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ABSTRACT

Long-range unmanned flights beyond the line of sight in shared airspace require a thorough risk
assessment to ensure safe operations. For European countries, the specific category as defined in
the EU-2019/947 regulation allows a wide range of mission and UAS characteristics on the basis of
a risk analysis. Within this framework, the competent authority permitted operations in an area of
approximately 18 000 km?2, and flights subsequently took place in July 2023, accumulating a total
flight distance of more than 10 000 km.

Taking this large-scale low-risk flight campaign in Germany as an example, we provide guidance
on the process to identify the respective Specific Assurance and Integrity Level and on additionally
mitigating risks to account for the current capabilities of specific vehicles. On this basis, we present
a method and tooling concept to establish multiple spacious operational volumes in an automated
way that each allows for different flight constraints and enables ad-hoc flight scheduling. The default
calculation basis for dimensioning the operational volume and risk buffers is adjusted to better
represent the UAV characteristics and to maximize the authorized operations area. Based on the
experience gained in the authorization request process and during flight operations, we propose
future steps from the operator’s point of view. These include refining category specifications,
enhancing operational protocols, and implementing advanced safety measures.

Keywords: EU 2019/947; SORA; Flight Permit; UAV; BVLOS; Flight Geography; Automatisation

1 Introduction

The complexity of commercial unmanned aerial vehicle (UAV) operations continually increased
in recent years, along with the confidence of operators and the systems’ capabilities. In Europe, this
development was supported by the introduction of the supranational Implementing Regulation (EU)
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2019/947 [1]. It practically allows any operation in the specific category (according to Article 12),
given that a set of requirements determined by the operational risk are met. This flexibility comes
with a downside, though: Operations in the specific category always require an elaborate and extensive
analysis of the risks on the ground and in the air according to a standardized process called the Specific
Operations Risk Assessment (SORA), which is described in EASA’s Easy Access Rules for Unmanned
Aircraft Systems (EAR)[2]. The SORA is a methodology that can be used in order to demonstrate
compliance with Article 11 of the unmanned aerial system (UAS) Regulation and to evaluate the risks
and acceptability of an operation of an UAV within the specific category and safe integration in the
airspace.

We employed this methodology to obtain an operating permit from the competent authority! enabling
long-range beyond visual line of sight (BVLOS) flights throughout the German federal state of Saxony,
which allowed the fulfillment of an industrial contract in a multi-week flight campaign in July 2023.
Within this campaign, the state of agricultural areas should be documented through aerial photography
serving the purpose of satellite image verification. The fact that final target coordinates could only
be provided within less than 48 h before the flights required additional tooling for clustering and flight
planning. For details on the used operational toolchain, along with a more thorough description of
mission objectives and peculiarities, please refer to [3].

While the standard SORA approach follows the path of defining an Operational Volume (OV) for a
UAS before assessing the requirements to be fulfilled, we use a reverse approach that starts with a given
feature set for a UAS and adjusts the OV according to the acceptable operational risk. The unprecedented
size of the OV led to challenges in the process of both, volume definition and volume checking.

Section 2 details the applicable regulatory framework for BVLOS flights in the European Union (EU)
and shortly lists additionally relevant aspects of German national law, while the specific application
of these rules and processes is described in Sec. 3. It also provides information on the used UAS,
which decisively shapes the character of the operations. The required tools and data sources for an
automated Operational Volume definition process and the peculiarities of the resulting OV are presented
in Sec. 4. Sections 5 and 6 discuss the current process for large-scale operations, identify opportunities
for improvement in both processes and safety, and explore potential enhancements that may increase
confidence in the results.

2 Regulatory Framework

The general process to obtain a flight permit within the specific category comprises the Specific
Operations Risk Assessment process based on the EU-2019/947 regulation [1]. It requires detailed
knowledge of the flight geography and information on the UAS with all its safety features. In addition
to EU-wide regulations, further national law may apply depending on the country in which the operation
takes place. This applies in particular to flying in certain geo-zones such as nature conservation areas, or
close to industrial facilities or power generation plants.

The SORA process can be approached from two distinct perspectives. Within the framework of the
Easy Access Rules for Unmanned Aircraft Systems [2], the process commences with the definition of
the intended flight area, from which specific requirements for the flight system are derived eventually.
This general approach is briefly explained in 2.1, but we refer the reader to the official document [2]
for a detailed description of the procedure. Conversely, our approach starts with a detailed assessment
of our flight system, wherein we carefully discern its safety attributes and flight capabilities. From this

In Germany, this is the respective federate state’s aviation authority based on the operator’s location. Some states, as
in this case North-Rhine Westphalia, forwarded their responsibility to the federal aviation office Luftfahrt-Bundesamt (LBA)
which then acts as the competent authority.
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evaluation, we delineate a specific operational area wherein the utilization of our flight system is deemed
safe and compliant with regulations.

2.1 Specific Operational Risk Assessment

Within the SORA, the risk posed by the operation to third parties on the ground and in the used
airspace is estimated. The method culminates in a single operational risk classification called the Specific
Assurance and Integrity Level (SAIL). It determines a required level of safety that must be reached by
the flight system and the operations, which is defined by a list of operational safety objectives (OSOs).
Each operation must take place in a pre-defined Operational Volume. This volume comprises the Flight
Geography (FG), which covers the intended area of operations and the FG surrounding Contingency
Volume (CV) providing a safety zone in case of malfunctions. An additional Ground Risk Buffer (GRB)
can be added to the Operational Volume to reduce the operational ground risk. In case the UAS leaves
the Flight Geography into the Contingency Volume, contingency measures must be triggered that are
appropriate for an immediate return to the FG. When leaving the CV, the flight must be terminated.
Contingency and termination procedures are pre-defined in the operations manual.

The SAIL results from the final Ground Risk Class (GRC) and the residual Air Risk Class (ARC),
in accordance with table 1. In turn, GRC and ARC are determined in separate processes and based on

different reference areas. The underlying philosophies and influencing factors for both are described
separately below.

2.1.1 Ground Risk Analysis

The ground risk class quantifies the potential risk and consequences of a person being hit by the
UAS within the operational volume and an additional GRB. For this purpose, the affected ground area
is characterized with respect to the density of uninvolved people per area as a first parameter. If the
operation takes place BVLOS, the risk level for each population density level increases compared to a
Visual Line of Sight (VLOS) operation. As a second parameter, the potential severity of injuries caused
by a crashing UAS is mapped to the dimensions and typical kinetic energy of the used vehicle. The
resulting initial GRC can be reduced in a further step by applying certain mitigations that add additional
safety precautions or allow a more realistic description of the operation. These are grouped into three
classes, namely strategic mitigations for ground risk (M1, e.g. by a further reduction of the number of
people at risk), reduction of ground impact consequences (M2, e.g. using a parachute system), and the
implementation of an Emergency Response Plan (ERP).

. o - The reproduction and distribution with attribution of the entire paper or of individual
@ Except where otherwise noted, content of this paper is licensed under . . . . . .
. P . . pages, in electronic or printed form, including some materials under non-CC-BY 4.0
BY a Creative Commons Attribution 4.0 International License. . . . .
licenses is hereby granted by the respective copyright owners.



2.1.2 Air Risk Analysis

The Air Risk Class represents a qualitative categorization of collision risk for UASs operating within
a designated airspace volume. If no initial ARC is pre-defined by a competent authority, it must be
determined by estimating the frequency of encounters with manned aviation in the operational volume.
Decisive factors in the SORA are, in particular, the flight altitude and airspace class in which the operation
takes place, as well as the proximity to airports or heliports. A differentiation is also made between traffic
above rural and urban areas. The operator can reduce the initial ARC by effectively arguing that the
actual encounter rate is lower than assumed in the previous step.

The residual ARC determines if Tactical Mitigation Performance Requirements (TMPRs) must be
implemented that demand for increasing levels of Detect And Avoid (DAA) capabilities in ARC-b/c/d.
It is considered safe to fly without TMPR in ARC-a since the encounter rate is expected to be close to
Zero anyways.

The operational scenario results from the flight area in which the operation is supposed to take place.
This total area consists of the in 2.1 mentioned areas (refer to figure 1).

2.2 Reversing the SORA process for short-notice operations

In large-scale short-notice? operations, key aspects of operational capabilities and UAS performance
are often pre-determined by the available hardware and organizational structures. This was also the case
with our flight campaign in Saxony, where an existing unmanned tilt-wing aircraft system was used as
the best available solution within the available time frame and for the given objectives.

Therefore, in this case, typical for a commercial application, it makes sense to reverse the SORA
method and to start with an analysis of the available safety and reliability features of the UAS based on
the Easy Access Rules [2]. This analysis reveals the achievable level for each OSO that can be fulfilled
by the UAS and its operators. In the next step, the results for the individual OSOs must be mapped to an
achievable SAIL by identifying the highest level for which the required OSO levels can be met. To give
an example for illustration, a typical result of this analysis could be that the operation accomplishes the
requirements of a SAIL II rating, which is considered a low-risk operation. The matrix of table 1 then
informs about the highest acceptable ground and air risk categories, which in this case are GRC 3 and
ARC-b. Note that at this point the determined Air Risk Class must be cross-checked with the respective
TMPR that is required for the ARC.

Assuming all TMPR are met and flight operations take place below FL600, ARC-b directly translates

to an OV only covering uncontrolled airspace over rural areas and with a maximum altitude (including
the CV) of less than 500 ft AGL.

To determine the ground area that is acceptable to be covered by the OV, the analysis must also
include UAS characteristics, as the risk analysis method is decisively linked to the UAS dimensions and
impact energy in case of a malfunction. Subsequently, the application of mitigations as described in
section 2.1.1 allows for raising the risk scenario to higher risk areas. For example, by implementing
measures to further reduce the risk to persons on the ground (mitigation M1 according to [2]) on a
low level and by introducing an emergency response plan, BVLOS flights over sparsely populated areas
become acceptable in SAIL IT operations (instead of SAIL I without mitigations).

2.3 National Rules

In addition to the regulations in accordance with EU-2019/947, it is imperative to consider and adhere
to additional national regulations. In Germany, the Air Traffic Regulation (LuftVO — Luftverkehrsor-

2Please note that if no operational permit for the intended complex operation is in place yet, the term short-notice typically
refers to lead times of several months required for the preparatory work, rather than days or weeks.
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dnung) provides a comprehensive framework both for manned and unmanned air traffic. Particularly
important for UAS operations is § 21 h of LuftVO, which defines restrictions for UAS flights inside cer-
tain geographical zones. The regulation covers a multitude of different categories, including ones with a
footprint that is typically small (such as authority buildings or hospitals), but also extensive areas such as
nature reserves, industrial complexes, highways, and waterways. In principle, exceptions are permissible
under certain conditions and can be authorized by the responsible operator of the geographical zone (e.g.
nature conservation areas).

3 Mapping the Rules on Operations

The realization of the flight campaign was characterized by conflicting aspects: On the one hand,
the target locations were only communicated less than 24 hours before the scheduled start of flight
operations, meaning that the specific flight routes could not be planned in advance. On the other hand,
the preparation of the documents required for BVLOS operations in the EU-2019/947 specific category
and the subsequent approval process takes several months. Therefore, a flexible authorization was
intended in advance to open up as many options as possible for the subsequent operation. The most
straightforward approach is to generate a flight geography that covers an area that includes all potential
target locations (i.e. the entire federal state of Saxony), plus parts of the neighboring federal states, to
enable more efficient routes in border regions. At the same time, the flight geography must comply with
SAILII regulations. Below we outline the boundary conditions on which the dimensioning of the flight
area is based

3.1 UAS Capabilities and Technical Specifications

A tilt-wing flight system was used in the flight campaign, as this UAV type combines the flexibility of
vertical take-off and landing with the superior velocity and long-range efficiency of fixed-wing aircraft.
The UAS called TW-Neo was developed by flyXdrive GmbH and uses an advanced custom flight computer
from the Institute of Flight System Dynamics at RWTH Aachen University. The characteristic dimension
(wing span) of the UAS is 1.85m, and its maximum take-off weight of 8kg allows for payloads of
about 1 kg. The electric propulsion system consists of three motors in total, one of which is installed on
the tiltable horizontal stabilizer and two motors installed on the left and right part of the tiltable wing,
respectively. The in-flight transition from hover flight to fixed-wing flight (and reverse, illustrated in
figure 2) is performed automatically at a certain velocity threshold. In fixed-wing flight mode, only
the tail motor remains active, while the wing-mounted motors are disabled and their propeller blades
fold backward to minimize noise emissions, reduce aerodynamic drag, and improve efficiency. The
typical cruise speed is about 25ms~! and the maximum aerodynamic velocity is 33 ms~!, but the tilt-
wing characteristics also allow arbitrary lower speeds and even hovering. Aerodynamic velocities below
15ms~! lead to a significant increase in energy consumption, and consequently result in less flight time
and range.

Fig. 2 Side-View of the TW-Neo UAS, illustrating the tilt movement of the wing and horizontal stabilizer
that enables vertical take-off and landing.
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The TW-Neo operates fully automatically on pre-defined routes and is supervised by a human remote
pilot. Flight data is transmitted via two independent mobile cellular network modems and a satellite
link as a fallback option. Hence, the remote pilot location is independent from the flight location, as
long as a reliable internet connection is available. To detect other airspace users nearby, the TW-Neo
carries ADS-B ("in") and FLARM ("in" and "out") and publishes its location to the Unmanned aircraft
system traffic management (UTM) system of Droniq GmbH. The remote pilot additionally uses publicly
available air traffic tracking websites for optimal coverage. Avoidance maneuvers are not carried out
autonomously but must be triggered by the remote pilot.

3.2 Adapting Safety Margins According to UAS Characteristics and Mission Ob-
jectives

The dimensions of CV and GRB (as they were defined in figure 1) must represent the UAV-specific
characteristics in order to ensure effective protection of ground areas or airspace outside of the OV. The
German Federal Aviation Office (LBA) published guidelines [4] for common configurations (Multicopter
and Fixed-Wing UAV) describing procedures that are acceptable to the authority and which are therefore
highly recommended as a baseline.

Nevertheless, it makes sense to adapt the provided equations if some of the assumed constraints
are not met by the affected UAV for two reasons: The distances required to carry out a Contingency
Maneuver (CM) must be greater than assumed in the guidelines to ensure safe operation. In this case,
an adaption is mandatory. In the second case, a contingency maneuver is achievable in a smaller volume
than proposed by the guidelines. Thus it is in the operator’s interest to adapt the method in order to
achieve a larger flight geography.

Using the TW-Neo as an example, it makes sense to adjust three implicit assumptions that are used in
the guideline’s equations, namely the maximum roll angle (@« = 30°, which is 40° for the TW-Neo), the
angle of maximum climb rate (yop; = 45°, which is actually 32°) and the Thrust to Weight Ratio (TWR)
(guidelines assume TWR= 2, real TWR is approximately 1.5). These parameters are predefined by the
flight controller and the propulsion system configuration, respectively.

These changes have implications on the calculation equations for lateral and vertical dimensions of
the CV, which must be re-formulated to accept ®ax, Yopr and TWR as parameters. The lateral extent of
the contingency maneuver Scy for multi-rotor UAV3 is then calculated by

3v%
TWR - g tan @,

Scm = (1)
where v is the horizontal velocity relative to the ground when leaving the FG, ®,,x the maximum possible
roll angle, and g the gravitational constant. The equation for fixed-wing flight remains unchanged. The
vertical CV dimensions Hcvy are affected in terms of the vertical reaction distance Hrz and the fixed-wing
contingency maneuver4 height Hcyy, while the equation calculating Hcyy for multi-rotor configurations
remains unchanged. With respect to the angle of optimal climb rate yqp, the vertical reaction distance
calculates as

Hrz =vo - 1s-sinygp. 2)

3The described contingency maneuver assumes immediate braking until stopping when leaving the Flight Geography
laterally. [4]

4This maneuver is achieved by exiting the Flight Geography upwards at an angle of optimal climb, then flying on a circular
path of constant radius until level flight is achieved. [4]
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The vertical contingency maneuver distance with respect to the angle of maximum climb rate is determined
by

2
ve(1 —cosyopt)
Hoym = = ; by

As the TW-Neo operates in both, multicopter and fixed-wing configurations, the relevant calculation
method is always the one that results in the largest separations. Therefore, in this case, the larger
separations associated with fixed-wing flight are decisive in OVs that allow both configurations.

3)

Given the objective to make the largest possible number of destinations accessible to the UAS,
we leverage the tilt-wing characteristics and define three overlapping OVs (Volumes A, B and C) with
different boundary conditions. The purpose of Volume A is to provide space for efficient cross-country
flight at high speed and with a permitted altitude range as large as possible. Therefore, it was designed
with a velocity relative to the ground level of 25ms~! and a maximum FG altitude of 110m. This
results in a total lateral clearance between the FG border and populated areas of any kind Sy, of about
320 m. Moreover, Volumes B and C increase the area covered by operations through the reduction of the
maximum flight altitude to 60 m and by limiting the ground speed at the cost of efficiency. In Volume B
with Sj¢ & 160m, the lift configuration can be both, thrust-borne and wing-borne, and depends on
the current wind speed and direction. It is therefore a compromise between area coverage and energy
consumption. Instead, the velocity limit in Volume C with Sj5 ~ 80 m only allows thrust-born flight in
multicopter configuration and the volume layout clearly focuses on maximizing area coverage. Mission
segments in Volume C therefore reduce the achievable total mission range substantially.

3.3 Unregulated Airspace Users

UAS flights close to airports, heliports, and airfields are regulated both in the Easy Access Rules
[2] (effecting the resulting operational risk level) and in the German national LuftVO §21h (by defining
mandatory safety clearances for geographical zones). However, other airspace users are not completely
covered by these rules, such as paragliders, hang-gliders, and traffic at model aerodromes. As activities
of those groups often accumulate in the lower uncontrolled airspace that is also predestined for low-risk
UAS operation, it is nevertheless advisable to consider them in operational planning.

Typical take-off locations for paragliders and hang-gliders can often be provided by the respective
national associations. The same is true for the locations of official model aerodromes. This information
should then be taken into account in the route planning, yet it makes the process more difficult to
automate. Although collision warning devices such as FLARM are widespread among airspace users in
this category, it must be assumed that some remain invisible to UAS. Consequently, it makes sense for
the UAS industry to raise awareness and proactively enter a dialogue with the affected groups.

4 Creating a 18000 km? Operational Volume

The extent of regulatory requirements described in the previous sections already suggests that for
an economical industrial application, the generation of large flight areas requires a very high degree of
automation. While we focus on the Operational Volume here, there are accompanying publications with
respect to our flight campaign addressing the automated mission generation and scheduling[5], as well
as trajectory generation[6]. To generate the respective FGs, CVs and GRBs, we relied heavily on custom
software utilizing the libraries Geopandas [7] and Shapely [8] for Python. The open-source geographic
information system QGIS [9] was used as the major tool to illustrate OV, geographic zones, obstacles,
and other geospatial data.

In the process, two versions of each OV were generated, one as the basis for the authorization process
and one for internal use with respect to clustering and detailed route planning. Starting out from the
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pre-defined outer boundary of the flight geography, geospatial data of a) no-fly zones with respect to
the aspired SAIL and b) national geozones to be considered are required to generate the OV for the
authorization process. The result is an OV that is valid for the respective SAIL according to the SORA,
that can be approved by the competent authority. Figure 3 illustrates the three resulting FGs and gives an
impression of the differences in area coverage around no-fly zones.

Fig.3 Excerpt of the resulting overlapping flight geographies calculated based on Sec. 3.2. The FG designed
for efficient cross-country flight is marked with (a), the intermediate one that is characterized by increased
energy consumption and reduced flight altitude is marked with (b), and the hover-only FG with (c). The red
line represents a single Ground Risk Buffer that is common to all OVs. The respective CVs were omitted here
to improve readability. (Background Satellite Images ©2023 CNES/Airbus, GeoBasis-DE/BKG, GeoContent,
Maxar Technologies)

Taking this OV as a basis, additional geographic zones, as well as data including obstacles and
unregulated air traffic hot spots (as described in section 3.3), were taken into account to generate geodata
suitable for effective clustering and flight route preparation. Obstacles include locations of wind turbines,
radio and transmission towers, restricted airspace, and others, each adopted with an appropriate safety
margin per category. In addition, nature conservation areas must be observed for which there are special
regulations according to § 21 h LuftVO. Consequently, the operational area used for the actual flight
planning is more restricted than the originally authorized OV because the originally operational area does
not consider geozones like masts or wind turbines which we take into consideration and avoid during

our flights. The outer boundary of the flight geography ultimately encompassed an area of more than
18000 km?.

Experiences show that efficient and scalable OV generation benefits both from a consequent focus on
multi-threaded code during software development and from powerful computation hardware. Note that
the former is also a prerequisite for efficiently utilizing the latter, though. Obtaining reliable data sources
in machine-readable form remained a challenge throughout the preparations for the flight campaign. In
Germany in particular, responsibilities are divided between the federal state and its 16 constituent states,
so that it can be required to use separate sources for individual data categories when operating across
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(a) Detailled view on the final FGs using the same color and |
shading as in Fig. 3. As a reference, the diagonal of this
figure equals about 12 km.

map is based on OpenStreetMap: openstreetmap.org/
copyright).

Fig. 4 Final Flight Geography that was used in automatic flight planning algorithm.

several federal states. Consequently, we relied on a multitude of different data sources from national and
federal state ministries, but also from the OpenStreetMap project[10].

Figure 4a shows a detailed view of the final FGs as they were used as an input to the clustering
algorithm (described in detail in [5]). In this processing step, they include obstacles and additional
geographical zones that are excluded from the flights. An overview of the full area covered by the FGs
is presented in Figure 4b.

5 Discussion

Large scale BVLOS operations covering the area of small countries are not yet daily routine in
commercial drone operations under the current EU regulation. This became particularly apparent in
several aspects during the preparation of our flight campaign in July 2023, some of which address
problems specifically in Germany, but are also likely to be relevant for other EU countries:

1) The competent authority handling our operational authorization application was not yet prepared
for requests of this scale. Thanks to an early contact to discuss preliminary information months
before the actual operation and a communicative working atmosphere on both sides, it was
possible to establish a targeted working method along the process.

2) The data sources required to define flight areas are neither officially defined nor uniformly
available, although our operation only covered a single country. Currently, it is up to the operator
to identify and verify appropriate data sources and due to the federal structure of Germany,
these even change with each federal state for many data categories. Although the dipul map
service of the German Federal Ministry for Digital and Transport provides a binding reference
for geographical zones, the underlying data is (as of July 2023) too incomplete to be used for
reliable flight planning. For example, to ensure that buildings are generally excluded from the
OV, at some point, it was necessary to work with satellite imagery in order to identify objects
that obviously really exist but are not included in official or community-maintained map sources.
The recency of the recordings consequently also limits the confidence in the results.

3) The regulation on geographical zones (geo-zones) currently established in Germany as described
in Section 2.3 is immature and hinders commercial operation over longer distances. Indeed
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the dipul map tool allows to reliably identify overlaps between flight path and geozones, and
it also provides machine-readable interfaces that work well for spatially narrowly limited flight
operations defined by complex polygons. The process of applying for waivers from the responsible
entity poses several problems, though. First, there is often no specific contact point provided for
a geo-zone, or, even worse, only the geozone category is shown, but specific information on the
geozone owner is missing (e.g., the name of a company in an industrial zone). This makes it
difficult to contact the responsible party. Second, geo-zone owners are often inexperienced and
unsure of what requirements must be met in order to be able to issue a fly-through permit and
whether this can have legal consequences for them. This prolongs the time between contact and
permission and makes it hard to perform missions on short notice. Third, we encountered several
cases where the geo-zone operator neither knew about geographical zones at all nor that their area
was classified as such. Naturally, in these cases, there are no approval processes in place and it
takes time for the geo-zone operator to implement internal responsibilities. Additionally, engaging
with nature reserves presents a particular challenge. The oversight of nature conservation areas
falls under the jurisdiction of various lower nature conservation authorities. Due to the fact, that
there are multiple entities involved, establishing contact with them is intricate and time-intensive.

4) The co-existence of low-altitude UAS traffic and non-aircraft recreational airspace users (hang-
and paragliders, model aircraft) is currently based on the goodwill of the UAS operators. Although
close coordination with affected groups is indisputably in the greatest interest of safe airspace
use, the decentralized nature of organization and the small number of public information sources
on common take-off fields and activity hot spots make it difficult to obtain the information in the
first place. This multi-stakeholder coordination also revealed to be work-intensive.

5) Information campaigns aiming to raise awareness for the still uncommon BVLOS operations
in lower airspace are partly positively received, but some airspace users also perceived them
as a threat to their (actually unchallenged) right to use the airspace. Authorities could help
to improve both, acceptance and safety with professional information campaigns specifically
targeting non-commercial aviation.

6) In a hilly or mountainous environment with large elevation gradients, it is challenging to operate
in the narrow altitude range above obstacles and below 500 ft AGL (to maintain ARC-b). At high
flight speed, the required climb and sink rates become large, which can be problematic with respect
to the flight controller and UAV performance. Efficiency also suffers from frequent changes in
flight altitude. Preserving the original intention of this altitude limit (which is to maintain a
very low encounter rate with manned aviation), one could think of a modified rule based on
the smallest clearance to the ground in any direction instead of only considering the clearance
vertically downward. This is a reasonable approach since manned aviation is also oriented to
the distance to terrain and not necessarily only to the vertically measured flight altitude. They
typically avoid flights close to the ground in steep terrain or deep and narrow valleys.

The aforementioned aspects are some of the aspects that currently hinder large-scale long-distance
automated flight operations from becoming more common. They are mostly independent of an aspired
SAIL, which limits the options to approach them purely by technology on the operator side. Instead,
centralized information sources per country, but better EU-wide, providing reliable and binding map
services and contact information could significantly reduce the workload required to prepare a large-scale
flight campaign. At the same time, it would increase safety, as well as confidence both on the operator’s
side and the involved authorities’ side.

6 Conclusion

We illustrated the regulatory framework in the EU that enables unmanned BVLOS operations with
efficient automated tilt-wing UAS for agricultural surveys covering a whole German federal state. Acting
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from the point of view of a drone operator, a reverse approach was demonstrated on how to define an
Operational Volume based on a SAIL that is compliable by the operator. The flyXdrive TW-Neo served
as an example of how to adopt the safety margin dimension to better fit the characteristics of a specific
UAS. In operations of this scale, a high level of automation not only in flight but also during preparation
of the OV is key. Therefore, we emphasized the importance of a performant software toolchain. It was
used to leverage the hovering capability of the used tilt-wing UAS by defining three overlapping OVs that
take advantage of the different rule sets per operating mode. As the operation took place in Germany,
the effects of the challenging national regulation for geographical zones were highlighted. After the
flight operations were approved according to EU 2019/947, the handling of the geographical zones was
responsible for a significant proportion of the total flight preparation workload. We experienced that the
co-existence of traditional aviation and UAV in the lower airspace is widely accepted among airspace
users, but friction can arise where the parties involved are poorly informed in advance. Yet, there is no
obligation on the part of the UAV operator to provide information. Missing information or information
that is difficult to obtain, along with uncertainties as to which data sources are recognized as a valid
reference, make up for the majority of further reasons that currently hinder operators from efficient
large-scale operations in terms of time, workload, and cost. We expect that a number of ambitious
authorization applications will motivate the competent authorities to set up scaleable processes in the
near- to medium-term.

We conclude that BVLOS operations covering an area equivalent to Slovenia and resulting in
thousands of kilometers of distance flown within a few weeks are already possible in Europe. As
an operator, we see room for evolution on the regulatory side, especially in clarifying and streamlining
processes without reducing the established safety level. On our side, a parachute system will be considered
for future operations to decrease the size of no-fly zones in the Flight Geography. However, it must be
weighed up on a case-by-case basis whether this advantage outweighs the disadvantages caused by a
reduced range and increased lateral margins.
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