create a new perspective to ongoing planning pseseéZeile et al. 2014). ,Like this, the realizatiof a
Smart City is not only to be tackled from a teclugotal viewpoint (as most previous research effdidl,
but from a human-centred viewpoint that claims thatty requires “Smart Citizens” to be intelligetself*
(Resch et al. 2015b, p. 200).

3 STATE OF RESEARCH

The aspect of emotions in planning is a rather approach even if planners and thinkers of 20thurgnt
had it always considered only using different wogdiHowever, it was more closly linked with peréept

in planning, mental maps, psychogeography or ewehr@pocentric planning views. The mental maps
studies, basically known from Kevin Lynch and teegarch of “The image of the City” analyse the Jiya

in a physical object which gives it a high probiypibf evoking a strong image in a given observgs/nch,
1960, S. 9). Lynch moves the observer in to theterenf reflection and that gives his studies an
anthropological perspective on the city. So Lynebssthe people moving in the city space to be peritant

as the structural and physical elements. ,We atesmaply observers of this spectacle, but are duesea
part of it, on the stage with the other particigaipt..] Nearly every sense is in operation, andinh@&ge is
the composite of them all* (Lynch, 1960, S. 2). Theearch on the city had a very visual perspecth
did not consider — or sometimes only as side isstheer sensual aspects. Closly related to the amatps

is the psychogeography which came up during annuttensformation process in Paris in the 50s. In
addition to lots of political groups which foughganst the urban plans and the capitalism in tni t
(Castells 1975/2012 p 45ff.), the group of "Sitaaist International” was established, which hadyddy
influenced the concept of psychogeography. Haiindsfit as ,a slightly stuffy term that's been agplto a
whole toy box full of playful, inventive strategiésr exploring cities. Psychogeography include¢ alsout
anything that takes pedestrians off their predietaaths and jolts them into a new awareness ofithan
landscape” (Hart, 2004). The ideas of mental maylsnaethods of the Situationists have influenceaot @f
research studies in the present time, using modemoyative tools (mobile devices, Social Media,.)eto
explore the city space, e.g. the “Blake Walk” inndon (Whitson & Whittaker, 2013, S. 2-3) or
»Forschungsreisen International” in Vienna (dérBadtschrift fur Stadtforschung, 2015).

Topics like sensor-driven data gathering and hus@rsory assessment are, from a planning pointeg, vi
closely linked with spatial monitoring approachAsdistinction is made between inductive and deduacti
monitoring. Deductive monitoring is described as thvservation of phenomena over a time span, utiedr

in a Geoweb-supported planning processes and agghby planning institutions who are interestethim
gathered topic (Streich 2011, p. 235). “OpportuniSensing” (Andrew T. Campbell et al. 2006; Lanale
2008) is an example for deductive monitoring: Dfitam the direct spatial environment of the users is
collected, analyzed and divided again instantlyheninternet. Sensor technology is “in situ” (We2609).
Also, participatory sensing concept (Burke et @00 describes a type of deductive, user centric,
monitoring. It is based on the "crowdsourcing" ptraenon (Howe 2006; McConnon 2006; O'Reilly 2007),
a predecessor of Goodchild's concept of "CitizeasSansors" (Goodchild 2007) and his "Volunteered
Geographic Information" (VGI). With these typessainsor networks, both, citizens and experts caresha
information and local knowledge about (spatial) mdraena.

The repertoire of methods for urban planning isni§icantly enriched by the use of such "sensor"
technology; traditional deductive planning appraechare enriched by inductive ones, which are an
expression of crowdsourcing processes in bottonplamning mode (Streich 2014). “Most important,
however, humans themselves have turned out todmlent sensors. Many provide information withony a
extra effort, just by carrying around a mobile pabiiSiegele 2010, p. 6). Further, "they providealoc
information and site-based knowledge availablg dnd users are thus equally to consumers and peosiu

of information" (Roche et al. 2012). Traditionakdilictive planning approaches are enriched by inhauct
and bottom methods, supported with sensor techyo(&reich 2012b). A similar approach, close to
Goodchild’s “citizens as a sensor” is the “peoptesansor” definition (Resch 2013). People as sensor
represents a model in which not only electronicickss produce data sets, but people generate subject
measurements by recording their subjective, indi@icperceiption or observation. These “human sefisor
can supplement or sometimes replace expensive gechlized sensor technology and sensor networks.
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“This revolution in tracking human and other motion digital form enables the collection of multiple
attributes at the finest of scales of urban obdemd...). This extends well beyond geography, hosveto

the collection of much non-geographic informatiomietr is nevertheless tagged to place and hence
understandable in both spatial and temporal terfBgtty 2010, p. 575). Some academic and economic
projects are for example Nokia's “Wearable Eco-8ehsoncept (The Future of Things 2007), “On Line
Disaster Response Community” (Laituri and Kodri€0®&), or “Lift Lab“ (Girardin et al. 2008).

Affective perception of people’s environment in donation with crowsourcing approaches was
investigated by Klettner (2013). Though, in thipegach, there is no realtime sensor technologyltiRea
visualisations of geo-social networks or social iadike Flickr, Twitter, Foursquare, Facebook, et@as
made by Neuhaus (Neuhaus 2011). A systematicali@iah of spatial or planning relevant issues wats n
realised. The use of psycho-physiological measunésrie urban space, for instance, to map emoticas w
made by Zeile et al. (2009), or with the help ofastphone data and social media data to get caléecti
human behaviour patterns by Sagl et al. (2012).eséhnew data and information layers can provide
additional insights into the development of boté giysical and social structures of inherently dempand
dynamic urban environments” (Resch et al. 2015b2@D). In research fields of security, aspects of
perception of urban spaces and subjectiv felt sigcus getting more and more important. Salesses.e
(2013) examine, how the perception of safety of pessons changes during watching randomised Google
Street View image pairs. The ratings were aggregate city map and compared with criminal statisti
The result was a large-scale image of perceiveetysaito four cities (Boston, NYC, Linz, Salzburd)he
methods based on a subjective rating of a statidituation and the test persons were not in $itere was

no embedding of people, the situative urban cotest also not considered.

Despite of all advantages to embed actively “hursansors” into planning processes, privacy issues in
combination with spatial planning are very impottafhere were only general statements concerning
privacy, f.e. by RolRnagel (2007) and Gaycken (20H®)w the planning discipline should handle these
problems is still only posed as a question (Strgiehl, p. 147).

4 METHODOLOGY

Urban Emotions is providing a human-centred apgraacextract contextual emotion information from
technical sensor data (measurements from calibrbieesensors) and human sensor data (subjective
observations by citizens). The results can be usedban planning for decision support and the @atibn

of ongoing planning processes (Zeile et al. 201t4%. a human-centred viewpoint based on the insitat
Smart Cities need “Smart Citizens”, and technolsigyuld only support them.

Figure 1 illustrates the Urban Emotions approaadmigning four steps: 1) detecting emotions using
wearables, 2) “ground-truthing” these measuremessiag a smartphone-based the People as Sensors
Smartphone App in near real time, 3) extracting wnoinformation from crowdsourced data like Twitte
(detecting the type of emotion), and 4) correlatthg measured and extracted emotions. The mapped
information can then be used in urban planning gsses (Resch et al. 2015b).

The Urban Emotions concept is of a trans-disciplimature. It consolidates the know-how and perspes
of at least five additional scientific disciplinesamely GIScience, computational linguistics, slogjyp
psychology and computer science. The result iobwih a direct feedback of citizens in ongoingming
and design processes, and represents a new fardeafision support system.

5 MODES OF MEASURING PERCEPTIONS AND EMOTIONS

5.1 Tagging

Tagging is an easy way to get information from sisgyncerning urban phenoma of a city. An evaluated
approach is the RADAR Sensing concept (Zeile, Memamal Exner 2012). Based on the RADAR
Infrastructure (Resource Annotation and Delivery Kbobile Augmented Reality Services), the user can
contribute and manage arbitrary types of geocostafiith RADAR, it is possible to process very simpl
representations of geocontents and to use compkkxnaltidimensional objects. One result of thisroped
flexible structure is the RADAR SENSING App. A dégd description of the system architecture and
system features is available online (Memmel 201, use in urban planning is described by Zeilalet
(2012). The RADAR SENSING app was developed for er@DS and JSON allows efficient processing of
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information to exchange arbitrary data types. Teersionly have to register using the RADAR-SENSING
Web frontend and install the RADAR SENSING app. rEhgthey can rate positive and negative votes by
using predefined categories. If there is one categuossing, a free one is also possible. Aftervbte, the
app detects the user's position using multiple@sn@referably GPS) and displays the position amag. If

the sensor did not locate a precise position, & gan still do a manual correction of the positiBy
switching back to the RADAR Web Interface, a neadgltime visualisation of the tagged point is |jass

It is free to chose between a presentation of aithtp or a density map of the tagged attributesi€Ze
Memmel and Exner 2012).

Acquisition of Context-Depending Urban Human Emotions Extracting Emotional Information
Crowdsourced Data Correlating Crowdsourced Data,
Social Media and VGI Subjective Observations and

Objective Measurements
=

flickr
a Data
Subjective Observations 3 ‘ Management
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Figure 1: Urban Emotions concept: 1) emotion sen<ih ground-truthing using People as SensorsxtBa&tion of emotion
information from VGI, 4) correlating measured amtracted emotions; plus visualisation and enrichneénirban planning
processes (Resch et al. 2015b)
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Figure 2: Label propagation algorithms for unlabeltweets to identify classified emotions in twg&ssch et al. 2015b)
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5.2 Extracting Social Media

The basic concept of extracting emotions from V@Giswintroduced by Resch, Summa et al. (2015b). The
extraction of emotion information from user-genedainformation, such as Twitter, Flickr or Facebook
posts is a promising research direction. In padigcuhe development of interdisciplinary methodsadink
between Geoinformatics and Computational Linguisiie the main focus. Figure 3 shows a recently
developed method to assign emotion categories aatitcaity from Twitter Tweets (Resch et al. 2015b).

In Figure 2, a method is presented using a labmbggation algorithm to identify emotions in tweatsd
classify these into appropriate categories. An girteed algorithm was created using methods of
geoinformatics and computational linguistics. Timtegrated approach based on the concepts of degan
clusters and similarities exist in both domains ead be combined natively in a graph-based algarith

5.3 Groundtruthing — People as sensors app

The Operation mode of the groundtruthing app idaénpd in detail by Resch, Sudmanns et al (Reseh et
2015a): Similar to the tagging approach, users hlageossibility to submit their personal impregsaf a
situation. The new aspect in this app is, that alsgsiological sensor data can be gathered and ioechb
after submitting them via Sensor Observation Ser¢8OS) to a central server. Because of the modular
architecture of the app, it is possible to usesis&ndalone, “only impression submitting” modetmlink
new technical (environmental) sensors. If the weants to be instantly informed about the measurésnen
the collected datasets have to preprocessed, hadoand checked continuously. At the same time, th
biostatistical data have to be set in relationht® ¢ollected subjective feelings, to get qualitatiormation
about the sensor detected arousal or perceiptidheofest person. With the combination of theseaseds,
the “type of emotion” can better be classified, thigger of an emotion can be idenitified (bettand even
the intensity of emotion can be analysed (Reseth @015a, pp. pending).

Simply summarized, the workflow of the app follothese five steps:

(1) Notification (time based, location based, tegdpased) to give a rating of the personal peroepbr
emotion

(2) Statement of Emotion, detecting the potenfiatisl context and rating the intensity of emotion
(3) Automatical tagging of place and time

(4) Transmission to the server

(5) Visualisation (in near real time) to get a abkfeedback

The app works like a link between digital, autorcatiphysiological sensor data and the personalgaif
the situation.

5.4 Biostatistical Data

Like mentioned in the above section, gathering iofdensor data is / could be the core element lo&rur
emotions. This is called psychophysiological matiip, and measures the arousal of a person over the
change in body reactions (body physiology). A ugrief assesment methods for measuring emotions is
available (Schumacher 2014). Identifying “emotiostimuli” with a picture database , the so calla®$
(International Affective Picture System), in which collection of pictures shows different human
experiences and the users can rate them with thibuéés ‘positive’, ‘negative’ or ‘neutral’ (Braey and
Lang 2007). The ‘startle reflex’, a peripheral pbiagical parameter is another measurement methbe.
idea is, that negative stimuli can be detected tsflax of the neck or the eye (eyeblink). Thisctén can

be measured by two electrodes, placed under theTdys setup can measure minimal muscle tensions
which are an indicator of negative stimuli (Geyad éwerdlow 2001). Like the IAPS, the startle i no
suitable for the use in “real world”, outside adaditory. Therefore, only the following psychophysgical
methods are proposed at the moment: Measuring &ination of body temperature and skin conductance
(Stern, Ray and Quigley 2001; Boucsein 2012) ongus$he additional heart rate (Fahrenberg and Myrtek
2001; Schéchinger 2003; Myrtek, Aschenbrenner arigyfder 2005). A lack of these methods is (stilgtth
only negative emotions can clearly be identified‘stsess”. ,According to emotion researchers, wiaen
negative experience occurs, the skin conductivitydases and the measured skin temperature dexrdase
well-known example in extreme mental stress sibwmatis known as ‘cold sweat’ (Bergner and Zeile201
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6 CRITICAL ASPECTS ON DATA COLLECTION

Dealing with such sensitive data is a huge chaélieiiog the research. The user is permanently imd &f
conflict between participative motivation and comctor privacy. The postulated freedom in the netwie
equally exposed by commercial companies who usealdit@ for their own purposes (Caesar, 2012). This
dilemma can also be found in the use of Internetar®hone and related devices where "lack of glarit
commercialization and information overload havecomtiniously and critically observed. Nevertheless,
can be stated that the benefits of using socialariaderms of legitimacy, transparency and demxaton
through citizen participation outweigh "(Caesarl2® 84).

In an empirical study on the use of sensing apptioa and active involvement in research of mobsers,
conducted by Ludwig and Scholl, it was outlined tinve fear of the user that data is accessed lgr oers

or even companies is a huge barrier. Thus, ietessary to use ,appropriate communication toolsftzm
about the intention of required access. Othernvitee danger is that users do not begin or end faation
"(Ludwig & Scholl, 2014: 148). The Chaos ComputdutCcalled the Smartphone one “ a location bugging
device”. What Smartphone data can show and esped&l about us and our behaviour, has been
demonstated already by several research studias. dbvisous that the user becomes more and more
sceptical — and this “only” considering locationtalaAs a mobile user, he probably produces the most
sensitive data that may be collected in real tidvgding other parameters such as private messages or
biostatistical data, even more data protectioedgiered.

The concerns about data protection and privacyirecu more detailed analysis of the challenges and
possible solutions. It is less about technical las,dout rather to raise awareness of the usdreoflangers,
but also the potentials for the participation ity @nd urban planning. The benefits of sensor fttatarban
planning have to be shown to the users. How Shdtsctribes: “Participant engagement in privacy siegi
making must also be fortified by supporting soamlctures” (Shilton, 2009). It should thereforernmted
that apart from technical protection mechanismiserathe people and transparency, openness andreasare
towards the user should be addressed. Campaigidic plebates and blogs can contribute to social
acceptance, as well as accountable consent fornilo(s 2009).

7 CONCLUSION

The research of Urban Emotions will contributelte involvement and participation of citizens in Hpatial
planning. Already in the 1960s, researchers elabdrthe question of how the perception of urbarcspa
could be used in the planning process. The toolsetethods for planners at these times was maiimiydd

to questionnaires, interviews etc., but all-embrgsitools for geostatistical analysis were missihigis
situation has changed radically nowadays. New t@olgies such as smartphones and biostatisical e®vic
now offer ways to cope with participatory procasse a more effective and human-centered way. The
objective and subjective measurements of humamg@seblnd perceptions in terms of urban circumsiance
like architecture or traffic represent the basistfee extraction of contextual emotion informationa fine-
grained spatial and temporal resolution. Technoklgadvances in sensor technology, smartphones and
networks as well as the evolution of web 2.0 andatanedia enable new opportunities for networkamgl

the collaboration of different research domainsese possibilities are not limited to geoinformatand
spatial planning. The potential applications fdvam planners are manifold and lie especially iranrbesign
processes, but also in safety issues in traffinrpleg for example. A vision, from a planning perspe, is,
that the results of these measurements will begdasteighing process in public decission processdhe
future. Contextual emotion information can be a ygve of validation in urban monitoring processete
stakeholders and the government are open for timevative planning approach (Resch et al. 2015a).
Though, privacy issues have to be discussed inpgem @nd transparent way to inform and clarify the
methods. Furthermore, questions concerning theieal implementation are as important as the ethuc
privacy rights. Spatial planning should recognizese potentials and the potential risks in order¢ate an
embracing participation process.
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