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Abstract

Public acceptance is crucial and one of the decisive key drivers for the future development and
integration of civil drones in the emerging UA&arket in our society, especially into the daily
routine of urban and rural areas. This fact is highlighted anyrstatements and surveys on
international and European level, but not yet fully covered for Austria. Therefoid aister's

thesis- side by side with project GARDA at AAl examines the public acceptance of civil
drone applications worldwide, basedmnore than 100 international drone acceptance studies

or surveys, and derives subsequent implications as well as recommendations for drone

acceptance in Austria.

Key research questions of this thesis are therefore the global situation, especiallytissralgri
well as distinctions and influential factors described in so many international studies on drone
acceptance, and their implications for Austria, derived from typical Austrian characteristics in
the application of drones (e.g. demography, mountainopography, societal system or

regulatory regime).

Noteworthy findings are striking worldwide similarities (e.g. regarding age or gender) as well
as conclusions about worldwide very well accepted applications (emergency or governmental)
and less accepdeones (commercial and recreational applications). Also-dejpith analysis of
countryspecific distinctions is provided (e.g. France is the European leader in drone
acceptance). Final comparisons with Germany, Switzerland and USA complete the thesis
togaher with final recommendations for drone acceptance in Austria (e.g. target currently less
informed groups, provide convincing regulatory measures as wab asone zonémnd drone
protection systemsin a nutshell, this thesis merges the wisdom afenthan 100 international
acceptance studies for civil drones with Austrian characteristics to derive manifold relevant

conclusions for the Austrian UAS community.
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Kurzfassung

Die gesellschaftliche Akzeptanz ist entscheidend und einewesentlichen Treiber fir die
zukunftige Entwicklung und Integration von zivilen Drohnen im aufstrebenden-UAS
Marktumfeld, speziell fur alltagliche Aufgaben in urbanen aber auch ruralen Gebieten. Diese
Tatsache wird durch zahlreiemternationale wie besders auch europaische Stellungnahmen
und Untersuchungen unterstrichen, ist aber bisher in Osterreich noch nicht vollumfanglich
bearbeitet worden. Daher untersucht die vorliegende ArbmiEinklang mit Projekt GARDA

bei der AAl - die offentliche bzw. gedischaftiche Akzeptanz von zivilen
Drohnenanwendungen auf der ganzen Welt, basierend auf (ber 100 internationalen
Drohnenakzeptandtudien bzw. Untersuchungen, und leitet die sich daraus ergebenden
Auswirkungen wie auch Empfehlungen fiir die Drohnenalarepin Osterreich ab.

Zentrale Forschungsfragen der Arbeit sind daher die weltweite Situation, speziell
Gemeinsamkeiten wie auch Unterschiedlichkeiten und wesentlichen Einflussfaktoren aus
zahlreichen internationalen Drohnenakzept8fdien, sowie deren uswirkungen fur

Osterreich, insbesondere abgeleitet von typischen Eigenschaften &sterreichischer
Drohnenawendungen (z.B. Demographie, bergige Topographie, Gesellschaftssystem und

Rechtsregime).

Bemerkenswerte Erkenntnisse sind die erstaunlichen weltw@meinsamkeiten (z.B.
betreffend Alter und Geschlecht) wie auch Schlussfolgerungen Uber weltweit besonders
akzeptierte Anwendungen (Blauliechtund staatliche Einsatze) oder weniger akzeptierte
(kommerzielle und Freizektivitaten). Auch eine tiefgehend&nalyse landesspezifischer
Unterschiede ist enthalten (z.B. fuhrt Frankreich in Europa klar in Sachen Drohnenakzeptanz).
Die abschlieRenden Landervergleiche mit Deutschland, Schweiz und den USA komplettieren
die Arbeit samt finaler Empfehlungen fiir diedbnenakzeptanz in Osterreich (z.B. gezieltes
Ansprechen derzeitinzureichendnformierter Gruppen, starke regulatorische Maflinahmen
zusammen mit "no drone zones" und Drohnenabwehrsystemen). Die Arbeit fuhrt daher im
Wesentlichen das Wissen aus Uber 100matiionalen DrohnenakzeptaStudien zusammen

mit OsterreichischeBesonderheitenym daraus vielfaltige Schlussfolgerungen fir die UAS

Community in Osterreich abzuleiten.
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1.l ntroducti on

Since the last decade, drora@e comingncreasingly into questioto accompli civil tasks
more efficient, safe orconvenient Accordingly, civil drones are currenty moving
incrementally into theocietalcentre, thugublic acceptance appears to be a decisive factor for

the economic success of tlsisctor.
1.1. Subject, Purpose and Research Questions of This Thesis

In the prevalent Master’s thesmtitled ¢Social Acceptance of Civil Drones: Similarities,
Distinctions and Specifics of about 100 International Drone Acceptance Studies and Their
Significance for Austriaa thoroughexaminationof relevantsocietal dimensions affected by

civil dronesis conducted especiallyfocussing on global acceptancdrends enabling also
statements regarding the publperception in Austriawhich is akey prerequisiteand
requiremento facilitatethedevelopment o& sustainablelomestiaronesector Therefore this

script addressebesidesanyinterested readeespecially stakeholdeof thecivil drone sector,

for exampleNAA s (Nationalaviation authorities), business executives potentialadopters.

This researclexaminesato datesparselyresearcheé Austrian topic, that iselementaryfor the
establishment of a domesticonesector Therefore, tanaximisethe scientificquality and to
validateseverablpplied scientific methodpgervasivaesearch questiomsedefined, which are
essentiato facilitate concluding statemestegarding the acceptance of cidibnes in Austria
as well as fothe ultimatecombination and interpretation athievedresultsin the course of
all appliedresearchmethodsThe research question§this Master’s thesareas follows
Q1: What is the current global situation regarding thgublic acceptance of civil
drones?
Q1.1: What are noteworthy similarities and distinctions on a global level?
Q12.: What are noteworthy trends on a global level?
Q2: What factors are influencinghe societal acceptance oivil drones?
Q2.1.: How pronounced are topographic gegraphic influences?
Q2.2.: How pronounced are soailemographic influences?
Q2.3.: Are there any other influencing factors obtainable?
Q3: What are verified implications for civil drones in Austria?
Q3.1.: What are valid estimations regardingghblic acceptance in Austria?

Q3.2.: Way forward Are there ways to improve drone acceptance in Austria?

1



Accordingto various statements &U andEASA, like the Rigaor Amsterdandeclaration,
public acceptance of civdrones isof key importanceto enalbe asustainablenarket growth
Thereforejmpairmentgo citizen fundamental’s rightanynegative externalitiesnd safety or
securitythreatsshould be mitigateEASA, 2015 p.4). Moreover, beyondhe importance of
public acceptanc®r the establishment of a domestic drone madevisible in Figure some

furtheraspectsnustbe considered: infrastructure, regulation, technologyoaedalleconony.

Infrastructure ﬁ

Technological
capabilities

A 4,

Regulation

Public Economic -
acceptance drivers

Figure 1: Key drivers of thelomestic drone markéEohn et al., 2017, p.¢

Nevertheless a couple of European and other international countrigseady initiated
evaluaions onthe public droneacceptance by distributimgspectivequestionnairesPrimary
targetof public evaluationss alwaysthe generation ofalid statementsoncerning thesocieal
awareneskevel, influential concerns anthe perceptiorof specificdrone applicationto foster
a commercialdrone markety revising enactedregulations, enhamtg the level ofsocietal
involvement orexpeditingtechnologicalresearchAll in all, targeted societal measures
campaigns camnhancepublic acceptanceand facilitate the establishment af sustainable

competitiveand profitablecivil dronemarket

Nowadays many Europ@nandAmerican regionsalreadyconducte studeson theacceptance
of civil dronesto facilitate proper measussandmitigate potential concerns @bolishsocietal
barriers, whicHimit furtheraccretion Besides this international view, tk&uation in Austria
is slightly different During the lastlecadethe emerginglomesticcivil drone sectomitiated
mainly to growin kind of innovativestart-up businesses and besides that, also remar&able
successfutironeresearchasbeenconducted and funded by governmenbther institutions
Nevertheless, e still missingfacetin the Austrian researchis an evaluation regarding the

public acceptance, whidk undoubtedlyimportant forschedulingany further stepstrategies



and measures to promodéedomesticmarket Therefore, @ counteracthe beforementioned
situation ando strengtlen the position of the Austriadrone markeon the long termthis
Master’s thesi§ also inspired by my internship at AAlI and negllaboration in project
GARDA 1 targets primarily to evaluate, analyse amwimparea broad pallet opublidy
accessibleinternationalstudies ondrone acceptance tenable in combination with some
complementaryesearchprofoundstatements and implicatiom®ncerningthe perception of

drones in Austria

Recapitulatorythis Master’s thesistendsto closea distinctivegapin the domesticesearch
and to elaborate and provida thoroughinsight into major drivers trendsand the current
intemationalsituation regarding theublic acceptancef civil drones All this enable verified
statements or recommendations for Austria, which maybenoteor facilitate in ultimate

consequencthe developmentf asustainable, safe asdcietallysupportednarketin Austria

1.2. Background and Motivation

Economicforecastsregarding the future markelevelopmeniare invariably optimistic and
indicake a rapid andeconomically feasiblgrowth of this emergingsector In generaldrones
aredeployable inmiscellaneougontextsso thatthey caninitialize new marketsor facilitate
prevailingoperatioml procedures iprivate,industrialor commercialcontextsby adjustable
payload, diversemodelsizes and moderatepurchase pricesombined withan expeditiously
matuing technology Especially he widerangeof availabledronetypes in connection withits
straightforward accessibilifytransformsdronesinto a usefultechnologyfor many civil or
businesgurposesin this contextspecialreferencas madeon applicatiors as part ofrelief
missions, commercial assignments wecreational flights, highlighting the auspicious

technological and econonailpotential @ well as thenultitude of involved stakeholders.

Aside from the distinctive economicpotential, drones areoften associatedvith preceding
military deploymend and hencedrone applicationsin civilian contexs are still highly

innovative andaccordinglyoften misinterpretedjnknownor unfamiliar tothe general public

Into the bargain of thatlrones are often subject thfe yellow press, with the target to attract
i nterest by medr toin e driicie beadinds, elealingabont military drone
deploymentor otheradverseaopics However civil drones areeadly adjustable affordable

and operableby the general public but currently in Austria explicitlyoperdle in the



uncontrolleddomestic airspadgClass G)in VLOS (Visual line of sight) conditionand within

a maximum operational radius of 50QRigure2).
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Figure 2: The Aistrian airspace structurdivao.at, 2015).

By referencdo the Austrian airspace structure, clasis €clusively uncontrolled ancbvers,
excludingpredefinedCTRs (Controlled traffic regios) in the proximity of airportsheightsup
to 300m AGL(Above ground level)in consequencelroneoperations always caeigcertain
risk that third parties get unintentionaly involved in respectiveactivities (e.g. @cidents,
unauthorized property overflights, filming activitieg. Accordingly, drones are useful
technological devices affeng the societyin variouspersonadimensionge.g. privacy, data
protection, safetysecurity) whereby theextentdepend onfactors likeapplication, payloadr
operator. However to utilise the economic and technologicalpotential in Austria
advantageouslgnd toproactivelyenhanceocietalawareness, acceptance atgbadoptability
of civil drones still a lot of reguléory, organisational and societal framework must be
accomplishedon anational as well as Europe leve) but the economic potential of this
emergingfield is distinctive and incomparable to other aeronautical fieAdisthis finally
motivated meto investigatein this researchvariousinternationalfields of tensioncaused by
societal(e.g. privacy concernsgconomial (e.g. newmarketopportunities)and regulatory
aspectof dronesenabing statements regardirtge publicacceptancen Austria

On a personal levebue tomy affinity towardsnovel technologied early experiencedny
interest ineeronautics antherein especially droneBacked on thisafter reaching the Aevel,
| decided to continueny educational way with Bachelofs and subsequentblso Mastefs
degreein Aviation at the FH QANNEUM in Graz.The curriculum of this study is perfectly



aligned toactualaeronauticatlevelopments and besideprafoundeducation, the institute is
alsoscientifically specialisedn manydroneaspectsin this way | utilised alreadyduring my
studesthe chance teonduct researchn dronesandto expandmy knowledge in tis field. In
summary my educatioencouragedhe torecogniseheenormousconomicand technological

potentialof dronesat a quite early stage.

Subsequently, sapart of thescheduledinternshipin the Master sprogram | intended to
specialise also professionally O\S andthusutilised the opportunity to work for AAlyhich
Is nationallyappreciatedor thar expertisan the domesti@and internationatirone market and
frequently involved in governmentally funded research projétithermore, AAl hosts the
Austrian working group cooerning civil drones (AAI-UAS-WG), incorporatingall field-
relevantAustrian stakeholder groups (Universitidadustries,SMEs, NAA and even MOD
Consequentlyduring myinternshipat AAI | utilisedtheopportunityto participate imespective
meetingsandthus learned lot aboutsectoraldevelopments, innovatiomsmdtrends

To recapitulateespeciallymy enthusiasntowardsinnovative technologies my educatioal
backgroundand the gatheredexpertiseduring my internshipat AAI for project GARDA,
engagedneto focusin this Master’s thesisn the public perception dfivil drones, whichis
marginallyresearcheth Austria andvital for business decisions avell asthe establishment
of civil drones in Austria.In summary this researchrepresentsvistfully requiredframework
for theestablishmenof civil dronesin the Austriarsociey. Furthermore, the topienables the
conduction ofmultidisciplinary researchwhich facilitates the geationof a Master’s thesis
containing significant internationalresearch resultsenabling implications andstatements

regardingthe statusndexpected developmeaof public droneacceptancen Austria.



1.3. Supervising Company T Austrian Aeronautics Industries
Group (AAI)

The prevalenscientific scriptproceeddrom aMastefs internship at the Austrian Aeronautic
Industries Group (AAl¥or project GARDAand has beecompogdby utilisation of obtained
knowledge and expertisd AAl and dl its bodies, but especially the AAJAS-WG.

1.3.1. Overview

The Austrian Aeronautics Industries Group was founded agpradit organisation in the year
1999 by KRIng. Franz Hrachowitz, who is still leading the association in the position Secretary
General. Mairobjectiveof the association is the further development aatibnal as well as
international interconnection of theentire aviation industry in Austria (Comparsie
Universities, Research Institutes, Sfdfs) to create or promote synergies and enhance the
competitiveness of théustrian aviationsector in a worldwidebut especially European

comparisor(Figure 3)

Figure 3: Official emblem of théustrian Aeronautics Industries Grouaafg.at, 2020.

The associatiorepresentsn a nationaindinternationalevelcommon interests of its member
companies which predominantly shap anadvantageousievelopment of this sectoAAl
currently encompassé8 Austrian companieand isfrequentlyorganising joint information

exchange as well as marketjmgtworkingactivities eventsworking groupsand trainings.

Furthermore, AAIl and alits membes are registered athe ASD (Aerospace & Defence
Industries Association of Europeyo that the Austrian aviation industry is alsgolved in
respective European information and decisimaking processes. All in all, tloperational area
of AAIl reds upnthreepillars:

A Networking& Representation of interests

A Marketing

A Servicegincl. WGs & trainings)



The Austrian Aeronautics Industries Groiganon-profit organiation, which is financed by

its member companiegith themainobjectiveto enhancand strengtanthe Austrianaviation

industry All this causesa sophisticated structuref the associatiorthat incorporatesthe

following working bodies:

A

A
A
A

General Assembly

Board

Secretary General & AADffice
Working GroupgQC, ILS, UAS)

1.3.2. AAIT UAS Working Group

The AAI-UAS-WG is natiorally appreciatedor profound knowledge exchangevolving all

relevantnational and internationatakeholdes of the UAS-domain Founded irAugust2012,

the AAI-UAS-WG facilitatesinformation exchange between Austrian companies, researchers

anddevelopers. The working group accessiblalso for external companigsiees quarterly

at different Austrian locationsand targetgprimarily the interconnection adll field-relevant

stakeholdes(e.g.industry,researchex SMEs,developes, key operatorsto fostemationaland

international collaboratiorendthecreation oynerges Additionally, in DecembeR013AAl
becameanofficial member olUVS-Internationaland in 201% member of UAVDACH.

RegardingegulatoryprocessesAAl andall its member®r stakeholdes involved in theAAl -

UAS-WG promotetheseamless information exchangdaheentireAustrianUAS-community

alsoincludingentitieslike BMK (Austrian Federal Ministry foclimate, environment, energy,

mobility, innovation and technology), ACG (Austro Control GmlH)l also towards European

institutions likeEASA (European Aviation Safety Agency).



2.StrucbBairenMef hodol o%eyl eacrui iother i a

In the upcoming chaptetheresearclstructure, appliedcientificmethodologyandquantitative
selection criteria of this Master’s thes$sdetermired, also containinga brief overview of

scheduld chaptersscientifictargets and intendeésearclscope.
2.1. Structure of This Master’s Thesis

The structure of this Master’s thesagetsprimarily the publication and elaborabn of a
fundamentalesearchdealing abousocietalaspectsinfluencesand keyfactors regardinghe
acceptancef civil dronesin Austria. For that reason, tdeterminedstructureintendsto attract
reades by combining resultfrom an extensive qualitative research ataborated implications
from already conductephterndional quantitative studies to ensure tbeverage ofelevant

aspects

To safeguard thelaboraion of reliableanswers to alpostulated research questiq@hapter
1.1.) this research applies parallel mixedmethodsapproach,wherein qualitative and
guantitative methods are simultaneoustynductedvith the target to enhanoerallresearch
flexibility and quality. Moreover,the prevalenttombination of qualitative and quantitative

methodss mainly responsibléor thefinal chapter arrangemeint this thesigFigure4).

Research Methods

Chapter 3
Chapter 4
Research Background Research Results
Research Questions Qualitative Research Research Implications
Chapter 7
Chapter 1 P
Chapter 2 — — Chapter 8
P Chapter 9

Quantitative Research

Chapter 5
Chapter 6

Figure 4: Sructure of this Master’s thesisinga parallel mixedmethods approacfown work)

Backed on thisin thefirst half of this thesisaspectdike generapaperframeworkandapplied
scientific methodlogy are described and subsequentlycomprehensive qualitative study,
ranging from anational and international markatalysiso a description ofelevantnfluences
and key driving factors for public acceptances conductedIn the runup to all qualitative



chapters,comprehensiveresearchis realised wheréen a multitude ofdifferent scientific
opinions and viewpointare consideed.

In specific, in the aftermath of the introductory session, in Chapters 3 and 4 qualitative research
Is conducted. Thereiacquired and nenumerical data of profound literature researemable
in ultimate consequena@luableinterpretations in the cohaing chapters of this script.

In Chapters 5 and Grofoundquantitative researcis conductedwhereinafter an accurate
research onnternationaldrone acceptancstudies,severalrelevant studies arassessed

selecteddescribed andltimately quantitatively analysedndcompared.

In Chapters 7 an@ of this Master’s thesis, achieved resoltginatingfrom both qualitative
and quantitative research are presented, discussednahgedtargetng the elaboration of
scientifically reliable answvers to all research questier(Chapter 8)In specific, specially in
Chapter9, outcomedrom both methods araterpretivelycombined tdfacilitate the drawing
of plausiblefinal conclusionsas well aghe creaton of a prospective outloogkemphasing the
establishment dfivil dronesin Austrian societyand potentiaocietalacceptance barriers (e.qg.

privacyissues)

Torecapitulatethestructure of th@revalent Master’s thesisgarsung the ruleset o parallet

mixed-methodsapproach.In line with this, in Chapter 1.1.pervasivescientific research
guestionsare defined, and aftethe introducbry section profound qualitative research is
conductedIn the qualitative researcfiChapters 3 and)4an extensive literature research
carried out whereinmanifold relevant information, facts and insigtaee collected,analysed

andappropriatelyconvertednto the context of thidiesis

SubsequentlyChapters 5 and itiate quantitative researci this script wherein before
researched internationsudiesareanaly®d compaed and evaluad Finally, in the closing
Chapter, 8and9 several elaboratl information, insights armbnclusions from both methods
are combined tanswerin Chapter 8all postulatedresearch questionsufficiently and to
prepare propeconcluding statements and recommendationsrds thepublic acceptancén

Austria



2.2. Data Acquisition i Applied Research Methods

This researctdevotes a mixed-methodsapproachthat maximises the possibilityo achiee

plausible andrerified resuls in the prevalent research context.

Besides both conventional approaek (.e. quantitativeand qualitative research), mixed-
methodsapproachis comprehensiblas a third, independent research apprq&dch, 2017
p.4). This implies, that bothconventional approaches are not excluding each ahdr
sometimest is usdul to combine thento a mixed-methodsapproach which expandsesearch
opportunitiesand facilitates the elaboration of answern® respectiveresearch questions
(Robken et al., 2016.19. Subsequentlydue to the prevalent combination gfalitative as

well as quantitative research methods in this wookh approachearebriefly explaired

2.2.1. Qualitative Research Methods

Qualitative research methsdrethe counterparto quantitative research metlsid a mixed-

methodsapproad andare characteriable by an increasednterpretive and subjedriented
manner comparedo quantitative researcRobken et a). 2016 p.14. Backed on this,
especially this interpretive contentoriented manner differentiates this approachfrom

quantitativeresearchand leadsto the condition, thapredominantlyinterpretive dataare
requiredto postulatenew theries or hypothess (Roch, 201,/p4).

In generaljn advance ofjualitative research, iis necessary to check the suitability ofyadent
data for this methodology Exemplary absolute numerical numbease uselessfor qualitative
approachessignifying that exclusively datasetsare applicalke, which are independently
available besidesny prevalentquantitativestudy (Roch, 2017p.7). Qualitative research
targetsthe subjectiveprojection of the real situatiofgcilitating the comprehesion of specific
behaviours and attitudes. Moreovegualitativedata evaluatios areincreasinglyinterpretive
so thattheoretical preassumptions are more flexibéslaptableas ina quantitative research
(Robken et al., 2016p.14. In contrast to all advantagequalitative methodsentail also
determinativeesearchilisadvantagesvhichinfluencedtheultimatedecision taapply amixed-

methods-approachin this Master’s thesis

Owing to the prevalent nxed-methodsapproach,eventhe structure of thighesisdisplays
chaptersthat contain qualitative research. Therefore, affmofoundresearchon qualitative

secondary literaturavhich has beerronductedn internet,scientificliteratures andspecialist
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journak, relevantdata are stored, combined andnalysed.In the aftermathall data are
evaluated andonveyedo the discussion section at the end of the thieswhichall collected
facts andinformation are combinedwith resultsfrom the quantitative sectiodt this stage
especially the descriptive and interpretimannerof these dat facilitatestheinterpretation of
guantitative numberdinally enabling reliableconclusionsregarding the acceptance of civil
drones in Austridy answeing severakesearch questions.

2.2.2. Quantitative Research Methods

Quantitativeresearch is objeariented which impliesthat the respectiveresearchtargets
primarily the identification and explanation afauseeffect relationships. Ircontrastto a
qualitative approachquantitativemethodsare exclusively utilising absolute numerical data
(Robken et a) 2016, p13).

In advance ofjuantitativeresearchit must beensuredhat the respective research question is
solely answerable by collecting and analysing exact numerical data. Theatffeaelyin the
projectpreparation phase and whdefiningsuitableresearch methods, respective information
must be projectable in absolute numbers and units (R4, p.7). Besides overall striking
research advantagesuantitative methodsnclude also disadvantages, whiclare briefy
scrutinisé in the explanation of theixed-methods approach amdasorwhy this thesiss not

exclusivelyapplying quantitativemethod.

In this Master’s thesigquantitative researcks conducted inChapters5 and 6,wherein
subsequelht to an encompassingternet and literatur@esearch focussingon available
surveys and studies evaluating the acceptance ofdcmiles,relevant dad is collectedand
introducedinto the discussion sectiomn this concluding sectiongombined withseveral

qualitativeimplications,a statement regarding the acceptanadrariies in Austrias provided

2.2.3. Mixed-methods Approach

The structure of thidMaster’sthesisincorporategjuantitativeandqualitative researchn line
with this, the decision to deploy aixedmethods-approachis reasonable especiallyby
analysingseveralresearch questionsvhich are mainly responsible for the desajmice In
general,a mixedmethodsapproach enablefi@d combimtion of quantitative and qualitative

researcltharacteristicso a new, multiphasic approach (Kukartz, 204483.
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Primary frget of this methodis the balancing of disadvantagascorporated inboth
conventionaimethods by combining them into a new approach, leading to scientifically valid
and profounagnswers tananyresearch questions (Roch, 20h713. To argue the deployment

of themixed-methodsapproach in this scientific work, is useful tovisualiee advantages and

disadvantagesf both methodsTable J.

Qualitative method Quantitative method

Individuality ! Data precision

Data versatility ' Data comparability

Advantages Data flexibility ! Data attachability
/ I Data clearness
/ : Data efficiency

General statements hardly | L . .
. : Scaling information required

possible i
i

Disadvantages — -
. Possible information loss
Many different methods

! (visualisation)
Tablel: Prosand cors ofqualitative and quantitative research methgBgbken et al., 2016, p.15

In correspondenceith Table 1 on the upsidegualitative methoslimpress withanenhanced
flexibility, versatility and individuality in the course of any data handli@g.the downside,
especially the interpretive manner qglialitative method severely aggravatesuniversal

statements.

Quantitative methodscaptivae predominantly with precision, clearness and offered
comparabilityby handling absolute, numerical daBesides thata striking drawback ishe

threat of losing essentiatiformationowing to thescalingof datasets.

All in all, the mitigationof individual methodological drawbacksy combination of both
individual methods ithestriking advantage of a mixedethods approachiltimately enabling

proper statements and research implications

2.2.4. Implications for the Structure of This Thesis

As noticeablefrom Table 1 quantitativeand qualitative research methogsovide variant
advantagesr disadvantage®ut particulaty due tothe wide-rangingscope of alimanifested
research questions this thesisit is beneficialto combine both methods tanaxed-method
approach, ensimg that different methodmcorporated irboth spectrums are combinabidl

this facilitates an increased reseaiftéxibility andthe establishment akliable answersor

hypothessto respective research questions.
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Regardingall definedresearch questions anderallstructurethe majority ofdefinedresearch
guestiongs answerdale by application of quantitativenethods In line with this,preliminaily
research ornternationalacceptancetudiesis conductedn internet,scientific literatures or
professionaljournak. Afterwards several acquired numerical datesets are appropriately
preparedcollectedandas®rtedso thatin a final stepa statisticalevaluaton, compaisonand
analyss is facilitated This arcumstanceeasos, due to theprocessing odbsolute numerical
numbersthe application ofuantitative researdh thefollowing parts (e.g. chapters, research
guestions) of this scientific script

1 5. International Done acceptance studie®verview& Selection

1 6.International Drone Acceptance Studie8nalysis & Evaluation

For theremainingchapters andesearch questiongualitative methodareexerted As stated
above,this methodfacilitates the interpretation ofnonabsolute datar implications from
already conpletedstudiesand he subjectoriented examiration of facts, whichenhances
overall researchflexibility and quality of atained outcomesTo gather sufficient and
scientifically useful datain this elaboration also qualitative researchis predominantly
conductedon the internet, scientific literatures, professionaimagazinesand relevantmedia.

Thereaftercollected datarerehashegstored, interpreted ammbinedo ensuren one hand
properqualitativeresearchresultsandon other hangrofoundinterpretaitve approachem the

discussionwheren resultsof both methodsireultimately combined The prevalentscientific

scriptappliesqualitative researcim the following sections:

1 3. Civil Drone application$ Technology, markets and regulations

1 4. Public acceptance of civil DronéKey factors and stakeholders

In accordancwith severahppliedresearch meth@ind due to thdefinedstructurethis script
deploys a parallel mixed-method approach Figure 5), whereinboth research methodse
conductedseparatelyand afterwards albchievedquantitative and qualitativeesults are

combinedo answerall researclguestions (Roc017 p.9.

Furthermoremostsequences this thesiglisplay quantitative backgroundn line with this,

the mixed-methodsapproachn this scriptexhibitsa slight priorityto quantitative research
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Assessments & analyses

Research questions / * Conclusions \ Common
& interpretation -
Design scheduling \ Assessments & analyses / Results

Conclusions

Figure5: Flowchartillustrating the principle of a parallel mixethethods approac{Roch, 2017, p.9)

To recapitulate the prevalenresearchapplies a prallel mixed-methodsapproachaiming to
establishscientificallyadequatenswers tall research question¥herein,athoroughparallel
and simultaneoudata evaluatioms conduced by combination, interpretation and conclusion
of all availabledataandresultsfrom both individualmethod, as part othe discussionat the
endof thisthesis Therein compatibility between botimethodss sufficiently guaranteed and
potential outcomeswith respect to theignificance for thedrone acceptance in Austriare
enhancedby combinaton of both methodsln the incipient sections,predominantlynon
numerical, qualitativelata regardingthe public drone acceptands researchedsummarsed
and described. Simultaneousss part ofChapters 5 and Guantitativeinternational drone

acceptancstudiesareresearched angkamired

Finally, inthe concludingsectiors (Chapters7, 8 and 9, relevantresultsand statementsom
both research methodse combined,mergedand discussedavith the target to answeall
research questions anddlaboratesalid staemens regarding th@ublic acceptancef drones

in Austria
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2.3. Selection Criteria and Categorisation of Adequate Research
Studies
As recognisiblefrom Figure6, severaljuantitativeselection criteria are based on faefined

parameters and thus, @hapter2.3.6. the sacalled CASPtool is introduced, which is a rating

method that distinctively facilitatestransparenandreasonablstudyselectionprocess

Quantitative selection

criteria

Figure 6: Overview of all determined quantitative selection critédan work)

Subsequently, all defined quantitative selection criteria are briefly expounded, highlighting

influences on public drone acceptance.

2.3.1. Region

An effective wayto differentiate researched internatiordibne acceptance studiés to
categorie themaccording taheir geographiorigin. Consequentlyto ensurea maximum of
geographicakoveage including a balancd numberof different cultures, living or social
standards, topographiasd political situationsan evaluation of the surveggion iscrucial for

the final quality of this thesisAll beforementionegarameters are solely associated with the
terminology Regiord and therefag, it is of importanceto consider all selection criteria
determinaelevantinternational done acceptance studidherethrough, especialtggionalor
cultural majoritiesor other disbalancesustbe preventedh the spectrum of afinal selected

studies.

As stated abovedifferences incommonrisk perception ocommontechnology affinity are
strongly depenthg on influencestriggered by regional differencege.g. culture, ethics,
religion). Therefore, to empls&e the importance of @mprehensive and clegeographical
considerationn this scientificwork, it is worthwhile to analyse these indicatiomas this stage
briefly.

15



Many global regions argrimarily differentiable by cultual specifics According to Kaasa et
al. (2014, a regionis a geographic concept that denotes a set of pthe¢save something in
common (p?). In principal regions shathe same culture and thereforejstimportant to
analyse cultural differensgo facilitateanunderstanihg towardsdiverginghuman behaviosr
by theintrodudion of cultural dimensions (Budak et &014 p5):

1 Power distance

1 Masculinity vs. Femininity

1 Power Distance Index (PDI)

1 Longterm orientation (LTO)

1 Uncertainty avoidance (UM

In this context, theultural parametexdPower distandgevaluateghe level,at which several
social classeexpect that power is distributed socially unequally. The subsequent factor
dMasculinity vs. Femininit§assesss if a societyis living more according to masculine (e.g.
aggressiveness, dominance) or feminine values (e.g. empathy, emotional op€Fmeess).
@ower Distance IndéXPDI) measuesthe level ofsocietalinequalityandevaluaeshow the
society counteradhese inequalities-inally, the dimensiond.ong-term orientatiod (LTO)
indicaesthe societal tendenayf developing individualong-termorientatiors andfinally, the
parameteb Uncer t ai nt y assessas Hosocietadm@mbierileall wjthuncertainty
andambiguity(Budak et al.2014 p.7).

Severalbeforementioned paramesdacilitate the detectiorand determinatiomf cultural or
regional differences. According to Kaasa et al. (2014), differences in historical background,
geographic characteristiosr ethnical identity may cause significant cultural differences
betweeradjacentegiors (p5). In this context, auitableexample for a historically developed
region is theto date prevalentcultural difference betweemormer West and East Germany
(Kaasa et al 2014, p25). By evaluation of all cultural paramesén Europe, due tthedynamic
historical background, 8&vergingculturesare identifiablen 32 countries (Kaasa et &014,

p.7). Based on these insights, especially in Europe it is of decisive importance to deploy a wide

ranginggeographial scopen the quantitative part of thigesis.
Recapitulatory regional differencesnfluence the public perceptionof novel technologies
dronesor other inventions. Therefor this Master’s thesis is elementary, thain advance

of any quantitativeesearchall available studies are analysed, clustered and sekectedue
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a maximum of geographat coverage, including balanced number afiifferent cultures,
societal or political systems, topographies and historical backgroitidkis safeguardshe
attainment of reasonabieplicationsfor the public acceptance of civilrones in AustriaTo
clarify, in virtue of possibleegional differenceen an inintranationalevel and to enhance the

study scop, this thesisonsides Regiors énd notCounti e. s 6

2.3.2. Ordering Party

The emerging civildrone sector involves and affec$ an imposing number of potential
stakeholders on a recreationalustrialandgovernmentalevel. As a resulton the back ofhe
prevaling economic potentialalso reinforced byarious statements &U andEASA (e.g.
Riga declaration)internationalresearchconcerningthe acceptancef civil drones has been
conductedtargetingthe expeditionof the implementation, regulatory argbcietal adoption
processof drones by proper strategids close connection to thmagnitudeof involved
stakeholderscivil drone acceptandeasalreadybeenevaluatedy the following international
actors

1 European Parliament (EP) BuropearCommission (ECje.g. Eurobarometer survey)
Governmerd (e.g. House of Lords UK)
National aviation authorities (NAAE.g. AIRWAYST NZL)
Universities andasearch institute®.g. ETH Zurich SUI)
Official aviation association&.g. Aerospace Industs Association (AIA) USA)

Industial organisations (e.g. insurances, delivery sesyiegtailes)

= =2 4 A A -2

Private persons (e.g. enthusiasts, students

Especially he variety ofordering partiesignifiesthe relevancef socetd drone acceptance
for the entire internationalstakeholder community. Besides thatisitworth mentianing that
alsothe consideration dhe ordering partytypeis important for the plausibility of this thesis.
On one handespecially studies conducted aommercially drivenbackground are often
endangered of beingd suggestiveunrepresentativer nonexhaustiveassessing onlgpecific
drone aspectwsithout publishing anysurveydetaik (e.g.demographymethodology) On other
hand, especiallyjnany studiesrom theUS, have beeronducted in an academic context, with

nonrepresentative scopevague questioningr exclusivelystudentsas interviewees

Resting upon all prior statemenis the final quantitativeselection process, also the type of

ordering partyis evaluated andategoried in advanceof eachexamination Especially the
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thoroughimplementationand realsation of this proceduresafeguardshat solely studes of
reliableordering partiegreconsideredMoreover a heightenedocus on study resultsvhich
have beemchievedoy governmental incentives by trustworthyfield-relevantorganisations,
significantly enhancethe quality and impartiality of results, statementsnd implications.
Neverthelessin advance of applying the CASPvol, all researchedtudiesare displayed in
thestudypre-selectionin Chapter 5At this stage the CASPTool isdistincively facilitatinga
plausible and objectivestudy selection process, showing the readke multitude of
internationally availabledrone acceptance studjesmphasing the significance of societal

acceptancéor this emergingmarket.

2.3.3. Research Year

Droneswere firstly depbyed during World War | to accomplishexclusively military tasks
Fromthenon, the technology developed and maturapidly, so thatdrones were frequently
used inarmed conflict of the past (e.g. Pakistan, Afghanistan, Iraq) to transport weagropry,

bombs or to conduct reconnaissance flights (Braun et al., 2()5, p

Besidesthe still ongoing military usage of highech drones, mainly military enabled
technol@ical developments the field of miniature electronics and mass productioring
the last decadehave increasinglyfacilitated the public access taaffordable civil drones
applicableby general publiccompanis orauthoritiesor civil purposes (European Parliament,
2015, p2). In consequence to this developmand all its accompanied risks and chandes
European Unior(EU) initiated in 2009 an earlgonsultation processyhereinuntil 2012in
three stages, containinghaaring (2009), &igh level conference (2010) and five workshops
hosted by DG ENTR and DG MOVEequiredframework fora harmonigd parEuropean
drone regulation has beerlaboratedoy addressingeveralbarriers, concernand benefits
entailed by wil dronesto the European marké€Boucher, 2014, p.10)According to these
consultations, a first E@orking documenthasbeenissued in 2012 and the EREBuropean
RPAS steeringgroup) was founded in 2013 to accompathe integrationof civil drones into
European airspadey 2016 as stated in 2014 by the European Commis@aucher, 2014,
p.10). Subsequently, in March 20E3J and EASAissued thgathbreakingriga declaration
whereinall EU-MS (Member Statgsandrelevant Europeamdustrial stakeholdes mutually
strengthenedheintentionto openthe European airspace in 2016 for cigibnes (Nader et al.,
2016, p3). At presentin the European Uniomdgmentedules concerningivil drones below
150 kgareprevalent. Aharmonigd regulation for the whole European Unisalready enacted

andwill enter into force on %January 2021.
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This overviewof theregulatory historyn Europedemonstrees, how rapidheapplication field
of drones expaned from entirdy military (single use) up to militargivilian (dual use)
deploymentsNeverthelessit took until 2021 taestablish darmonigd rulegtfor civil drones
below 150kgn the EU but regardingthe regulatory procegsof othercontinentsestimated
temporal horizonsind regulativeprocedures areomparative.Concerningthe usage otivil
drones, in the interimbetweenthe early EC consultation process 2009 and the upcoming
regulatoryharmonigtion in 2021, civildrones weréncreasinglyusedfor miscellaneousoutine
tasksandthus stepped more and more into the centreuotaily life. Complementarythis
timeframe is also relevaror the public perception andcceptance of civitrones because
potentialincentivesoy NAA or EC, obtainedpersonal exgriencesor changd mediareporting
styles can influencehe public acceptanagveryears, so thaio datecivil drones are perhaps

not that innovativer frighteningfor common societasthey have beein 2009.

Based orthe timely compressed inoductionof civil drones in Europe, the research year is
undoubtedlyone of thekey dedsion factors in evaluating and comparing different acceptance
studies In generala quantitativesurveyis a suitable instrument &valuate theurrentsocial
perceptionbut potential prospectifavourableor adverse even{g.g. information campaigns,
tedhnological or regulatory improvements, accidents, incidergér)affect publiacceptance
afterwards, so thakspective effecteemainunconsidered ian aut-datedsurvey Furthermore,
most Europearresearch omroneacceptancdas beeninitiatedin the aftermattof the Riga

declaration (201pand therefore, the density of Europeamdies before this year is rare.

The quantitative section of this Mastefflsesistarges theanalyss of a balanced amount of
research years tprovide thisresearchwith a maximal research volumegdentify potential
influences ompublicacceptanca consequence overnmental incentives todetectsocietal
trendsin the periodrom the early phas€009)to today. Therein, the most important targpet
thepostulaton ofimplicationsand recommendatiorisr the Austrian civildronesector

2.3.4. Sample and Demography

An adequateanple sizeandsurveyquality, whichensures thateverahational demographics
arerepreserdd correctlyareessentiaprerequisits for plausiblefinal implications and results

in this scientific script

Regarding survey quality, erucid parameteis the total survey error, which measures the

influence of potential error sourcasjginatingfrom data collectioror final data evaluation.
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Besides that, especially tlsample errorincorporatingan estimation and selection error, are
determinativefor survey quality and representatity (Faulbaum, 2019, p3). Moreover
Faubaum (2019) statg that asampleisrepresentative thereinall demographicharacteristics
like gender, age, educatianoccupatiorarecorrectlyrepresenteccontainingfrequencies that

are proportional to those in tleatirepopulation (p364).

Backed on thispredefinedrequiremerg on overall sampleguality are of key importanceo
ensure that in this thegiationalpopulatiors are accurately displaygdspecially in the context
of droneacceptanceln accordance witlthat, predominantlysociodemographic parameger
like age, gendeeducationoccupatioror nationalsociatwelfareinfluenae the individual risk

perceptionrisk sensitivityandthus,also risk acceptance.

Exemplary prevalentdifferences concerningsocial welfare systems betwegember states of
the EUand the USAalsoinfluenced the individual risk perception, because European social
systems arandoubtedlymore generous and reach a larger scale of peopidhasUS (Alesina

et al, 2014, p2). All this affectsthe risk perceptiorof specific social classesandtriggers

perhapsalsoacceptancdifferencesetween both continents.

Anotherdemographiparameter involvethe correct projection of the national age pyraamid
gender distributiofy the sampleof a surveyFor instancewomen are expressing often more
concerns and highgrerceivedrisk levels than men wherebyevenproperknowledge about
prevalentrisks are notcompletelydiminishinggender differences (Hitchcock001, jp.1-2).

In generalprimary causes fothis behaviourare differences in thé&perceived vulnerabilitfy

and the fact, that males asienmore motivated to take risks (Arch, 1993)p.

Behavioual researcharguesthat risk perception is significantly changibyg age.Therefore
besides the fact, thd&tailedchanges are dependant to sipecificrisk domainthedisposition
to take recreationalisks is steeplyreducing from young taniddle age and slightly from
middle agsto older ags, which probablycawsesalsoagedifferencesn the acceptance of civil
drones (Rolison et 12013, p3).

To sum upseveral establishesglection criteri@afeguad thatonly representativenternational

acceptance studiese considexdin this Master’s thesjsothatalsodemographial effects of

gender, ager occupatiorarereplicable
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2.3.5. Survey Methodology
The appliedsurvey methodologyconstituts especially in the context of civdrones and
innovative technologiesa crucial selection criterian In principal, opinion research
differentiates four differentinterviewmethods (Kul3 et al2017, p. 4960):

1 In-personinterview

1 Written interview
1 Teleponeinterview
)l

Onlineinterview

In this contexteverymethod isentaiing different advantages or disadvantagéh respecto
efficiency, representativeness, survey quality or equivalent. Furthermm@ssumable¢hat
participants ofan internet surveyare on averagemore supportive towards innovative

technologiess peoplewho areapproachedvith paper questionnaise
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2.3.6. Critical Appraisal Skill Program (CASP)

To ascertainan appropriatscientific quality of allresearched ancdonsideredstudies a pre
selection of all gathered international studgesonductedn Chapter 5based on thé fitical
Appraisal Skill Progra®CASP).

In total, morethan100 internationatirone acceptance studies have beafected Therefore,
to ensure thatseveral considered studieme complying with the predefined quality
requirements of this Master’s thesil,previousl specifiedselectioncriteria aramplemented
in the CASPtemplde (Figure?7). Consequentlyseveraktudiesare evaluatedly the following

parameterssurvey method, scope, regiorsearclyear, sample size and ordering party

In specific after d parametersare incorporated in theadusted CASP-Tool, eachdrone
acceptance studg evaluatedand graded according topredefinedrating schemegFigure 7)

enablingratings up to five pointpercategory depending on the individual category,

Survey Research . Ordering
Sample size
method year party

) Are all Is man Is man

Which 5 5 What's the
aspects of research research  Does the saumple

survey ) ) context of Rl

drones available  available ensure

method is the ordering Ell G

. covered in for this for this  representiveness?
applied? . party?
the survey? region? year?

0(many)-2 0 (many)-2 0 (undersized) - 3 0 (private) -4

0 (none) - 5 (all) (less) {less) (adequate) (government)

Figure 7: Adapted and weightedASPcategoristion or studyrating schemgown work)

As recognigiblefrom the applcateal point distribution in Figure 7, and as already stated above,
this researchattache greatimportanceto the context of the ordering party (4 poingsid the

research scope (5 points), whiabth represerfd of 16 in total achievable points.

After compldion of the CASPassessmenseveral categoricallgchieved@oint®d  addexd
and ultimately, onlyintemationalacceptancestudiesthat reachat least50% of all available
points( O 8 paveconsidsrgdor the quantitative part. Apart frothis, addressing nationally
or methodologically unique studies that are CASted below 8 points, thresearch reserves

itself the option of granting cad®/-case exemption®.g. to enlarggeographicascope).
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3.Ci vi |l Apmpdne aitTiecwrhsn o Ma g ks@atn d

Regul ati ons

This chapter providein-depth knowledge regarding the current or prospedctivié drone
market, the prevalerstnd prospectiveegulatory regime aawell as ahoroughdescription of

potentialdroneapplicatiors.
3.1. What are Civil Drones? i Common Definitions

Drones argpoweredunpilotedaerial vehicleseither steered by a remote pilot loy a pre
programmedutonomousystemwhichcan accomplish broad pallet of potential applications
in recreationalindustial or military contextdy easily adjustable payloadr various model
types(Boucher, 2014, ). Thetechnologicalprinciple datedrom 1849 in which Austrian
forces besieged Venice lolyopping incendiary balloon®istorytoday.com2016). Basically,
due to the long history and the enormowgeptial of drones, over the years many different
termsemergednternationdly (Landrock et al 2018, p.2-3):
1 Dronei Derived from robotiglanes used for target practisen World War 1l. Ten
years agpthe termwas mainly addressingnilitary drones(and statébuilding insecty
1 UAV (unmanned aerial vehiclé)Addressesinpilotedairspacenodelswithout its sub
systemsand rangefrom weatheballoons to military transport planes
1 UAS (unmannediecraft system) Genericterm addressingioreautonomous systesn
also includingplatform, ground control station, data transmisssemsors angayload
1 RPAS (remotely piloted aerial systemis)Aerial systemsthat have no pilot on board,
butthis terminologyhighlights the remotenonautonomousontrolby humans

Beyondseverahowadayautilisedterminologes, snce the first military use afrones in 1914,
the technology ana@pplicationalrangehas increasinglyshifted from entirely military to a
military-civil use.In addition theestablishmenof civil drones has alreadyeenanticipated by
ICAO (International Civil AviationOrganistion)in the Chicago Convention of 1944TF,
2018, p9):

No aircraft capable of being flown without a pilot shall be flown without a pilot over the

territory of a contracting State without special authorization by that State aamccordance
with theterms of such authorizatioin Chicago ConventiodCAO, 1944
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To securea safeand sustainableivil droneintegration process, amy international aviation
authoritiesstartedto develop a regulatory framework fowil dronesaround the turn of the
millennium. For example, EASA initiated the EU policy discussion in 2002 with the target to
integrate civildrones ito the European airspace by 2028 (Volovelsky, 2013}, i the United
Statescivil droneswerealreadyused by tsaster relief organisations in 2005 (Greenwood et
al., 2019, ®). Whilst any regulatoryinitiatives of EASA or FAA, the versatilityof available
drone definitions wrean obstacle anttiggeredseveral iterations in the consultation process
until a final definitionfor civil drones excludingany misconceptims, has beenelaborated

Neverthelesslefinitionsvary distinctivelybetween EASA and FAATable 3.

Authority Definiton

An Unmanned Aircraft System (UAS) comprises individual system elements

; consisting of an “unmanned aircraft”, the “control station” and any other
EASA E A SA system elements necessary to enable flight, i.e. “command and control link”
R 5o i st Aguncy and “launch and recovery elements”. There may be multiple control stations,

command & control links and launch and recovery elements within a UAS.

A device used or intended to be used for flight in the air that has no onboard
pilot. This includes all classes of airplanes, helicopters, airships, and
FAA

translational lift aircraft that have no onboard pilot. Unmanned aircraft are
understood to include only those aircraft controllable in three axes and

therefore, exclude traditional balloons.

Table2: Appliedcivil drone definitionsof EASA and FAA

Extensivemilitary dronedeploymens and pathbreakingesearch omilitary drones enabled
since World Wal a rapid technological development in the field of lightweight constructions,
microelectronics and signal processing, whidiimately facilitated also applications incivil
contexts(Finn et al., 2012, B). Nowadays, theperationalersatility ofdrones is one of the
key drivers for theemergingcivil drone sectarAccording to Sandbrook (2015Jrones area
flexible, accurateand affordable solution for many recreationaldustrial or governmental
tasks(p.9). This enormous design varietyeaes an enormous market potentiahda wide
range of potential civil applicationsangingfrom aerial photographyo fire monitoringup to
agriculturaltasks (Straub, 2013, @). On the back othis variety,drones can belassified in
many ways, but the most common is to differentidtiem accordingto technological
capabilitiesand aksignspecificparametergBoucher 2015, pl):

1 Model size

1 Quality

1 Capability

1 Complexity
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Apart from themilitary history and dualuse aspeodf drones, this Master’s thediscus®s

explicitly on civil drones andall its associatednonlethal recreational, industrial or
governmentalapplications including alsopotential UAM (Urban Air Mobility) aspects

However, b deploythe mosicomprehensivéerminology avoidingt he wor d ¢isn mann e
researctapplies consistentlythe term@ivil dronéd Therebyto counteract any kind of military
associationsegarding theerm&@r o ntetbe p r e p o highlightoamd réirdorcgshat 6

this work considers exclusivelyjon-military drones Referening to EASA (2020), model

aircraft flights areorgani®d byauthorized organisatisrior the purpose of conducting leisure

flights, air diplays, sporting activities or competition activities1{). In consequence, this

Master’s thesis not considang any model flighs conducted at respective cites

3.2. Civil Drones i Categorisations, Capabilities and Applications

The operationalversatility, flexibility and commonaccessibilityentailed by civil drones to
people of the private, industrial or governmental sastirainly responsible fothe coherently
optimistic market forecasts of thiscser. Civil drones are easilpvailable, adjustable and
deployable in various ways, which iis the upcoming chaptetescribed from a common,
technological and practical perspective.

3.2.1. Various Categorisations of Civil Drones

Technological developments in terms of miniegation, signal processing and power supply
haveincrementallyincreasedechnological and operational capabilitegsirones on a military

but especially civilian matter. Nowadays, many different concepts and configurations are
obtainable whereby it is hadly possible to keep track of aWBectoral developments
(Kuckelhats, 2014, %).

Beyondthat,diverging waydo differentiate andategorie drones are in common udscause
the versatility of this sectdeads to the circumstance thedecific attributes or criteria are
identical oroverlapping ach other, aggravaing a strict anduniversally valid classification
(Skrzypietz, 2012, p). Contray to this to enhanceeader comprehensiveness andnable
profound insighd into variousapplication fields, &ategoriation ofdronesis requiredn this
Master’s thesidn generalthe operational performanaaf dronesis stronglyvaryingin terms
of size, weight antechnologicatapabilities and s, dronegan be as large as conventignal
mannedaircraft or as small as matchlzfAltawy et al., 2016, [8). To maintain thestructure
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in this thesis, ecording to Custers (2016drones can bereasonablycategoried by
differentiation according to the followingarameterg$p.42):
1 Configuration Fixedwing, rotorcraft, hybrid)
1 Degree of autonomy
1 Size & weight
f Power source
1 Maximum payload

In thefollowing sequences, each categm¥riefly explained, focussing explicitly aelevant

technologies and categoriesncering civil drones.

1 Configuration
Similarly to the manned aviatiodrones can be differentiated according togpplied principle
of lift-generation, which is alsdeterminingkey flight characteristics, like VTOI(Vertical
takeoff or landing) abilities emitted fly-over noise greenhouse emissionsor flight
manoeuvrability (Custer2016, p24).

Fixed-wing configurationgharacterisedrones applying the same lifigeneration principle as
conventionalfixed-wing aircraft. Therefore, a camberadng is mountedon the fuselage
aiming toprodue dynamiclift by accelerahg horizontallyup to a specific tak®ff speed
Fixed-wing drones argpredominantlyusedoy military and especiallappreciatedor increased
endurancs, operating altitudeand efficiengesin contrast tanultirotordroneqCusters, 2016,
pp.24-25). An example for a fixeaving drone isvisible in Figure8, the AeroVironmentRQ-
11, or shortly O6Ravenbo.

<

Figure8: The Aer oViTd®d nenearrmp |6a&Qy corifiguratiogartstationewh, 2020
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Appertainingto multirotor drones this configuratiorapplies the saméft -generation principle
asconventionahelicoptes. Contraryto fixedwing drones,multirotor donesgeneratdift by

the fast rotary motion ofmultiple, small sized rotors, which Bance system reliability
(redundancy; flight stability andmoreovergenables VTOL-characteristics (Custers, 201&3)p.
Multirotor drones arepredominantlyused in civilian contextqrecreationalindustial and
governmentaland thus aremoreemphasized ithis thesighanfixed-wing drones. A suitable
example for thisonfigurationis theso-calledé P h a 183G o pnr o d u cnearketldagling,t h e

Chinese dronenanufacturer DJI (Figur®).

. s |
o ) | fe
- »
-
e
Figure9: The DJI ' Phantom 306 ex e m@haanye, 2016y

Hybrid systemsombire principles and characteristit®m fixed-wing and multirotodrones.
On one handthese systems asnultiple rotors to enable VTGhbilities andon other hand,
fixed-wings to enhanceverall system performance regardiuglocity, operationarange and
efficiency, ultimately enablinglong-distance flightCusters, 2016, p4). An example for a
hybrid configurationis visible in FigurelO, the &Gx350 of the Chinesedrone manufacturer
Keweitd.

Figure 10: The Keweitai'Gx350' exemplary foa hybrid configuration(keweitai.com, 2010

1 Degree of autonomy
Beyond the configuration, anothepportunity to classifydrones is todistinguish different

autonomylevels. In general, atonomous systemsiitigate the threat ofhuman error and

27



therefore facilitag variousdrone applications, but the technology and regulatory development
of these systems is stilin progress. Neverthelessjstexpected, that the next decade required
technologiesn thefields ofsystemfailure responses, dynamic exhibit routing awverall HCI
(HumanComputerlnteractian) will significantlymature(Cohn et al., 2017p.6). However, due
to the absence of a pilatronesalways reveah specific level of autonomy, whichrmge from
purely humarcontrolled to fully autonomousdrones (Custers, 2016,p2526). The US
defence departmentgaiinguistesfour differentdegree®f autonomy Department of Defense
2013 p67):

1 Humancontrolled systems

1 Humandelegated systems
1 Humansupervised systesn
1

Fully autonomous systems

In summary drones can fly purelhumancontrolled (emotg, along pre-programmedlight
routes (automatic) or fully autonomoussg that thessystenshavet he o6f r eedom of
(Culver, 2014, p19).

1 Size & weight
In unmanned aviatigrespeciallysizeand weightare dimensiongbarameterghatsignificantly
influence operational scope, performanagaaximum payloadnd efficiencyof a systemin
generaldrones canweighfrom a few grams up to 10 tons and be as large as an insect or like a

commercialaeroplanéNader et al., 2016, 4).

Referencingto Custers (2016)esearch and leadindrone manufacturers arenomentarily
focussing orthe production and development sfaller and lightedrones for norilitary

purposes enablingenhanced endurangeperformance and payload (p.26). Besides that,
based orthe formula of kinetic energyegulatingauthoritiesmakeoften ug ofthe parameter

0 w e i tg dvaludte the operational risk.

1 Power source
Referencing tdNader et al. (2016}he endurancef dronescanrange from a few minutes up
to several hours, depending exactconfiguration and power source 4p.Besides that, also

systeminternal enegy consumers like motors, payl@or external atmospherignfluences

28



(e.g.wind, rain) influence the endurance of a system (Landratkal, 2018, p8). However,
nowadayslronesareutilising mainly four different energy sources (Custers, 20152@27):
1 Conventionahircraft fuel
1 Battery cells

1 Fuel cells

{1 Solar cells

Conventionalircraft fuel isnowadaypredominarly usedin military, fixed-wing drones and
therefore noffurther considered Beyond that, he energy supply principle otechargeable
battey cells is momenarily most relevant and frequentlyused in oil, multirotor drones
wherein especially thdow energy densitycausesinadequatesystem endurance and
performancédacks leading tanoteworthyoperationabrawbacksIn addition, alsostateof-the-
artfuel celltechnologyis utilisedby drones Fuel cells are electrochemical devicesnvering
energy from fossil resources directly into electrical enegtgytemporarily fuel cells arearely
applied to dronesbecausehe pronouncedlistinctive additionalweight is onlycarriable by
suitablydimensionedixed-wing drones Anotherpotentialenergy sourcaresolar cellswhich
aredirectly attaclked on thduselage convertsolar energy irusableelectricity. Apart fromthe
trendof usingrenewablenerges severe drawbacks in termssyistemefficiencyare reasoning

why solar cells armowadaysseldomlyusedby droneg(Custers, 2016, 7).

Predominany the inadequateenergy density of battery cellsausesseverdy reduced
operationakendurancg whichis until nowa significant barriefor the further development of
a civil drone market. Nevertheless,the next decadi is assumedhatcapacitiesand lifespas
of lithium-ion batteries will significantly increasd thus, unlock new valugso that dones
are prospectively capable tiy more than 60 minutesvithout recharging (Cn et al., 2017,

p.6).

1 Payload
Referring to allprior statementspredominantlyweight, modelsize and usedenergy source
determire operational capabilities likemaximum altitude, endurance, flight range and
maximum payload ofdrones (Custers, 2016, B6). In general, wil drones aremostly
appreciated for thebroadapplicationalscope which ismainly facilitated byinterchangeable
payload (e.g. parcels or medical equipmeat)variousattachmentge.g.sensaos, camera®or
Wi-Fi routers.
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At this stage it is worth mentionng thatsensoy equipments themostimportantpayloadof
civil drones. Ranging from biological senstobghemical sensongpto particle sensorslrones
can facilitateor ascertainrmany differentroutineoperationof the daily civil life or even assist
in emergenciesr catastrophes (e.g. floods, hurricanes, nuclear accident®mmon several
emerging application fieldandthe overall marketpotentialis predominantlycaused by the
impressive operationdlexibility, scope and cosdffectivenessenabledby the adjustable

payloadof drones.

3.2.2. Technological Capabilities

Subsequentlyproceedingon insightsfrom thecategoriation of civil drones,someexamples
for fixed-wing, multirotor and hybridironesare thoroughlyanalysedand evaluateavith the
target to validate beforementioneddifferences regarding technological and operational

capabilitiegFigure 1).

Manufacturer Model Configuration Capabilities
Total weight 570 g
i Size (diameter) 302 mm
Multirotor -
Max. climb speed 4m/s
Iax. descent speed 3-5m/s
.. Max. velocity 18 m/s=
DJ1 Mavic Air 2 [2020) - -
Max. altitude 5.000 m
/ ) \ Max. endurance appr. 34 minutes
: - ) MTOW A
Recreational
3 - Energy source Battery cell
\ d Price 960 5
Total weight 1.380¢g
. Size (diameter) 350 mm
Multirotor -
Max. climb speed 6Em/s
Max. descent speed 4m/s
Max. velocity 20 m/s
DJI Phantom 4 [2016) - -
Max. altitude 6.000 m
* - . E L Max. endurance appr. 28 minutes
Y i , MTOW NJA
LR Industrial
- Energy source Battery cell
Price 5.0005-65005
Total weight 1800 g
) . Size (length x width) 900 x 1.400 mm
Fixed-wing -
Max. climb speed NSA
Max. descent speed NfA
Max. velocity 8,9-225m/s
AeroVironment RQ - 11 (2001) -
_ ] Max. altitude 30-152 m
Max. endurance 60 - 30 minutes
— - MTOW 6,3 ke
n Military
c . \ Energy source Battery cell
—— .
Price 25.000 5 - 45.000 §
Total weight 1300 ¢g
. Size (length x width) 2.300 x 3.600 mm
Hybrid -
Max. climb speed NfA
Max. descent speed NfA
. Max. velocity 31/ 28 m/s
Keweitai GM360 (2001) - -
Max. altitude 4500 m
*_: Max. endurance 4-6h/2h
. MTOW 25 kg
Industrial E P — 0
. g
) _ nergy source etrol engine/Battery ce
Price 10.000 5

Figure 11: Operationaland technologicaspecifics oflifferentdroneconfigurationsown work)
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As extractablefrom Figure 11, variousdrone moded are available, anthus,technological
capabilities exactconfiguratiors and purchase pris@are strongly vaegatng according to the
specific usage contextExemplary the recently released@avic Air 26 of the Chinese
manufacturebDJl is asuitableexamplefor a recreationalroneutilisableby thegeneral public
Thed Ma v i c isAobtainab® delow 1000$, sameraequipped andhe applicationof a
rechargeable battery ceflermits endurance of approximately 34 minutes, which is in
comparison taan older industrialdrone, theD J IPharitom 4 an increment oft leastsix
minutes, imicatingsignificantresearctprogressoncering battery cel and a higher system

efficiency.

Independentlyfrom the intendedapplication operationalendurances always a keydecisive
design parameter foranes. As statechbove in early stagesironeswere exclusively applied
for military purposeswhereinendurancaes of crucialimportance Therefore, militarydrones
like the RQ11 that perform mainly military reconnaissance flightsleploy fixedwing
configuratiors to enhance operational efficiees andconsequently alsonelurance. Thereby,
since 200Imilitary droneflights above ondour duratiorare possible. Bgond that, alsothe
purchase price of militargronesdifferentiatessignificantly from industrial and reeational

drones.

On the back o$everahdvantages and disadvantages of fimélg and multirotodrones, some
specific applications require a combination of bdlight properties which is realizableby
utilisation ofhybrid configuratios like the dIGM3605 of the Chinese manufactureekeita.
Striking advantages of B setup arenot far to seek andre the result of arffective
compromise enabling enhanced operational scapdgerms ofon demandvTOL-ability,
endurance, velocity, maximum altitudad payloadcompaed to conventional multirotor

drones.

3.2.3. Applications i Overview and Notable Usages

According to the AustriarCourt of Auditors (2020), inpastyears multicopterhiave been
increasinglydeployedn recreational oindustial applications like aerial photography, delivery

flights (e.qg. relief flights to chalets) or specific inspection flights (p.16).

Significantresearclprogress iriechnological fields concerninginiaturisation, endurance and
reliability haveprogressiely enabled manifold potential applicationsmanyeconomicsectors

and contextsBeyond that, alsohe operationatapabilitiesof civil drones hae enhaned
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considerablyso thahowadaysiumerouspplicationsn daily, routinetasksarerealizable also
described athe 3D dirty, dull and dangero@sAll this ensuescivil drones alecisiveposition
in the prospectiveinternational aviation sectorL&ndrock et al, 2018, p26). General
expectationgnd requirementsn operationatapabilities of civildrones vary strongly witthe
intendedusage contexand specific industrial sectar Therefore, differentnodel typesare
necessary toneetdiverging market requirementa terms of payload, endurance, sensory
equipment ina costeffective way However,the impressing variety availablemodels and
configurationsprovidecivil droneswith sufficient potential toinfluence many industries ia
sustainable and positiveanney enabling more and more applicatioftaylen, 209, p4). As
visible in Figurel2, civil drones aralreadyyet facilitaing aremarkableaumber of applications
in variouscontexts and economic sectok$any of theseare beneficiafor businessactivities
or the common societyand thus, will surmountalso specific hindrancesconcerninghuman
availability or regulatory,geographical andocietalbarriers(Altawy et al, 2016, pb5). In
summarydecisivetechnological progreskwer purchase costs and the increasegarational
reliability have recently facilitabd the emergenceof various applicatios which are
categorizabldyy six applicationcontexts industry, government, assistance, resedeaibure

and agriculturéFigure12).

Cargo services

First Responders

Disaster management and post-

Passenger transportation (incl. UAM)
Advertisement purposes
Communication broadcast (e.g. Wi-Fi)
Security firms
Insurance companies
Professional film/photography
(Visual) Monitoring/inspections

- Buildings/Infrastructure

- Constructions

- Maintenance

- Power lines, sites and

pipelines

Science/Research

Atmospheric research

- Meteorology

- Pollution measurements

- Contamination

measurements

Geological research

- Volcano observation

- Geospatial data collection

- Mapping/Cartography
Ecological research

- Wildlife monitoring

- Environmental protection

Traffic monitoring
Crowd monitoring (public riots/events)
Border protection/Coastal surv.
Maritime protection (e.g. piracy)
Inspection of public facilities
Police — Law enforcement

- Support pursuit actions

- Observation of suspects

- Safeguarding of persons

Applications — Civil Drones

Leisure/Culture/Sport

Artistic photography
Artistic/Light installations

- Drone swarms

- Light shows
Sport/Competitive flying

- Drone races
Recreational usage

- Private photography

- Toy

disaster recovery
- Disaster monitoring
- Real-time data collection
- Damage assesments
- Search and rescue
- Medical and emergency
response equipment
delivery (e.g. defibrillator,
blood)
- Vision support of forest
fires, road/rail/air disasters
Humanitarian aid efforts
Food delivery in rural areas

Agriculture

Soil and field analysis
- Crop monitoring, spraying
and health assesment
- Field fertilization
- Crop real-time data (from
ground sensors)
Forestry
- Disease detection
- Forest fire detection
Conservation efforts
- Water ressources
Mining
Fawn detection and retrieval
Renaturalization

Figure 12: Categorisition and overview of all relevant civil droagplications(own work)
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With referenceto the pevious overview concerning currentaind prospectivecivil drone
applications, allindividual categories ardriefly describedand elucidatedn the following

executions

1 Industrial applications
A major economic or industrial fieltbr civil drones argpotentialapplicationsby delivery,
transportation or logistiasnterprisesaffectingthe transport gbersonsaindparcels According
to Mcllrath (2019),recentsocietal changs in shopping behaviour (e.g. onlis&opping)
facilitate the establshmentof civil drones as transport mode, whiefill generate benefitis
terms oftransporicosts and workforcexpendituregp.42). Backedon somefurtherbenefits of
cargodrones like increasedperational speed, relief for inner cities amdantraffic reduction,
leadingcompanies likéAmazon, Google and DHalreadyinitiated project€oncernindogistic
drones (e.g. AmazonPrime Air) (Haylen, 2019, pl0). Prospectively, also passenger

transportation is plannedlith civil drones finally enablingUAM (Urban Aerial Mobility).

Besides that, igil droneswill also be used br eecommerce packagespare partor food
deliveies and due to the increased speseihnologcal accessibility, operational cost
reductionand the estimated furthéechnological progres# is assuned, thatthe economic
value of dones in this sector will further intensifyWi€, 2016, [8).

Another relevant industrial application of cidilonesaddressetheinspectiorand maintenance
of critical utilities, buildingsor constructions. In terms of utilities, whigkecurethe provision
of essentiapublic services like electricitandwatersupply, wastewatefe.g. sewagedr cell
reception(e.g. mobile phone mastjroneinspectionsmprovestaff safety network reliability
andminimizes hspectiorexpendituregMclirath, 2019, 38). In total, the éllowing reattime
monitoring inspection applications are el@hinablefor civil drones:

1 Visual inspection

1 Thermal inspectio

1 Underbuild inspection

1

Corona detection
Correspondingly especially the attachable higbsolution or thermal imagersubstantiate
why the utilisation of drones forconstruction and infrastructure monitoriqrposes is

unlockingsignificantbenefis in parameterspeed, quality and coesfficiency,whichwill make
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cividr ones Ohere t o 89.lathié corftedtargldvarinfrastrugtOrdis&ctors p .
utilising drones are predominantly energy supplies, road operatos, telecommunication
providess or oil andgassupplies, which areconsentaneouhat civil drones can detect local
defects more thoroughly, faster and sdafamhumars. Besides the ability of detecting local
defects in dargescaledinspectionarea, dones willprospectivelyalso be capable maintain
locateddefects (WC, 2016, 5), enablinga strikingreduction ofhuman workloadAccording

to Haylen (2019)especially telecommunication inspectioren be effectively enhancedth
drones improvng maintenanceor inspectionprocessescarrying out inspection flights to

antennasnd thus, elimingng anyphysicalthreats fromemployeegp.39).

Insurance organisation anecreasinglyutilising civil dronesto facilitate and enhanceaily
routines In this connection, drones are useful devitesounteract on one hand increasing
insurancefraud and on the other haratising damageduring natural disastersOn an
internationallevel, insurance companiateploy civil drones in the following contexts \(fZ,
2016, pll):
1 Risk monitoring (Drones are applied to monitoelocal situation and alert residents in
case of emergency)
1 Risk assessment (Dramareusedto gather object information before a policy is issued)
Claim management {t&cking the initial state of a property and its condition after a

reported incident

Another aspect in this cohererelacidateshat avil dronesare alsaleployablefor promotional
purposs, significantly facilitating and improvingadvertisementmarketing and commercial
campaignsRegarding tdPwC (2016), dronescanintercept cellular and Wi transmissions
aiming to locak uses andto distributeadvertisementsbasd on the search historgf the

interceptecklectronial device (pl13).

Regardingconventionalsecurity tasks (e.g. security firmskivil dronescan transformor
enhane prevalentstrategies and approachesthis field. Nowadays, securitpperationsare
particularhumanintense but especiallythe variety of entailedoperational capabilities (e.g.
speed, manoeuvrability and size)onfil dronesareutilisableto supporsecurity groundstaff,
enabling less humaexposure and thugn increased safetyeducedcosts andan enhanced
security PwC, 2016, p.18).
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A further significant industril application pertains toprofessional aerial photography or
cinematographwitilising drones In general, drones for cinematographic purpdsesbeen

utiisedi n many movies |ike 6The Wol f dénesival | St
cheaper, quieter arehable the recording ofiore dynamic sequencescontrasto helicoptes

(PwC, 2016, p.12). Besides that, professionddone photography servicese alreadyeasily
boolablefor private celebrations like weddisgpartiesor similar.

1 Scientific applications

The versatility of civildronesenablesa variety ofscientificapplicatiors. In specificespecially
theattachablandinterchangealel sensory odronesfacilitate variousapplications in the field
of analytical monitoringThefirst scientificdrone deploymentlatesfrom 2002,asaresearch
drone gathered atmospherigrobes in northern Europe (Skrzypietz, 2012,13). In
consequencegivil drone technology matured antb date drones aré&equently collecing
measuring probes for scientific purposegjardlessf the respectivaask is risky or harmless.
Due to this dronescan take air samplealso above active volcanoes, in hurricanesoaty
conventionabtmospheric probes, whichassivelyfacilitates weather forecasts @valuations

regarding theurrentair contamination inerms of fine particles or CO

1 Governmental applications(state operations)
Many governmersgintendto takeprospectivelyadvantagef theemergingdronemarket which
incorporatesapplicationalareas likethe drone use by trainedpolice staff in nonrurgent
situations crowdmonitoringat major events (e.g. concerts, demonstrations), traffic monitoring
(e.g. traffic jams, issue speeding ticket®dmeland securitye.g. border protectiomr the
protection and inspection of publwildings (eg. city hall)as well ascritical infrastructure

(e.g. jails, courts, chancellery)

Thereby, alsothe monitoring of oil and gas pipelines, rail systems and electricity netvioyrks
dronescan beinterpretedas protection of critical infrastructure. Another already frequently
observe applicationis the surveillanceand protectionof borders withdrones, vheren
especiallythe flexibility and sensor technologg worthwhile and an immense strategic
advantagan the creation of an exaaituationalpicture (Skrypietz, 2012, [1.9). Suitable
examplesof drone deploymentsfor border protection are sonfeERONTEX missions (e.g.
Operation Triton) or the ‘Mare Nostrum' (2013) mission by the Itglievernment to secure the

Europeanexternal border against unauthorizedties by third-county nationals(Custes,
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2016, p118). In several border protection taskse . g . Eastern Ukryrthel ne,
60Camco)bpd@d &f-kndwh Austrae haufacturer Schiebel is internationally highly

appreciated for its operational capabilities.

1 First responders
Backed orthe entaiked operationaflexibility, security andavailability, drones can also be a
decisive and lifesaving factor in emergencies, natural disasters and all types of relief missions.
Exemplary, dring the Fukushimauclea plantcatastrophe in 21 civil drones equipped with
infrared sensorsdiv overthe damaged reacttoy measure the radioactive radiation and lreat
the reactor core (Skrzypietz, 20121%). Besidesadvantages in crisi®sponsemanagement,
drones camlsosupply needed medical equipmé&ke defibrillatorsor blood supplies, and thus
increase the survival rate from 8% to 80%ase ofanasystolgPwC, 2016, p.9).

1 Agricultural applications
According to RvC (2016), due to thestimatedjlobal population growth, the agricultural sector
will have to producelmost69% more by 205 satisfyglobal fooddemand ([.6). For this
reason, productivitis alreadyyetacrucial factoiin this sectorwherebydronesare gpromising
opportunityfor this industryto improveefficiency, asagriculturalworkers currently have to
spend a lot of time on seed spreading, fedtiion crop and health control(Haylen, 2019,
pp.4243). Based orefficiencyadvantages entailed loyones in large areas,istassumed that
agriculturalproductivity will increaseand that tis sectorwill prospectivelynutateto a highly
datadriven multibillion dollar industryfor drones(Haylen, 2019, @.2).

1 Leisure, cultural and sportive applications

Besidegshe mosknownuse casef civil dronesregardingrecreationabpplications whichdo
not displaydiscerniblesocietaladded valu¢ e . g . 0 F, aspecidllyapplicdtions id jhe
cultural and sponte sector haveecently significantly gainedsocietalimportance. On one
hand, drone rags are worth mentining regarding sportve applications characterimg a
segment thatlreadyexperienes hgh popularity incorporaesremarkablecash prizesndthus,
implicatesthe potential of gettingnainstream in the futur@wC, 2016, pl3). On other hand,
artisticlight installationsare enabled bynpressiveswarmformationsandartificial intelligene
so that thesare gpotential substitutéor conventional fireworkge.g.New yearcelebrationsn
Shanghai
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3.3. Civil Drone Sector i Market Overview

In theupcomingchapter the current antbrecastednarket situatiortroncerning civil drones

examined and analysed from both an international and Austrian perspective.

The internationalcivil drone market is still irconstitutionand at the beginning @& certain
development, but some applications and industrial seab@adyutilise thetechnological and
operationalpotential of civil drones However, this potential is currently nobmpletely
utilisable on aninternatioral and Europen leve] as there is still no uniform European
regulationin force that coversall differentdronetypesand applicationsso that the further
growth of the droe market is slowed down (Molina et al., 20p&). Overall, thepositive
market developmemtependsnainly onfive factors (Cohn et al., 2017 ,5):

1 Infrastructure
1 Regulation
1 Technology
1 Public acceptance
1 Economic drivers

3.3.1. Shaping an Emerging Market i OEMs & Suppliers

The structure othe civil drone market isnfluencedby large, internationadompanies, SMEs
but also small statip companigswhich intendto fill marketniches (Cohn et al., 2017, ).

On a global levelthe UnitedKingdom, India, Italy, Azerbaijan, Turkey, France, Singapore and
Brazil arecurrently dominahg the import business and countrlde USA, Canada, Russia,
France, Austria, Italy, Germany and predominantly Chinadbpectiveexport busineswith
drones(Molina et al., 2018, p.27)

1 International market overview
As visible in Figurel3, themostpopularinternational civilianrdrone manufacturer isurrently
SZ DJI Technology Co, based in Shenzhen, China. This compasyounded in 2006 and

focus®s on the production of leisurendustrialand militarydrones.

On an international matter, theostrelevant Europeadrone manufactures Parrot SA, based
in Paris Franceand mainly focusing on the production of recreational dronesetteless,
Parrot SA also offers the 'eBe#rone which is particularly used in agriculture andsts
approximately$25.000 (Canis, 2015, p).
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Besides the currembarketdominance of China, alshe USA play aleadingrolein this market
segmentln specific especiallypothUS-companies AeroVironment and 3D Robotcsworth

mentiorning, which produe rather small drones for a variety of applications.

Rank Company 10,0% 20,0% 30,0% 40,0% 50,0% 60,0% 70,0% 80,0%
1 DJ < 6s% i
2 Parrot () | 60% Parrot
3 Xiaomi = s% (o]
4 Hover ¥ essssssssssss—m 32 HOVER
CAMERA
5 AeoVionment HE  pm 19% LV
6 3D Robotics B e 5D
7 INSITU B s 3% INSITU
8 Yuneec I 1% YUunce<
9  Ehang B 0% :
10 Syma Toys B s 0% B

Figure 13: The drone company rankiraf 2016by internet popularity (droneii.com, 2016)

9 Austrian market overview
The Austriancivil drone market islominatedby established, large manufacturers, SMEs as
well as innovative statip companis, aiming to fill lucrative market niche In addition to
providers of specificdrone services(e.g. ViewCopter Bladescape mainly the company
Schiebemustbe mentioned, whicls based in Viennandprodue@scivil and dualusedrones,
like the 'Camcopter-300' (Nentwichet al, 2018, p27).

In addition b Schiebel ag\ustriandriving forcein an international comparisptinere are also
othersuccessfuhationalcompanieshatscavengedtheir positionn theAustrian and European

dronemarket.

As visible inTable 3 exemplay the Austrian ompaniesFACC (with partner EHANG,
DIAMOND Aircraft, Stromkind, Riegl, Frequentis, ViewCopterBRP/Rotax Bladescape,
Airborne Robotis, Austrodronesor DroneRescyequickly anticipated the potential olis

sector ad adjustedheir businessonceptor initiated astart-up business
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Enterprise Sector Headquarter Specialisation Website

Development/production of the CAMPCOPTER®

Schiebel Manufacturer Vienna 5-100 - Civil & military purposes schiebel.net

Cooperation with chin. manufacturer EHang -

FACC Manufact Ried im Innkrei facc.
anutacturer 1ec im innkreis Development/production of UAM-drones in AT acc.com

i Development of UAVs for env. protection, .
Stromkind Manufacturer Raab i ) N stromkind.at
disaster response & risk mitigation

Development/production of OPVs (optionall
DIAMOND Aircraft Manufacturer Wiener Neustadt p /p i (op v diamondaircraft.com
piloted vehicles) - e.g. DA42M-OPV

. . Drone manufacturer with focus on film & .
Airborne Robotics Manufacturer Klagenfurt i i airbsystems.com
entertainment industry

Development/production of UAS & diverse

Austrodrones Manufacturer/Service pr.  Alberschwende i austrodrones.com
services

Development of unmanned laser screening

Riegl Manufacturer/Supplier Horn systems & the RICOPTER drone riegl.com

Specialized on the development of digital
Frequentis Service provider/Supplier Vienna solutions (Voice & data comm./Drone detection frequentis.com
& defence/UTM framework)

. Development of a parachute safety system for
Drone Rescue Supplier Graz drones dronerescue.com

. i Supplier for middle/large drone manufacturer
Test Fuchs Supplier GroR-Siegharts . i i test-fuchs.com
(integrated combustion engines, fuel systems)

Service provider - Aerial photography (incl. 3D
ViewCopter Service provider Feldkirchen P i P | graphy | vcopter.net
data, inspection)

) ) Service Provider - Autnomous status
Bladescape Service provider Schwechat . R blade-scape.com
assessment & automatic data analysis

Table3: Selection otompanies acting ithe Austriarcivil dronesector (own work)

Beyond all industrial activities in Austriageording to Nentwiclet al.(2018),in coordination
with national industrial processealso extensivedrone research is carried out in Austria.
LeadingAustrian drongesearch instituteare especiallyhe FH JOANNEUM TU Graz, TU
Vienna, Ars Electronic&entre Joanneum Researddniversity Klagenfut, FH Karnten, FH
Kufstein, LakesideLabs, AIT (Austrian Institute of Technolog@nd the RailTec Arsenal

climatic wind tunnein Vienna(p.28).

3.3.2. Current International Market Situation

China and the United States are currently theirdy forceson the internationativil drone
market.Nevertheless, Europe is alsg@periencinga constant increase in annual satesof
drones, as therevealan enormous market potential, which estimates the creation 0d®0
additional Europeajobs until 2050 (BAZL, 2016, fl).

According to Nentwih et al.(2018),in 2016approximately2.2 million leisure and industrial
drones were sold worldwide, whigmpliesan increase of 35% comparisond 2015 (p23).
However, asvisible in Figure 14, the recentincreaseof drone deploymentsis strongly
depeneént tomodeltype andusage context (e.g. industrial, recreational, militaAg stated

above somedroneapplications are alreadyrealized but especiallythe currently inadequate
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Europearregulationof dronesnoticeablydeceleragsany futher developmentAccordingly,
someapplication fieldsare growing faster than others, athereforeleading manufacturers
predominantlyspeciali® on fixed target markef which mainly consist of momenarily
realizable applications in theecreation,energy, construction, agriculture, real estate and

transport sector (Molina et al., 20183).

Global Drone market development - 2016 until 2020 [in mill. USS]

Industrial | 130

2016 Recreational 1700

wititary | 500
Industrial [l 190
2017 Recreational 1800
wititary | /100
Industrial [l 260
2018 Recreational 2000
wititary | /500
Industrial [ 370
2019 Recreational 2300
wititary | 7500
industrial [ 530

2020 Recreational 2600
nvilita ry | 3100
0 3000 6000

Figure 14: Theglobal dronemarket development by domdderived from Molina et al., 2018, p.

In accordance withnternational trends, the number of annual drone approvals has also
constantlyrisenin Austriain the period fron2014to 2018 AustrianCourt of Auditors, 2020,
p.26). As recognigble from Figure 15, it is assunmable that in 2020 theAustrian authority
(Austro Contrg) is granting approximatel¢.000approvals, which in turn is an indicatifor

the positive development of the domeskione market.

Annunal permits of civil Drones - Austria (2014 -2020)

0 1000 2000 3000 4000
Figure 15. Development of annually granteldone permissions in Austr{@austrocontrol.at, 2020
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3.3.3. Future Market Perspective: Worldwide and Austrian Highlights

In the nextdecadecivil drones will becomstill more central to our everyday life. According
to Molina et al. (2018and in respedb specificexpertforecass, the greatesmarketprogress
will occurin countries and continentahich ae alreadynow market leaders,8. Asia, Europe
and North America (L.3). However, the extent of this development depgmddominantlyon
technological, infrastructural, s@tal and regulatoryactors includingalsoglobal econonic
developments

Technologicaldevelopmentenabé improvements in théeld of autonomous fligls, battery
performancs, detectandavoid systemsand location technologiego facilitate unmanned
traffic managementUTM) and thus, technological progress isssentialfor further market
growth. In addition t@lreadyscrutinisel regulatoryissuesalsoinfrastructurabarriers societal
obstacles in acceptanardadoptability musberemovedo enable an unhindered drone market
(Cohn et al., 2017, p).

According tocurrent trends and estinats, asvisible in Figure 16, the global civil drone
marketis expected t@grow at an annual growth rate of 13.8% until 202hevebythen the
majority of applicatiors canstill be found in the energy or infrastructure sectdnoqeii.com,
2020). Furthermore,the forecastedeuropean growth is significant, but slightly flatter in
comparison to North America and Asia.
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Figure 16: Estimated drone market development until 2025 by annual redmreeii.com, 2020)
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Recapitulatorythe civil drone market is highly technologiriven and dominated by China,
USA and FranceReguldory harmonisationgfurther technological developments as wethas
mitigation of societal barriers apFospectivelykey for a positive and sustainable progress of
this eeonomicsector.However economists assuwfurther market growth predominantly in
countries, which are already todaglaborating strategies and copteto overcome

beforementioned barriers.

Complementaryin the lastyearsalsoa presenableAustriandrone market haseendeveloped,
including both successful OEMs amsdippliersthatexperiencandustrywide reputation due to

their field-relevantcompetenceThereby, originating from a wordttading product and a
currently progressing EASA civil certification process, the company Schiebel holds a purely
optimistic market perspective. Beyond thalsoseveralother Austrianmarketplayes like
DIAMOND Aircraft (e.g. OPVs), Riegl (e.gLaser measuremersystems and edemand
drones)or Frequentis (e.g. TM solutions) are fillingsoundmarketniches so thahothing
stang in the way fora positive prospective development of the whole Austrian UAS

community.

3.4. New European Regulatory Framework for Civil Drones from
2021

This chapter dealsabout thecurrent and prospective legal framework, tregulabry
development procesand specific processvolved stakeholdersvith a special focus on

European, but alsaternationalprocesses

3.4.1. European Drone regulatory politics i From Riga to Amsterdam

The currently applicabledrone regulatiorin the European Union is based on the European
Parliament'sdirective (EC) 216/2008, which stipulates that drones wittialieoffweight
(MTOW) of 150kg or more are standardizeda&uropean leveby EASA anddronesbelow

this thresholdare regulatedby the national law otach Member State (EASA, 20152)p.
Subsequently, a fragmented regulatory landst¢esdeenestablished in Europe falrones
with a maximum takeoff weight below 15kg becauseeachmember statenterprets and
counteractpotentialoperationahazardsaandrisks caused bylrones differently.

At an Austrianlevel, thedGeneral Aviation Adi (LFG) was expanded of™ January 2014

whereinthe 4" section®ircraft Models and Unmanned Aircrafg§ 24c ff.)regulates drones
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bdow 150kgMTOW. According to the enacted LEGased oranoperational risk assessment
and associated licensing generalrequirements fodrone operatios, a distinction principle
(Table4) for all dronesis introducedAustrian Court of Auditors, 2020, 19).

Table4: Applied drone lassification in Austria according to LF@\wustrian Court of Auditors, 2020, p.19

Besidesdronesconsidered as toys or model aircraftcording to te LFG, predominantly
unmanned aircraft included alass 1(VLOS) areof utmost importancen Austria.According

to Dafmayr et al. (2018), flying objects that fall into this category havalfil the d_uft- und
Betriebstlichtigkeitsnachweis N876 (LBTH 67), which conducs a riskbased approach to
classify the technical, operational and personnel requirements depending on the risk potential

of drone operatiagispecifiedin the categories AC, D (Figurel7) (pp.2-4).

Figure 17: Categoristion of classl1 drones as part of the operating pessibnprocess in Austrigaustrocontrol.at, 2019

As noticeable fronfigure 17, the population densitpf the respective drone operatigrof key
importancein the Austrianrisk classification On an Austrian levethe following operational

areasare distinguished
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