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EXECUTIVE SUMMARY
The many activities for which unmanned air systems (UAS) are used – from military through
commercial to leisure – can be performed by pilots who are not necessarily aware of the rules of the
air. They are also of very different dynamics to conventional aircraft, being slower, and much smaller
and therefore more difficult to see. They can therefore pose a serious safety threat to other, manned,
aviation, particularly below the lowest VFR altitude.
It is necessary, therefore, to define new flight rules that apply to these UAS and to other aircraft near
them. This document provides a basis for discussion on flight rules for integrating UAS into air-traffic
management (ATM), following a workshop and a series of webinars organised by EUROCONTROL in
collaboration with the European Aviation Safety Agency (EASA).
It is essential for drones flying both in visual line of sight (VLOS) and beyond VLOS (BVLOS) to be
incorporated into the Standard European Rules of the Air (SERA). Without the development of lowlevel flight rules (LFR) into VFR and IFR, full integration will not be possible. The EU Drone network will
engender additional perspectives that can be used, through the sharing of best practices and lessons
learned. For the time being, the best option is to develop flights based on the inclusion of VLOS into
VFR and BVLOS into IFR.
Implementing flight rules encompasses a wide spectrum of issues that need to be catered for, and the
suggestions in this document require basic and focused research and development.
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1

INTRODUCTION

This is one of a collection of three documents discussing distinct points raised in the 1 st UAS-ATM
Integration Workshop organised at EUROCONTROL Brussels in April 2017. The purpose of this
workshop was to discuss the problems associated with integrating Unmanned Aircraft Systems (UAS)
- colloquially called "Drones" - including Remotely-Piloted Aircraft Systems (RPAS), into the airspace
that also includes many manned flights and, therefore, presents a definite safety hazard.
The three distinct points are:
•
Flight rules (this document);
•
Airspace assessment;
•
A common altitude reference system.
Following on from the above-mentioned workshop, a series of webinars were organised in the first
half of 2018 to enable interested stakeholders to express their points of view on these questions, to
offer solutions where possible, and most importantly to ensure a “common understanding” on any
issues related to the topic.
The outcome of these discussions, presented here, is a proposal for guidelines on flight rules, part of
a joint approach between EUROCONTROL and EASA to develop a UAS Integration manual and the joint
EUROCONTROL/EASA UAS ATM Operational Concept document, and will be taken into account in the
Concept of Operations produced by the on-going CORUS project.
1.1

INTENDED AUDIENCE

This document is primarily for use by stakeholders interested in understanding the problem and
solution set out herein. This can include civil aviation authorities, Air Navigation Service Providers
(ANSPs), Unmanned Traffic Management (UTM) system providers, drone manufacturers, etc.
However, it is hopefully written in a way that is also accessible to any layman interested the problems
related to integrating UAS into the airspace.
1.2

ORGANISATION OF THIS DOCUMENT

After this introduction, section 2 specifies the problem statement and any specificities to this problem,
together with background information. Section 3 provides a discussion of the reasoning behind the
proposals set out in section 4. Section 5 gives the conclusions.
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2

THE PROBLEM

The rules of the air (RoA) are part of the ICAO Standards and Recommended Practices (SARPS) and its
Procedures for Air Navigation Services (PANS). They are mostly are defined in Annex 2 to the ICAO
convention [ICAO, 2005]. Chapter 3 of this defines "General Rules" that all flights must adhere to, and
chapters 4 and 5 define "Visual flight rules (VFR)" and "Instrument flight rules (IFR)" respectively. These
specify the airspaces in which, and the meteorological conditions under which, flights may take place
under VFR and the conditions and equipment required for flying under IFR.
Other rules are defined in other ICAO annexes and documents, including:
•
ICAO Annex 6 – Operation of Aircraft
•
ICAO Annex 10 – Communication Procedures
•
ICAO Annex 11 – Air Traffic Services
•
ICAO Document 4444 – PANS-ATM
•
ICAO Document 8168 – PANS-OPS
•
ICAO Document 7030 – EUR Regional Supplementary Procedures
Most of these rules allow ICAO member states to file differences to the ICAO SARPS. To attain a level
of harmonisation within the European Union, EUROCONTROL has been mandated to produce
Standardised European Rules of the Air (SERA). The SERA [EU, 2016] transposes the ICAO RoA into a
European implementing regulation. This has since been amended to include standardised rules based
on the other ICAO documents and other national rules.
2.1

VFR AND IFR ALTITUDE S

SERA.5005 "Visual flight rules" defines the minimum and maximum altitudes that may be flown by a
VFR flight as follows:
(d) Unless authorised by the competent authority in accordance with Regulation (EC) No
730/2006, VFR flights shall not be operated:
(1) above FL 195;
...
(e) Authorisation for VFR flights to operate above FL 285 shall not be granted where a vertical
separation minimum of 300 m (1 000 ft) is applied above FL 290.
(f) Except when necessary for take-off or landing, or except by permission from the competent
authority, a VFR flight shall not be flown:
(1) over the congested areas of cities, towns or settlements or over an open-air
assembly of persons at a height less than 300 m (1 000 ft) above the highest obstacle
within a radius of 600 m from the aircraft;
(2) elsewhere than as specified in (1), at a height less than 150 m (500 ft) above the
ground or water, or 150 m (500 ft) above the highest obstacle within a radius of 150
m (500 ft) from the aircraft.
Altitude limits for IFR are generally defined for the applicability of these rules by the state in which the
aircraft is being flown, but the rules define such altitudes for cases where the state in question has
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not defined them. SERA.5015 IFR altitude limits are less important to the question of UAS ATM
integration but are given here for completeness.
(b) Minimum levels ...
(1) over high terrain or in mountainous areas, at a level which is at least 600m (2,000ft)
above the highest obstacle located within 8km of the estimated position of the
aircraft;
(2) elsewhere than as specified in (1), at a level which is at least 300m (1,000ft) above
the highest obstacle located within 8km of the estimated position of the aircraft.
2.2

THE REQUIREMENT FOR ADDITIONAL FLIGHT RULES

As described in section 2.1 above, VFR flights must generally fly no lower than 1,000ft/300m over the
congested areas of cities etc. or 500ft/150m elsewhere. With the introduction of UAS into the
airspace, it becomes obvious that many of these will be flown (VLOS and BVLOS) below these limits.
This airspace is referred to as Very Low-Level (VLL) airspace. It must be remembered, however, that
these "lower limits" for VFR are not a barrier. There are many manned flights allowed below this level
- police, fire and ambulance helicopters, hang-gliders, ultralights - and these must be allowed to carry
out their activities without hindrance from UAS.
Similarly, certain organisations propose flying UAS at very high levels (VHL) above FL600 which is
currently the maximum altitude flown by civilian aircraft.
There are currently no specific rules governing UAS other than those that govern all aircraft, as
described above. Two more sets of flight rules are needed, therefore, which sit on top of the General
Flight Rules as shown in Table 1 below.
Table 1 The need for new flight rules

Visual Flight
Rules

Instrument
Flight Rules

Low-level
Flight Rules

High-level
Flight Rules

VFR

IFR

LFR

HFR

ICAO Annex 2
Chapter 4

ICAO Annex 2
Chapter 5

To be developed

To be developed

SERA 5001-5010

SERA 5015-5025

General Flight Rules
ICAO Annex 2 Chapter 3
SERA Section 3

Our major concern in these guidelines is LFR, whose boundary with VFR is not static:
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Figure 1 The VFR/LFR boundary

However, it is very likely that drones will not be able to operate in accordance with the full set of
requirements in section 3 of the SERA. Also, if and when every drone in a UTM environment is
cooperative at all times, a potentially more efficient set of right-of-way rules than the current SERA
requirements permit could be developed, particularly for high density environments.
As one of the principal objectives of flight rules is to ensure the safety of aircraft, crew, passengers
and cargo through effective understanding and execution of responsibilities, a major problem that
arises from the introduction of UAS into the airspace is the definition of priorities and rights of way,
taking into account the vastly different speeds and capacities of different aircraft. The old rule of "see
and avoid" no longer holds when the pilot of a UAS cannot see nearby aircraft because they are beyond
the visible field, pilots of manned aircraft cannot see UAS because they are too small, and neither can
avoid the other because of their different speeds.
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3

REASONING BEHIND THE PROPOSED GUIDELINES

This section provides an organised summary of the discussions from all four webinars.
3.1

SCOPE

While safety must always come first, proportionate rules are an essential enabler for UAS integration.
However, given the target demographic, such rules must not be overly complex and without education
and enforcement their effectiveness will be diluted.
A key question is how to deal with regulatory issues without hindering innovation. Rules are necessary
to ensure safety, security and fair-play of all players in the UAS value chain, including the public.
However, past experience has shown that a more relaxed and supportive approach to technology
development and the work of pioneers could speed up the technology development process.
The EASA "Open" category below 250g are out of the scope of this document and have to remain clear
of any interaction with other aircraft. However, before reaching the mass deployment stage for
commercial UAS (“Special” and “Certified” categories), practical/test projects, acting as knowledge
gathering tools, must be implemented in specially designed environments with an established set of
rules.
These guidelines are to be read in conjunction with those on airspace assessment. It must be
remembered that ICAO airspace classification is about services provided and does not directly affect
rules of the air in the meaning of avoiding mid-air collisions. On the other hand, the proposed
amendments of the SARPS should be taken into consideration.
3.1.1 MAXIMUM HEIGHTS
SERA.5005(f)(2) states that ‘except when necessary for take-off or landing, or except by permission
from the competent authority, a VFR flight shall not be flown ... at a height less than 150m (500ft)
above the ground or water …”. But this does not mean that 150m is a barrier for all VFR traffic. In
practice, most states give permanent permission to certain categories of airspace user to fly below
150m for their specific needs - for example balloons, or gliders when they need to land on the
countryside. In reality, it is possible to land/take-off everywhere - not just at an airport - with special
authority, and although it might not happen very often, there could be traffic anywhere below 150m.
3.2

RELATIONSHIP TO OTHE R TRAFFIC

There is certainly a need now for flight rules addressing the interaction between drones and manned
aircraft. Different rules may, however, be required later to address separation between drones. These
rules should take the different certification standards for GA, microlights, etc. into account, and the
rules for rotorcraft, parachutists, balloons, and model aircraft also need to be updated. For example,
rotorcraft have specific paths they have to follow in some (e.g. urban) areas but not in others; could
this apply to UAs.
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EASA Opinion 01-2018 [EASA, 2018] covers model aircraft and has proposed three solutions: an
authorisation for clubs and associations recognising their good service experience; zones in which
alleviations can be acceptable; and the use of sub category A3. This has raised and continues to raise
some concern. Paragliders are not covered by EASA rules and in some states are not treated as aviation
but as a sport.
With the numbers of drones that will be flying in the future, there is a case for considering the airspace
below 150m to be "drone airspace" with all other traffic having to adjust. In the Netherlands today,
there are roads designated for bicycles where cars are allowed as "guests". In a similar fashion, rather
than trying to make drones follow the rules for manned aviation, which can be very difficult, in this
“drone airspace” manned aviation would comply with some rules for drones.
For drones and manned aircraft to be able to cooperate in the same airspace, however, rules need to
be conceived in terms of a common altitude reference system. Such a system could enable a strategic
vertical separation to be applied to drone transit at low level, similar to the rules applicable to flight
levels at higher altitudes. The common altitude reference system is the subject of a different set of
guidelines.
3.2.1 OPERATIONS
Current flight rules specify that aircraft can fly below 150m for take-off and landing. This is obviously
necessary for every operation. They can also do so whenever authorised by the competent authority,
without need for this authority to notify ICAO or ask EASA for an exemption.
It is currently the responsibility of ANSPs to provide separation between aircraft, but in areas with the
high numbers of drones or in an emergency, an ANSP could have great difficulty tactically separating
manned aircraft from unmanned. In fact, it will probably be necessary to separate analysis between
several densities of traffic, with high-density traffic requiring flow control first to enable selfseparation and anti-collision. A system of fixed routes could also facilitate things, even if it doesn't fill
all operational needs.
If there is no strategic or tactical separation, flight rules must determine the responsibility for deciding
how multiple aircraft/UAS should avoid each other. For example, under current rules, aircraft on final
may proceed and others have to avoid them. This could mean that a UAS landing has priority over
manned aircraft. Perhaps the biggest real risk comes from low-flying helicopters, however.
Nevertheless, rules cannot distinguish between whether an aircraft is manned or unmanned, VLOS or
B-VLOS, since this state is not visible to the other users. The variety of aircraft and UAS dynamics could
also present problems.
3.3

EQUIPAGE AND TECHNOLOGY

Education, technology developments such as geo-fencing, and "detect and avoid" (DAA) are key
enablers to drone integration and DAA especially cannot be avoided although it could be a groundbased function. It is important to maintain safe operations, and the large numbers of aircraft and the
complexity of the problem show the necessity for reliable and efficient automation.
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Work underway to integrate CONOPS and technology by the EASA “Electronic Conspicuity" working
group for GA could help, electronic conspicuousness hardware is by definition low-power, low-size
and low-cost.
The economic burden of requesting on-board equipage must be balanced in order not to kill a usage
case; embedding costly and heavy hardware could be detrimental to the nascent drone industry.
However, safety comes first and people’s lives are more important than any single usage case.
UTM is key to the effective application of UAS Flight Rules and should also be part of the gathering
and sharing of traffic situation data.
3.3.1 NAVIGATION AND SURVEILLANCE
Mandatory ADS-B equipage in VLL for both manned and unmanned aircraft would reduce the technical
challenge to DAA radars or cameras, which could then be just a final safety net, useful for obstacle
detection (cranes etc.).
Manned aviation safety could be undermined, however, by drones’ using the 1090MHz frequency that
Mode-S ADS-B transponders operate with. EUROCONTROL investigation into ADS-B/1090MHz shows
that this frequency band is already close to its maximum capacity. However, this is mainly in highaltitude airspace due to over-interrogation by SSR radars (both civil and military), and its use in VLL
might be acceptable. Low-power ADS-B may partly solve the issue of 1090MHz congestion, although
the cost could be high. Simulations of an airport could show what the impact of equipping drones with
a miniature ADS-B transmitter or transceiver would be on tracking capability and how they would
interact.
4G/5G could be a better surveillance technology in terms of scalability and reliability. Providing UAS
pilots with information of flights below 150m in the surrounding area via 4G or 5G would resolve the
issue of their not being aware of what is flying near them. If this method were applied to manned
aviation below 150m (a small proportion of the actual flights today) and combined with special rules
or restrictions to manned aviation at these altitudes, manned and unmanned would be aware of each
other in the same airspace.
If drones need to fly closer to each other than today, the solution should not add system delay. But
4G/5G systems require ground-based nodes, thereby creating latency, and so their use for maintaining
separation could be problematic. It might be better to use strategic, planned avoidance through the
GCS, and tactical avoidance based on a drone's internal eID.
The key question is whether 4G/5G would allow drone-to-drone or drone-to-manned aircraft
communications. If they do, then DAA and conflict resolution could be done on-board and there would
be no latency issues. There is also the possibility of using them to create self-organising networks (as
the Russians are doing), where each drone/aircraft acts as a node in a larger system. This would be a
very interesting concept if applied to UTM and would also help improve the availability of C2 Links.
The PODIUM project will look at the use of 1090MHz, cellular networks (via Orange) and UNB/L-band.
It aims to demonstrate and provide clear conclusions on maturity and recommendations for
improvements.
Defining technology requirements for LFR (ADS-B, 4G/5G, etc.) that may go beyond current VFR
requirements could mean that GA would have to be upgraded to be able enter an LFR-only area. It
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will also be necessary to install additional equipment on manned aircraft to protect the lives of
occupants since, given the nature and size of small UAS, and their kinds of operation, it is almost
impossible for manned aviation users to detect and avoid them. To be acceptable to the GA
community, the rules of the air for UAS should not mandate equipment for GA aircraft unless such
equipment is cheap, light and provides some operational benefits.
3.3.2 AVOIDANCE OF COLLISIONS
It will be very difficult to assume that a UA will carry a DAA system that will be able to detect noncooperating traffic, particularly when the UAS is small and flying very low.
In the long term, there could be a requirement to make all the traffic below 150m, those under VFR,
and those in the CTR, cooperative (transmit identification, intent, etc.). This might not be feasible in
the short term and state aircraft (police and military) might be reluctant to apply this. Additionally
there could be a significant amount of such traffic.
Furthermore, the accuracy, availability and integrity requirements that DAA poses in terms of the
positioning sensor on-board (mainly GNSS) still need to be examined.
JARUS is investigating the possible use of electronic ID (eID) that provides identity, position, and height
above ground, to ensure DAA in VLL. Solutions such as FLARM are available and usable for this
purpose, although FLARM is proprietary. It could be possible to exclude UAS lighter than 250g from
needing eID, but it must be remembered that eID is also necessary for security reasons.
Ground-based systems such as GBDAA plus "TIS-B", could be regarded as cooperative systems. They
could manage interoperability between different cooperative technologies and provide noncooperative surveillance as well.
3.4

GENERAL FLIGHT RULES

It may be premature to assume that the requirements in Section 3 of the SERA would apply regardless.
Firstly, it is very likely that drones will not be able to operate in accordance with the full set of these
requirements. Secondly, if and when every drone in a UTM environment is cooperative at all times, a
potentially more efficient set of right of way rules than the current SERA requirements permit could
be developed, in particular for high density environments.
General flight rules include rules about flight plans, interception, right of way, etc. New low-level flight
rules must be developed in the SERA, including a set of right of way rules.
3.4.1 RIGHT OF WAY
Right of way rules are part of the ‘general flight rules’ in the SERA and they should remain unchanged.
Hence they are also applicable to low-level and high-level flights. The SERA will have to include an
additional section for VLOS and BVLOS with regard to each other, and also with regard to VFR traffic.
In-flight experiments have shown that it is very difficult for a manned aircraft to see and avoid a small
UAS. So outside of airspace that has been (perhaps dynamically) segregated for drone operations,
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right of way should be given to manned aircraft. At present, common practice is that drone pilots
ground their vehicle whenever an airplane is approaching, independent of the flight path.
This could however, be somewhat simplistic. A drone may not be able to give way to a fast flying
aircraft. A VLOS pilot on the ground might not be able to determine that a manned aircraft, whose
pilot is visually controlling the flight in the cockpit, is on a converging track to their drone, which may
be a few hundred feet away. This type of situation makes right of way procedures very difficult to
apply.
Additionally, should a commercial drone operated as a tool for business purposes give way to a leisure
GA flight. Some drone mission profiles follow patterns for business data collection or, for example,
crop spraying, and they should be disturbed as little as possible. Rerouting them due to manned
aviation would impact the drone’s business. On the other hand, in normal road traffic no distinction
is made between a car and a commercial van so there is precedent for not treating professional drones
differently from private ones.
The issue of right of way has been addressed by the EASA Opinion [EASA, 2018] in the Open category
by stating that UAs must remain in VLOS, and a thorough visual scan of the airspace surrounding it
must be maintained to observe any other aircraft and not create any hazards for them. They puts the
responsibility for not endangering other aircraft on the UAS pilot.
The EASA position is that, in principle, manned aircraft should have priority over unmanned, but they
realise that the issue of priority could, however, be quite complex e.g. should an UA engaged in a
search and rescue mission, or transporting life-safety equipment or transplants, give the right of way
to a GA aircraft on a joy-riding flight.
While a case could be made for making a distinction between VLOS and BVLOS when right of way is
to be determined, a pilot cannot tell if another drone that comes into view is VLOS or BVLOS and
therefore doesn’t know who needs to react to remain clear. Having specific lights on VLOS and BVOLS
UAs could resolve this problem, however.
In reality, it is necessary to have some sort of traffic organisation even for VLOS/VFR, rather than just
considering right-of-way. For example, there are some types of UA, or indeed manned aircraft, that
can fly very fast, so without efficient traffic organisation collisions are inevitable.
In some high density UTM environments, it may be necessary to resolve "right of way" rules in a
different and more efficient way, providing every aircraft is cooperative. In the future, if these UTM
environments have tracking capabilities, a distinction in the right of way between VLOS and BVLOS
could be possible. Such a tracking capability will be essential in enabling all traffic, even IFR, to detect
all other traffic. However, for the time being there are no tracking solutions.
3.5

VFR AND IFR

In discussing the integration of drones into VFR and IFR, it is first necessary to keep Table 1 in mind,
notably an overview of what the ‘General Flight Rules’, VFR and IFR. If these were changed for UAS,
this could have an impact on current IFR and VFR fights. At present, the idea behind LFR or HFR is to
avoid creating any new rules in VFR and IFR, but to have something in place for operations below 500
ft. UAS not flying LFR (VLOS or BVOLS) or HFR must comply with VFR or IFR. In any case, rules will have
to be updated and integrated from both a VLOS and a BVLOS perspective.
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It is possible, on the other hand, to look at VLOS and BVLOS like VFR and IFR, maintaining the VFR and
IFR rules as they are, and adding VLOS and BVLOS as additional categories with regard to the right of
way and with respect to the current flight rules. However, this might not work in practice because of
questions of situational awareness, responsibility, etc. (see section 3.4.1).
There are not many BVLOS operations at the moment; those there are are mostly flying through
accommodation, either following procedures or flying in a very small region with all other traffic
excluded. When commercial operations commence in 2019, initial procedures must be established
that exclude other traffic from the paths these drones will take, and perhaps require certain equipage
to enable people’s awareness of these types of operation. Once this is done, the UTM environment
must be treated. In the end, full cooperation between BVLOS and other traffic will be necessary.
However, although outside the city or in low density areas, the cooperative parts of flight rules might
work perfectly, this might not be the case in urban areas with a large amount of interference.
In the end, it might be necessary to decide whether some activities were incompatible with current
rules and then apply either separation of traffic or separation/segregation of airspaces for these.
3.5.1 LINK TO ATS/ATC
An important aspect to be considered is the link to ATS/ATC criteria; for instance the services provided
to UAS in relation to services provided to other traffic. Certain services are provided for VFR traffic
only; for VFR and IFR traffic; or for separation between VFR and IFR traffic. These relations need to be
defined for UAS and new sets of flight rules established to enable differentiation between them.
This document is only concerned with flight rules from the perspective of a UAS flight. However, there
are many ATC issues involved with applying VFR and IFR rules to drones since these rules are
specifically designed to manned VFR and IFR traffic and do not concern other types of flight operation
linked to UAS. New rules must therefore be established for UAS and included in the flight rules
procedures for ANSPs to ensure that all players know what to do to ensure separation. This applies
anywhere above 150m, not just to the CTR.
3.5.2 VFR
Countries such as the Netherlands consider UAS to be a VFR flight, since this is currently the only
denomination possible within SERA. They are trying to establish some "low level flight rules" by using
other means of separation and providing other information services to UAS. However, within SERA
and ICAO this is not very simple and brings considerable practical issues. Separation and information
needs must be addressed in order to define separation and information criteria.
Not least among the questions posed is see-and-avoid – a major requirement for VFR. VLOS can be
included in VFR as long as see-and-avoid rules can be applied from the ground. JARUS assumes that
UAS performing VLL operations comply with see-and-avoid rules. This is probably not always the case,
however, and the conditions under which it is the case need to be defined. If see-and-avoid is not
addressed in more detail there will continue to be problems about whether UAS can fly at/close to
airfields with low traffic intensity.
A high-level see-and-avoid rule for drones to remain clear of other drones and manned aviation should
be defined first, with the technicalities of how to actually implement such rules coming later. The
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conditions for fulfilling see-and-avoid must be defined to overcome the issue of putting VLOS
operations under VFR. Details could include the maximum height a UAS can fly at; the maximum
distance from operator; the requirement for the operator’s view of the UA not to be obscured; etc.
However, the overriding problem with integrating VLOS into VFR is that the additional rules for VLOS
are likely to be very complicated and a 12-year old who has received a drone as a Christmas present
cannot be expected to know all the rules of the air, not even just those concerning drones. To this end
EASA has produced consumer information with dos and don’ts to be put in UAS sales packages and is
discussing safety promotion with member states.
3.5.3 IFR
Keeping VLOS under VFR (as special drone VFR category) and BVLOS under IFR (possibly as special
drone IFR category) could provide good compatibility with the SERA, but it could also be very
confusing. Part of BVLOS (immersive flights, etc.) could also be in VFR, but having separate flight rules
compatible with VFR and maybe IFR could create very complex situations, especially when flying close
to a CTR. An important distinction could be whether ATC is required or not. However, this could imply
that BVLOS would only be allowed in airspace with ATC separation.
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4

SUGGESTIONS FOR MODIFICATIONS TO THE STANDARDISED EUROPEAN RULES OF
THE AIR (SERA)

There is nothing on flying rules for unmanned operations below 150m in the SERA. The following
proposals are made:
•
Establish basic rules of the air bearing in mind that for VLOS they must remain clear of manned
traffic, unless the state authority determines that they have some right to fly. In this case,
procedures must be put in place;
•
For VLOS and BVLOS: in principle the question is how VLOS remain clear of BVLOS, and how a
remote pilot can understand which UAS is VLOS or which is BVLOS;
•
VLOS and BVLOS must remain clear of manned aviation.
4.1

SERA.2005 COMPLIANCE WITH THE RULES OF THE AIR

This rule is only concerned with VFR and IFR. While it is clear that VLOS and BVLOS are not flight rules
but types of operation, there still needs to be something in this part making reference to these
operations.
4.2

SERA.3101 NEGLIGENT OR RECKLESS OPERATION OF AIRCRAFT

It should be noted that the word “aircraft” should also refer to “unmanned aircraft”.
4.3

SERA.3105 MINIMUM HEIGHTS

The minimum heights given – in SERA.5005(f) for VFR and SERA.5015(b) for IFR - are not applicable for
VLOS and BVLOS. Text should be included saying that these heights are not set for VLOS or BVLOS and
that they will have to be confirmed by the appropriate state. However, drones and their mission will
be very different from case to case and it could be difficult to specify general minimum heights,
although there should certainly be a specific height when overflying people or buildings. The size of
the UA will bear greatly on this.
There is, however, a need for rules to be inserted to specify maximum heights.
The maximum allowed height for VLL airspace applicable to drone flights is considered to be 150m
(500ft) as this is the normal "lower limit" for VFR flights. This does not necessarily have to become the
upper limit for drones, however, and a lower value could be taken to provide a buffer zone.
On the other hand, there is a case to be made in relation to U-space, which is not necessarily restricted
to 150m, that flight rules should extend above 150m as well, especially for separation and information
purposes from the ANSP perspective.
4.4

SERA.3135 FORMATION FLIGHTS

“Swarms” of drones might be included in this item, although this is not a priority.
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4.5

SERA.3140 UNMANNED FREE BALLOONS

ICAO Annex 3.1.9, on which SERA.3140 is based, has been modified in the past few years so that it
now refers to “Remotely piloted aircraft” rather than “Unmanned free balloons”. This has not yet been
translated into the SERA, which still only discusses balloons. The new ICAO text says that “remotely
piloted aircraft shall be operated in such a manner as to minimise hazards to persons, property or
other aircraft and in accordance with the conditions specified in Appendix 4” [Appendix 2 in SERA].
However, Annex 2 Appendix 4 only refers to IFR, since this is the only category of UAS that ICAO is
concerned with; it should refer to VFR, and to UAS, not just RPAS. SERA Appendix 2 is also about
unmanned free balloons and should be changed to reflect the new wording on unmanned aircraft.
4.6

SERA.3145 PROHIBITED AREAS AND RESTRICTED AREAS

References to geo-fencing (including geo-caging, geo-exclusion) should be inserted. Again, when
mentioning “aircraft” it must refer to manned and unmanned aircraft.
4.7

SECTION 3 CHAPTER 2 AVOIDANCE OF COLLISIONS

This chapter should contain text on Detect and Avoid (DAA) functionalities, preferably based on the
outcome of the TRAWA Detect and Avoid Standard-setting project.
4.8

SERA.3210 RIGHT OF WAY

Right of way rules define what the aircraft that has to give way must do, and what the aircraft that has
the right of way must do. This is tried and tested between manned aircraft. Any definition of rights of
way between manned aircraft and unmanned aircraft assumes that both pilots know the status of the
other craft. It is difficult to apply rules based only on visuals when the unmanned aircraft could look
like a manned one, as could be the case, for example, with a crop-spraying aircraft.
Drones also present particular difficulties in terms of right-of-way since there could be many UAs
operating in close vicinity to each other. Some of the rules of the SERA baseline requirements will be
very difficult to comply with and the presence of manned aviation will complicate this even further.
For the moment, the best solution is that unmanned aircraft must remain separated from all other
aircraft (manned/unmanned/VLOS/BVLOS) by any and all means and not rely on right of way rules.
Some drones may not have the necessary performance to take effective avoiding action to stay clear
of manned traffic and these may have to be confined to restricted areas of airspace (“dronodromes”).
These could perhaps be defined as a sub-class of class G airspace.
When drone traffic increases it will be necessary to look carefully at how to separate drones from both
drones and manned aircraft in a more structured manner. This means that cooperation might be
required, though perhaps only in high density airspace. It is probably too early to make decisions in
this respect at the moment, however.
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4.9

SERA.3215 LIGHTS TO BE DISPLAYED BY AIRCRAFT

Conspicuousness is a major problem for UAs. For VLOS operations, pilots have the responsibility to
remain clear, but pilots have difficulty detecting BVLOS operations for instance, so there needs to be
some lighting requirement to enable other operators know where they are. It would also be beneficial
for a VLOS to have position lights on so that other pilots and other remote pilots can to take evasive
action when necessary.
Indeed, the EASA opinion requires lights on class C1, C2 and C3 drones in the open category. There is
a case for mandating that each UA carry a flashing LED which could change colour when the drone
moves further than the authorised maximum VLOS distance from the GCS. Drones flying outside of
VLL airspace should carry the same lighting as manned aircraft. Drones with no light could be confined
to restricted airspace areas.
EASA has recently launched an initiative called the “Electronic Conspicuity Forum”, though this is more
to do with GA than UAS, to discuss how the issue of non-compatibility of systems used can be resolved.
4.10 SECTION 4 FLIGHTS PLANS
The current flight plan format is not sufficient for supporting VLOS or BVLOS operations. They need to
be adapted for use by drones, which are very different from what the ICAO flight plan is used to
handling. Particular UAS flight plans – whose format needs to be developed – are needed for use in
UTM systems. These should include details such as what notifications must be provided by whom to
whom.
4.11 SERA.5001 VMC VISIBILITY AND DISTANCE FROM CLOUD MINIMA
The application of VMC depends on the states. VLOS could be conducted in lower visibility conditions
than current limits for VFR since they fly, slowly, close to earth. These new limits need to be
established, however. A note c) should be added to Table S5-1 such as:
c) UAS operating VLOS may be permitted to operate in less than 1500m flight visibility if
authorised by the appropriate authority.
However, distance-from-cloud is a manned-aircraft VFR pilot's judgement to ensure that there is
enough free range in the airspace, which will also contain uncontrolled aircraft. It is difficult for a pilot
flying VLOS below 500ft to measure the distance from the clouds to make a pilot’s judgement.
As many UAs are very light, the impact of wind is much greater on them than on manned aircraft of
several tonnes. It is necessary to define the wind conditions that must limit drone flight. In any case,
the pilot’s obligation to maintain control of their aircraft at all times is overriding.
For cases where UAS operating in minimum weather conditions might pose a risk to other airspace
users, for example a Helicopter Emergency Medical Service (HEMS) operation conducting a precision
approach to a HEMS helipad in class G airspace, segregation could be an option following an airspace
assessment. Areas where tracking capabilities are necessary need to be identified.
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4.12 SERA.5005 VISUAL FLIGHT RULES
The SERA is best placed to be a (temporary) home for flight rules for VLOS operations. However, it
cannot be changed easily; there is a legal basis implied and this is related to a very large number of
documents within ICAO. For the moment, since all aircraft currently fly under VFR or IFR, it is necessary
to integrate rules for VLOS flights into VFR, although it could be more sensible in the future to create
a separate set of rules and not complicate the VFR by including VLOS in them.
A high-level see-and-avoid rule for drones to remain clear of other drones and manned aviation should
be defined first, with the technicalities of how to actually implement such rules coming later. The
conditions for fulfilling see-and-avoid must be defined to overcome the issue of putting VLOS
operations under VFR. Details could include the maximum height a UAS can fly at; the maximum
distance from operator; the requirement for the operator’s view of the UA not to be obscured; etc.
However, there is still a long way to go before the average user of small Open category drones has an
understanding of the general or VFR rules, so the competent authorities will need to translate these
into flyers or scenarios to clarify what is expected from anyone flying VLOS.
4.13 SERA.5015. INSTRUMENT FLIGHT RULES
BVLOS could be inserted into the SERA.5015 since BVLOS use instruments and most parts of it are
suitable for BVLOS. However, since drone flights in VHL airspace must necessarily be IFR flights, the
BVLOS flights discussed here only take place in VLL airspace where there are generally no manned IFR
players. It could, therefore, be better to include BVLOS in SERA.5005 (VFR) because the manned traffic
in that area would all be VFR.
There are, however – and there will be many more in the future – BVLOS flights in IFR. These RPAS are
currently the subject of study in ICAO working groups that have produced a draft CONOPS [ICAO, 2018]
for them, and it would be premature to pre-empt their work here.
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5

CONCLUSION

At present, due to absence of flight rules for VLOS and BVLOS and their coexistence with manned
aviation, it is not possible to safely integrate drones at altitudes below the lowest VFR altitude. The
only way forward in this stepped approach is either through segregation of airspace or through the
use of procedures where, in principal, drones remain clear of manned aircraft.
This issue cannot be examined in total isolation. Looking at ICAO Annex 2 and the SERA, it is clear that
implementing flight rules encompasses a wide spectrum of issues that need to be catered for, e.g. a
common altitude reference system or a UTM system that can provide a “translation between several
altitude reference systems”. The suggestions in this document require basic and focused research and
development.
Apart from the vertical aspect mentioned above, and the vertical separation standards that should be
developed as a result, horizontal navigation requirements will also require attention. A navigation
specification similar to the PBN navigation specifications will have to be developed to ensure a certain
level of accuracy that is linked to the flight rules for geo-fencing and separation standards.
Conspicuousness is one of the corner stones of the flight-rules aspect of see and avoid. With the
introduction of drones ,this becomes very difficult as manned aircraft are not able to detect smaller
drones. Discussions have started to equip all airspace users (VFR) with tracking capabilities or simply
changing the airspace classification to set the requirements for tracking in a certain airspace volumes.
Detect and avoid for drones will not be able to cater for non-corporative targets due to the size and
weight of the equipment required.
It is essential for VLOS and BVLOS to be incorporated into SERA. Without the development of LFR
flight rules into VFR and IFR, full integration will not be possible. The EU Drone network will engender
additional perspectives that can be used, through the sharing of best practices and lessons learned.
For the time being, the best option is to develop flights based on the inclusion of VLOS into VFR and
BVLOS into IFR.
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DEFINITIONS, ACRONYMS AND ABBREVIATIONS
Term
ACAS
ADS-B
AFUA
AGL
AIM
AIRAC
AIS
AMC
ANS
ANSP
ASBU
ATC
ATCO
ATM
ATZ
BRLOS
BVLOS
C2
CAA
CEF
CFR
CNS
COM
CONOPS
CPDLC
CTR
D&A / DAA
DTM
EAD
EASA
EC
ECAC
EDZ
EOC
eIDAS
EU
EVLOS
FCC
FIS
FL
FLARM
FOC
FPL
FUA
GA
GANP
GIS
GRA
HALE
Edition 1.2

Definition
Airborne Collision Avoidance System
Automatic Dependent Surveillance-Broadcast
Advanced Flexible Use of Airspace
Above Ground Level
Aeronautical Information Management
Aeronautical Information Regulation And Control
Aeronautical Information Service
Airspace Management Cell
Air Navigation Service
Air Navigation Service Provider
Aviation Systems Block Upgrades
Air Traffic Control
Air Traffic Control Officer
Air Traffic Management
Aerodrome Traffic Zone
Beyond Radio Line of Sight
Beyond Visual Line of Sight
Command and Control Link
Civil Aviation Authority
Connecting Europe Facility
Code of Federal Regulations
Communications, Navigation, Surveillance
Communications Technology
Concept of Operations
Controller Pilot Datalink Communication
Control Zone
Detect and Avoid
Drone Traffic Management
European Aviation Database
European Aviation Safety Agency
European Commission
European Civil Aviation Conference
Exclusive drone zone
Essential Operational Change
electronic Identification and Trust Services
European Union
Extended Visual Line Of Sight
Flight Control Computer
Flight Information Service
Flight Level
Flight Alarm
Full Operational Capability
Flight Plan
Flexible Use of Airspace
General Aviation
Global Air Navigation Plan
Geographic Information System
Generic risk assessment
High-altitude long endurance
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HIRAT
HFR
IBAF
ICAO
IFR
JARUS
LDZ
LFR
LSSIP

High Intensity Radio Transmissions
High-evel flight rules
Integrated Briefing Automated Facility
International Civil Aviation Organisation
Instrument flight rules
Joint Authority on Rulemaking for Unmanned Systems
Limited drone zone
Low-level flight rules
Local Single Sky ImPlementation

MASPS

Minimum aviation system performance standards

MATZ
MET

Military Aerodrome Traffic Zones
Meteorological

MOPS

Minimum operational performance specification

MoT

Ministry of Transport

NDZ

No drone zone

NOTAM
RCC

Notice to Airmen
Rescue Coordination Centre

RLOS
RPA

Radio line-of-sight
Remotely Piloted Aircraft

RPAS

Remote Piloted Aircraft System

SERA

Standard European Rules of the Air

SESAR

Single European Sky ATM Research

SID

Standard instrument departure

SIM
SJU

Subscriber Identification Module
SESAR Joint Undertaking

SORA
SRA
STAR
sUAS
TDD

JARUS Standard Operational Risk Assessment
Strategic risk assessment
Standard Terminal Arrival Route
Small Unmanned Aircraft System
Traffic dynamic data

TMA

Terminal Area

TRA
TSD

Tactical risk assessment
Traffic static data

UAS
UAV

Unmanned Aircraft System
Unmanned Aerial Vehicle

UIR

Upper information region

UTM
UTMS

Unmanned Traffic Management
Unmanned Traffic Management System

VFR
VHL

Visual flight rules
Very high level

VLL
VLOS

Very Low Level
Visual Line Of Sight
Table 2 - Definitions, acronyms, and abbreviations
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