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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

tǊƻōƭŜƳ ŀǊŜŀ 

Recent technological developments have led to the emergence of affordable and increasingly capable 
remotely-ǇƛƭƻǘŜŘ ŀƛǊŎǊŀŦǘ ƻǊ ΨŘǊƻƴŜǎΩ ǿƛǘƘƛƴ ǘƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘǇƭŀŎŜΦ ¢ƘŜǎŜ ŘǊƻƴŜǎ ǇǊŜsent significant 
opportunities to consumers, businesses, research organisations and governments but ς through mis-use or 
malfunction ς they also represent a potential threat to the safety of manned aviation.  

This study aims to: deepen the understanding τ through experimental testing and simulation techniques τ 
ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŀ ǇƻǘŜƴǘƛŀƭ Ŏƻƭƭƛǎƛƻƴ ƻŦ ŘǊƻƴŜǎ ƛƴ ǘƘŜ ŎƻƴǎǳƳŜǊ κ ǇǊƻǎǳƳŜǊ ƳŀǊƪŜǘ ǎŜƎƳŜƴǘ όΨǘƘǊŜŀǘΩύ 
ǿƛǘƘ ƳŀƴƴŜŘ ŀƛǊŎǊŀŦǘ όΨǘŀǊƎŜǘΩύΤ ƛŘŜƴǘƛŦȅ ŘǊƻƴŜ ŘŜǎƛƎƴ ǎǘǊŀǘŜƎƛŜǎ ŀƛƳŜŘ ŀǘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ risk that drone-aircraft 
collision may induce on the aircraft 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 risk. The programme of work, undertaken by QinetiQ, is spilt into nine tasks, relating to research 
planning, development and validation, exploitation and mitigation, whilst remaining engaged with 
Stakeholders.  

 

5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǿƻǊƪ 

The work presented here reǇǊŜǎŜƴǘǎ ǘƘŜ ƻǳǘǇǳǘ ŦǊƻƳ Ψ¢ŀǎƪ нΩ ǿƘƛŎƘ includes definition of collision 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 Specifications of interest, and prioritised impact zones on each 
category of 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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!ōōǊŜǾƛŀǘƛƻƴǎ 
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1. LƴǘǊƻŘǳŎǘƛƻƴ 

1.1 Background 

Recent technological developments have led to the emergence of affordable and increasingly capable 
remotely-ǇƛƭƻǘŜŘ ŀƛǊŎǊŀŦǘ ƻǊ ΨŘǊƻƴŜǎΩ ǿƛǘƘƛƴ ǘƘŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘǇƭŀŎŜΦ ¢ƘŜǎŜ ŘǊƻƴŜǎ ǇǊŜǎŜƴǘ ǎƛƎƴƛŦƛŎŀƴǘ 
opportunities to consumers, businesses, research organisations and governments but ς if used improperly ς 
they also represent a potential threat to the safety of manned aviation. 

EASA has been active in monitoring the risks and threats associated with mid-air drone collisions, including 
forming a Drone Collision Task Force in 2016 to identify research requirements with input from a broad group 
of industry stakeholders. Recommendations from the Task Force report [1] (references are summarised at the 
end of this document) ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ŦǳǊǘƘŜǊ ōȅ vƛƴŜǘƛv ƛƴ 9!{!Ωǎ нлмт ΨwŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ƻƴ Ŏƻƭƭƛǎƛƻƴ ǿƛǘƘ 
ŘǊƻƴŜǎΩ ό9!{!Φн016.LVP.50); In this short programme, methodologies were defined and an outline programme 
of research was proposed to assess the severity of collisions between a broad range of drone configurations 
and manned aircraft types [2,3]. 

¢ƘŜ ŎǳǊǊŜƴǘ ǇǊƻƎǊŀƳƳŜΣ Ψ±ǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ aŀƴƴŜŘ !ƛǊŎǊŀŦǘ ǘƻ 5ǊƻƴŜ {ǘǊƛƪŜǎΩ όEASA.2020.C04) [4] is funded via 
ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ ΨIƻǊƛȊƻƴ нлнлΩ ǊŜǎŜŀǊŎƘ ŦǊŀƳŜǿƻǊƪ ŀƴŘ Ƙŀǎ ōŜŜƴ ŎƻƴǘǊŀŎǘŜŘ ǘƻ vinetiQ. The 
programme is based upon the previous research and has three main objectives: 

¶ to deepen the understanding τ through experimental testing and simulation techniques τ regarding 
the effects of a potential collision of drones in the consumer / prosuƳŜǊ ƳŀǊƪŜǘ ǎŜƎƳŜƴǘ όΨǘƘǊŜŀǘΩύ ǿƛǘƘ 
ƳŀƴƴŜŘ ŀƛǊŎǊŀŦǘ όΨǘŀǊƎŜǘΩύΤ 

¶ to identify drone design strategies aimed at containing the risk that drone-aircraft collision may induce 
on the aircraft and its occupants, and; 

¶ to 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 risk. 

The programme of work [5] is split into nine tasks, as depicted in Figure 1-1. 

 

Ô Figure 1-1 Programme structure 
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1.2 Scope of report 

This reǇƻǊǘ ǊŜǇǊŜǎŜƴǘǎ ŘŜƭƛǾŜǊŀōƭŜ Ψ5нΦмΩ ƻŦ ǘƘŜ ±ǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ aŀƴƴŜŘ !ƛǊŎǊŀŦǘ ǘƻ 5ǊƻƴŜ {ǘǊƛƪŜs research 
programme (EASA.2020.C04). ¢ƘŜ ǿƻǊƪ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƻǳǘǇǳǘ ŦǊƻƳ Ψ¢ŀǎƪ нΩ ǿƘƛŎƘ includes 
definition of collision scenarios and associated parameters that are relevant to the aims of the programme.  

This includes definition of the drones selected (Section 2), example aircraft to represent the Certification 
Specifications of interest (Section 3), and prioritised impact zones on each type of aircraft (Section 4). Collision 
speeds are also evaluated (Section 5), plus the relative orientations of the drone and manned aircraft at the 
point of impact (Section 6). 
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2. ¢ŀǎƪ нΦмΥ 5ǊƻƴŜ ¢ƘǊŜŀǘ /ƻƴŦƛƎǳǊŀǘƛƻƴ 

2.1 Introduction to Task 2.1 

The purpose of Task 2.1 is to select a range of drones that will be used for collision assessments, later in this 
programme. The aim was to identify configurations that are representative of the current (and anticipated 
near-future) consumer/prosumer drone market, in order to provide relevant collision severity data to support 
the drafting of future drone design standards (Task 8). 

This has been achieved ǿƛǘƘ ƛƴǇǳǘ ŀƴŘ ǎǳǇǇƻǊǘ ŦǊƻƳ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ {ǘŀƪŜƘƻƭŘŜǊ DǊƻǳǇΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ major 
drone and aircraft manufacturers.  Members of the Stakeholder Group are defined in Appendix A. 

2.2 Drone Types 

There are many examples of distinct drone configurations within the consumer/prosumer market, though only 
a few could be considered to be mass-market, with others having a smaller market share or being 
niche/specialist products.  

An initial review of potential configurations was conducted as ǇŀǊǘ ƻŦ vƛƴŜǘƛvΩǎ 2016 scoping study 
(EASA.2016.C25) [2,3], which included recommendations for which drones should be included in a collision 
study. The philosophy behind the down-selection process was to focus the study on impact scenarios that were 
perceived to have the greatest collective probability of occurrence, the likelihood of causing damage and 
severity of outcome.   

Figure 2-1, from vƛƴŜǘƛvΩǎ ǎŎƻǇƛƴƎ ǎǘǳŘȅ, illustrates some of the configuration types that represent sub-classes 
of drone.  

Configurations within these sub-classes are wide-ranging and vary greatly in their size, mass, flight speed, range, 
altitude capability, structural robustness and ease of deployment. However, the study recommended the 
following two sub-classes as priority cases when considering drone threats: 

¶ Quadcopters ς Priority 1 (highlighted in red in Figure 2-1). 

¶ Fixed wing (electric, propeller-driven) ς Priority 2 (highlighted in orange in Figure 2-1). 
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Ô Figure 2-1 Example sub-classes of small drones 

 Quadcopters 

The rapid emergence of multi-rotor drones over recent years has been greatly aided by advancements in motor, 
battery, flight controller, sensor and camera technologies. This class of drone can take off from and land in 
confined spaces and, due to increasingly sophisticated control systems, are relatively easy to control. These 
characteristics, coupled with their low price-point, have led to increasingly large numbers of people adopting 
the technology and utilising the airspace. Furthermore, because of their ease of deployment, users are no 
longer constrained to operating from traditional, organised flying clubs. 

Quadcopters are currently the most popular class of multi-rotor and would therefore be an appropriate 
configuration to represent a large proportion of the emerging drone market. For a given mass class, 
Quadcopters are also considered to represent a more severe impact threat than drones with more rotors 
because: 

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

¶ They require smaller airframes for a given propeller diameter, thereby increasing their effective 
density, and; 

¶ Impacts may occur in-line with two motors and the central fuselage, thereby resulting in multiple 
impacts at the same location. 

It could be argued that tri-copters and coaxial configurations may present a more significant threat because 
they either have higher-power motors (tri-copters) or pairs of co-located motors (coaxial).  However, at the 
time of writing, these are niche products and do not represent the majority of drones being produced or flown. 
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 Fixed wing drone with electrically-driven propellers 

Fixed wing model aircraft are not a new phenomenon and have been operated by hobbyists for over half a 
century. Traditionally, these tended to be configured either as gliders or were powered by internal combustion 
engines. However, some of the same technological advances that led to the emergence of practical multi-rotor 
aircraft have also benefitted fixed wing configurations. Consequently electrically-powered fixed wing drones 
are increasingly common due to their affordability, performance, flexibility and minimal requirements for 
set-up/maintenance.  

Larger fixed wing drones require access to appropriate airstrips and so are commonly operated within 
organised clubs, but low-cost electrically-driven fixed wing drones that can be hand-launched are also widely 
available.  

The airframes of fixed wing drones are typically low density, well-distributed and frangible. However, the 
motors (with spinners) and batteries of larger models may represent a significant threat in the event of an 
impact, particularly given their relatively high flight speeds compared to large multirotor drones. 

Fixed wing drones are also more challenging to fly than multi-rotors and have greater range capabilities. This 
may present a greater risk of inexperienced pilots losing sight/control of their drone with an associated risk of 
unintentional deviation into manned aircraft airspace. 

Although fixed wing drones may not be as prevalent as multirotor drones, the perceived potential for long-
distance run-away conditions and possible levels of damage suggest that they should also be assessed through 
this study. 

Different styles of fixed wing drones are available, though the majority of consumer/prosumer systems are 
either based upon ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƛǊŎǊŀŦǘ ŘŜǎƛƎƴǎ όŘƛǎŎǊŜǘŜ ŦǳǎŜƭŀƎŜ ǿƛǘƘ ǿƛƴƎǎ ŀƴŘ ŜƳǇŜƴƴŀƎŜύ ƻǊ ΨŦƭȅƛƴƎ ǿƛƴƎΩ 
configurations.  

 Other drone configurations 

The other drones identified in Figure 2-1 were not prioritised for the following reasons: 

¶ Model Helicopters: Although some model helicopter systems are relatively large with powerful 
engines, they are not believed to be in common usage. Furthermore, because larger models are 
relatively complex (and expensive) machines that are harder to control, they are more likely to be 
piloted by trained operators. On this basis, it is considered less likely that large model helicopters 
would be flown inappropriately at high altitudes or at extended range from the operator.  

¶ Hybrid tilt-rotor drones: Hybrid, vertical take-off and landing (VTOL) configurations are emerging, 
which provide users with the benefits of multi-rotors during take-off and landing, and the speed, 
range and endurance of a fixed wing configuration. However, these products are more-aligned to 
commercial usage such as aerial surveying and surveillance so although there are examples of VTOL 
toy drones, they are not a mainstream configuration. 

¶ Reciprocating internal combustion engine drones: Whilst the engines used may pose a significant 
threat due to their solid construction and relatively high mass, most fixed wing drones now use 
electric propulsion systems. Internal combustion drones are still operated from organised clubs but 
this is assumed to represent a minority. 

¶ Gas turbine drones: Although these enable drones to be flown at very high speeds, they are not in 
common usage.  

¶ Gliders: Model gliders are assumed to be highly frangible with no significant high-density or 
damaging systems.  

¶ Airships: Model airships 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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¶ Ornithopters: Ornithopter drones are not in common usage. 

 EASA Open Category 

EASA have set out requirements for drones within the Open Category, which defines different operational 
restrictions depending on both the drone and the operator.  

 
 
 
 
 
 
 

 

 

Table 2-1 details each of the subcategories within the Open Category and the respective operational 
restrictions/operator requirements. Further information on the specific requirements of each class are 
ǇǳōƭƛǎƘŜŘ ƻƴ 9!{!Ωǎ ǿŜōǎƛǘŜ ŀƴŘ are summariǎŜŘ ƛƴ ŀƴ Ψ9ŀǎȅ !ŎŎŜǎǎΩ ǊŜŦŜǊŜƴŎŜ ƎǳƛŘŜ ώ7]. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 

 

Ô Table 2-1 EASA Open Category requirements [6] 
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2.3 Research to support drone selection 

 Review of other mid-air drone collision studies 

QƛƴŜǘƛvΩǎ review of worldwide drone collision studies [8] identified fourteen distinct programmes and 19 
published papers/reports/theses/articles on the subject.  The published report [8] includes a summary of the 
each of the drones selected for evaluation, and also the analysis and testing methodologies employed.  

Small quadcopter multi-rotors were the focus of most studies, though a fixed wing example was also assessed 
within the ASSURE programme. The most commonly-referenced quadcopters within these studies were from 
the DJI Phantom series.  

Further to this, a collaboration ōŜǘǿŜŜƴ /ƘƛƴŀΩǎ bƻǊǘƘǿŜǎǘŜǊ tƻƭȅǘechnical University and the Civil Aviation 
Administration of China (CAAC) undertook a study focusing specifically focusing on the DJI range, including 
modern form factor drones (Mavic series) and professional drones (Inspire series) to evaluate the effect of 
different product masses. Other studies instead utilised parametric analysis methods, focusing on scalable 
generic threats to allow for comparison of the overall severity between different types of threat (i.e. bird impact 
or increasing drone mass).  

Of the literature reviewed, the drone down-selection methodologies were not typically outlined, however 
several studies stated that the DJI Phantom 3 was selected due to the availability of material and validation 
data made by the ASSURE [9] study. 

The ASSURE study was the only study to detail their down-selection process for the multi-rotor drone [10], 
based upon usage data. As part of their research they identified a limitation to the private ownership records, 
where although registration of drones above 250g is mandatory in the United States of America, the specific 
drone model is not required to be stated. In lieu of private ownership data, the study referenced publically 
available exceptions granted for commercial use of drones (Form 333) available on the FAA website, which 
provided a distribution of commercially flown drone models in the United States at that time. This identified 
the DJI Phantom 3 as the most popular, which was in-line with their understanding of the consumer market at 
that time and so was judged to be the most appropriate selection. 

 Market data 

As discussed in Section 2.3.1, there is a dearth of accurate market data pertaining to the consumer drone 
market, which is primarily due to the private ownership of the major drone manufacturers and lack of specific 
drone information in registration methods. 

The methods employed by the ASSURE team [10] to determine the relative popularity of drone used for 
commercial purposes was considered. However this was not considered to be the most appropriate indicator 
of consumer/prosumer usage and it would be difficult to recreate for Europe. Firstly, the breadth of countries 
regulated by EASA is much broader than those regulated by the FAA (i.e. drone registration is required directly 
ǿƛǘƘ ŜŀŎƘ ƘƻƳŜ ƴŀǘƛƻƴΩǎ civil aviation authority rather than direct to EASA). Secondly, the level of reporting, 
and accessibility to reports, varies from nation to nation (e.g. commercial permissions and exceptions are not 
publicly accessible from the Civil Aviation Authority (UK) website). Therefore, an assessment of commercial 
usage was not considered to be appropriate.  

The availability of consumer drone registrations was also investigated. As of 31st December 2020 EASA will 
require private drone operators to register themselves (see  
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Table 2-1) with their respective ƴŀǘƛƻƴΩǎ civil aviation authority. Some nations stipulated this in advance of this 
dateΣ ǎǳŎƘ ŀǎ ǘƘŜ ¦YΩǎ /ƛǾƛƭ !Ǿƛŀǘƛƻƴ !ǳǘƘƻǊƛǘȅ ǿƘƛŎƘ ǊŜǉǳƛǊŜŘ ǊŜƎƛǎǘǊŀǘƛƻƴ ŦǊƻƳ ǘƘŜ олth November 2019. 
However, as with FAA registration, typical private drone operator registration does not require disclosure of 
the exact drone model and so do not inform private ownership figures. 

To bridge this knowledge gap, several publicly available market studies were identified. {ƪȅƭƻƎƛŎ wŜǎŜŀǊŎƘΩs 
2018 survey was the most commonly referenced source, which had over 2,500 respondents and included 
industry sponsors such as DJI. A major finding was that DJI were the market leader with a 74% share, and that 
DIY/Custom drones were the joint third highest1 with a 3% share [11]. Within the DJI range, the survey found 
that the most popular drone was the Phantom 4 with 29% ownership closely followed by the Mavic Pro with a 
26% share [12]. 

Another study by Kittyhawk.io, Inc., a US-based drone software company, also supported these findings 
through analysis of their 2018 userǎΩ data. The study also concluded that DJI was the market leader, with 72% 
share of drones registered on their platform. In addition, the Mavic Pro was identified as the most popular 
drone model (22%); however in terms of drone family, the Phantom series was more common (30%) [13]. It is 
noted that YƛǘǘȅƘŀǿƪΦƛƻΩǎ ƻŦfering is specifically marketed to DJI users, so this data may carry some inherent 
bias. 

Both of these studies were conducted by US-based organisations, but their findings highlighted the ubiquity of 
products from Asian suppliers. Some variation in ownership figures might be expected within European nations, 
but the overall trends are considered to be applicable. 

 Design trends 

Although the market studies described in Section 2.3.2 provide some insight into the composition of the 
consumer drone market, they are somewhat dated due to the rapidly developing field of consumer drone 
design. This sub-section details current design trends, with comparison to identified design trends in the period 
of previous mid-air collision studies. 

As ǘƘŜ ƛŘŜƴǘƛŦƛŜŘ ƳŀǊƪŜǘ ƭŜŀŘŜǊǎΣ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ 5WLΩǎ ŦƭŀƎǎƘƛǇ ŘǊƻƴŜ ƳƻŘŜƭǎ ŘƛǊŜŎǘƭȅ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ ŎƘŀƴƎŜ 
in consumer drone design trends. As discussed in Section 2.3.1, during the time of the other mid-air collision 
studies, the DJI Phantom series of drone was synonymous with the consumer drone market and its form factor 
also became popular with other manufacturers. Since then, the consumer market has seen a shift away from 
the large plastic monocoque design, towards compact camera drones that can be readily carried in rucksacks 
or pockets. A significant consequence of this is the removal of the large energy absorbing structure around the 
drone, in favour of more tightly-integrated assemblies that enable the drones to articulate between their flight 
and transportation configurations όƛΦŜΦ ŦƻƭŘƛƴƎ ǘƘŜ ΨŀǊƳǎΩ ƛƴǘƻ ǘƘŜ ōƻŘȅύΦ 

5WLΩǎ aŀǾƛŎ ǎŜǊƛŜǎ ŜȄŜƳǇƭƛŦƛŜǎ ǘƘƛǎ modern compact design focus. At the time of writing, this series of drones 
represented mass classes from 249g consumer models (DJI Mavic Mini) to 907g prosumer models (DJI Mavic 

 
 
1 Yuneec was second highest with 5% market share but they are now concentrating on commercial markets. Joint third 
was 3DRobotics, who no longer manufacture drones. 
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2), with a clear shared design ethos between each model. These models cater specifically to the compact 
camera drone market, effectively replacing the market space previously occupied by the Phantom series. 

The DJI Phantom 4 continues to represent a higher end prosumer price point and has commercial market appeal 
with models including a multi-spectral version, but the emergence of Mavic enterprise models will likely reduce 
this appeal. Given this, it is expected that DJI Phantom ownership will have decreased since the publication of 
the market studies identified in Section 2.3.2, and its representation in future markets is expected to reduce. 

Recent developments and shifts in design direction by other major drone OEMs also support the above points. 
Within the consumer drone market, the number of major competitors appear to be reducing. 3D Robotics, who 
were identified as being a front runner behind DJI in both of the market studies (fourth highest ownership 
[Skylogic] and most popular non-DJI drone [Kittyhawk.io]), ceased manufacturing activities in 2016. Secondly, 
in a 2019 full year earnings press release, Parrot stated that they are reducing their consumer activities and 
increasing their focus on commercial drones and solutions [14ϐΦ tŀǊǊƻǘΩǎ !b!CL ŦŀƳƛƭȅ ƻŦ ŘǊƻƴŜs include 
configurations that are applicable to the consumer/prosumer market [15]. These are also aligned with the 
current trend towards foldable compact systems, so concentration on this style of quadcopters would be 
consistent with the wider mass-market offerings. 

As part of this study, a database of over 60 current or recently discontinued consumer drone products by major 
camera drone OEMs was generated by QinetiQ to support the above findings. This assessment highlighted the 
following design trends: 

¶ The basic mass of drones is reducing as technology improves: 
o Improved efficiency. 
o Evolution of fuselage designs and material usage. 

¶ The form factor has shifted to a compact foldable system: 
o This has also reduced the versatility of payload options, typically camera drones offer a 

single camera system without the option to switch (e.g. Mavic 2 Zoom and Pro models). 

¶ The overall complexity of the airframe has increased: 
o Compact foldable systems include multiple, discrete moving parts. 
o Lightweight materials such as carbon-fibre reinforced composites, are now incorporated in 

consumer/prosumer models when historically these were limited to professional models 
(e.g. DJI Inspire). 

¶ Quadcopters dominate the market. 

 Software safety systems 

As drones have become more popular in the consumer market, major drone OEMs have made significant 
investments in software based safety systems (e.g. geo-fencing) to reduce the risk of misuse and allay fears of 
potential mid-air collisions. 

Leading geo-fencing systems can provide real time analytics, included flight maps with defined geo-fenced 
zones prioritised by criticality, whereby ΨƘƛƎƘŜǊ ƭŜǾŜƭΩ Ȋones required different levels of approval to fly in. 
Simpler geo-fencing systems are more common, typically limiting the available airspace to a conical area around 
the operator, thereby limiting the potential flight altitude and distance. Some of these simpler systems do not 
limit use in no-fly zones such as airports ŀƴŘ ƛƴǎǘŜŀŘ ǊŜƭȅ ƻƴ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ŘƛǎŎǊŜǘƛƻƴ. 

In addition to geo-fencing, products such as the Mavic Air 2 include an Automatic Dependent Surveillance-
Broadcast (ADS-B) receiver. This system alerts the drone operator with the location of aircraft in the immediate 
area, although at the time of this report, the system does not include aircraft altitude data and does not force 
the operator to take evasive action. 

It is noted that these systems primarily aim to limit misuse by inexperienced pilots, but those who have intent 
to do harm, or do not ǿŀƴǘ ǘƘŜǎŜ ΨƭƛƳƛǘŀǘƛƻƴǎΩ ƻƴ their drone, can illegally circumvent such methods.  
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Whilst the potential benefits of these safety systems are recognised, a detailed review of their current 
prevalence, effectiveness and fallibility is not within scope of this project. It is therefore assumed that although 
such systems may reduce the likelihood (risk) of a mid-air collision, they do not affect the hazard associated 
with a collision, which is the focus of this work.  

 Stakeholder engagement 

Lƴ ƻǊŘŜǊ ǘƻ ŀǎŎŜǊǘŀƛƴ ǘƘŀǘ vƛƴŜǘƛvΩǎ ǊŜǎŜŀǊŎƘ ƻƴ ŘǊone down-selection was appropriate and robust, key 
elements of the aforementioned findings were presented to the prƻƧŜŎǘΩǎ 5ǊƻƴŜ aŀƴǳŦŀŎǘǳǊŜǊ {ǘŀƪŜƘƻƭŘŜǊ 
Group (Appendix A) for discussion and affirmation. This Stakeholder Group includes representatives from DJI, 
Parrot, senseFly, Delair and Aeromapper as well as subject matter experts from the standards organisation, 
ASD-STAN. The key outcomes of this meeting included:  

¶ vƛƴŜǘƛvΩǎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƳŀǊƪŜǘ ƭŜŀŘŜǊǎ όōȅ ǎŀƭŜǎ ǾƻƭǳƳŜǎύ ƛƴ the consumer market was agreed. 

¶ Quadcopters were agreed as the dominant configuration for consumer drones. 

¶ The observed trend towards compact folding designs for integrated camera drones was agreed.  

¶ Within the DJI range, it was agreed that the Mavic series of drones have become the mainstream 
consumer/prosumer product line, rather than the Phantom series. It is therefore expected that 
Mavic drones (and comparable alternatives, such as the Parrot ANAFI) are most likely to be 
ŜƴŎƻǳƴǘŜǊŜŘ Ψƛƴ ǘƘŜ ǿƛƭŘΩΦ 

2.4 Drone down-selection 

 Drone styles 

Within this programme, it was planned to develop and validate four unique drone threat models [5]. In addition 
to this, QinetiQ has previously developed and validated a DJI Inspire 2 threat model which could also be made 
available. 

Based upon the findings of vƛƴŜǘƛvΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ feedback from EASA and the Stakeholder groups, the 
following styles of drone were selected as being of greatest relevance to this programme: 

¶ Compact folding camera drone 
o Pocket-sized 
o Prosumer  

¶ Professional quality camera drone 

¶ Low cost, racing-style first-person view (FPV) quadcopter 

¶ Fixed wing drone 

²ƛǘƘƛƴ ǘƘƛǎ ƭƛǎǘΣ ǘƘŜ ΨŎƻƳǇŀŎǘ ŦƻƭŘƛƴƎ ŎŀƳŜǊŀ ŘǊƻƴŜǎΩ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜǎǘ-represent the mainstream mass-
market of both consumer and prosumer products. The other styles represent important configurations which 
are significantly different in their construction to the compact models, but command a smaller market-share 
amongst consumers. 

Each of these categories are discussed in the following sub-sections, including definition of specific drone 
products to represent them. It is intended that the down-selected drones shall be used in later tasks which will 
include testing and numerical modelling of collision scenarios.  

The selection of example drones has been largely based upon their ubiquity within the marketplace but some 
consideration has been given to whether some of the drones could be readily modified and scaled to explore 
the effectiveness of design changes on collision severities. In general, well-integrated products are more-
difficult to modify than generic configurations, though it is technically feasible to apply basic scaling rules to 
any drone threat model.  
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 Pocket-sized compact folding camera drone - DJI Mavic Mini 

This configuration represents drones in the lightest class defined in the EASA Open Category (Ψ/ƭŀǎǎ ΨлΩ), with 
maximum take-off mass of Җ0.25kg,  

 
 
 
 
 
 
 

 

 

Table 2-1) This example is expected to operate within the least stringent sub-category A1 rules.  

The compact folding form-factor is aligned with current industry trends, but a recent literature review of 
published drone collision research [8] did not reveal any work involving drone products of this mass class and 
style. Inclusion of a product of this type will therefore provide unique data for the lightest class of camera 
drones. 

Although most drones of this mass class have traditionally been low performance toys, recent developments 
in drone technologies (discussed in Section 2.3.3) have enabled the development of highly capable, lightweight 
camera drones into the consumer market. This sub-class represents the entry point to the mainstream camera 
drone market and so is likely to include a significant proportion of inexperienced drone users. 

The model selected to represent this sub-class is the DJI Mavic Mini (Figure 2-2), which was released in 2019 
and weighs 0.249kg. It incorporates design features that are common across the DJI Mavic series, including 
foldable arms and a multi-part construction, which are reflective of the design trends identified in Section 2.3.3. 

 

Ô Figure 2-2  DJI Mavic Mini 
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 Prosumer folding camera drone - DJI Mavic 2 

This category includes some of the most popular mass-market consumer camera drones. The technical 
specifications and price point of drones in this category cater to more experienced operators and enthusiasts, 
or those who want a modern, feature-rich product.  

Most of these drones are expected to occupy the Ψ/ƭŀǎǎ мΩΣ Ψ/мΩ (0.25-0.9kg) or Ψ/ƭŀǎǎ нΩΣ Ψ/нΩ όғпƪƎύ in the EASA 
Open Category ( 

 
 
 
 
 
 
 

 

 

Table 2-1), depending upon their mass, performance and qualifying features [7].  

Previous drone collision studies have used an example from the DJI Phantom series to represent mass-market 
consumer/prosumer camera drones. However its market share has begun to diminish in favour of newer 
models which cater to emerging design trends, such as lighter and more compact designs (Section 2.3.2). It was 
concluded that focus on these newer designs would be of greater value to the study. 

The model selected to represent this sub-class is the DJI Mavic 2 (Figure 2-3). This drone was released in 2018 
and its basic mass is reported to be 0.9kg, representing the upper end of the A1 subcategory. It represents the 
flagship model of the Mavic series of drones and so the common design philosophies, such as folding arms and 
complex construction, are present. 

 

Ô Figure 2-3  DJI Mavic 2 (Pro variant pictured, without propellers) 
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No verified ownership data is available for this model, as its release post-dates both of the identified market 
studies (Section 2.3.2). However ownership figures of the DJI Phantom and DJI Mavic are expected to be 
indicative of future DJI Mavic 2 ownership due to previously discussed market trends. The Mavic 2 also 
reǇǊŜǎŜƴǘǎ 5WLΩǎ ŦƭŀƎǎƘƛǇ ǇǊƻŘǳŎǘ and so, takiƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ 5WLΩǎ ǎƛƎƴƛŦƛŎŀƴǘ ƳŀǊƪŜǘ ǎƘŀǊŜΣ ownership figures 
are expected to be high. 

 Professional camera drone - DJI Inspire 2 

Professional-use filming drones typically range from approximately 3.5kg to over 15kg, occupying either Ψ/нΩ 
(0.9-4.0kg) or Ψ/ƭŀǎǎ оΩΣ Ψ/оΩ (4.0kg-25kg) within the EASA Open Category ( 

 
 
 
 
 
 
 

 

 

Table 2-1). However, the lower-end of this mass class is considered to be more-appropriate to the semi-
professional/prosumer market, rather than the heavier-weight multi-rotors designed for large payloads such 
as high-grade professional cameras.  

Although this class of products are typically piloted by professionally qualified operators, this is not a mandated 
requirement if they are not being used commercially.  

The model selected to represent this sub-class is the DJI Inspire 2 (Figure 2-4). The DJI Inspire 2 was released in 
2016 and has a basic mass of 3.44kg and a maximum take-off weight of 4.25kg, representing subcategory A2 
(0.9kg-4.0kg) or A3 (4.0kg-25.0kg), depending on payload configuration.  
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Ô Figure 2-4  DJI Inspire 2 

¢ƘŜ 5WL LƴǎǇƛǊŜ н ǊŜǇǊŜǎŜƴǘǎ 5WLΩǎ ŘǊƻƴŜ ƳƻŘŜƭ catering to the semi-professional and professional film making 
market.  

The selection of the Inspire 2 is supported by the two identified market studies discussed in Section 2.3.2, 
whereby the DJI Inspire 2 was found to represent 7% of DJI drone sales in 2018 in one study [12] and DJI Inspire 
models represented a combined 5.5% of Kittyhawk.io users [13], beaten only by DJI Phantom and Mavic 
models. 

As stated in Section 2.4.1, QinetiQ have previously developed a validated model of the DJI Inspire 2 and a 
Zenmuse X5S camera (combined mass 3.89kg).  

 ΨRacing ǎǘȅƭŜΩ FPV - Eachine Wizard X220 

This configuration is based upon inexpensive, entry-level FPV racer-style configurations. Most products of this 
style weigh less than 0.9kg and utilise a lightweight but robust carbon fibre frame construction to carry flight 
loads and provide protection to the electronic components in the event of crashes.  

Although the masǎ ƻŦ ǘƘŜǎŜ ŘǊƻƴŜǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǿƛƭƭ ƻŎŎǳǇȅ ǿƛǘƘŜǊ Ψ/лΩ ƻǊ Ψ/мΩ ŎƭŀǎǎŜǎ ŀƴŘ  Ŧƭȅ ƛƴ ŀŎŎƻǊŘŀƴŎŜ 
with protected A1 sub-category rules, the final classification will depend upon their performance capabilities, 
ŦŜŀǘǳǊŜǎ ŀƴŘ ŘƻŎǳƳŜƴǘŀǘƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ Ψ/лΩ ŀƴŘ Ψ/мΩ ŎƭŀǎǎŜǎ ƘŀǾŜ a maximum speed of 19 m/s) which may 
be lower than the capabilities of these products. Furthermore, many low-cost systems do not provide the level 
of automation or situational awareness that will be required of products in this category. 

Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ŀƭǘƘƻǳƎƘ άwŀŎƛƴƎ {ǘȅƭŜέ ƛǎ ǳǎŜŘ as a descriptor, this configuration is not specific to racing 
drones, which are typically flown in obstacle-rich settings i.e. close to the ground, and at organised events. 
Instead this refers to a general class of small, rugged drones designed with minimal electronic aids and with an 
emphasis on manoeuvrability and speed.  

Whilst the design intention of these products is not to operate at great heights, their high performance 
characteristics and lack of safeguards e.g. geo-fencing, as well as their low price-point means that it cannot be 
discounted. Evidence of this can be found on video sharing platforms such as Youtube, where drones of this 
style have been recorded achieving altitudes of over 10,000m. 

The market share for DIY/Racing drones (3% [Skylogic study, Section 2.3.2]) is smaller than that for mass-market 
consumer camera drones and products/components are available from a range of manufacturers.  

The model selected to represent this sub-class is the Eachine Wizard 220 (Figure 2-5). This was also proposed 
ŀǎ ǘƘŜ ŜȄŜƳǇƭŀǊ ŘǳǊƛƴƎ vƛƴŜǘƛvΩǎ scoping study (EASA.2016.C25) [2,3] and it continues to be an appropriate 
selection, representing a large array of similar products from different manufacturers.  

The simple construction and exchangeable components means that the configuration is readily modifiable and 
scalable, which is beneficial when investigating the effect of configuration, mass and design features in later 
tasks. 

Industry rumours suggest that a more-mainstream FPV configuration may be entering the marketplace in the 
near future. These developments shall be kept under review and ς if applicable ς comparisons can be made 
with this typical, low-cost configuration. 
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Ô Figure 2-5  Eachine Wizard 220 

 Fixed wing 

Electric fixed wing drones are available in many sizes, designs and masses, ranging from less than 50 grams to 
over 4 kg (specialist systems can be considerably heavier than this). Fixed wing configurations can therefore 
occupy any of the sub-categories in the EASA Open Category ( 

 
 
 
 
 
 
 

 

 

Table 2-1). 

For the purpose of this activity, a fixed wing drone is characterised by its ability to generate lift necessary for 
flight via aerodynamic surfaces, rather than directly from rotor thrust. Hybrid configurations, in which thrust 
can be generated/vectored to allow vertical take-off and landing (VTOL) before transitioning to lift -based flight, 
have been discussed as part of this exercise and were included in the down-selection.  

The two most common styles wiǘƘƛƴ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ŀǊŜ ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ όƛƴŎƭǳŘƛƴƎ ǘǊŀŘƛǘƛƻƴŀƭ ƳƻŘŜƭ 
aircraft and more-modern designs) with distinct wings, empennage and fuselage features, or blended wing-for 
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body ΨŦƭȅƛƴƎ ǿƛƴƎǎΩΦ Lƴ Ƴƻǎǘ ƛƴǎǘŀƴŎŜǎΣ ǘƘŜ ŦƭȅƛƴƎ ǿƛƴƎ ǎǘȅƭŜǎ ǳǎŜ single rear-mounted όΨǇǳǎƘŜǊΩύ propellers and 
the conventional styles use nose- or wing-mounted όΨǇǳƭƭŜǊΩύ propellers, though there are exceptions to this. 

The size of the consumer/prosumer fixed wing market is judged to be relatively small compared with that for 
mainstream multi-rotors. Therefore it is planned that only one fixed wing configuration should be assessed 
within the first stages of the project. Variations on the selected drone may be investigated within Task 7, 
including scaling it to different masses and use of different airframe designs. 

There has been debate within the project team as to what constitutes a consumer, prosumer and commercial 
product within the fixed wing market. To aid this, the drone manufacturers Stakeholder Group was requested 
to fill-in a short survey aimed at identifying the fixed wing configuration(s) that best-represent the 
consumer/prosumer and commercial/enterprise markets. The output from this survey showed general 
agreement between respondents that the low-end products were aimed at the consumer market, and that the 
high-end drones were aimed at commercial/enterprise users. There was inconsistency of opinion in what might 
be attractive to the prosumer market, though the products that best-matched the description were flying wing 
configurations.  

Based upon background research and comments from the Stakeholder Group, it is observed that the consumer 
market for recreational flight does not overlap with the needs of professional users to the same extent as for 
multi-rotor drones. The consumer market is not well defined and is arguably biased towards hobbyists rather 
than casual consumers, as most products have a relatively steep learning curve and lack many of the 
automation features and flying aids that have become synonymous with other mass market consumer drone 
products. Some products e.g. the Parrot Disco, have attempted to address this but have since been 
discontinued and so the fixed wing market remains relatively niche. Notwithstanding these caveats, the 
consumer market includes a spectrum of products from very lightweight toys to large and highly-capable 
drones/model aircraft with (or without) small cameras and autopilot systems.  Commercial-grade fixed wing 
systems include better-integrated systems and software that enable drones to reliably perform functions such 
as wide-area mapping/surveillance/search over extended periods. Whilst the commercials systems clearly 
represent more-advanced products, the additional benefits to private users are less obvious for non-fee-paying 
work whilst the cost of ownership is much greater. 

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

A flying wing configuration has been down-selected for its applicability to a broad cross-section of markets. The 
low-cost consumer products range from crude, lightweight (100 - 300 grams) foam models [16] as well as larger, 
heavier systems [17, 18] that offer greater performance and the ability to ƛƴŎƻǊǇƻǊŀǘŜ ǎƳŀƭƭ ΨŀŎǘƛƻƴ ŎŀƳŜǊŀǎΩ 
as well as FPV systems. Commercial products such as the 1.5 kg Delair ΨUX11Ω and 1.4 kg senseFly ΨeBee ·Ω share 
similar form actors and also make use of lightweight and tough expanded foam materials and carbon-fibre 
composite tubes. 

Delair has kindly offered to provide examples of their UX11 mapping drones for use in this study (Figure 2-6).  
As noted above, the construction of the UX11 airframe is comparable to other professional drones and some 
consumer products, so it is considered to be representative of a wider class of fixed wing products. It is planned 
that some details of the UX11 computer model shall be kept relatively generic to aid read-across with other 
products and aid the creation of scaled derivatives, if required, in Task 7. 
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Figure 2-6  Delair UX11 professional mapping drone (Image © Delair, included with permission)  
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3. ¢ŀǎƪ нΦнΥ ¢ŀǊƎŜǘ !ƛǊŎǊŀŦǘ {ǇŜŎƛŦƛŎŀǘƛƻƴ 

3.1 Aircraft categories 

The aims of the programme are to evaluate the effect of collisions between consumer/prosumer drones 
(defined in Section 2) and aircraft within the following Certification Specifications (including equivalent Federal 
Aviation Authority and other similar international certification categories): 

¶ CS-23 Normal, Utility, Aerobatic and Commuter Aeroplanes [21] 

¶ CS-25 Large Aeroplanes [22] 

¶ CS-27 Small Rotorcraft [23] 

¶ CS-29 Large Rotorcraft [24] 

These categories encompass the vast majority of in-service aircraft and include a broad spectrum of 
configurations, designs and masses.  

Not all manned aircraft categories, such as Gliders (CS-22), Balloons (CS-31) and Very Light aircraft (CS-LSA, CS-
VLA and CS-VLR), are included within the scope of this programme. Whilst these categories of aircraft may also 
be susceptible to drone collisions, the current programme is focussed on categories ŀŘŘǊŜǎǎŜŘ ōȅ 9!{!Ωǎ ¢ŀǎƪ 
Force on drone collisions with aircraft and for which practical changes to drone design practices may mitigate 
the severity of collision threats. This is a recognised omission that could be addressed in a future programmes, 
though it is also possible that some results can be read-across to other classes of aircraft. The scope of the 
programme shall be kept under review and opportunities to enhance the applicability of the results shall be 
considered based upon their individual merits and progress on core activities. 

For the four selected aircraft categories it would not be feasible, within this programme, to directly assess the 
vulnerability of all associated aircraft types that operate within European airspace. Instead, it will be necessary 
to consider a combination of exemplar aircraft and generalised design features that represent a cross-section 
of commonly-used aircraft designs within each category. For example, the study may assess collisions between 
drones and a generalised empennage leading edge structures rather than try to recreate the designs of all 
aircraft that are included within the above categories. 

This Section identifies exemplar aircraft which are later used in Section 4 to prioritise local impact areas (e.g. 
wing leading edges or rotors, for drone collision assessments). However, it should be noted that this 
programme is not necessarily limited to the assessment of these particular aircraft, nor do any special 
arrangements currently exist with their respective Design Authorities to provide detailed information on their 
construction. 

3.2 Exemplar aircraft selection 

The selection of exemplar aircraft to represent each of the Certification Specifications is based upon a review 
of typical aircraft configurations within each category, and usage statistics. In some cases other factors, such as 
their maximum take-off weight with respect to other models within the same category, were also considered.  

The aircraft usage statistics have been calculated using historical ADS-B transponder data to identify flight 
activities of different aircraft types. The dataset for this assessment consisted of approximately 1.7 billion data 
points (1 year of data from 0 - 12,000ft, for a rectangular area encompassing the whole of Germany) before it 
was sampled to 30 random days, filtered and processed. Further details of the ADS-B data analysis, which was 
primarily undertaken to assess aircraft collision speeds in Task 2.4, are included in Section 5. 
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The 12,000 ft (FL120) ceiling was applied to keep the number of data points within practical limits and to 
concentrate efforts on altitudes at which drones are more likely to be encountered. This captures 97% of the 
events recorded in the Aviation Safety NetworkΩǎ in-flight drone sightings/collisions database [27].  

The proposed aircraft have been reviewed by the programme Stakeholder Group, which includes 
representatives from aircraft manufacturers (covering all relevant categories), engine manufacturers, drone 
manufacturers and standards organisations. No objections have been raised about the proposed selection, 
recognising that it is not an exhaustive list of aircraft styles. 

 CS-23 Normal, Utility, Aerobatic and Commuter Aeroplanes 

The CS-23 category includes a broad range of aircraft configurations and performance characteristics. For the 
purpose of down-selecting local impact areas, it was decided to consider two different aircraft at opposite ends 
of the CS-23 spectrum: A lightweight, piston-engine, single propeller-driven configuration and a small jet 
aircraft. 

3.2.1.1 Lightweight single-propeller CS-23 

Figure 3-1 shows the relative proportion of time spent flying at altitudes less than 12,000 ft (where drones are 
most-likely to be encountered) by different piston-engine, single-propeller CS-23 aircraft. Within this 
sub-category, the Cessna 172 όL/!h ŎƻŘŜΣ Ψ/мтнΩύ had the greatest number of entries in the filtered ADS-B 
database (20.4% of total), with a further 4.1% being recorded for the slightly-larger Cessna 182 variant (ICAO 
ŎƻŘŜΣ Ψ/мунΩύ.  

The Cessna 172, which is a lightweight, non-aerobatic aircraft with braced wings was selected to be the example 
aircraft for this sub-category. It is popular with private owners and so typically operates from small airfields and 
private airstrips.  

 

Ô Figure 3-1  ADS-B entries below FL120 for CS-23 piston-engine single propeller aircraft 

¢ƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘƛǎ ǎǳǊǾŜȅ ŎŀƴΩǘ ōŜ ƎǳŀǊŀƴǘŜŜŘ ōŜŎŀǳǎŜ ς at the time of writing ς the use of ADS-B 
transponders was not mandated for this category of aircraft. However, the findings are in-line with expectations 
as the Cessna is reportedly the most-produced aircraft of all time [28] with over 44,000 delivered. 

3.2.1.2 CS-23 lightweight jet aircraft 

Figure 3-2 shows the relative proportion of time spent below FL120 by different CS-23 jet aircraft. The most 
commonly-ǊŜŎƻǊŘŜŘ ŀƛǊŎǊŀŦǘ ƻŦ ǘƘƛǎ Ŏƭŀǎǎ ǿŀǎ ǘƘŜ [ŜŀǊƧŜǘ ор όL/!h ŎƻŘŜΣ Ψ[WорΩύ ǿƛǘƘ нуΦр҈ ƻŦ ǘƘŜ ADS-B entries. 
Although this would have made a reasonable exemplar, it was noted that it is close to the 8,618kg limit of the 
CS-23 category and may therefore be more-representative of a small CS-25 aircraft (albeit without the CS-25 

Dotted boxes show related 

aircraft within the same 

product family 
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requirements). Instead, aƴƻǘƘŜǊ /ŜǎǎƴŀΣ ǘƘŜ рмл /ƛǘŀǘƛƻƴ aǳǎǘŀƴƎ όL/!h ŎƻŘŜΣ Ψ/рмлΩύ, was selected to 
represent small CS-23 jets when reviewing critical impact locations. Whilst the Citation Mustang only accounts 
for 6.2% of the dataset, the wider family of aircraft within the Citation product line accounts for 53.9% of all 
entries. 

Note that the slightly larger Cessna 525 would have been the obvious choice for the CS-23 jet example, but the 
usage data was not available when the 510 was provisionally selected. The 510 was identified as an appropriate 
ŜȄŀƳǇƭŜ ǘƘǊƻǳƎƘ ŘƛǎŎǳǎǎƛƻƴǎ ǿƛǘƘ ƳŜƳōŜǊǎ ƻŦ vƛƴŜǘƛvΩǎ ŀǾƛŀǘƛƻƴ ǘŜŀƳǎ ŀƴŘ ƛƳŀƎŜǎ ƻŦ ǘƘƛǎ aircraft was used in 
early discussions and identification of local impact zones. The superficial differences in the overall configuration 
of these two aircraft were considered to be sufficiently minor (for the purpose of this exercise) to warrant 
changing to the 525.  

 

Ô Figure 3-2 ADS-B entries below FL120 for CS-23 jet aircraft 

 CS-25 Large Aeroplanes 
Figure 3-3 shows the relative proportion of time spent below FL120 by different CS-25 jet airliners. The Airbus 
A320 was identified as being the most common CS-25 jet aircraft, accounting for nearly 25% of all ADS-B 
entries. This increased to over 50% when derivative products within the same family are included. On this 
basis the A320 was selected as an exemplar for CS-25 jet airliners. 

 

Ô Figure 3-3 ADS-B entries below FL120 for CS-25 jet airliners 
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