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Abstract

The aim of thisthesisiso cr eat €1 &0 @Gi & hf -wlhtedgtaffitidatafc e r
Krakow can be stored, analyzed, modeled, and visualizdelevant data are collected

by a spatial video acquisition system (SVA&)ich produces spatially referenced video
data. The entire workflow of data acquisition from preparing the surveys to extracting the
data out of the video files and integratingiti into the GIS environment is described in

this thesis. Thus, recommendations on the application of the techangpeesented. Also

some general backgrourah the different and sometimes opposing freumiks and the

social contexts in which graffiti arembeddedis given as well as some detailed
knowledge on socceelated graffiti

In order to reveal the spatial pattern of soaedsted graffiti, statistical routines are
applied using the software CrimeStat. These encompass descriptive methods such as
centrographic statistics and distance analysis, spatial hotspots analysis for point locations,
as well as kernel density interpolations which produce density maps. In addition, the 2018
data collectionis compared to previous socemlated graffiti datahat were collected in

2016, which show partly changes and partly consistency in the distributional pattern
between both surveys. Finally, hotspots of graffiti and committed craressxplored for
correlation, in order to test the wédln o wn 7 b roowk et nh ewirnydo .

Resultsare represented by tables or maps showing the spatial distributional pattern of
soccefrelated graffiti and crime incidents, thus dividing the study area into regions that are
either dominated by graffiti and crime or unaffected. Heimcspots of each soccer club

can be assigned to distinct areas. However, these concentrations are sometimes spatially
close or even overlapping. The latter regiamer ef er red to as MAconfl
graffiti of two or more rivaling soccer teamsaur. In addition, medium to high density
areas of graffiti show a correlation with the committed crimes tested in this research.
Findings of this research can contribute to the decision making, where graffiti removal
actions shall take place and how f@ugraffiti can be prevented, because detailed
knowledge about the spatial distribution pattern and the temporal dynamics of graffiti has
become known through this research.
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Kurzfassung

Das Zi el di eser Master@lrfei zu i £tr steesl | enn
fuRballbezogene GraffDaten Uber Krakau gespeichert, analysiert, modelliert und
visualisiertwe r d e n K°nnen. Al | e rel evanten Dat en
acquisitonsgt emfi.- ( SVAS) gesammel t , wel ches r aumt

Diese Arbeit liefert eine Beschreibudgr einzelnen Arbeitsschritte der Datengewinnung,
welche von der Planung der Feldbegehundes hin zur Gewinnung der Daten aus den
Videodateien od deren Integration in das Gl8nfeld reicht. Dementsprechend kdnnen
Empfehlungen bezilglich der optimalen Anwendung der Technologie gegeben werden.
AulRerdem wird ein allgemeines Hintergrundwissen zu Graffiti, welche in einen
vielschichtigen und oftmals gensatzlichen Rahmenkontext eingebettet sind, geliefert,
sowie spezielle Informationen tber ful3ballbezogene Graffiti vermittelt.

Damit die raumlichen Verteilungsmuster von ful3ballbezogenen Graffiti aufgedeckt werden
konnen, werden mit Hilfe der Softwareri@eStat statistische Methoden angewendet.
Diese umfassen deskriptive Statistiken wie Lageparameter, Richtungsverteilungen und
Nachbarschaftsanalysen, sowie F&motAnalysen und Kerndichteschéatzungen.
Zusatzlich wird der Datensatz von 2018 mit Grafilaten von 2016 verglichen, wodurch
Anderungen der Verteilungsmuster sowie Stetigkeiten festgestellt werden koénnen.
Schliel3lich werden GraffiHot-Spots und Delikte auf Korrelation getestet, wodurch
Bezug auf die Abroken window theoryf genomr
Die Ergebnisse werden in Form von Tabellen und Karten wiedergegeben, welche die
raumlichen Verteilungsmuster von Ful3k@Haffiti und Delikten aufzeigen und somit das
Forschungsgebiet in Regionen aufteilt die starker von Graffiti und Delikten gepragt sind
alsandere. Bestimmte Gegenden kbnnen dementsprechend epétstfir Graffiti eines
bestimmten Ful3ballvereins ausgewiesen werden. Allerdings kdnnen diese Anhaufungen
von Graffiti auch mehreren sich rivalisierenden Fuf3ballvereinen zugeordnet werden, was
zu Konfliktzonen fuhrt, wenn diese raumlich nahe beieinander liegen oder sich sogar
Uberlagern. AuRerdem konnte festgestellt werden, dass Gegenden mit mittlerer oder hoher
Graffiti-Dichte mit Delikten korrelieren.

Die Ergebnisse dieser Masterarbeit kbnnenudbeitragen, wo GraffiEntfernungen
vorgenommen werden kdnnen und wie die Anbringung zukinftiger Graffiti verhindert
werden kann, da sich die rAumliche Verteilung sowie deren zeitliche Dynamik erkennen
|asst.




Exploring soccerrelated grafiti in Krakow 2018

Table of Contents

1

g1 oo (1 o3 1T o P PRPSPTR 1
1.1 Problem DefiNitioN...........uuuuieiiiiiie e e e e e e e e aeenss s e e e e e e e e e e e eeeeeeneenanne 1
1.2 EXisting SCIeNtific WOTK.........oooiiiii e 1
1.3 STUAY AT, ..o iiiiiiii it ee et eeeees bbbttt et e et e e e e e e e ememreeeeeeeaeas 2
1.4 ReSearch DeSIQN..........cuuuuuuuiiiiiiiieeeeiiiiiiiiss e e s e e e e e e e e emnmsssssseseeeaeeeneasessssssenness &
1.5 Relevance of the TOPIC. ......uu i eeer e e e e e e eaaaaenns 4.
1.6 ReSEArCh QUESTIONS......uuuiiiiiiiiiii e e ceeee e e e eeee e e e e e e e erb e e e e e eeraa e ens 5
1.7 Structure of the ThESIS.....cciiiiiiiii e 5.
Graffitl .ooeeiieeeeeee e e e e rrrnr e e e e e e e e e e e e e e earrnnneeeeeeeeerererrrnnnnns ) 6.
2.1 Definition and Elements of Graffiti...............ooooiiiiiiicce e 6
2.2 The Role of Graffiti in Modern Society with Special Focus on Seccer
Related Baffit ........ceuvrruuriiiiiiee et e e e eereess e e e e e e e e e eeeeeeennnnnnneeeeedd
2.2.1FrameWOrKS Of Graffith........uuuuueeiiiiiiiiiiiieieeieeeeee et 7
2.2.250ccerRelated Graffith..........oooooiiiiiiiiieee e 8
Methodology and Data Preparation..................eeeiiiiieseeriiiiinees e e e e s eeeeenns 10
G TRt S 10 1111V =P 10
BLLLAAICGIS oottt h et ettt ea ettt nenin 10
BLLZ0MMESTAL Vl.viviieiieieie ettt sttt en st 10
3.1.3C0NLOUN STOMYLEIIEE..... . e e e e e e eeeeaaaaan s 11
3.2 Spatial Video AcQUISItION SYSTEML.......ccociiiiiiiiiiiieeer e 11
3.2.1Introduction to the Spatial Video Acquisition System and its TechAspects................ 11
3.2.Planning and Conduct Of SUIVEY THPS.....coeeiiiiiii et eeeeeeees 13
3.2.Data Extraction and INtegration PrOCESS. .......cociiiiiiiiiiieeae e ee e 15
3.3 Spatial DESCHPLION......cciiiiiiiieiee e 23
3.3.1CentrographiC STAtISTICS. ....euuuuuii et e et 24
3.3.DISLANCE ANBIYSIS ... ittt e e e e e e e e e aas 26




Exploring soccerrelated grafiti in Krakow 2018

3.4 Spatial HOot SPOt ANAIYSIS.......cooiiiiiiiiiiei e e 27
3.4 IPOINT IOCALIONS ....eeiiiiiiiiie ettt 27

3.4. Hierarchical TEChNIQUES ........oooiiii bbb 28

3.5 Kernel Density INterpolation...........ccoooveieeeiiiiieeeicee e eeeeeeeeene e 29

4 ANAlySes and RESUILS..........uuuiiiiiiiiiiii et 30
4.1 Data Setup in CrimeStat [V..........uuiiiiiie e eeeeee e 30
4.2 General Distribution Pattern of SocdRelated Graffiti in 2018...................... 32
4.3 Cluster of SocceRelatd Graffiti in 2018............cvvvveeiiiiiiieeeeeeeen 36
4.4 Interpolated DeNSIty MapS.......uceeiiiieieeeeiiisieeeie e eeeeeveene e e e e e e e eeaaenes 45
4.5 Comparisa of Graffiti Locations between 2016 and 2018....................vvveees 49
4.6 Crimes and Graffitl..........ooccuiiiiiiiiiieeer e 60

5 Conclusion and Future ReSEArCh...........cooiiiiiiiiiiiiie e 63
RETEIENCES ....ci it e e e 68
INTEINET SOUMCES ... .ot 71
Appendix I: Import of .kml Files into Google MyMaps ..........ccccoovvvvviviiiiiimeneeeeeeee, 72
Appendix II: Sample Route 20160815.............cooviiiiiiiiiimre e 74
Appendix Ill: Embedding Data from Contour Storyteller into ArcGIS ................... 83

Vi



Exploring soccerrelated grafiti in Krakow 2018

List of Figures

Figure 1: Soccerelated graffiti map of Krakow 2006; Source: Dr. Piotr Trzepacz................. 2
Figure 2: Districts of Krakow; Source: Wikimedia..............ooovvviiiiimiiiiiiiiii e 3
Figure 3: Contour+2 ACHION CaMEELA..........uuuuuurriiiiiiiereeeaaeaeeaeessassssaaasmmmr e e e e e e e aeaaaeaeaaaaaas 12
Figure 4: Sample Route as .kifile in Google My Maps; Souec Google MyMaps................. 13
Figure 5: Example of a PDF tile for navigation purpose; Source: Google.Maps................. 14

Figure 6: Cameras mounted on left and right backseat windows; Source: Prof. Dr.

Y1 Tod g F= =] I T g T PSP PPPRPPPIN 15
Figure 7. Camera mounted on fronhdow (left); recharging unit (right)..............cc.cc..oooieeeis 15
Figure 8: Graffiti digitization 0N tWO SCIEENS........cciiiiii it e e e e e e e eenr e eeees 16

Figure 9: Contour Storytel.l.er..AMapo..andl@mHybric

Figure 10: Categories of digitized graffiti; Source: Own data & OpenStreetMap................ 18
Figure 11: Attritute table of graffiti...........cccoooeeiii i 18
Figure 12: Layers of all graffiti and all routes driven in KrakOw............cccooovevviieeciieenennnnn, 19
Figure 13: Limited visibility dU@ 1O Faifl............ouuuimiiiiiii e 21
Figure 14: Limited quality due to the position of the Sun..............cooii e 21
Figure 15: Limited quality due to dusk/dawn conditions and high speed.................cccceee... 22
Figure 16: Parked cars blothe view on graffiti..............cooooiii e 22
Figure 17: Overwritten and disfigured graffiti.............cccoovviiiiieeeiiiiiiiii e 23
Figure 18: Data setup in CrmMESTAt.IM.......ccooiiii e 31
Figure 19: Reference file in CrimeStat.IV. ... 31
Figure 20: Measurement parameters in CrmMeStat IV..........ccccouiiiiiieemneeeeeeee e 32
Figure 21: Centering Methods Graffiti 2018...........ccccciiiiiiiiiiiireee e 33
Figure 22: Standard Distance Deviations of Graffiti 2018.............euvviiiiiimeeriiiiiiiiiiens 34
Figure 23: Standard Deviational EIlPSES 2018.............uuuimiiiiiimeeeaieeiiieiees e 35
Figure 24: Most frequent graffiti locations (spatial mode) in Krakow in 2018..................... 37

Vii



Exploring soccerrelated grafiti in Krakow 2018

Figure 25: Spatial fuzzy mode of graffiti locations within a 200 meter search radius in

Krakow iN 2018 ......eeuiiiiiiiieee e e e 38
Figure 26: Nnh cluster all graffiti categories in Krakow in 2018..........c..c.occvvvvceeeeneeeeennnn. . 40
Figure 27: Nnh cluster belt all graffiti categories in Krakow in 2Q18...........cccccooeviieemennnnnnen. 40
Figure 28: Graffiti cluster belt for different categories in Krakow in 2018..................ccovveeees 41
Figure 29: Nnh for conflict graffiti in Krakow in 2018..........ccoouiiiiiiiiiceee e 42
Figure 30: Nnh clusters for different categories in Krakow in 2018...............cccooveeeriiiiieenns 43
Figure 31: Cracovia and Wisla conflict zone in Krakow in 2018...............cccccvvieeeeeveeeennnnn 44
Figure 32: Graffiti conflict zon@ Krakow in 2018..........oouimiiiiiii e 44
Figure 33: Graffiti density in Krakow in 2018.........ccoiiiiiiiiiiiieiie e eeeeeee e 45
Figure 34: Wisla graffiti density in Krakow in 2018............oooiiiiiiiiiiiimiiiiiieeeeeeeeeee e a7
Figure 35: Cracovia graffiti density in Krakow in 20L8.............uuuuiimmmiimmmniniiisisesssiiiines a7
Figure 36: Conflict graffiti density in Krakow in 2018............coooiiiiiiiiiiiie e 48
Figure 37: Hutnik graffiti density in Krakow in 2018.............ccccouiimiiimemeeeeeeeeeeeeeeee e 49
Figure 38: Centering Methods of Graffiti 20L6............cccoumimmiiimeeeeee e 50
Figure 39: Standd Deviational EIlipSES 2016...........ccccouiiiiiiiiiieeeeee e eeeee e 51
Figure 40: Most frequent graffiti locations as measured by the spatial mode in Krakow in

P24 0 ) TP UPPPPTTRPRPPPIN 52
Figure 41: Spatial fuzzy mode map in Krakow in 2016..............ccoeeeiiiiceeiiiiiie e 53

Figure 42: Nnh cluster for the..fal.l..gr.absitiod

Figure 43: Nnh for conflict graffiti in Krakow in 2016...........cccoiiiiiiiiiiccei e 55
Figure 44: Nnh clusters for different gréiftategories in Krakow in 2016................cccceceeee 56
Figure 45: Overall graffiti density in Krakow in 2016.............cccoviiiiiiiiccein e e 57
Figure 46: Wisla graffiti density in Krakow in 2016............cocuiiiiiiiieimiiiin et eeee 58
Figure 47: Cracovia graffiti density in Krakow in 20L6............ccccoeiiiiiimmiinn e 58
Figure 48: Conflict graffiti density in Krakow in 2016...........ccccviiiiiiiiiicciireeeeein e e eeees 59
Figure 49: Hutnik graffiti density ilrakow in 2018............ccoioiiiiiiiiiiiceen e e eeennes 60

viii

(



Exploring soccerrelated grafiti in Krakow 2018

Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61.:
Figure 62:
Figure 63:
Figure 64:
Figure 65:

Figure 66:

Spatial distribution of graffiti and delicts in Krakow in 2Q18..............ccccoeivieennn 61
Intersection of graffiti and delicts in Krakow in 2018............coovvviiiiimeeeeeiiiiinnnnnn. 62
Intersection of graffiti and delicts in Krakow in 202B.(.........ccooeeiivmiiiiieeeneeeeeenn. 62
ACCESSING @ NEW IMAP.....uuuuttiiiiitiriieeieeesa s s s saasnbbbbb e eeeeaeeaeeaaaassssssssaasnnns 72
AddINg & [aYEr T8 MAP ... .eeeiiiiiiiiiiieie e e e 12
ChooSiNg a file WINQOM.........cooiiiiiiii e 73
Final track iN MYMaS.......ccoooiiieeeee e e s e s e e e e e e e eeessaees 73
Importing a movie file into the Contour Storyteller application.................cccceueee. 83
Chosing a file to import into Contour Storyteller.........ccooooeeeviiiiieeen e, 83
Export GPS data function in Contour Storyteller............ooovvvviiiemriiiiicice e, 84
Exporting GPS Data WINAOW............uciiiiiiiiiiieees e eeees e e e e e e e 84
Accessing "GPX to FEature0l..........coeiiiiiiiiiicieeee e eeee e 84
ToOl "GPX t0 Features™ WINAOW.............uuiiiiiiiiieeeiiiiiie e 85
Example of exported GPS data and its attribute.table...............cccooeeeeeeenii ol 85
Toolwindow "Point 1 Line"; Source: SCHNEIDER 2018:.7.....ccvvveviiiiiiiiieiraeens 86
Example of the final traCk..............cooiiiiiiiiee e 86
Adding a basemap t0 ArCMAaD..........ccoiiiiiiiiiiee e 86




Exploring soccerrelated grafiti in Krakow 2018

List of Tables

Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Count of graffiti PEr CatEgOLY..........cceeiiiieiiii i 19
Routes of the 2016 survey by comparison with routes of the 2018 survey;

Source: Own data and Dr. Piotr Trzepacz........ccccceeeeiiiiiceeeiii e, 20
Nearest neighbor analysis of socedated graffiti in Krakow in 2018........................ 36
Spatial fuzzy mode of graffiti locations lntt a 200 meter search radius in

Krakow iN 2018......ooiuiiiiiiiie et e e e et e e eeeee e e et e e e e e sata e e e see bt eeeeenes 39
Count of clusters in Krakow in 2QL8...........iiiiiiiiiiieiee e 42

Graffiti data sets for Krakow in 2016 and 2018; Data source: Own data & Dr.
[ [0 ] (g I =T o = o2 50

Nearest neighbor analysis for different graffiti categories in Krakow in 2016;

Data source: Dr. PIOtr TrZEPACZ.......ccuuiiiiiiiiiii ettt eeee e 51
Spatial fuzzy modes in Krakow in 2016; Data source: Dr. Piotr Trzepacz............ 54
Results of NNH clusters in Krakow in 2016;@&sturce: Dr. Piotr Trzepacz............. 56




Exploring soccerrelated grafiti in Krakow 2018

List of Formulas

Formula 1: The mean center; Source: ArcGIS Pro MBBIME!.............cceeevveeeeviiimmmeeeeeiinnns 24
Formula 2: Median center; Source: ArcGIS Pro Median Center............coevvvvvieemeeevvnnnnnnenn. 24
Formula 3: Center of minimum distance; Source: LEVINE 2015:.4.12............cccvvvvvuemmnnnes 25
Formula 4: Standard deviations of the X and Y coordinates; Source: LEVINE 2015:4.14.25
Formula 5: Standard distance deviation; 88ULEVINE 2015: 4.16...........cccvvvciiiiiieeceeeennnn. 25
Formula 6: Standard deviational ellipse; Source: ArcGIS Resources.ll........ccccccvvvvvieeennnnns 25
Formula 7: Observed average nearest neighbor distance; Source: LEVINE 2015:.6.3.....26
Formula 8: Expected nearest neighbor distance; Source: LEVINE 2015:.6.3.................... 26
Formula 9: Nearest neighbor index: Source: LEVINE 2015:..6.4.......ccccoovviiiviiieeeeeciiieeeiinns 26

Xi



Exploring soccerrelated grafiti in Krakow 2018

1 Introduction

The research proposed in this master thesis is part of the research project éniltibde
Geography of GraffitiApplying Geospatial Technology to Explore SocBalated Graffiti in
Krakow, P o Iwastahducted WhHrotessor Dr. Michael Leitnerthe Institute of
Geography and Spatial Management (IGSM)the Jagiellonian University in Krakow
Poland Thisstudyai ms t o cr eGAtSed awi ft Gr adlatedogtaffitisdata care r
be stored, analyzed, modeled, and visuali2did-elevant data are collected by a spatial video
acquisition system (SVAS) arateintegrated intahed Gr a-& If $The acquied dataare
analyzed by different statistical and spatial analysis methods.

The first chapteconsistsof the problem definition and discussion about the current state of
research in graffifi especially in Krakow.Moreover the location where thisstudy is
performedis presented, as well #ise research questions and the methods thappked to
answerthem It is also explainedwhy this topic is so importargnd who is benefitting from
its outcomeFinally, an overview of the thesisstructureis given.

1.1 Problem Definition

Graffiti are a wide spread modern soalgthenomenon and they argreasinglypresent in
urban areasSomeare accepted as art loelonging to &ity, wherea®othersare seen as illegal
actions and are pursued by the police &ne city government.There are also citizens
criticizing graffiti in terms of theisuspectedorrelation with the dangerousness of a place and
the lacking of feeling safe ima public spacedue to less protectie efforts (cf. LUKAC 2014:
18f.).

In Krakow, soccerelated graffitihave a high impact on the cityscapad are spread
throughout the whole cityThe control of thesg¢ags orpaintings which can be placedn
varioussurfacedike walls, bus shelters, etgoses problems for the city governmebgcause
their creators arenostlyanonymous and hard tdentify. In order to organize graffiti removal
actions affected areas have to be detediest and therelevantgraffiti have to badentified
which is a timeconsuming and cumbersome tadkhere are mainly two problems that
exacerbate this task. Firghe fact that graffiti can be sprayed literally on almost every
possible locatiorresults in a target area fgraffiti sprayerthat equals theurban areaand
beyond. Also, thelanning and themplementation of a graffiti removal actiarefar more
time-consuminghanthe actual creation of graffiti.

1.2 Existing Scientific Work

There are scientists from all over the world studygnaffiti in different cities in the U.S. like
SERKAN and GULSEN (2006) studying graffiti in New York, or MEGLER et al. (2014)
which dedicatetheir research to graffiti in San Francisco. Similar work has also been
completed in Australian cities, such as Syd(lepaWORTH et al. 2013), or the Netherlands
(VANDERVEEN and VAN EIJK 2015).
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In Poland, Dr. Piotr Trzepacz, currently an assistant professor in geogcapipiled the first
soccefrelated graffiti map for the city of Krakow, collecting graffiti data obi@/cle in 2006.
With this method Dr. Trzepacwas able to collect approximately 5,600 individual graffiti
signs. His mapHKigure1), which hasneverbeenpublished in an academic journal, shows the
spatial distribution of socceelated graffitj which can be allocated to either one of the three
most popular soccer clulis Krakow. According to Dr. Trzepacz, these are MKS Cracovia,
Wisla Krakow and Hutnik Krakow Hutnik Nowa Huta) The research project, on which this
master thesis is built upon, can be seen as an expansion of Dr. Tézggakzconcerning the
data colletion, storage, analysis, modeling, and visualization. He has approved this proposed
research antasagreed to cédborate Similar to the first survey in 200®r. Trzepacz started

a second research in 20tticompare the two graffiti maps with each otleéhich delivers the
base for the survey trige be conducteah this researchtoo.

Also LUKAC (2014) contributed scientific researaim the topic ofsoccesrelatedgraffiti in
Krakow, but with special focusn anttSemitism Amongst other findings, heonnected anti
Semitic graffiti to some extent with hooliganiskurther information on graffiti, especially its
background informatigns providedin the second chapter.

Napisy odzwierclediajgce
preferencje pitkarskie

Hutrek Nowa Huta
« MKS Cracovia
o Wista Krakow

Figure 1. Soccerrelated graffiti map of Krakow 2006; Source: Dr. Piotr Trzepacz
1.3 Study Area

The studyareaof this thesisis the city ofKrakow, which is the capé of the subdivision

Lesser Poland Voivodeshipalso known asMa gopol sk a Wojewedatdae s hi p
ma § o p pwhitkisloeated insouthern Polandn the Vistula Rrer. As 0f2016,Krakow is

the second largest city concerning both populatigb(32) and surface area (326.&% in
Polandand has a population densityf 2,341 persons per squatdlometer (cf. Magiczny

Krakow 2016 cf. GUS 2016. In total there arel8 districts whereof tware introduced
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shortly, because thewre referred to occasionallfor orientation purposes thrghout this
thesis(seeFigure?2). District one or also called Stare Miasto (old towig the central district
and the touristic hotspot of the city. The southern part isfdistrict is a former historical
district called Kazimierzwhich has beermnfluenced for centuries by Jewishlture.The other
district tobe considered is Howa Hutar district 18 which is located in the east. It is home to
the soccer ground of the team Hutnik Nowa Huta and therefore one of the lgcatiens
later analyses take pladef. Magiczny Krakow) The soccer stadiums of Wisla Krakow
(Krowodrza district V)and Cracovia KrakowmZwierzyniecdistrict VII) areonly a couple of
hundred meters away from each otlserd are situated in thewest of the city center,
approximately 1.5 km away from the masquare which marks about the middle of the
central district

The city of Krakow isnoticeablyinfluencedby soccer, especially around derby times when
the soccer clubof MKS Cracovia and Wisla Krakowre playing against each other. This
eventaloternre d A Hol y sWetheanrivalhyeoften resulting in fights between them
and the police or in vandalism particular situation isaccessorilycreated because ofhe
geographigroximity between both stadiun{8leacher Repor2008; MANN 2009, LUKAC
2014: 16 ff.;GYAN 2017 McGIRR 2017. This form of rivalry is expressed by graffifs
well, and can be observed in large parts of the &ithis mastethesis, LUKAC (2014: 18)
describes that positions sbccesrelatedgraffiti and their distibution in particular areas of
Krakow fprovides a r i s kinfarmmthe cesidensraboot fhowdoo me
navigate the ci tapd gives also inranétien aboat rnthe divalility and
attractiveness of areas.

According to CARDAIS ad BOISSEVAIN (2011 29), Krakow faces problems withraffiti

in general andtiis estimated that $45,000 annually are sgen graffiti removal actions
which is still a small contribution in comparison &xpendituresn other countries (see
Chapter 1.7. In summarytheselocal preconditions create a unique environment for the study
of soccefrelated graffitiand are the reassfor choosing Krakovasthe study area.

Districts of Krakow 2018

Figure 2: Districts of Krakow; Source: Wikimedia
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1.4 ResearchDesign

Similar to Dr. Tr zepacz 06 ssresaanchisthedatanaequisitiaorp. or t a
In order to collect all relevant graffiti in Krakow, the SVAS technolegs applied to deal

with this timeconsuming and cumbersome task. The SVASinegy that produces video
information compatible with a Gl8vas provided by Professobr. Michael Leitner. Both

SVAS hard and softwarevereprovided free of charge to conduct the research in this thesis.

Graffiti datahave to beextracted out of the video files astmultaneouslyntegrated intca
AGraGlf$ai for further s p a.t Tha lextraetiongprocesgwag i st i C
conducted by the use of two software programs which are the(VidéoLAN Client) media

player anl the Contour Storytellempplication Both programs are able to play various video
formats but have some program specific advantagleieh areexplained in detail ifChapter

3.1.3. The integration of data into the GIS envinment was performed by ArcMapwhere

also the statistical outpuisere visualized as mapslhe stdistical analyss includespatial
description, spatial hot spot anal/sand kernel density estimatiowhich were performed

with the software CrimeStat version IV. The reason for apgliiese statistics is summarized

by the following quotation oMEGLER et al.(2015: 64 who state thafi ¥ performing
guantitative analysis of spatial patteroisgraffiti (..), we seek to identify correlations that

either help supporexisting hypothesesyr identify predictive factors that may lead new

research and new hypotheges

1.5 Relevance of theT opic

It should be noted thdab the best knowledge of the authtre analysis of such a unique
dataset collected witthe SVAS technology in combinationith thestatisticalapproacks and

the integration into a GIS has never been done bef@ensequently,the research
methodologyis highly innovative and there are several parties that can profit from this
research. First of all, the city government viaéinefitb e c a u s e dréseasch grokides | s 0
useful information about the spatial distribution and the temporal dynamics of giidiBtie

are a variety of sources reporting about cdbeg are caused byllicit graffiti spraying
According to WEISEL(2002 2), an estimted amount of about $12 billigmer year is spent

on graffiti removal solely in the U.&nd HALSEY and YOUNG (2002: 165)eclare that
Agraffit.i vandalism costs the Ausioal.laanuadot
San Franisco, city agencies spent more than $20 million annually for graffiti abate(efent
MEGLER et al. 2014: &3). By investing this topic, specific neighborhoods can be targeted
and graffiti removal actions can be organized, plus strategies for preventing future graffiti can
be developeth an economic manner

Also, other stakeholders dealing with spatial analysid eodeling of crime, as well as
institutions working in the field of geospatial technology, are benefitting from this research.
There are also plenty of possibilities for ongoing research, since the technical development
will lead to new methods of dataguisition that are more accurate and effecygart from a
technological and monetary incentiliere is the social impact that graffiti may have on
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communities, tooSomefiexisting research suggesist graffti can have a negative impact on
communit perception®f safety and public amenidyMORGAN and LOUIS 20091, 3.

1.6 Research Questions

The previously described problems with soee#ated graffiti and thesuggestedesearch
design lead to the following research questions that are to be answered in the end of this
thesis:

- How reliable is the SVAS technology in terms of graffiti data collection?
- What spatial pattern do socesdated graffitifollow in terms of distibution?

- Where are spatial clusters ofcserrelated graffiti in Krakow,and which fan group
from which soccer cluban they be assigned to?

- Are there regionsvhere hotspots of rivaling fan groupserlap, thus creatg distinct
conflict zone8

- Are there changes concernirige distributioml patternand the amount of soceer
related graffiti in Krakow in comparison to 20167

- Do committed crimesorrelate with soccerelated graffiti?

In order b answer the lastwo questiors, two additional datasetare integrated into this
researchwhich arepresented imetailin Chapter4. One data set consists of collected graffiti

data of 2016 and the other includes minor crimes that were committed between 2016 and 2018
in Krakow.

1.7 Structure of the Thesis

This thesisstarts with anntrodudory chapter which providegeneralinformation about the
problem definitionand motivation, existing scientific literature, study area, research design
relevance of the topj@as well ashypotheses. At the beginning Ghapter2, graffiti andtheir
different formsare definedwhereas the focus in the later subchaptebsgedon their role in
modern society including the special form of socceelated graffiti. All methodological
approachesincluding the data colleion with the SVAS technology and the statistical
approaches are explained@hapter3. In thefollowing chaptey the data examination and the
findings areillustratedfor the2018data, which will be also compared to the 2016 data. In the
end of this chater, graffiti andcrime incidentsare examinedwhether there is a correlation
between both activities. Finally, all approaches and findings are summarized and a cgnclusion
as well asafutureresearch example is given.
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2 Graffiti

Graffiti as aphenomenon can be dated back until the eaglginnings of society, such as
cavemen during the late Pleistocesé GUTHRIE 2005 140, 198, the ancient Greekhe
ancient Egypor the Roman Bpire (see BAIRD and TAYLOR 2018nd is still widespread
in modern society.Despite its long history, the backgroundormation on graffiti in this
thesis is limited to modern approaché&sirthermore this chapter only highlightassorted
issues orgraffiti with specialregardto soccerbecausehe interest in grafti from a scientific
approach is very high and a lot sgientific researchin various disciplinehas been carried
outbefore At the beginningChapter2 offers definitionsand explanationtor the termgraffiti
due to its multidisciplinary character. Afterwardsaffiti are examinedconcerningheir role
in modern society and theaffects on itwith special focu®n soccerelated graffiti.

2.1 Definition and Elementsof Graffiti

From an etymologiceh s pect, the word graffit.i i's groun.
the Iltalian word G&awe,aphifitorawite @f. GRUN @016:1608. a n s
Scientific research concerning graffiti atiair effects on the society, as well #x®ir possible

causes, has been carried out before in many differesipliies, including sociology,
anthropology, architecture, geography, psychology, criminology, arts, urban plaetgng,

This diversity is an indicator for the different environmdntswhich graffiti arerelevant

For examplegraffiti are strongly present in wide sections of afscording to STOWERS

(1997: para. f) Agraf fiti Heexplas fis agpinion &y stating tgenenal .

problem of defining artwhichcanbeds cussed i n the context of t
in the eye oNevetthkless, beechnoriemtsean dhe problematic discussion of
identifying graffiti ascrimeb y s a Ilyeir magkings tvould qualify as vandalism only if they
appearedonprateorpubi ¢ property vbdpgaa 2t per mi ssi ono

Il n t heiThe Neanmngsrof Graffitiand Municipal Administration , HALSEY an:¢
YOUNG (2002: 165)incorporatethe aspect of vandalism, which is often associated with

graffiti, and define graffi i as fAbot h Seniatto thisy MORGANI anmieLOUIS
(20009: 1) dastheimmaea kg magf foift iot fh ewithow ¢heipcbnesedts pr o p
which makes graffiti illegal. Especially the last two definitions show that graffiti are often
connected to criminal behavidfollowing this the Oxford Dictionary provides a definition
thatshould be referred twhen the term graffiti is mentioned inl &lirther elaborationg this

thesis According to the Oxford dictionaryrgffiti are

fiwriting or drawings scribbled, scratched, or sprayed illicitly on a wall or other surface in a
public plac® (Oxford Dictionary).
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Moreover,GRUN (2016: 160) divides graffiti into three major elemefisgs, throwups and
pieces. A tag is representing the basic form of a graffito, for example a simple name or a
individual symbol that is easy and fast to create. First of all, their aim iernwmbstrate
presence in order to gain reputatidrags are neither a sign of quality nor challenging to
create but the most important symbol to represent the graffitistthedffiliation to a certain
(fan) scene. (cf. WACLAWEK 2% 14 f.; GRUN2016:160)

The second elementary form is named thigs. They are bigger amdore elaborated than
tagsand thus expressdiy more detailed paintings, the use of more ¢aad more eccentric
styles.(cf. WACLAWEK 2012:16; GRUN 2016:161)

The masterpiece of a dfii sprayer is the piecghich isan improvemenbverthrow-ups In
contrary to tags and threwups, a graffitist is showingechnical expertisewhen creating a
piece because quality and the design are prioritized WA ACLAWEK 2012: 18 f.; GRUN
2016: 161). The graffiti integrated into the graffitslS in this research are mainly tags,
consisting mostly of symbols, abbreviatipnsthe names of the related soccer club.

To give a more detailed insight intbe role ofgraffiti in modern societythe net chapter
provides informatiorabout different frameworks of studies of graffiti and the special form of
soccerrelated graffiti.

2.2 The Role of Graffiti in Modern Society with Special Focus on SocceRelated
Graffiti

Graffiti appear in various forms andedian issue of great significanzeo different members

of the modern sociefypuch agilocal communities, local government, police, public transport
agencies, and yourgeopl®. i ndividuals within these groups can be aféetin various ways

by g r,avhidhrahge fiom acceptance and tolerance social decline and criminality.

(HALSEY and YOUNG 2002: 165)

Hence, the way one graffito is seen may vary considerably from one individual to another and
depends on the context in which the graffas wellas the individualis embeddedFor the
averagestreet user, the mediar authoriteswhi ch are unfamiliar Wi
meaningand ubcul t ur al cgmfiite sprayimgmaygbeiatdrpireted as ariminal

acts or at least as threats ornfie of disrespectcf. VANDERVEEN and VAN EIJK 2015:

107A.).

In additonHAWORTH et al . ( 2 O rafticis aprdminert eatucewfrurbanh at 7
landscapes, and graffigulture plays an important role in defining the identity of urban
environmen s O . This i dea i s c¢ on finwhiohegaffitiane studiedf f er e r
by researchers from all over the globe, examining the raleeofiin modern society.

2.2.1 Frameworks ofsraffiti

One framework in which graffiti are discussed is the duality of art and ckRoreexample,
VANDERVEEN and VAN EIJK(2015) consider graffitifrom atwo-sided point of view as
Aart c whichmieas atready been mentioned i€hapter 21. In this context it is
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challengingto fidistinguish @artist® from &riminals®d. This is the reason whythese two

contrary terms have to be used in the correct context in order not be misinte(jeted

107). In line with this, LOMBARD (2012: 261) classifies graffiti into two forrgraffiti as
urbardaerosolat i whi ch is | egal and commi ssioned by
vandalismfwhich is a crime committed mainly by young pedplBut as VANDERVEEN

and VAN EIJK(2015: 108)a s s u me , it h-eut distinctisnbetweengeaffite and
street arto and the opinions are divided on
One reason why graffiti are often seen as vandalism and a criminal phenois\da<ribed

by the Broken Window Theory.In their paperWILSON and KELLING(1982)describethe

process of vandalism, in this case broken windows, as a result of abandonment. They assume

t h af & wiridow in a building is broken and is leftrepaired, all the rest die windows will

soon be broken(ibid.: 2). This assumption can be transferred to graffdo, for examplein

terms ofuncleaned walls or bus stop shedfeas WEISEL (20025upports. He observed that

fAigraffiti has a serious cumulativedfect; its initial appearance ia location appears to attract

more graffitd (ibid.: 1).

When sprayed illicittyon a wal| graffiti are a clearly visible form of criminal activitygy

many sectors of the communitytheyar@ nsi dered as unsightly and
and conmu ni t y (MORGANtagdoLOUIS 20093). This is the reason whylORGAN

and LOUIS (2009) describe graffitias a sign of social disordeor antisocial behavior.
Furthermore, theyardof t en | i nked (correctly organgncorr e
related activitieswhich spreads anxiety around communit{@sd.)

To sum upthe different opinions of researchers in this chameaffiti, if not dealt with and
notconsidered as athavethe potential tdead to criminal acts due to their paw# attracting

other graffiti Additionally, they canbe interpreted as abandonmemthich is again
encouraging criminal behavior.

2.2.2 SoccerRelatedGraffiti

Supporters of soccer teams express their affiliation to their team in various ways. In the
stadiumthey sing, shout, wave flagsang bannersand create choreographi€utside of the
stadiumthese forms of expressicare extendedn particularby graffiti (cf. GRUN 2016:

157)

Soccesr el ated graffitdi can be a,siace thengraffiti drtist t h e
expresesthe affection to one soccalub and/orits allies Graffiti sprayersaare marking their
territories while trying to convey threa@nd insultsto rivaling soccer club and their
supporters, sometimes even resulting in lguedfiti. Graffiti, which are driven by the latter
motive are also called Aideol ogi cal graffiti
symbols that are addresstm rivals and sometimes evethnical or racial minorities, not
uncommonly turmg into racist slogan&f. WEISEL 2002: 39).

Most graffiti thatare in relationto soccer consist of a token or the name of a soccer club
and/or the associated fafub. This is the reason whiyags which are in particular suited for
marking the publicspace are the most popular element sbccefrelated graffiti. Their
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advantage is the comparatively easy and fast method of attaching the name of their ¢ity, club
or group which informsmembers of the opposing team about their presence without great
effort (GRUN 2016: 161 f.)

As already mentioned, these graffiti can be of positive or negative nature. Besides, the artistic
skill or designof the outcomeplays a minor parfor soccesrelated graffitists, whereas
awareness and the marking of territory amere important(cf. SOMMEREY 201Q 94).
Following this,quantity and the presence in the cityscape outrank the quasibcoésrelated
graffiti. On the one hand, this is related to their own city or neighborhood, on the other hand to
foreign cities in with the own name or token will be left behind.this way fan groups can
show rivals who is the dominant club in the region, especialign they are neighboring
clubs Additionally, graffiti are also a tool for criticism on the commercialized soccer.
Thereforg the old name of the stadium, which in most cases doebear the name of any
sponsor, is often visualized around the new home gr¢Blickfang Ultra 2008: 47 GRUN

2016 166).
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3 Methodology and Data Preparation

Chapter3 describes all methodological approaches ttestd to bexppliedin order tocollect
the relevant data and to perfortime analyse to accomplish the research goals that were
described earlierAt the beginningsoftware packages used for the statisticalyses and for
the data extraction and integration procemse presented. In the next subchapter,
characteristics of the spatial video acquisition system (SVAS) and its applicatioa field
are introduced. This also includes a description of the cetletata and the conducted survey
trips in Krakowas well as their planning procesairthermore, the data extraction process of
the video files andts integration into the GIS environmeare explained.The following
subchapters explain th&tatistical amalysis tools, such as the spatdd@scription (3), the
spatial hot spot mapping @, and the kernel density interpolation &. which spatially
analyzethe graffitiinformation that was collected

3.1 Software

Video files produced in this research need to be processed after the collection in order to make
the datausable for further analyses and finding$ie task of processing and analyzing the
graffiti datawascarried out by different software tools whiateintroduced below.

3.1.1 ArcGIS

ArcGIS is the generic name of variogpatial data processing softwgyeducts which are
used for data analyses and visualizahod was developed sri (cf. ArcGISResources I).
The desktop version ArcMap 10.%hich is used in this researdncludes various tools for
data preparation, manipulatioand analysisSome of these toolare applied to process the
graffiti data and finally integrate them into th@lS. Furthermore it allows displaying
geospatial dat and can be used to create maysch is applied to visualize the findings of
thisthesis

3.1.2 CrimeStat VI

For the spatial analysis of individual crime events and point locations Dr. Ned laawinieis
team created a statistics program called CrimeStatvine 2015),which is introduced
herei naft er .currdntversiop 4.02 gsragpined is this research and is compatible
with most GIS, including ArcGIS. CrimeStat extends the ability of a GIS of providing

Astatistical summeriesi dedt mddéhs® ahdciismpr |
crime incident data sets collected by metropolitan police departments. However, LEVINE
(2015: 1.1) suggests i ts usiavohanhy poot Idcasions, ot her

such as the locatiorf arrests, motor vehicle crashesnergency medical service pickups, or
facilities (e.g., police stationd)lt is a Windows based program that is able to process various

10
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data typesfor example ArcGIS Shape files, which arsed in this study. The geneeat

output can be divided into tables and graphical output, whereof the latter can be displayed in
ArcGIS (cf. LEVINE 2015: 1.1 f.)

In this master thesis, CrimeStat is used for the spaialysis and modelingf the collected

data set, including centragphic statistics and distanemalysis as well as for the hotspot
analysesand the kernel density interpolation.

3.1.3 Contour Storyteller

The Contour Storyteller software is developed by the company Contour asddfor the

processing of video files reated by Contour camera3he software has mainly three

benefits: First, it is able to play various video formdts example .mp4 fileswhich are

produced by surveys conducted in this theSecond, it can show the location of each viewed

frame due to & link to a GPS signalvhich isincorporated intadhe videos.Therefore, an

additional window is provided on the scre&rich picures the current location on a Google

Maps layer.Third, it is able to generate .gipxi | e s . AThe generdathaeed and
saved as points which represetnh e c amer a6 s posuriateiatoarspedfic timeh e e ¢
and date SGHNEIDER 2018: B These files can be extracted directly out of the video file

and are compatible with various GIS, e.g. ArcMap.

3.2 Spatial Video Acquisition System

In order to gain an agite point of view, the spatial video acquisition system is applied in all
kinds of research that demand impartial visual informationQefRTIS et al. 2007, SAGL
2008: 1). This technique produces informatioabout ongoing processee.d, graffiti
removalaccumulatio, as well as the condition and location of objects (visddenage of
buildings/walls) Furthermore, iti s additional atechnique to GIS to improve the
dowmwment ati on and apredlcgdsdataar@ compatibla with €5IS(EAGE
2008: 1 1I).

3.2.1Introduction tothe Spatial \ideo AcquisitionSystemand its Technical Aspects

One out of threenain componentsf a SVAS,the digital video camcordeprovides spatial
referenced digital video materiatlue to its link to a Global Positioning System (GPS)
receiver which is the second main componefithe third component is th&PS encode/

decode unitThi s el ectr oni ¢ b lreaetvéd digital xGB signdlstfronethe e nc o
external GPS antenna into a sequence of audio signals in the case of data acquisition, or
decodes recorded audio signals from the camcorder into digital signals fqroe¢ssing.

To provide a facile anéfficient data acquisitionn the Area of Interest(Aol), camera are

attached to a vehiclby window mounts (SAGL 2008: 1 44, 50). In this research, the
Contour+2 Action Camera Model 1700 is employeddtiectthe video materialKigure 3).

Its special features include a GPS receiver and a 170 degree wide angle lens. The wide angular

11
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view is favorable for recording graffiti in narrow streets, for example the Old Town of
Krakow. Furthermore, it can be connected to other technical devices via a micro USB slot and
stores the produced MP4 files on a mini SD cafileos arerecordingin high definition
(1080p) and run at 120 frames per sec@hdContour Manua& Contour Storg

Figure 3: Contour+2 Action Camera

When acquiring data, there are mainly three limitations that can affect the process. First of all,
the data acquisition is limited by weather conditions li&®, snow, mistglare etc, which
reduce the visibilitySecond, the Aol must be accessible in terms of drivable strglish
maybe blocked off byconstruction orclosed gates providing access pdvate areasof
apartment complexe®tc. Finally, in order to provide spatial informatiothe reception of
GPS signals is compulsofgf. SAGL 2008 2).

In addition, MONTOYA (2003: 874)notes theobstruction in the visibility during typical
delivery hours, when large vehicles park along the sidewalk and he mentions the difficulty in
peak traf i ¢ h o wan gaude ltha tecorlling timeitewrease consideralilyWhen these
preconditions aréaken into accounthe SVAS technology is applicable in various fields for
the onsite datacollection.

CURTIS et al. (2007), for example, elaboratethe geography of po$taumatic stressaused

by Hurricane Katrinan August 20050y using the SVAS technolog¥his work demonstrates

that the technology is able to delivBdlamage assessment informatas well as capturing
recovery related geographiessaciated with podtaumatic stress ( i b i @he artic 0 8 ) .
evenreveals that byntegrating SVAS ito disaster response scenariosdorring ongoing
recovery operations, the recognition of geographic aspestsch events can be improved.
addition the electronicapproach of data collectidmas an advantage over thatil recently

used paper methatbe top a p e r  nilawtsin acduéasy, efficiengyand transferabilitycf.

ibid.: 209)

SVAS, as a fast data acquisition methbds also been apptién urbandisaster management

with the objective of classifying the building stockterms ofemergency responsplanning
missions and capturing dataThis data capture process leads to artowgate building

12
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inventory which is similar to an inventory for graffitilcf. MONTOYA 2003 872.
Moreover, MONTOYA (2003: 874) adduces several reastms choosing theSVAS
technology for acquiring relevant datdnich are validfor the creaton of a graffiti-databasge

too, and ae listed hereinafter First of all classification and interpretation issues can be
decided a posterioriSecond, de to the fact that the recording device can be attached to a
vehicle, the recording process is less titoasuming.Third, the recording preess does not

require any technical expertisat last, costs are low compared to manual survaggle from

thattt he angul ar view of the camer a s ghedldeem and
taken into account Especially narrow roads requireareful consideratignbecause the
coverage will be limited if the view angle is not wide eno(@hMONTOYA 2003: 872)

3.2.2Planning and Conduct of Surveyifs

The firstcreatorof a soccerelated graffiti map of Krakow, DRiotr Trzepacz conductedwo
individual surveys of Krakow, the first one in 2006 and the second one in 2dilgears after
his first surveyHis routes provide the basis for the surveys described subsquehroutes
that Dr. Trzepaczconductedin this researcltwere recorded by thapplication Runtastic
which is abl e t o toffeas¢.ksendce that all fogus bn gathetingamnd a n d
managing sports daiasegRuntasti¢. The relevantoutes in total 31,were eported from
Runtasticas .km#iles and mportedinto a personal Google Drive accounthere tracks and
routes can be displayed withe MyMaps function A detailed explanation of this workflow
can be found in the Appendix An example of an imported .knfile into the Gagle Drive
account is given b¥igure4 (route 2016081% the name derives fronie datethe route was
first driven by Dr. Trzepa¢25/08/2016.
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Since Dr. Trzepacz performed his tracks either by bikerofoot, these routetiadto be
adjustel for the use by car. This process of route planginovered aonsiderable largpart

of this ma st er @§ becausk ersvays, footpathsor dead ends cause greater problems
when driving a car instead oking abicycle Every predefined routeeedsto bechecked in
Google Mapsfor its drivability by a car andadjusted if necessaryT her ef or €, PDF
consising of screenshots made in Google Mapguaranteea smooth navigation process
throughout the city of Krakowkigure5 displays one screenshot of such a route. In total 777
sl i des wefe crea2&  €ovall 31 predefined routeg he sample routagiven by
Figure5 is alsoattachedn Appendix .

Nevertheless, routes oftémve to be adjusted during field tripdecause of inaccuracies
between Google Maps and the real street netwbappearedhatparticular landmarksf the
urban area and landsca@eich as petrol stations, bridges, rivers, cemeteries,ag&very
helpful for the orientation in unknown ared®r this reason, &rge numbepf single tiles
similar to the one shown in Figurehave theirstartandor end pointsat suchlandmarks It
should be added that the author of this thesisvell asDr. Prof. Michael Leitner are novices
to the city of Krakowand to the Polish languagehich impeded the data collection process
especially at the beginning.
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Figure 5: Example of a PDF tile for navigation purpose; SourceGoogle Maps

During each field trip, three cameras were mounteitle ofthe vehicle one onthe front
window and two on each side of the ¢Rigure 6 andFigure 7). This procedure enables the
recording of graffitifrom three different angular perspectivasd provides continuous GPS
signal sinceevery camera is able to provide a track of the driven raMteen turning on the
cameras for the first timet is advisdle to do so at a location with a minimum of objects of
disturbance, such as trees or buildifgsappeared that the front camera was the most reliable
concerning GPSignalsand thereforavas most often used fodisplaying the tracks for the
evaluation 6the video material (sesulchapter 3.1.3). Additionally, a recharging unit which

is compatible with a car lightenight beinstalled tokeepall cameragunningeven on long
survey trips Figure?).

The three cameras producedtotal 2082 GB of vidediles after each of the 31 surveys was
conductedThis equals aamount of 347 durs of videanaterial(roughly 6 GB equals 1 hour

of video). All videos are stored on two hard drives, each one storing the whole video material.
How the information is extracted out of the videos and integrated into the GIS environment is
explained in the next chapter.
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Figure 7: Camera mounted on front window (left); recharging unit (right)
3.2.3 Data Extraction and Integration Procs

Since he information about the graffiti is still embedded in vid&éosn whichthe data hae

to be extracted, the following subchapter explains the data extraction process and its
integration inb the Ardviap software First of all, he recorded videgsvhich are in the file
format .mp4 are imported into the siwfare Contour Storytellewhich allows acquiring GPS
information After extracting theGPS signak from the videg they areintegrated into the
software Ardap, wheretheycan bevisualizedas aline feature Therefore, the data need to

be converted and loaded into Mapby t he t ool i §rfteXdath cannBtda t ur e
simply draggedand dropped into the softwarEhis conversion creategaint-shapefile out of

a .gpxfile. Finally, the tod A P o i n fs afpled th create a line featwat of a point
feature This resultingtrack is helpful for the digitization of graffitisince itgives the data
analyst an overview of the driven routdfie above explainediorking process is shown in
detailin Appendix III.

Concerning the actual digitization of the graffiboth software programs ArcMap and
Contour Storytelleii areused simultaneouslyorrespondingly, the use of two screens (one

15



Exploring soccerrelated grafiti in Krakow 2018

software per screen) ppars to be most favorableecause switching between the software
programs can be both tiring and confusikiy(re8).

Figure 8: Graffiti digitization on two screens

Additionally, the VLC media player can be usedstead of the Contour Storyteller
application when the person digitizintpe graffitibecomes more experiencékthe advantage
of the VLC media player is its fafprward and rewind optioa Thisis especially beneficial,
for example when watching video material with traffic j@mwhen the car drives slowly and
doubling the speed of the video do®s lead to misgg any graffiti. By implicationthe VLC
media player is ab advantageousn speedways, when the car drives rather fast and slowing
down the video helps to not miss any graffiti. Yet, the VLC player dmessupport any
environmental informationyhich is why the user should be familiar with the displagezh
When a graffitas spotted in the video the main goal is to determine its locafioe.Contour
Storyteller application supports the user by its integrated, magh is based on Google
Maps. Applicantscan choose between two optiohdMap or Hybridi to display the area
either as a map oa digital aerial photograpi{Figure 9). The map does not update
automaticallywhile watching the videowhich is whya tool has to be selected every time a
certain locatiomeedsto be displayed via the map function (red rectamgl€igure9). The
plus and minugools stand for zaming options (green rectangle Figure 9). There are
additional information concerning the current speed, elevatindcovered distangenhich
are updatedikewise by applying thefi u p dcartereél o c a-tool (renl cectanglen Figure

9).
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DISTANCE

0.1

Figure9: Contour Storyteller fAMapo and AHybri d

The spotted and located graffiti in the video can be transferred into the ArcMap document by
editing a point shapefileFigure 10 gives an overview of the different types of graffiti that
appeared during the research. Majrihere arefour categoriesexpanded by suband side

categories. For each soccer ciuthree in total one category is established. The dominating
color of the soccer t e ata@enurebeddraffimisdiffeyttoe sent s
identify in terms of which fargroupit can beallocated to becauseyraffiti are overwritten

and/or disfigured by other graffésprayerand t her ef or e <cat eg.dhisi zed a
representshe fourth main categorysince there arthree different teams that graffairtists

may supportsubcategorieseed to bereatedwh e n a g r a fisfagainst@<lubclo nt en't
appearghat the rivalry between Wisland Cracovissupporters is biggethan bothrivalries

with Hutnik Nowa HutaThis is the reason for coloring afinti-Cracoviagraffito in blue and

an Anti-Wisla-graffito in red.Graffiti of allied clubsare countedas graffiti of the club that

they are allied toWhenthe content of graffitocamot bedeterminedbput it is likely tobe a
soccerrelated graffitj then ths graffito iscat egori zed as anaffitéh Ot her _
Graffiti of soccer clubs other thathe three main onesre also categorized to the

AOt her Unknowno type

The visualized track of each route based on GPS signtken into accountvhen a location

of a graffito is digitized in the ArcMap document. Due to distorting elemeritke
infrastructure or treeshese tracks may vary greatly in some locations of the driven track as
FigurelOillustrates (SCHNEIDER 2018: 3). The basap of the ArcMap document plays an
important role, too, because not only street names but also their numbers are displaged

isin contrast to the Contour Storytellmap function, where this service is not included
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Table Of Contents
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Figure 10: Categories of digitized graffiti; Source: Own data & OpenStreetMap

Every digitized graffito containthe values illustrated in the attribute tableFajure 11. The

AFlI DO number count s stetmewitlyz ediog i tTihzee dc oglruaninf i it
al ways t he , sinae thegrafiitiRu® idigitized asngile point features. The field

Al nfoo gives additional i nf ormati o,nwhatibout t
written, which colorisusedr what kind of symbols are not.i
ATi meo ar e subsequeahdndlygsror additignal informatiqgrbecauseé he A Kl LEEé 0O
sequence determines in which video file the grafitm bespotted and the timstamp,

identifying at whatexacttime (to the secony the graffitocan be found in the videdhe last

two columnsi i PoXat and AiRdertfp éveryygoaffito by its exact location in the

ArcMap document statingeographicakoordinatesThe information about the coordinates

can be added by the tool AnAdd XiYea@e)Theli nat e
sphericalcoordinate gstemfor displayingthe graffiti is theWorld Geodetic System 1984
(WGS84; EPSG4326.

Table
Cracovia
EID * Shape * Info Video Time POINT X | POINT Y
b 1| Point Cracovia FILEOQ22_front20150806 2.06 19903436 | 50027836
2| Point KSC FILEQOZ2Z front20160806 1717 19895855 | 50,003859
5 [Point PASY FILEQOZ22 front20160806 19:45 19897297 | 45995724
& | Point KSC FILEODZ3 front20160806 31.16 19979264 | 50,013044
o4 1 E (0 out of 1038 Selected)
Wisla | Cracovia | Mowa_Huta | Conflict | Anti_Wisla | Anti_Cracovia | Wisla_Ally | Cracovia_Ally | Other_Club | Anty_Wisla_Ally

Figure 11: Attribute table of graffiti

During the conplete surveya total amount of 998 graffiti was spottedwhile covering
1,872.68kilometersof the street network Krakow. Both layers, containing all routeand all
graffiti, arepictured inFigure 12. The amount of graffiti of each category is listedlable 1.
The covered distands calculatedwith t h e i @Gearhetry-furectioe in ArcMap.By
comparisonwith the survey of Dr. Trzepacz in 201éa. 211 more kilometers were covered
inside the city boundaries of Krakow aable 2 shows The main reason for the routes to
have different lengths is theuse ofa car instead of a bicycl® do the surveyand the
necessaryadjustment of routes. Another reasisnthe fact tlat the driver as well as the
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navigator were novices to the city, thus g#@88surveyin some instances haeparted from
the original routesln his research in Z®, Dr. Trzepacz wasble to collect approximately
5,600 individual graffiti signsroughly 500 mae than this researcburvey. However,the
researchin 2016 includeghe least amaut of spotted graffiti with 4609 There are several
possibilities that mayave led to differences between the twsurveysin 2016 and 2018
which are both based on similar survey routes

At first, the routes hae to be adjusted for the usath the car and therefore depé&mm the
original routesThis leadsto both aloss ofthe datathatarelocated on the original routes and
additional é@taalongthe newroutes In some places is not possible to cover all parts of the
route, for examplgn the city center, where cars are not allowed, agartment complexes
when driveways aresometimesarred by gates. Also unpredictable eveatsh as ongoing
construction work or parked carsaoghd be listed.Next, the quality of the video material is
essential for the data extraction processs belowor more detajl. If parts of the video fail to
visualize a minimum of quality, for exampldue to light conditions or the distance tioe
buil dingbs fa-ade, Iis$impedadHoleser duatd divaiogttheadata pr o c ¢
mining process ito driving the routeon the one handnd spotting the graffiti in the videos
on the other handhe probability of detecting graffiti ray increase in comparison to dirng
the carand spding the graffiti at the same timeAlso, graffiti removal actions have toe
mentionedas well as the creation of new graffiti.

T 0 » » BB 0 outof 5098 Selected)

all_graffiti

Figure 12 Layersof all graffiti and all routesdriven in Krakow

Category Count Percentage

Wisla Krakow 1,521 29.849
Cracovia Krakow 1,075 21.09¢9
Hutnik 304 5.969
Conflict 1,154 22.649
Anti Cracovia 608 11.939
Anti Wisla 402 7.899
Anti Hutnik 5 0.109
Other and Unknown 29 0.579
All graffiti 5,098 100.009

Table 1: Count of graffiti per category
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Drive 2016|Distance (km) 2016|Drive 2018 |Distance (km) 2018|Slides
05.08.2014 35.09 10.04.201 10.9 5
06.08.2014 47.33 24.01.201 58.77] 24
09.08.2014 33.17 10.04.201 32.1 16
11.08.2014 78.39 08.02.201 93.72 34
13.08.2014 111.04 01.02.201 127.57 42
15.08.2014 16.74 31.01.201 23.63 12
16.08.2014 60.51] 21.02.201 73.8 27|
18.08.2016 23.59 20.02.201 18.2 8
19.08.2016 73.44 07.02.201 84.83 26
03.09.2016 16.54 07.02.201 26.53 18
04.09.2016 73.96 05.03.201 96.62 39
11.09.2016 103.47 13.03.201 126.2§ 56
13.09.2014 26.3 11.04.201 15.39 7
15.09.2014 29.3q 11.04.201 25.07] 13
16.09.2014 no datg 05.06.201 21.74 11
20.09.2016 34.58 12.04.201 28.34 17
21.09.2016 25.724 30.01.201 34.78 18
15.10.2014 65.69 07.03.201 97.6 47
18.10.2014 21.1 13.03.201 10.48 5
22.10.2016 54.39 19.03.201 71.84 35
23.10.2014 69.0 20.03.201 79.28 41
29.10.2014 74.9 17.04.201 69.35 37
30.10.2014 70.74 21.04.201 66.71 24
31.10.2014 54| 13.04.201 45.57 22
01.11.2014 60.67 15.05.201 61.85 26
03.11.2014 68.9 21.04.201 73.25 23
05.11.2014 67.47 23.04.201 75.03 19
19.11.2014 63.64 19.04.201 91.01 32
24.11.2018 75.0)] 16.05.201 75.57 25
26.11.2016 83.64 09.05.201 101.4 44
27.11.2014 43.23 05.06.201 55.47 24

1661.15 1872.68 777

Table 2: Routes of the 2016 survey by comparison with routes of the 2018 survey; Sour@wn data and
Dr. Piotr Trzepacz

As already mentioneth subdapter 31, the quality of the video material that is needed to
identify the graffiti depends on a variety of asggewhich will be discusseth detailnext To
begin with, the reliability of the camera depends significantly on the weather coaditien
favorable to avoidifferentkinds of heavyprecipitation,for example rain, snowfall,etc. or
fog, because othe limited visibility. Especially the side windows, where no wiper is
available, are affectealy such weather conditiorfseeFigure13).
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Figure 13: Limited visibility due to rain

Another issue is the light conditipwhich can cause problems mainly in two different ways.
Due to the fact that the position of the sun changes during the day, the quality of the video
material can get fuzzy depding on the cameras directidaringa surveyFigure14 gives an
example of how the quality is affected by a low sungle above the horizo&ven though

some graffiti can be detected on the wall at the right hand side, it is not possible lto clear
identify themwith the front camera

Figure 14: Limited quality due to the position of the sun

Second,a decreasing or low amouaf sunlightin generalreduces the quality of the video

material which occurs mainly at dusk dawn Thus summer months are more favorable than

winter months at certain latitudes concerning the use of this techn®&logizermore, narrow
street s, where the distance to the building
scene, arainfavorable. In such cases the angle of the mounted cawcwmra be adjusted.
Additionally, it should beemphasizedhat small cars are favorable in narrow streets, too. Both
negative aspects, the smal/l di s tkdawo periddsy t he
are exceedingly impaired by speed issues. Generally speaking, driving the vehicle at high
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