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Recent technological developments have led to the emergence of affordable and increasingly capable
remotelyLJA € 2SR | ANONI F& 2N WRNRBYSAQ 4 AGKden sighiicdt I 2
opportunities to consumers, busingss, research organisations and governments ¢through misuse or
malfunctiong they also represent a potential threat to the safety of manned aviation.

This study aims tadeepen the understanding through experimental testing and simulation technégr
NEIIFINRAY3I (GKS STFSOGa 2F || LRIGSYyuUAlLf O2fttArairzy 27
GAOGK YIYYSR FANODNI FG oWil NBSGQUT A RSrigkitiatfdéonedrbi@ty S R ¢
collision may induce on #haircraft and its occupants, and; draft design requirements and test standards for
future drones to be put on the market within the EU open category (CE marking) addressing the containment
of the above isk.The programme of work, undertaken by Qineti®spilt into nine tasks, relating to research
planning, development and validation exploitation and mitigation, whilst remaining engaged with
Stakeholders.

5SA0ONALIIAZ2Y 2F 62 NJ

The work presented hereLINS & Sy (1 a (1 KS 2Qzid Bd&lii@eg dedhition &f ¢dllisioh scenarios

and parameters that are relevant to the aims of the programme. This includes definition of the drones involved,
example aircraft to represent the Certification Specificasiof interest, and prioritised impact mes on each
categoryof aircraft. Collision speeds are also evaluated, plus the relative orientations of the drone and manned
aircraft at the point of impact.
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1.1 Background

Recent technological developments have led to the emergence of affordable and incheasamable
remotelyLJA f 2SR FANODNF Fi 2N WRNRYySaQ gA0GKAYy GKS 3t 2
opportunities to consumers, Usinesses,asearch organisations and governments hut used improperlyc

they also represent a potential threto the safety of manned aviation.

EASA has been active in monitoring the risks and threats associated witirndicbne collisions, includg

forming aDrone Collision Task Force in 2016 to identify research requirements with input from a broad group
of industry stakeholders. Recommendations from the Task Force refJdreferences arsummarisedat the

end of thisdocumen) s SNBE RS @St 21LJSR FTdzNIKSNJ 6& VvAySiGAv Ay 9! {
RNER y S & (D164L9R.5D)! Inthis short programme, methodologies were defined and an outline programm

of research was proposed to assess the severity of collisiongeleeta broad range of drone configurations

and manned aircraftypes|[2,3].

¢ K$ O dzNNEB y 0 LINPANY YYSS WzxdzZ ySNI QEASAZ\ZﬁZQ.CW}HSfLmdegf\yaS R b
GKS 9dzNRPLISIY [/ 2YYAAaaA2yQa WI2NRT 2Y HAHAnetiQBS | ND K
programme is based upon the previous research and has three main objectives:

1 to deepen the understanding through experimental testing and sjﬂation techniqqesr regqrding A
the effects of a potential collision of drones in the consumer /pho&UNJ Y N SG aS3YSy
YEYYSR FANONI Fd oWailFNBSGQOT

9 toidentify drone design strategies aimed at containing the risk that di@ingraft collison may induce
on the aircraft and its occupants, and;

i to draft design requirements and test standarifds future drones to be put on the market within the
EU open category (CE marking) addressing the containment of the above risk.

The programme of world] is split into nine tasks, akepicted inFigurel-1.
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O Figurel-1 Programme structure
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1.2 Scope of reprt

This rdJ2 NI NBLINBASY (i@ RE{AKS Nk ozt §S NI5@ XA G & STFesearthy y SR
programme (E8A.2020.C04): KS $2NJ] LINBaSy(iSR KSNB NBELIMME®GED a O F
definition of collision scenarios ara$saiatedparameters that are relevant to the aims of the programme.

This includes definition of the dnes selected (SectioR), example aircraft to represent the Certification
Specifications of interest (Secti@h and prioritised impact zones on edgfipe of aircraft (Sectiod). Collision
speeds are also evaluated (Sectln plus the relative orientations of the drone and nmed aircraft at he
point of impact (Sectio®).
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2.1 Introductionto Task 2.1

The purpose of Task 2.1 isgelecta range of droas that will be used for collision assessments, later in this
programme. The aimvas to identify configurations thadre representative of the currenand anticipated
nearfuture) consumefprosumer drone market, in order tproviderelevantcollision sevaty datato support

the drafting of future drone design standar(lBask 8)

This has beenachieveslA G K Ay LJdzii | YR adzLJLI2 NI FTNRBY (KS LINBAENI YY
droneand aircraftmanufacturers.Members of the Stakeholder Group atefined inAppendix A

2.2DroneTypes

Thereare many eamples of distinct droneonfigurationswithin the consumer/prosumer markethough only
a few couldbe considered to be magsarket, with others having a smaller market share or being
niche/specialist products.

An initial review of potential onfiguratins was conducted asJl NI 2 ¥ 2018 st&ping st
(EASA.2016.C25,3], which included recommendations favhich drones should be included &collision
study. The philosophy behind tlid®wn-selectionprocess waso focusthe studyonimpact scenarios thawere
perceived to have the greatesbllective probability of occurrencédhe likelihood of causing damage and
severity of outcome.

Figure2-1, fromv A Yy S A v Q& ,dlBteate¥isygmk ofithie deRf@uration types that represent-sldsses
of drone.

Configurations within these sutlasses are wideanging and vary greatly in their size, mass, flight speed, range,
altitude capability, structuratobustness and ease of deyment. However, the study recommended the
following two subclasses asrrity cases when considering drone threats:

1 Quadcopterg; Priority 1 (highlighted in red iRigure2-1).
1 Fixed ving (electric, propelledriven)¢ Priority 2 (highlighted in orange Figure2-1).
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Flat rotors

Quadcopters

Quadcopters

rexacopters

Uctocopters

O Figure2-1 Example sulzlasses oémalldrones

2.2.1 Quadcopters

The rapid emergence of multbtor dronesover recent years has been greatly aidgdadvancements in motor,
battery, flight controller, ensor and camera technologieBhis class ofirone can take off from and land in
confined spaces ah due to increasingly sophisticated control systems, are relatively easy to control. These
characterstics, coupled with their lowrice-point, have led to increasingly large numbers of people adopting
the technology and utilising the airspace. Furthermobecause of their ease of deployment, users are no
longer constrained to operating from traditionairganised flying clubs.

Quadopters are currently the most popular class of muttior and would therefore be an appropriate
configuration to representa large proportion of the emergingrone market. For a given mass class,
Quadcopters are also considel to represent a more sevelienpact threat thandroneswith more rotors
because:

1 They require more powerful (and heavier) motors than Hexacopters/Octec®so in the event
of a collision, more energy is directed to a single impact site;

1 They require sraller airframes for a given ppeller diameter, thereby increasing their effective
density, and;

1 Impacts may occur iine with two motors and the centrdliselage, thereby resulting in multiple
impacts at the same location.

It couldbe argued that trcopters and coaxial configuratiomaay present a more significant threat because
they either have highepower motors (tricopters) or pairs of ctbcated mobrs (coaxial). However, at the
time of writing, these are niche products and do not represent thgomity of dronesbeing producedr flown.

Collision envelope specification and justification report (0. PAGEL3



2.2.2 Fixedwing dronewith electricallydriven propellers

Fixed wing model aircraft are not a new phenomenon and Hzeen operated by hobbyists for over half a
century. Traditionally, these tended to be configured eiths gliders or were powered linternal combustion
engines. However, some of the same technological advances that led to the emergence of practigatonulti
aircraft have also benefitted fixed wing configurations. Consequently electrmalyeredfixed wing drones
are increasinglycommon due to their affordability, performance, flexibility and minimal requirements for
setup/maintenance.

Largerfixed wing dronesrequire access to appropriate airstrips and so are commonly operated within
organised clbs, but lowcost electricallydriven fixed wingdronesthat can be handaunched are also widely
available.

The airframes of fixed windronesare typicaly low density, wellistributed and frangible. However, the
motors (with spinners) and batteries tdrger models may represent &aificant threat in the event of an
impact, particularly given their relatively high flight speeds compared to large otoltidrones

Fixed wingdronesare also more challenging to fly than multitors and have greater rege capabilities This
may preent a greater risk of inexperienced pilots losing sight/control of tbedne with an associated risk of
unintentional devation into manned aircrafairspace

Although fixed winglronesmay not be as prevalent as multirotdrones the perceived potentilafor long
distance ruraway conditions and possible levels of damage suggest that they should asedssed through
this study.

Different styles of fixed wing drones are availalileough the majority of consumer/prosumearystems are
either based upo®2 Yy @Sy A2yt | ANONI TG RSaA3dIya O6RAAONBGS TFd
configurations.

2.2.3 Otherdrone corfigurations
The otherdronesidentified inFigure2-1 were rot prioritised for the following reasons:

1 Model Helicopters: Although sommodel helicopter systems are relatively large with powerful
engines, they are ridbelieved to be in common usage. Furthermore, because larger models are
relatively complex (and expsive) machines that are harder to control, they are more likely to be
piloted bytrained operators. On this basis, it is considered less likely that taggiel helicopters
would be flown inappropriately at high altitudes or at extended range from theatpe.

1 Hybrid tiltrotor drones Hybrid, vertical takeff and landing (VTOL) efigurations are emerging,
which provide users with the benefits of muaftitors during takeoff and landing, and the speed,
range and endurance of a fixed wing configuratidlowever, these products are moedigned to
commercial usage such as aerial syimgand surveillance so although there are examples of VTOL
toy dronesthey are not a mainstream configuration.

1 Reciprocating internal combustion engideones Whilst theengines used may pose a significant
threat due to their solid construction and legively high mass, most fixed wingonesnow use
electric propulsion syems. Internal combustion drones are still operated from organised clubs but
this is assumed to repsent a minority.

1 Gas turbinaedrones Although these enable drones to be flownvary high speeds, they are not in
common usage.

9 Gliders:Model diders ae assumed to be highly frangible with no significant kighsity or
damaging systems.

9 Airships:Model arships are not in common usage and are unlikely to pose a significant impact
threat, except by obscuration of vision or possibly blocking intakes.
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1 Ornithopters: Ornithopterdronesare not in common usage.

2.2.4 EASA Open Category

EASA have set out requiremts for drones within the Open Categoryhich defines different operational
restrictionsdepending orboth the drone and the operator.

Table2-1 details each of the subcategories within the Open Category and tkpentive operational
restrictions/opergtgr requirementsFurther imiorlnation on Athe specvific requiremvenvtsA of each cla§s are
LJdzo f AAKSR 2y OQdre{stinhad SR oAWK ISy YRl 48 17005aaQ NBFSNBYy

UAS Operation Drone Operator/pilot
Drone _
Class MTOM Subcategory Operational restrictions Cperator Remote pilot competence Rj.enjmte et
. . minimum age
registration
Mo, unless
camera
Privately SENS0T on . Mo minimum
< 250 - no training needed
built £ - Mo fiying expected over | board and a < age
a1 uninvalved peogle (if it drone is not
{can also fly in happens, should be ERL
Drones subcategory minimised)
. | - read user manual
without AZ) - no fiying over .
class assemblies of peonls - complete the training
) . <500g peop Yes and pass the exam 16*
identific ) )
ation defined by your national
labzl competent autharity
Drones AZ - no flying over - read user manual
without uninvolved people .
class - keep horizontal distance - complete the training
o i -
identific ke (can also fly in of 50 m from uninveolved ves E_md pass the e:-:a_m 18
T subcategory people defined by your national
label A3) fthis can be reduced to competent autharity
Drones
without
- read user manual
class -
identific - do not fly near people - complete the training
ation < 25 kg A3 - fly outside of urban Yes and pass the exam 16=
label or areas (150 m distance) defined by your national
3 competent authority
privatehy
built

O Table2-1 EASA Open Category requiremejtis
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2.3 Researcho support drone selection

2.3.1 Review obther mid-air drone collision studies

QA v S (révievai worldwide drone collision studief8] identified fourteen distinct programmesnd 19
publishedpapers/reports/theses/articleson the subject. The published reportd] includes a summargf the
each of tke drones selected for evaluation, and also the analysift@sting methodologiegemployed

Small quadcopter multrotors were the focuf most studies, though a fixed wing example was aksessed
within the ASSURE programme. The most commuirenced quadcoptes within these studies were from
the DJI Phatom series.

Further to this, acollaborationd S 6 SSy /[ KA y I Q dechmi@aNUnikessBy Zand3neJCivilAbiadian
Administration of ChinaGQAAQundertook a study focusing specificafbcusng on the DJI rangencluding
modern form factor dronegMavic series) and professional drones (Inspire sete€valuate the effecof
different product massesOther studies instead utilised parametric analysis methods, focusing on scalable
generic hreats to allow for comparison of the overall severityween different types of threat (i.e. bird impact

or increasing drone mass).

Of the literature reviewed, the dronelown-selection methodologiesvere not typically outlined, however
several studiestated that the DJI Phantom 3 was selected due to thelaligity of material and validation
data made by the ASSURXEstudy.

The ASSURE study was the atiydy to detail their downselection process for the multotor drone [10],
based upon usage datAs part of their research thegentified alimitation to the private ownershipgecords
where although registration of drones above 250griandatoryin the United States of Americthe specific
drone model is not requiredo be stated In lieu of private ownership data, the study referencedblically
available exceptions grantefdr commercial gse of drones (Form 333) available on the FAA websgitech
provided a distribution of commercially fdm drone models in the United States at that tinféis identified
the DJI Phantom 3 as the most popular, which imasie with their understanding of he consumer market at
that time and so was judgeid be the most appropriatselection.

2.3.2 Marketdata

Asdiscussed in Sectio.3.], there is a dearth of accurate markdata pertaining to the consumer drone
market whichis primarily due to the privatewnershipof the majordrone manufacturergnd lack of specific
drone informatbn in registration methods.

The methods employed by the ASSURE t¢ath to determine the relative popularityof drone used for
commercialpurposeswas considered. However this was not considered to be the most appropriataiadic
of consumer/prosumer usage atidwould bedifficult to recreate for Europerirstly, thebreadthof countries
regulated by EASAmsuch broader than those regulated byetlirAA (i.e. drone registration is required directly
gAGK SI OK [igivaatioy authdrigy yater than direct to EASA). Secondly, the level of reperting
and accessibility to reportsariesfrom nation to ration (e.g. commercial permissions aexiceptions are not
publicly accessible from the Civil Aviation tharity (UK)website). Thereforean assessment afommercial
usage was hot considered to be appropriate.

The availability of consumer drone registoats was also investigateds of 33 December 2020 EASAII
require private drone operators to register themselvEsge

Collision envelope specification and justification report (0. PAGEL6



Table2-1) with their respective/ | (i AcRilyé@aiion authority. Somenationsstipulatedthis in advance of this

datex &dzOK Fa GKS ! YQa /[ AQDAf I @A GA2Yy T NoveigeNZOTOE 4 K/
However aswith FAA registrationtypical private drone operator registration does not requilisclosure of

the exactdrone model and so do not inforrprivate ownership figures.

To bridge this knowledge gapeveralpublicly available markestudieswere identified.{ { 8 f 2 3A & wS & ¢
2018 survey was the most commonigferenced sourcewhichhad over 2,500 respondents and inded

industry sponsors such as DAlImajor finding was that DJI were the market leader with a 74% shaddhat
DIY/Custom drones &re the joint third highes® with a 3% shar¢l1]. Within the DJI range, the survey found

that the most popular drone was the Phantom 4 with 29% ownership closely followed by the MavidhPeo wi

26% shar¢12].

Another study by Kittyhawk.jdnc, a USbased drone software company, also supported these findings
through analysisof their 2018 used data. Thestudyalso concluded that DJI wise market leader, with 72%
share of drons registered on their platform. In addition, the Mavic Pro was idemtiis the most popular
drone model (22%); however in terms of droneniyy, the Phantom series was motemmon(30%)[13]. It is
noted thatY A G { & K | féringhidspetifically2niarketed to DJI uses® this data may carry sonieherent
bias.

Both of these studies were conducted by-hised orgnisations but their findings highlighted the ubiquity of
products from Asian suppliers. Some variatioownershp figuresmight be expecteavithin European nations
but the overall trends are considered to be applicable.

2.3.3 Desigrirends

Although the markt studiesdescribedin Section2.3.2 provide some insight into the composition of the
consumer drone market, they are somewhat datége to the rapidly developing field of consumer drone
design. Thisub-section detailscurrentdesign trends, with comparison to identified design trendthaperiod

of previous midair collision studies.

Asi KS ARSYUGATASR YINJLSG €tSIFIRSNES (GKS S@g2ftdziazy 2F 5
in consumer drone design tnels. As discussed in Secti®13.1, duringthe time ofthe other mid-air collision

studies, the DJI Phantom series of drone was synonymous with the consumer drone marketamd factor
alsobecame populawith other manufacturers. Snce then the consumer market has seen a shift away from

the large plastic monocoque designwards comct camera droneghat can be readily carried in rucksacks

or pockets A significant consequence of this is the removal of the large erafigprbing structure around the

drone, in favour omore tightlyintegrated assemblies that enable the drones toartate between their flight

and transportation configuration6 A ®S® F2f RAy3 (KS WIENXYaQ Ayid2 (GKS 0:

5WLQ& al A O &S Mdd&icorfpaciasigif fdcdsAt$ha timedt Wriing, this series of drones
represened mass classes from 9¢ consume models (DJI Mavic Mini) to 907g prosumer models (DJI Mavic

! Yunee was second highest with 5% market share but they are now concentrating on commercial markets. Joint third
was 3DRobotics, who no longer manufactdrenes.
Collision envelope specification and justification report (0. PAGEL7



2), with a clearshareddesign ethos between each moddlhese models cater spiéically to the compact
camera drone markegffectively replacing the market space previously occupied by thetBhaseries

TheDJIPhantom 4Lontinues tarepresentahigher end prosumer price point and has commercial market appeal
with models includiga multispectral versionbut the emergenceof Mavic enterprise models will likely reduce
this appeal Given thisit is expected that DJI Phantom ownership will have decreased since the publication of
the market studies identified in Secti@3.2 and its representation ifuture markets isexpected toreduce

Recent developments arghifts in design direction by other majorone OEMs also support the above points
Within theconsumer drone markethe number of major competors appear to beeducing.3D Robotics, who

were identified asbeinga front runner behind DJh both of the markt studies(fourth highest ownership
[Skylogic] and most popular nddJI drone [Kittyhawk.ig]ceased manufacturing activities in 2016. Switg

in a 2019 full year earnings press releasayd®astated that they are reducing their consumer activitieglan
increasing theirfocus oncommercialdrones and solutiong146 @ t I NNB (1 Q& ! bdi®@lude T YA
configuations that are applicable to the consumer/prosumer mark&s]. Theseare alsoaligned with the

current trend towards foldable compact systems, sma@entration on this style of quadcopters would be
consistent with the wider rassmarket offerings.

As part of this study, database of over 60 current or recently discontinued consumer dpsaducts by major
camera drone OEMs was generatadQinetiQto support the above findingg his assessment highlighted the
following desigrirends:

1 The basienassof dronesis reducingas technology improves
0 Improved efficiency
o Evolution of fuselage dams and material usage
9 The form factohas shifted to a compz foldable system
0 This has also reduced the versatility of payload optityisically camera drones offer a
single camera system without the option to switehg.Mavic 2 Zoom and Pro modgls
1 Theoverallcomplexity of the airframéas increased:
o Compatfoldable systeménclude multiple discrete moving parts
o Lightweight naterials such asarbonfibre reinforcedcomposites, are now incorporated in
consumer/prosumer models when historicathese were limited to professional models
(e.g. DJI Inspije
1 Quadcopters dominate the market

2.3.4 Softwaresafety systems

As droneshave becomemore popular in the consumer markemajor drone OEM&ave made significant
investments in software based safetysgsms €.g.geofencing) to reduce the risk of misuse and allay fears of
potential midair collisions.

Leadinggeofencing systeracan provie real time analyticsincluded flight maps with defined geefenced
zones prioritised by criticality, whereby K § BXK f 8n@s3dquired Wifferent levels ofapproval tofly in.
Simplergeofencing systemare more commontypically limiting the availablairspace to a conical arasound
the operator,therebylimiting the potential flightaltitude and distanceSomeof these smpler systensdo not
limit use inno-fly zones such as airpotsy R Ay aid S+t R NBte& 2y GKS 2LISNI {2NR

In addition to geefencing,products such as the Mavic Air 2 include A&utomatic Dependent Surveillance
Broadcast (ADB) receiverThissystemalertsthe drone operatomwith the location of aircraft in the immediate
area,althoughat the time of this report, the system @s not includeircraftaltitude dataanddoes not force
the operator to take evasive action.

It is noted that hese systems primarilgimto limit misuse by inexperienced pilots, but those who have intent
todo harm,odonotg I yii (G KSaS wWéirdnsreicanillzgally éreumznt such methods.
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Whilst the potential benefits of these safety systems aeeagnised, a detailed review of their current
prevalence, effectiveness and fallibility is not within scope of this project. It is therefanenagisthatalthough
such systms may reduce the likelihood (risk) of a raid collision, they do not affect theazard associated
with a collision, which is the focus of this work.

2.3.5 Stakeholdeengagement

Ly 2NRSNJ G2 I aOSNILF AyY oneMbwiselectiof Svasdpprdpiate Biddrabbidt KEY K 2 v
elements ofthe aforementionedfindings werepresented tothe pr2 2S5 03 Qa 5NRYS al ydzFl O
Group Appendix Afor discussion and affirmation. This Stakeholder Grmgtudes representatives frofJl,
Parrot snseH, Delairand Aeromappeias well as subject matter experts frorhet standards organisation,
ASDSTANThe key outcomes of this meeting included:
T VAYSUOAvQa FaasSaaySyid 27T Yth&doSumernmarkeREablZgregdo & a
1 Quadcoptersvereagreed as thelominant configuratiorfor consumer drones
1 The oberved trend towards compact folding designs for integrated camera drones was agreed.
1 Within the DJI ranget was agreed thathe Mavic segs of dronedave b&ome the mainstream
consumer/prosumer product line, rather than the Phantom series. It is floeeeexpected that
Mavic drones dnd comparable alternatives, such as the Parrot ANAFE) mostlikely to be
SyO02dzy i SNER WAY (GKS gAfRQ®

2.4 Drone down-selection

2.4.1 Dronestyles

Within this programme, it wa planned to develop and validaieur uniquedrone threa modek[5]. In addition
to this, QinetiQhaspreviously developed and validatedJ Inspire 2threat modelwhich couldalsobe made
available

Based upon the findings of A Y S A v Q& MN&EBa&kirdIERSA laydRe Staleholder groups, the
following styles of drone were selext as being of greatest relevance to this programme:

1 Compacftolding camera drone
0 Packetsized
0 Prosumer
1 Professional quality camera drone
1 Low costracingstyle first-person view (FP\§uadcopter
1 Fixed wingdrone

2 A0KAY GKAA fAadY GKS WwWO2YLXI Ol FeprésBik tifednaitstrears Mass R N2
market of both consmer and prosumer product3.he other styles represent important configurations which

are significantly differentni their construction to the compact models, but command a smaller markbare

amongst consumers.

Each of these categories are discussedhia following subsections including definition of ecific drone
productsto represent then. It is intended that he downselected drones shall based in latetaskswhich will
include testing and numerical modelling of collision scenarios.

The selectia of example drones has been largely based upon their ubiquity within the marketplace but some
consideration has en given to wheéher some of the drones could be readily modified and scaled to explore
the effectiveness of design changes on collision stesrin general, welintegrated products are more
difficult to modify than generic configurations, though itéchnically feaible to apply basic scaling rules to
any drone threat model.
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2.4.2 Pocketsized compact folding camera dronBJl Mavic Mini

Thisconfigurationrepresentsdrones inthe lightest class defined in thEASAOpen Category(W/ f Ui )@nith
maximum takeoff mass oPH).25kg,

Table2-1) This example is expected to operate within thast stringensub-category Al rules

The compact foldindorm-factor is aligned with current industry trends, but a ratditerature review of
published drone collision researc8 [did not reveal any work involving drompeoducts of thisnass class and
style. Inclusion of a product of this type will therefore provide unique data for the liglslass ofcamera
drones

Althoughmost drones of this mass class hawvaditionally been low performance toysecentdevelopmensg
in drone technabgies(discussed in Sectich3.3 have enabledthe development of highly capahllightweight
camera drones into the consumer markéhis subclass representthe entry point to themainstreamcamera
drone market and so igkkly toincludea significant proportion of inexperienced drone users.

The model selected to represent thislsclass is thédJl Mavic Min{Figure2-2), whichwas released i”2019
and weighd.24%ag. It incorporatesdesignfeatures that are common across ti®JIMavic series including
foldable arms an@ multi-part constuction, which are reflective dhe design trends identified in Secti@13.3

O Figure2-2 DJI Mavic Mini
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2.4.3 Prosumer folding camera drordJl Mavic 2

This category includessome ofthe most popularmassmarket consumer camera drone§he technical
specifications and price point of dres in this category cater to more experienced operators and enthusiasts,
or those who want a modern, featasrich product.

Most of thesedronesare expected t@mccupythe W/ f | @/a(0.28-Q3&Kg)or W/ | @/aH @ QGtheE&ASA 0
Open Category(

Table2-1), depending upon their mass, performance and qualifyirguiees|[7].

Previous drone collision studidnave used an example from the DJI Phantom series to represenimaalkst
consumer/prosumer camera dronebloweverits market sharehas begunto diminish in favour of newer
modelswhich cater to emerging design trendauch asighter and more compact adggns (Sectio.3.2). It was
concluded that foas on these newer designs would of greater value to the study

The model selected to represent this sdhss istie DJI Mavic gFigure2-3). This dronewas released i2018
andits basic mass is reported be 0.9kg, representinghe upper end of the Asubcategory It represents the
flagship model of the Mavigeries of drones ad so the common design philosophies, such as folding arms and
complex construction, are present

) Figure2-3 DJI Mavic 2 (Pro variaptctured, without propellerg
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No verified ownership data is available for this model,itssrelease postlatesboth of the identified market

studies (Sectior2.3.2. However ownership figures ohé DJI Phantom and DJI Mavic are expected to be
indicative offuture DJI Mavic 2 ownership due to previously discussed market trends. The Mavic 2 also
reLINS A Sy & 5 WL Qand sh faky=Ha KAyLOD 2LINRPCRX2QIZY 5 WL Gwnershipfiguyed T A O
are expected to be high.

2.4.4 Professional canra drone- DJI Inspire 2

Professionalise filming dronesypicallyrange from approximately 3.5kg to over 15kgcupying eithek!/ H Q
(0.94.0kg)or W/ f | \@/ad.Gkg25kg) within the EASA Op&ategory

Table2-1). However, the loweend of this mass class is considered to be rappropriate to the semi
professional/prosumer market, rather than theeiver-weight multirotors designed for large payloads such
ashigh-grade professional cameras.

Although ths dass of productare typically piloted by professionally qualified operatorss ik not a mandated
requirement if they are not being used corencially.

The model selected to represent this salass is the DJI InspirdAgure2-4). The DJI Inspire 2 was released in
2016 and has a basic mass of 3.4dkd a maximum takeff weight of4.25kg representingsubcategory A2
(0.9kg4.0kg) or A3 (4.0kg5.0kg), depending opayloadconfiguration
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O Figure2-4 DJI Inspire 2

¢KS 5WL LY&aLANB H NBaoNS tatBe/saniprofessibraland RiuBsyidhal fing RaRifg
market

The selection of the Inspire i2 supportedby the two identified market studies discussed in SecBdah2
whereby the DJI Inspire 2 was found to represent 7®Jbfdrone sales in 20if8one study12] and DJlinspire
models represented @ombined 5.5% of Kittyhawk.io usefs3], beaten only by DJI Phantom and Mavic
models.

As stated in Sectio.4.1, QinetiQhave previously developed a validated model of the DJI Inspiem@a
Zenmug X5S camera (combined mass 3.89kg)

2.4.5 Racingi U &FP\EEachine Wizard X220

This configuratioms based upon inexpensive, erdigvel FPV racestyle configuratiors. Most products of this
style weigh less than 0.9kg antllise a lightweighbut robustcarbon fibre frame constructioto carry flight
loads and provide protection to the electronic components in the event of crashes.

Althoughthemad 2F (KS&aS RNRBySa &ddza3Saida GKFdG GKS gAff
with protected Al sufrategory rules, thdinal classification will depend upon their performance capabilities
FSIGdz2NB& | yR R2 Odzy SyiyIRI A% yvdD  @hdkiniGatSiges d &ifl- Bmh/s)¢h meay
be lower than the capabilities of these produckirthermore, many loveost syfems do not provide the level
of automation or situational awareness that will be required of products in this cayeg

LG aK2dZ R 0S y20SR UKI isadéscript@ttigEdafigaratibri® dotsdfi¢ tairdcing £
drones, which areypically flownin obstaclerich settings i.e. close to the ground, aatlorganised events.

2 C

A a

Instead this refers ta general class of small, rugged drones designed with minimal electronic aids and with an

emphasis on managvrability and speed.

Whilst the design intention of these products is not to operate at great heights, their high performance

characteristics anthck of safeguards e.g. géencing, as well as their low prig@int means that it cannot be
discounted.Evidence of this can be found ondeo sharing platforms such as Youtube, where drones of this
style have been recorded achieving altitudes of ove0Q0m.

The market share for DIY/Racing drori8%o [Skylogic study, Secti®rB.q) is smaller tharthat for massmarket
consumer camera dronemnd products/components are available from a range of manufacturers.

The model sAeIeteAd to represent this sy-lnlass is the Eachine Wizard AFure 2-5). This wasalsoproposed
a4 GKS SESYLIX I s¢dpiRgisNitlyyERSA2DE.SIHF[and & continues to be an appropriate
selection, representing a large array of similar productsnfdifferent manufacturers.

The simple construction and exchangeable components means that the configuration is mezdifigble and

scalable whichis beneficiawhen investigating the effect of configuratipmassand design features in later
tasks.

Industry rumours suggest that a momainstream FPV configuration may be entering the marketplace in the
near future. These developments shall be kept einceview and if applicable¢ comparisons can be made
with this typical, lowcost configuration.
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O Figure 2-5 Eachine Wizard 220

2.4.6 Fixedwing

Electricfixed wingdrones are available in many sizes, designs and masses, ranging from less than 50 grams to
over 4 kg Gpecialistsystems can be considerably heavier than tHisjed wing configurations can therefore
occupy any of the subategories in the EASA Op€ategory (

Table2-1).

For the purpose of this activity, a fixed wing droneharacterisedy its abilityto generate lift necessary for
flight via aerodynamic st@aces, rather than directly frormotor thrust. Hybrid configuations, in which thrust
can be generated/vectored to allow vertical tak#f and landing (VTOL) before tisitioning tolift-based flight
have been discussed as part of this exeraiseg were ncluded in the dowrselection.

The two most common stylesiviK Ay G KA & OF 6S3I2NE I NB WO2y@SydaAz2yl fC
aircraft and moremodern cesigns) with distinct wings, empennage and fuselage features, or blendedaving
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bodyWFf @Ay3d gAy3aQed Ly Yzal ﬁnglér&h#nwlﬁtﬁcﬁéMLﬂhi@ﬁipéﬂﬁ@MYH 7]
the conventional styles us@se or wingmountedo W LJdzirdpeleds2hipugh there are exceptions to this.

The size of the consumer/prosumer ftkeving market is judged to be relatively small compared it for
mainstream multirotors. Therefore it is planned that only one fixed wing configuration shouldskessed
within the first stages of the project. Variations on the selected drone majnbestigated within Task 7,
including scaling it to differérmasses and use of different airframe designs.

There has beedebate within the project team as tehat corstitutes a consumer, prosumer amdmmercial
product within the fixed wing market. Tadathis, the drone manufacturers Stakeholder Group was retgaes
to fill-in a short survey aimed at identifying thixed wing configuration(s) thabestrepresent the
consumer/prosumer and commercial/enterprise market§he output from this surveghowed general
agreement between respondents that the leemd produds were aimed at the consumer market, and that the
high-end drones were aimed at commercial/enterprise us@rgere wasnconsistency of opiniom what might
be attractive to the prosumer markethoughthe products that besimatched the description werlying wing
configurations.

Based upomackgroundesearch and comments from the Stakeholder Grdtig doserved thathe consumer
market forrecreational flight does not overlap with the needs of professional users to the same extint as
multi-rotor drones The consumer market is not well defined and is arguably biased towards hobbyists rather
than casualconsumers, as most products haverelatively steep learning curve and lack many of the
automation features and flying aids that have become synomys with other mass market consumer drone
products. Some products e.g. the Parrot Disco, have attemptedddress this but have since been
discontinued and so thdixed wing market remains relatively nichMotwithstanding these caveatshé
consumer maket includes a spectrum of products from very lightweight toydamge andhighly-capable
drones/model aircaft with (or without) small cameraand autopilot systems Commerciagradefixed wing
systems include betteintegrated systems and software thahable drones to reliably perform functions such
as wide-area mapping/surveillance/search over extended ipds Whilst the commercials systentearly
represent moreadvanced products, the additional benefits to private users are less obvious fdeeq@aying
work whist the cost of ownership is much greater.

The traditional model aircraft design was not daved by the customer and stakeholdeommunity as an
example of modern fixed wing drones.

A flying wing configuration has been dowalectedfor its applicability to a broad crosection of marketsThe

low-cost consumer productsnge fromcrude, lightvweight(100- 300 gramsjoam modelq416] as well as larger

heavier system§l7, 18] that offer greater performancand the ability toA y O2 N1LJ2 N>} 6 S avYl f € U
aswell as FPV systemSommerciaproductssuch as thd..5 kgDelairWX1Xand1.4 kgsenseFi\#Bee- Share
similarform actors and also make usd lightweight and tough expanded foam materialsd carborfibre
composite tubes

Delair hakindly offered to provide examples of their UX11 mapping drones for use in this gkigyre2-6).

As noted above, theonstructionof the UX1lairframeis comparable to otheprofessionaddronesand some
consumer productssoit is considered to be representative afvider class of fixed wing productsis planned
that some details of the UX11 computer model shall bptkelatively generic to aid reaalcross with other
productsand aid the creation of scaled derivativeggduired, in Task 7.
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Figure2-6 Delair UX1Drofessionaimapping dron&image® Delair, includedvith permission)
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3.¢F&d1 HPHY ¢FNABSO ! ANDN

3.1 Aircraftcategories

The aims of the programme are to evaluate the effect of collisions betveegsumefprosumer drones
(defined in Sectio) andaircraft within the following Certifidéon Specificationgincluding equivalent Federal
Aviation Authorityand other similar international certification categorjes

1 CS23Normal, Utility, Aerobatic and Commuter Aeroplafh2$]
1 CS25Large Aeroplang®?2]

1 CS27 Small Rtorcraft [23]

1 CS29Large Rtorcraft [24]

These categoriesencompassthe vast majority ofin-service aircraft ad include a broad speatm of
configurations, designs and mass

Not all manned aircrafcategoriessuchas Giders(CS22), Balloons (G81) andVery Light aircraft (CISSA, GS

VLA and GS8LR)are included within the scope of this programnvghilst hesecategories ofircraft mayalso

be susceptible to drone collisions, the current programme is focussechtegoried RRNSd3a SR o6& 9!
Force on drone collisions with aircraiihd for whichpracticalchanges to drone design practicesy mitigate

the severity of collision threatS his is a recognisaamission that could be addressed in a future prognaes,

though it isalsopossible thatsomeresultscan be reaehcross to other classes of aircrafie scope of the
programme shall be kept undeeview and opportunities taeenhance the applicability of the results shall be
considered based upon their iivldual merits and progress on core activities.

For the faur selected aircraft categorigswould not be feasiblgwithin this programme, tairectly assess the
vulnerability of all associategircraft types thabperate within European airspadastead,it will be necessary

to consider a combination of exemplar aircraft and generalised design featuaesepresenta crosssection

of commonlyusedaircraft designsvithin eachcategory For example, the study may assess collisions between
drones and ageneralised empennage leading edge structures rather tirgirto recreate the designs of all
aircraft that are included within the above categories.

This Sectionidentifies exemplar aircraft which atater used in Sectiod to prioritise local impact area.g.
wing leading edges or rotors, for drorellision assessmentsHowever, i should be noted that this
programme isnot necessarily limited to the assessment of thgsaticular aircraft, nor do any special
arrangementsurrently exist with their respective Desigkuthorities to provide detaileéhformation on their
construction.

3.2 Exemplar acraft selection

The selectin of exemplar aircraft to represent each of the Certification Specificatiobased upon a review
of typicalaircraft configurationsvithin eachcategory andusage statisticin some cases other factgrsuch as
their maximum takeoff weight with resgct to other models within the saneategory were also considered

The aircraft usage statistics have beeaiculatedusing historicalADSB transponder data to identify flight
activitiesof different aircraft types. The dataset for this assessment stediof approxnately 1.7 billiordata
points (1 yar of data from 0- 12,000ft, for a rectangular area enopassing the whole of Germany) before it
wassampled to 30 random dayfltered and processed-urther details of the ADS data analysis, which wa
primarily undertaken to assess aircraft collision speeds in Task 2.4, are included in Section
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The 12,000t (FL120)eilingwas applied to keephe number of data points within practical limits anaol
concentrate efforts oraltitudes at which drones are more likely be encountered. This captur€§% of the
eventsrecordedin the Aviation Safety Netwofkia-flight drone sightings/collisionslatabasg27].

The proposed aircraft have been revialveby the programmeStakeholder Group, which includes
representatives fromaircraft manufacturers (coveringlaelevantcategorie$, engine manufacturers, drone
manufacturers and standards organisatiof® objections have been raised about the proposektcen,
recognisinghat it is not an exhustive list of aircraft styles

3.2.1 CS23Normal, Utility, Aerobatiand Commuter Aeroplanes

The C&3 categoryincludes a broad range of aircraft configuratioand performance characteristidsor the
purpose of dowm-selecting local impact areas, it was akrl to consider two different aircraft at opposite ends
of the C&3 spectrum: A lightweightpistorntengine, single propelledriven configuration and a small jet
aircraft.

3.2.1.1 Lightweight singlepropeller C23

Figure3-1 showsthe relative proportion oftime spent flying at altituds less thari2,000 ft(where drones are
mostlikely to be encountered)y different pistonengine, singleropeller C&3 aircraft. Within this
sub-category the Cessna 178 L / ! h O 2 h&idXhe yréatest aumber of entries in the filtered ABS
database(20.4% ototal), with a further 4.1% being recorded for the sligHtlyger Cessnha 182 variafifCAO
O2RSZ .W/ MyHQU

The Cessna 17®hichis alightweight, noraerobatic aircraft with braced winggas selected to be the example
aircraft for this sukcategory It is popular with private owners and so typically operates from saréitlds and
private airstrips.
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O Figure3-1 ADSB entriesbelow F120 forCS23 pigon-engine single propeller aircraft

¢KS I OO0dzNF O 27F (GKAA & dzNIgSethe Gile/ dd ivriting S theuder dNADE]T S S R
transpondeswasnot mandated fotthis categoryof aircraft. However, the findings are-ime with expectatbons
as theCessna is reportedly the megtoduced aircraft of all tim28] with over 44,000 delivered.

3.2.1.2 CS23lightweight jet aircraft

Figure3-2 shows the relative proportion dime spent below E120by different C&3 jet aircraft The most
commonlyNE O2 NRSR FANONI Fid 2F (GKAA& Ofl aa ¢!l aADBBEeBtrief S| NB
Although this would have made a reasonable exemplar, it was noted that it is close &®btttg limit of the
CS23 category and matherefore be morerepresentative of a small aircraft (albeit without the G35
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requirements). Instead, a2 G KSNJ / Saayl x GKS pwmn [/ Al lwashselgctedatdza G |y
represent small G323 jets wherreviewing critical impact location®Vhilstthe Citation Mustang only accounts

for 6.2% ofthe dataset the widerfamily of aircraftwithin the Citation product lineaccounts for 53.9% of all

entries

Note that the slightly larger Cessna 525 would haverbihe obvious choice for the @3 jet example, but the

usage data was not available when the 510 was provisioselicted. The 510 was identifi@s an appropriate
SEFYLXS GKNRdAdZAK RAaOdzaaAz2ya o6AdGK YSYo &irbkitwastsedih y S i
early discussias and identification of local impact zones. The superficial differences in the overall configuration

of these wo aircraft were considered to be sufficiently minor (for the purpose of this exercise) to warrant
changingo the 525.

Dotted boxes show other
aircraft in popular Cessna

Cessna 510 1 Citation family

CitationMustang (xkg) Maximum Take Off Weigh

______________________________

(8,300kg) | (4,700kg) | (7,950kg)

____________________________________

O Figure3-2 ADSB entries below EL20 forCS23 jet aircraft

3.2.2 CS25Large Aeroplanes

Figure3-3 shows the relativgoroportion oftime spent below FL128y different C&5 jetairliners TheAirbus
A320 was identified as being the most commoRr26§et aircraft, accounting for nearly 25% of &DSB
entries This increased to over 50% when derivative products withénsgame family are include@®n this
basisthe A320 was selected as an exemplar fo26$et airliners.

N

Dotted boxes show
related aircraft whin
the same product family

S e m e e e —m

,_________\

o) Figure3-3 ADSB entries below EL20 forCS25 jet airliners
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