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Abstract  

TƘƛǎ ŘƻŎǳƳŜƴǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ /ƻƴŎŜǇǘ ƻŦ hǇŜǊŀǘƛƻƴǎ ŦƻǊ ά5ŜƳŀƴŘ ŀƴŘ /ŀǇŀŎƛǘȅ .ŀƭŀƴŎƛƴƎέ ŦƻǊ ŘǊƻƴŜǎ 
within an urban environment. This process is supported by an extensive literature study and 
background information on the operational environment in which it takes place. Given the novel 
nature of drone operations in a civilian setting, several parallels of the proposed solution and the 
existing air traffic management environment are provided. Finally, the document serves as guidance 
material for the DACUS project.  
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1 Executive Summary 

The operations of ¦ƴƳŀƴƴŜŘ !ƛǊŎǊŀŦǘ {ȅǎǘŜƳǎΣ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŘǊƻƴŜǎέΣ ƛƴ ǳǊōŀƴ 
environments are expected to increase substantially over the coming decade. This is because more 
and more viable business cases for such vehicles are becoming apparent (such as package delivery, 
infrastructure inspection, surveillance, public safety & security and urban air mobility) and 
technological advances in the field of robotics and autonomy have made such operations viable. The 
Single European Sky Air Traffic Management Research (SESAR) program has taken a proactive step 
towards facilitating such operations through the implementation of U-space: A service ecosystem 
designed to facilitate access to lower airspace for drones. Part of this ecosystem will be in charge of 
coordinating drone operations in the planning phase as well as in real-time to ensure an orderly and 
safe execution of these flights. The means to assure this, from a traffic management point of view, is 
ǘƘǊƻǳƎƘ ŀ ǇǊƻŎŜǎǎ ŎŀƭƭŜŘ ά5ŜƳŀƴŘ ŀƴŘ /ŀǇŀŎƛǘȅ .ŀƭŀƴŎƛƴƎέ ό5/.ύΦ ¢ƘŜ DACUS project will explore how 
DCB can be provided within a U-space environment, develop a Concept of Operations (ConOps) for 
drone DCB in urban airspace and develop models to test fundamental aspects of this concept. 

The document you are now reading is the main point of reference to the entire project. It describes 
the detailed operating method of the DACUS solution through the definition of a ConOps for DCB 
processes in U-space. This process is supported by an extensive literature study and background 
information on the operational environment in which it takes place. From a purely DCB-centric point 
of view, drone operations can be characterized based through the following seven characteristics: The 
operational range, flight levels, timeframe and recurrences, areas of deployment, payload, special 
environments, and external conditions, as well as visual and noise impact. Take-off and landing areas 
will also play an important role in how drone operations will take place. Given the vastly new operating 
characteristics of drones, these areas can be highly dynamic, ranging from existing airfields to small 
landing pads on rooftops to mobile vehicle-based launch platforms.  

Technical characteristics of the environment (airborne and ground-based) are also considered. On-
board equipage of unmanned vehicles is the protagonist in this respect, given that vehicle capabilities 
will define which DCB measures can be applied. Relevant for DCB are capabilities related to 
Communication, Navigation and Surveillance (CNS). Proper CNS for drone operations require a 
communication infrastructure network to be in place, which is predominately satellite-based (i.e., 
global navigation satellite systems) and telecommunication-based (i.e., 4G/5G telecom. network). 

Finally, Characteristics of the U-space architecture are also relevant. U-space is based on a multitude 
of individual services which work together to provide a complete system. The DCB process 
fundamentally relies on three U-space services to provide a solution:  The Strategic Conflict Resolution, 
the Dynamic Capacity Management, and finally the Tactical Conflict Resolution, whose performances 
will determine the need to implement DCB solutions prior to the execution phase. These do not work 
in isolation but count on information provided by the entire U-space ecosystem. For this information 
exchange to work, the ecosystem must be based on a highly dynamic and interconnected service 
infrastructure. 

The final aspect to consider, before establishing the DCB process, is the regulatory framework which 
guides its implementation. The European Union is strongly supporting initiatives for commercial drone 
operations if they adhere to defined rules and regulations. All drones are required to be categorized 
ŀǎ ǇŜǊǘŀƛƴƛƴƎ ǘƻ ƻƴŜ ƻŦ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ όάƻǇŜƴέΣ άǎǇŜŎƛŦƛŎέ ƻǊ άŎŜǊǘƛŦƛŜŘέύ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜƛǊ ǿŜƛƎƘǘ 
and dimensions. DACUS highlights the need to update the existing regulatory framework to 
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accommodate the envisioned high number of drone operations in urban environments. The proposed 
DCB concept is defined with the assumption that this future regulation is in place. 

The DCB process itself is based on a series of fundamental principles, which sees the operators as the 
final decision makers, prioritizes measures based on their impact on the fulfilment of the drone 
mission, reduces constraints on drone trajectories as much as possible, is based on the quantification 
ƻŦ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ŎƻƴǎƛŘŜǊǎ ƻǇŜǊŀǘƛƻƴ Ǉƭŀƴǎ ŀǎ ǘƘŜ άǎƛƴƎƭŜ Ǉƻƛƴǘ ƻŦ ǘǊǳǘƘέ ŦƻǊ ŀƭƭ ¦-space processes. 

This process begins at strategic level (several days before operation) and continuously monitors and 
updates the traffic situation until the actual moment of flight execution. Only when necessary it will 
act on the traffic itself (i.e., a potential collision or exceeding of a capacity threshold is identified). To 
take a decision on whether to intervene or not, the DCB process must first quantify the level of 
uncertainty of the demand, which it uses published operation plan data and other external influence 
factors (e.g., weather information). In parallel, a series of risk-based and social indicators are constantly 
monitored. These include the expected impact of operations on levels of safety, noise and visual 
nuisance. This requires the processing of a series of metrics (such as expected noise levels and 
populations densities) and other impact indicators, which are fundamental for the definition of the 
capacity of a given airspace. 

DCB measures are only applied when the level of certainty of a conflict or a hotspot is high enough and 
the impact of operations graves enough. When DCB measures are applied, special care is taken to 
assure mission objectives can be achieved (to the greatest degree possible) and that overall equity is 
maintained. The latǘŜǊ ǿƛƭƭ ƭƛƪŜƭȅ ōŜ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ άǾƛǊǘǳŜ Ǉƻƛƴǘǎέ ǘƻ 
incentivise cooperative behaviour. 

This document draws several parallels between existing processes in manned aviation and those 
proposed for U-space (such as rules of the air, operational phases, capacity enhancement and DCB in 
air traffic management) with the aim of highlighting differences, but also commonalities. The main 
differences within the U-space environment come down to the much shorter time horizon for decision-
making and planning (in many cases hours instead of days), a more pronounced effect of external 
influence factors (such as environment, noise, and third-party risk, among others) and a much higher 
focus on uncertainty quantification and prediction (rather than dealing with deterministic metrics). 

The document concludes with a series of research challenges which the DACUS consortium aims to 
address through dedicated models and simulation exercises. These questions revolve around the 
definition of applicable DCB measures for drones, the quantification of the required level of certainty 
to take decisions, the use of contingency plans within the DCB process, definition of collision risk and 
societal impact models, consolidation of metrics to determine airspace capacity limits as well as 
fairness and equity within the process, among others. This selection of challenges will be the driving 
ambition of the DACUS exercises and consolidated in the second iteration of the DACUS DCB concept. 
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2 Introduction 

The DACUS project aims to develop a service-oriented Demand and Capacity Balancing (DCB) process 
to facilitate drone traffic management in urban environments. The project intends to integrate 
relevant demand and capacity influence factors (such as CNS performances availability), definitions 
(such as airspace structure), processes (such as separation management), and services (such as 
Strategic and Tactical Conflict Resolution) into a consistent DCB solution. This concept integrates the 
current state-of-the-art of drone- and U-space-related research and development alongside novel 
approaches to airspace demand and capacity balancing into a scheme that best fits the expected 
operational environment of urban drone operations. 

2.1 Purpose of the document 

This document outlines the concept of operations (ConOps) for the DACUS solution to managing 
demand and capacity within U-space. This ConOps serves as the basis for further developments within 
the DACUS project, by defining the concept for a drone DCB process at a high level, from strategic to 
tactical phase of operations, and providing relevant contextual assumptions onto the operational 
environment in which the DCB process is situated. 

The document follows the structure of the Operational Service and Environment Definition (OSED) 
documents which are common to SESAR projects to maintain a high level of similarity to other projects 
within the SESAR domain. Nevertheless, some sections have been updated and adjusted to fit the 
exploratory nature of the DACUS project. 

2.2 Scope 

This document outlines fundamental processes of the DCB concept for U-space, with emphasis on 
elements which will likely be required to facilitate the management of drone traffic within an urban 
environment. The concept covers several important aspects of the DCB process, such as key principles, 
different operational phases, a list of initial U-space DCB measures and a description of the processes 
within each operational phase (Operation Plan submission, collision risk assessment, demand 
predictions, DCB indicator monitoring, DCB measure assessment and implementation). 

In order to support the assumptions and concepts presented in the ConOps, a high-level overview of 
the operational environment of the U-space DCB concept is provided, which will cover operational 
characteristics of drones within urban airspace (such as missions, traffic demand, take-off and landing 
areas, airspace and traffic characteristics), applicable standards and regulations as well as technical 
characteristics of the drone and its ground control station (GCS), U-space service providers (USSPs) and 
relevant Communication, Navigation and Surveillance (CNS) infrastructures.  

In addition to the DCB process outlined in the main document, additional supporting material is 
provided in appendices of the main document. These include an extensive overview of parallel on-
going and previous research initiatives and their utility to the definition of the DCB process and an 
analysis of influence factors on capacity and demand, which was utilized to define the main DCB 
concept. 
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2.3 Intended readership 

This document is oriented towards two key audiences: 

1. DACUS consortium: The concept of operations for the U-space DCB process outlined in this 
document is to be utilized as a baseline reference for all work packages of the DACUS project. 
It should provide the fundamental elements which apply to all work packages contents to 
assure coherence among them. 

2. SESAR JU: This document, which is the main reference document to the work performed within 
the DACUS project, shall be used as a primary reference to readers external to the consortium. 
It presents a consolidated summary of the U-space DCB process and provides necessary 
supporting information to be able to orient the content presented within the larger U-space 
environment. 

2.4 Background 

The demand for autonomous flight operations is expected to increase rapidly over the next years in 
Europe. This will lead to a high volume of drone traffic and the need for a safe management of 
simultaneous flight movements. 

To face this challenge, the European Commission supports the development of the U-space highly 
automated and digitalized service framework. Tailored to facilitate high-density operations of 
automated air vehicles in very low-level airspace, it will provide a large array of services to drone users 
all around Europe. What makes it unique in aviation is that it will be entirely focused on general risk 
and performance requirements, will be inherently dynamic to respond to changes on demand and will 
openly adopt technologies from other sectors to accelerate deployment ς all without any human in 
the loop in internal processes as much as possible. U-space is a highly complex system of systems, 
which will need to be agile and readily available. 

As demand for drones over populated areas explodes, there will be a need for limiting the number of 
operations. Future Demand and Capacity Balancing (DCB) management processes in the context of U-
space shall assist concurrent flight planning by multiple drone operators to ensure availability of access 
to airspace, adequate balance between system capacity and demand of drone operations, and fair and 
prioritized access to airspace. 

DACUS aims to address several of these challenges through the definition and validation of a concept 
for DCB within U-space. This document summarizes these efforts in the form of a concept of 
operations. It was developed through a series of brainstorming sessions and internal workshops. 
Furthermore, the assumptions were supported by an extensive review of previous and on-going 
projects for the development of U-space, the development of Urban Air Mobility (UAM) as well as 
other relevant research initiatives. An overview of these initiatives is provided in Appendix A. 
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2.5 Structure of the document 

This document is structured into six main sections, as well as four appendices. The content of each of 
these sections is briefly described here: 

¶ Section 1: Executive Summary. 

A quick summary of the document is provided. 

¶ Section 2: Introduction. 

Information concerning the purpose of the document as well as means to orient the content 
presented within the larger DACUS framework is provided. 

¶ Section 3: U-space DCB process: A summary. 

This section introduces the high-level concept behind the DACUS DCB process for U-space and 
defines its core principles. 

¶ Section 4: Operational Characteristics. 

It provides a detailed description of the operational environment which the DCB process is 
constrained by, such as traffic demand, take-off and landing areas as well as characteristics of 
the airspace and drone traffic. 

¶ Section 5: UAS Capabilities. 

This section identifies technical characteristics of drones (and their associated ground control 
station) with respect to DCB. 

¶ Section 6: Applicable standards and regulations. 

An overview of regulatory aspects which affect the DCB process. These include European 
regulations on drones as well as regulations on manned aircraft which influence the DCB 
concept. 

¶ Section 7: U-space Concept of Operations and DCB. 

A summary of DCB guidelines from the U-space CONOPS is provided. Given that the U-space 
CONOPS is the main reference document for all U-space related projects, it was used as the 
starting point of the DACUS DCB concept. 

¶ Section 8: DCB process in U-space. 

This is the main section of the document. It introduces the DACUS DCB concept for U-space, 
summarizes important considerations regarding temporal aspects, involved services and 
applicable traffic measures; and, most importantly, explains the entire DCB process from start 
to finish. 

¶ Section 9: Differences between ATM and U-space DCB processes. 
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This section highlights key differences between DCB in ATM and U-space and briefly 
summarizes the DCB process in ATM for those who are not familiar with it. 

¶ Section 10: Roles and Responsibilities. 

This section defines the roles and responsibilities of actors participating in the DACUS DCB 
process, covering all aspects from an operator, stakeholder, and system perspective. 

¶ Section 11: Conclusions. 

This section summarizes the advancements and conclusions gathered throughout the DCB 
process definition, supported by the identification of a series of research challenges which the 
project aims to address. 

¶ Section 12: References. 

A list of reference material which was used to develop this document. 

¶ Appendix A: On-going and previous research initiatives. 

A detailed analysis and summary of thirteen on-going and previous research initiatives which 
are relevant to the U-space DCB concept. This appendix provides a list of the most relevant 
DCB-related aspects of each one. 

¶ Appendix B: Detailed analysis of influence factors on capacity and demand. 

This appendix provides an extensive list of influence factors on U-space capacity and demand 
which was developed using the insights gained from research initiatives presented in Appendix 
A as well as through a series of workshops. Interrelations between influence factors and their 
effect on demand or capacity is graphically mapped and modelling requirements for the 
DACUS models are presented.  

¶ Appendix C: DCB concepts from previous U-space projects. 

This appendix provides an overview of DCB concepts which were mentioned in previous U-
space research initiatives. For each project, the interactions of U-space services to provide a 
DCB solution are mapped. The content provided in this appendix was used to define the service 
interactions within the DACUS DCB concept. 

¶ Appendix D: Overview of UAS capabilities. 

The DACUS DCB solution must consider characteristics and limitations of the Unmanned 
Aircraft Systems (UAS) operating in urban airspace. This appendix provides a more detailed 
overview of capabilities of the drone (in terms of the flight controller, communication, 
navigation and surveillance systems) and its ground control station with respect to DCB 
requirements. 

¶ Appendix E: DCB processes in ATM. 

A consolidated summary of how DCB is currently being performed in ATM is provided in this 
appendix. It serves to provide further background information for readers who are not as 
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familiar with the process and helps to better understand the key differences between the ATM 
and U-space DCB processes. 

2.6 Glossary of terms 

Term Definition Source of the 
definition 

Demand and Capacity 
Balancing (airspace) 

The ability to evaluate traffic flows and adjust 
airspace resources to allow airspace users to meet 
the needs of their operating schedules. 

EATMA V12 

(ATM Capability) 

Separation Provision 
(airspace) 

The ability to separate aircraft when airborne in 
line with the separation minima defined in the 
airspace design (incl. aircraft separation from 
incompatible airspace activity, weather hazard 
zones, and terrain-based obstacles). 

EATMA V12 

(ATM Capability) 

Service A contractual provision of something (a non-
physical object), by one, for the use of one or more 
others. 

Note: Services involve interactions between 
providers and consumers, which may be 
performed in a digital form (data exchanges) or 
through voice communication or written processes 
and procedures. 

SESAR Integrated 
Dictionary 

Traffic density The traffic density measures the (uneven) 
distribution of traffic throughout the airspace. 

Performance Review 
Unit 

Controlled ground area Controlled ground areas are a way to strategically 
mitigate the risk on ground (like flying in 
segregated airspace); the assurance that there will 
be uninvolved persons in the area of operation is 
under the full responsibility of the UAS operator 

Acceptable Means of 
Compliance (AMC) and 
Guidance Material 
(GM) to Commission 
Implementing 
Regulation (EU) 
2019/947 

Table 1: Glossary of terms 
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2.7 List of Acronyms 

Acronym Definition 

ACC Area Control Centre 

ADS-B Automatic Dependent SurveillanceςBroadcast 

AGL Above Ground Level 

AHRS Attitude and Heading Reference System 

ANS Air Navigation Services 

ANSP Air Navigation Service Provider 

AOA Angle of Arrival 

APT Airport 

ARC Air Risk Class 

ATC Air Traffic Control 

ATFCM Air Traffic Flow and Capacity Management 

ATM Air Traffic Management 

ATS Air Traffic Services 

AU Airspace User 

BVLOS Beyond Visual Line-Of-Sight 

CDM Collaborative Decision Making 

CDMA Code Division Multiple Access  

CIS Common Information Service 

CNS Communication, Navigation and Surveillance 

CONOPS Concept of Operations 

CPU Central Processing Unit 

CTR Controlled Traffic Region 

DCB Demand and Capacity Balancing 

DF Direction Finding 

DSSS Direct Sequence Spread Spectrum  

EASA European Aviation Safety Agency 

EGNOS European Geostationary Navigation Overlay Service 

EMS Emergency Medical Services 

EO  Electro-optical 
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Acronym Definition 

ES Emergency Services 

ESC Electronic Speed Controller 

EVLOS Extended Visual Line-Of-Sight 

FC Flight Controller 

FDD Frequency Division Duplex 

FDMA Frequency Division Multiple Access  

FHSS Frequency Hopping Spread Spectrum  

FIS Flight Information Services 

FMP Flow Management Position 

FMU Flight Management Unit 

FPV First-Person View 

GCS Ground Control Station 

GDP Ground Delay Program 

GEO Geostationary Orbit 

GLONASS Global Navigation Satellite System 

GNSS Global Navigation Satellite System 

GPS Global Positioning System 

GRC Ground Risk Class 

GST Ground Stop 

HFR High-level Flight Rules 

HMI Human-Machine Interface 

IGSO Inclined Geosynchronous Orbit 

IMU Inertial Measurement Unit 

INS Inertial Navigation System 

IR Infrared 

JARUS Joint Authorities for Rulemaking on Unmanned Systems 

LFR Low-level Flight Rules 

LTE Long-Term Evolution 

MDI Minimum Departure Interval 

MEO Medium Earth Orbit 

MIMO Multiple Input Multiple Output 
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Acronym Definition 

MINIT Minutes-in-Trail 

MIT Miles-in-Trail 

MRO Maintenance, Repair and Overhaul 

MTOM Maximum Take-Off Mass 

NCC Network Consolidated Constraint 

NOTAM Notice To Airmen 

NM Network Manager 

NMOC Network Manager Operations Centre 

OSED Operational Service and Environment Definition  

OSO Operational Safety Objective 

PAV Personal Aerial Vehicles 

PBN Performance-Based Navigation 

PSR Primary Surveillance Radar 

RAIM Receiver Autonomous Integrity Monitoring 

RBT Reference Business Trajectory 

RC Radio Control 

RCS Radar Cross Section 

RF Radio Frequency 

RNAV Area Navigation 

RNP Required Navigation Performance 

RPAS Remotely Piloted Aircraft System 

RTK Real Time Kinematic 

RTTA Reasonable Time To Act 

SAIL  Specific Assurance and Integrity Level 

SBAS Satellite-Based Augmentation Systems  

SBT Shared Business Trajectory 

SERA Standardised European Rules of the Air 

SESAR Single European Sky ATM Research 

SOP Signal of Opportunity 

SORA Specific Operation Risk Assessment 

SPR-INTEROP Safety, Performance and Interoperability 
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Acronym Definition 

STS Standard Scenario 

SWIM System-Wide Information Management 

TDD Time Division Duplex 

TDOA Time Difference of Arrival 

TMA Terminal Manoeuvring Area 

TMPR Tactical Mitigation Performance Requirement 

TOLA Take-off and Landing Area 

TTA Target Time at the Arrival 

TTO Target Time Over 

tTTA tactical Target Time at the Arrival 

tTTO tactical Target Time Over 

TV Traffic Volume 

UA Unmanned Aircraft 

UAM Urban Air Mobility 

UAV Unmanned Aerial Vehicle 

USS U-space Service 

USSP U-space Service Provider 

UTM UAV Traffic Management, Unmanned Traffic Management 

VFR Visual Flight Rules 

VLL Very Low-Level 

VLOS Visual Line-Of-Sight 

VTOL Vertical Take-off and Landing 

Table 2: List of acronyms 
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3 U-space DCB process: A summary 

The DCB process presented in this document provides a tangible solution for addressing the need of 
integrating SESAR U-space service functionalities to produce timely, efficient and safe decisions 
regarding the management of drone traffic. It has been developed to be inherently service-oriented, 
permissive of implementing increasing levels of automation into the management of unmanned air 
traffic and open to a series of novel business models and use cases.  

The DCB process is focused primarily on drone operations in an urban environment, as this is the most 
complex application area, however these functionalities can be extended to other operating 
environments. 

It is built on a series of principles which guide the DCB decisions within the U-space framework. These 
principles are: 

1. Application of collaborative decision making to include Drone Operators within the decision-
making process. 

2. Prioritizing the fulfilment of mission objectives as a service to Drone Operators when 
selecting DCB measures. 

3. Allowing for άŦǊŜŜ-ǊƻǳǘŜέ ƻǇŜǊŀǘƛƻƴǎ ǿƘŜƴŜǾŜǊ Ŏƻƴǎtraints allow. 

4. Minimization of the number of instances in which changes to drone missions are required. 

5. Incorporation of predictions and the quantification of uncertainty into the DCB process, to 
increase robustness of DCB measures within a dynamic operating environment. 

6. Recognizing the operation pƭŀƴ ŀǎ ǘƘŜ άǎƛƴƎƭŜ Ǉƻƛƴǘ ƻŦ ǘǊǳǘƘέ which keeps continuous up-to-
date information about the situation and expected evolution of the drone operation. 

Like processes in air traffic management, the U-space DCB process can be divided into five phases: 
Long-term planning, strategic, pre-tactical, tactical and post-operational phase. The major novelty of 
the U-space DCB phases with respect to that of air traffic management is the inclusion of the 
άŎƻƴǎƻƭƛŘŀǘŜŘ ŘŜƳŀƴŘ ǇƛŎǘǳǊŜέ to separate the strategic phase from the pre-tactical phase. This metric 
is entirely based on probabilistic estimations of traffic demand, which deviates from the predominantly 
deterministic and rigid approach to DCB currently employed by air traffic management.  

This could mean that areas with high traffic uncertainty will have a pre-tactical phase which is much 
closer to the departure time of the vehicle than those areas in which the traffic uncertainty is very low. 
Subsequently, the time given to Drone Operators to react to (and negotiate) DCB measures is greatly 
reduced in high-uncertainty areas. This strategy aims to incentivize proactive participation of Drone 
Operators to provide DCB-relevant information early in the process in order to reduce overall traffic 
uncertainty, which benefits all Drone Operators aiming to fly in a specific area. Additional incentives 
include the introduction of virtue points to further promote collaborative behaviour among users. 

Furthermore, given the proximity of drone operations to the general public as well as ground 
infrastructure, a special emphasis was placed on including risk and social indicators as an integral part 
of the DCB process. This will assure that overall flight safety and the safety of third parties remains 
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acceptably high and assuring that social impact factors (such as noise, pollution and visual impact) will 
remain below an acceptable threshold. 

Finally, the process makes use of the service-centric approach of the U-space architecture to monitor 
for disturbances within the traffic picture in real-time with support of other U-space services, such as 
Navigation and Communication Infrastructure Monitoring, disruptions caused by local weather 
phenomena and any emergencies identified by the Emergency Management service. DACUS proposes 
to address these disturbances through the deterministic, and therefore, predictable management of 
contingency plans. This will allow U-space to characterize the impact of the disturbance as soon as it 
is reported and then, implement DCB measures if needed. 
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4 Operational Characteristics 

The DACUS DCB solution needs to complement the operational environment in which drone 
operations will take place. To support the assumptions of the DCB process, an overview of the expected 
traffic demand, types of drone missions as well as characteristics of the departure & landing sites (i.e., 
airports), airspace and drone traffic is presented. 

4.1 Traffic demand and drone missions 

The large variety of business areas where drones can be utilized results in a diverse number of drone 
mission applications, which in turn have specific operational modes and use certain technical systems. 
Particularly interesting for the analysis of the impact of the missions on low-level airspace is the way 
they intend to use the airspace to accomplish their mission objective. Therefore, a generalized 
categorization of drone operations mainly focusing on the different characteristics of the typical flight 
schemes is provided here. This overview is based on the research performed within the IMPETUS 
project [20] and can be summarized as follows: 

¶ Surveillance operations. They are distinguished by mostly larger trajectory patterns and 
possibly repeating schemes to effectively monitor larger areas or points of interest. It is 
expected that most of these operations will not be performed in close range of any structures 
and therefore will be deployed in higher altit udes within very low-level airspace. Typical 
examples for this type are aerial mapping, traffic monitoring or applications in public safety 
and security; 

¶ Inspection operations. They refer to all business models that practically require a close 
approach to the point of interest and for the whole execution of the mission task, e.g., the 
automated recognition of structural damage to a surface with optical methods. Contrary to 
surveillance operations, this type of mission can be expected to stay inside a defined and 
foreseeable containment area that is comparably small and near the observed structure. 
Further examples for this case are the inspections of solar power, cell towers or target-
oriented photography; 

¶ Transport operations. They are characterized by a point-to-point flight scheme and the actual 
transport of goods or persons. The cruise flight in this type is mostly distant to structures but 
straight forward and optimised on efficiency to reach a certain destination. It is likely that 
loading and unloading requires an approach to the ground and/or solid structures. Besides the 
industrial and private transportation of goods, this operation type also covers medical 
transport (e.g., medication or first responder equipment) or the carriage of persons in personal 
air vehicles. 
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This categorization can be illustrated with typical application fields where the mission types have been 
employed in the past:  

Table 3: Classification of market sector in relation to mission types. 

Surveillance Inspection Transport 

ES (Fire, Police, EMS, Coastguard) Infrastructure Medical 

Traffic Facades e-Commerce (retail, food) 

Construction Energy (Solar, Power Lines etc) Industrial /  Corporate 

Private Security Services Telecom /  Cell Towers Public Transport 

Meteorology  Insurance  Private Transport 

Environment  Real Estate  

Aerial Mapping /  Photography Media and Entertainment  

Media and Entertainment   

 

As a starting point, operational characteristics shared in all operations have been identified and listed 
in the following bullet points. Depending on the specific drone services and solutions that are to be 
provided, certain operational characteristics will be determined from the mission requirements, such 
as the carried payload or specific operational timeframes. Other characteristics will have more 
flexibility to be negotiated by the operator and U-space system, such as different flight levels and the 
deployment areas at certain stages of the mission. Relevant for the DCB process is the availability of 
this information ahead of time and the flexibility to modify the characteristics without constraining 
the fulfilment of mission requirements. 

1. Operational range: This is mostly determined by the take-off/landing areas and deployment 
area. Knowing the operational range will set the technical requirements of the drone (e.g., 
platform type, communication and navigation systems). 

2. Operational flight levels: On the one hand, for some mission types, it might not be possible to 
choose any flight levels, especially in those where the drones are required to maintain a 
proximity to ground infrastructure due to their mission requirements. On the other hand, 
others may have altitude flexibility at least at certain phases of the mission. 

3. Operational timeframe and frequency of the operations: The availability of the operational 
timeframes depends on multiple factors, like when the drone services are requested or how 
much time the operator needs to make all necessary preparations. Important for DCB could 
be the type of operations where the flight times can be planned with certain time ahead. This 
could be the case in scheduled operations well known in advance (e.g., drone operation as 
part of a surveillance mission). The fact that an operation has frequent flights does not 
necessarily imply that the flight times will be know well in advance, as in the case of service 
request at short notice (e.g., delivery of goods) 

4. Deployment areas: Overflown areas that are not necessarily related to the mission area that 
is to be monitored or inspected could be selected in consideration of external factors like 
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ground risk minimization or societal impact. Therefore, they are interesting for the DCB 
process as they offer a flexibility in their selection or negotiation. 

5. Carried payload: The specification of the carried payload is certainly relevant for risk 
assessment processes and potentially interesting for the DCB process when assessing the 
drone trajectories over specific urban areas. 

6. Operations in special environments and under specific external conditions: Some drone 
operations will only be possible under special environments and specific conditions (night-time 
operations, surveillance mission over populated areas). What is important for the DCB process 
is that this information is available for considering specific traffic management measures that 
are different from normal operations. 

7. Visual and noise impact to third parties: This characteristic is mainly determined by other 
operational characteristics, like flight levels and deployment areas. It also very likely that the 
operators will not have all the necessary information to assess this impact. It is therefore 
necessary that the DCB services can provide the mechanisms to assess and measure these 
types of impact. 

To verify the presented ideas, different missions have been reviewed from use case studies. Primarily, 
the most distinctive characteristics have been collected. The following table maps the characteristics 
to the different application areas. 

Table 4: Summary of operational characteristics per mission type. 

Mission Type /  Market sector  Char. 
ID 

Selection of relevant operational characteristics 

Surveillance   

ES (Fire, Police, EMS, Coastguard) 6 Operations under special conditions (dangerous 
environments, adverse atmospheric conditions). 

Traffic 4 Deployment over restricted areas (streets). 

Construction 1, 3, 4, 
5 

On-site flight operations using dedicated payload systems 
for surveillance and aerial Mapping techniques. 

Private Security Services 4, 5 Deployment of drones over private property. 

Meteorology  2, 3, 6 Deployment for measuring atmospheric conditions at 
different vertical levels on regular basis. 

Environment  3, 7 Flight operations with noise impact to third parties (e.g., 
wildlife). 

Aerial Mapping / Photography 1, 4 On-site flight operations inside a foreseeable containment 
area. 

Media and Entertainment 4 Operations inside a foreseeable containment area. 

Inspection  
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Infrastructure 1, 2, 3, 
4 

Scheduled on-site flight operations close to structures for 
visual inspection of infrastructure as bridges etc. 

Facades 1, 2, 3, 
4 

Scheduled on-site flight operations close to structures for 
visual inspection of outer building parts. 

Energy  1, 2, 4 Flight operations close to structures for visual inspection of 
solar panel, power lines, etc. 

Telecom / Cell Towers 1, 2, 3, 
4 

Scheduled flight operations close to structures for visual 
inspection of telecom infrastructure, cell towers, etc. 

Insurance (Property Inspections) 1, 2, 3, 
4 

Occasional on-site flight operations for risk assessment and 
aftermath operations. 

Real Estate 1, 2, 3, 
4 

Occasional on-site flight operations for aerial photography 
and filming. 

Media and Entertainment 2 Close range operations (aerial filming) inside a foreseeable 
containment area 

Transport  
 

Medical 1, 3, 4 Flight operations over mixed urban areas on regular basis. 

E-Commerce 1, 3, 5 Flight operations over mixed urban areas transporting retail 
products, food, etc. on regular basis. 

Industrial / Corporate 3, 5 Flight operations transporting from small to large payloads. 

Public Transport 1, 3, 5 Flight operations transporting persons 

Private Transport 1, 3, 5 Flight operations transporting persons 

 

in the surveillance missions, it becomes apparent that the deployment area is a common distinctive 
characteristic. The areas overflown in these types of mission are mainly restricted or private (due to 
the nature of the missions) and it can be concluded that there is a low flexibility to be adjusted for DCB 
purposes. But given that many operations will take place on-site, it could be possible to assume 
foreseeable containment areas. 

In the case of inspection mission types, many of them also take place on place on-site and on private 
areas where the inspection services are required. Moreover, the flight levels can be assumed to be 
very low (close to inspected structures) and also with a low flexibility to be negotiated. As many 
inspection services can be scheduled ahead in time, it could prove beneficial for the DCB process to 
access the operational timeframes as soon as the operators submit their operation plans. 

Lastly, in the case of transport mission typesΣ ƛǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ Ƴƻǎǘƭȅ άƭƻƴƎ-ǊŀƴƎŜέ ƻǇŜǊŀǘƛƻƴǎ 
and that the overflown areas encompass several mixed urban areas. The type of carried payload can 
play a significant role when assessing the proposed transportation routes. Although it is expected to 
see these types of mission on a regular basis, it might not be possible to have specific operational 
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timeframes ahead of time, mainly due to their business models (service requests on short notice). 
However, beneficial for the DCB process could be the establishment of route networks that not only 
improve mission efficiency but could also be part of a mechanism to manage operations when demand 
increases, and capacity reaches its limits. 

One noteworthy application of drone missions is their utility in times of crisis, such as during the 
COVID-19 pandemic. The operational characteristics of these exceptional operations resemble the 
characteristics from other applications to a large extent, but potentially linked to a higher priority. 
Given the nature of their missions, that can have a large impact on other operations taking place in the 
same airspace volume. An overview of exceptional operations used during the COVID-19 pandemic is 
given in Figure 1. 

 

Figure 1: Overview of drone missions applied during the COVID-19 pandemic. 

The estimation of drone traffic demand and quantities expected in urban environments is a challenge 
due to the still evolving drone industry and the ongoing establishment of drone applications in 
different market sectors. The SESAR Outlook Study [25] has provided an estimation for drone demand 
in Europe through 2050: 
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Figure 2: Predicted evolution of drone activities per market area through 2050 [25]. 

This estimation provides a general order of magnitude for the drone demand over the next years. 
Although this study does not specify which percentage of operations could take place in urban 
environments only, by filtering the most predominant market sectors for urban drone applications 
(Mobility, Delivery and Public Safety & Security) we can extract a total estimation of around 130.000 
registered drones for urban use by 2035. Another available market study with estimated quantities is 
provided by NASA [46]. Although this study focusses only on two market sectors (Delivery and 
Mobility ) and for only one country (US), the given quantities are worth to be considered. For the 
Delivery sector, 40.000 drones are estimated to be operational by 2030. These are more less the half 
of those estimated by the European Outlook Study around the same time (70.000 in 2035). In the other 
considered sector by the NASA study the expected quantities for the Mobility sector (23.000 vehicles 
by 2030) look however more contrasting than those expected in Europe (less than 2.000 by 2035). Not 
until 2050 more than 10.000 vehicles are expected. In any case, to manage such a large number of 
vehicles it will be very helpful to characterize the traffic demand and classifying the operations in terms 
of: 

¶ Market sectors: sectors like e-commerce, delivery and transport are especially relevant in 
urban areas. 

¶ Mission profiles: increase of BVLOS operations with light load and for surveying purposes will 
have a considerable impact on missions in urban areas. 

From the studies analysed we conclude that estimations with a higher resolution and focused on urban 
environments are still required. Especially in urban areas the density of operations could be high, and 
the capacity could be constrained by restricted and private areas. The studies provide general 
quantities, that in the case of the Delivery sector could be a good starting point for the DACUS 
scenarios. On the other hand, for the Mobility sector it appears overly optimistic to expect similar 
quantities as in the other sectors, at least for the next 20 years. Finally, the Public Safety and Security 



DRONE DCB CONCEPT AND PROCESS  

 

  

 

 

 31 
 

 

sector should be further considered, as it shows similar quantities as the Delivery sector (around 
60.000 by 2035). 

4.2 Take-off and landing area characteristics 

In principle we presume that for the Urban Air Mobility context, airports or respectively take-off and 
landing areas (TOLA) will exist for small drones, personal air vehicles, helicopters and traditional 
manned aviation. They can be either permanent or temporary sites that differ strongly depending on 
the characteristics of the vehicles they are dedicated to.  

For small drones, TOLA can be small landing pads, which solely support take-off and landing 
capabilities, or even large drone-hubs that offer a wider range of ground services e.g., for package 
delivery, maintenance or surveillance for public safety and security. Apart from these static 
installations small drones will also launch from dynamically changing positions depending on the 
operation type. As an example, it is very likely that localized missions such as search and rescue, façade 
inspection or police surveillance depart in the vicinity of the operation area and the aircraft are brought 
there through ground-based transportation modes. 

PAVs require larger TOLAs due to their dimension and appropriate technical equipment. The project 
Metropolis elaborated the following classification of potential PAV TOLAs [23]:  

¶ Existing airfields; 

¶ Dedicated PAV strips or spots; 

¶ Usage of road segments alternating with road traffic; 

¶ Pillar mounted strips or spots on existing road or railroad infrastructure; 

¶ Waterways; 

¶ Rooftops of existing buildings. 

Furthermore, dedicated sites for vertical take-off and landing (VTOL) aircraft, in general called 
vertispaces, can be subcategorized into vertihubs, vertiports and vertistations [21]. Vertihubs are 
comparable to small airports, which are based at the periphery of urban and suburban areas. Besides 
the main purpose as boarding station for passengers and exchange site for cargo, it offers enough 
space for any fleet services, such as maintenance, MRO, recharging, parking and other related services. 
Vertiports are medium-sized stations located at the primary passenger destinations, such as 
shopping malls, business districts or central stations to other modes of transport. Their layout will 
include fast refueling/recharging stations and a small terminal for passenger handling. Vertistations 
however are the minimal configuration for permanent, designated PAV landing areas, sized to serve 
1-2 vehicles at the same time. Technical installations will depend on the local network layout, but as 
peripheral nodes it is possible that they will only offer access control and waiting areas for passenger. 
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Figure 3: Overview of different types of TOLA infrastructures for VTOL aircraft [21]. 

Existing heliports and manned aviation airports will be relevant for two reasons. Firstly, they will be 
integrated inside the UAM networks to be utilized as additional TOLAs or intermodal exchange 
points. Secondly, the airspace design needs to take into account control zones and terminal areas 
that possibly interfere with other, prioritized air traffic, such as manned aviation or helicopters 
departing from hospitals. 

In preparation for our traffic simulation we analysed various studies to get a first impression how many 
stationary TOLAs can be expected per capita for a high maturity of urban air mobility in about 10 to 15 
years. This includes the foremost explained vertistations, heliports and hubs for transportation services 
and public safety and security. Not included are permanent inspection services to maintain facilities 
and infrastructure, since we expect this amount be rather area-specific than proportoinal to 
population density.  

Table 5: Predictions on quantities of stationary TOLAs per capita. 

TOLA type 
- example area 

Assumed 
number of 

TOLAs 

Reference 
Population 

Description Population per 
TOLA 

TOLAs per  
capita 

 Low High Low High Low High 

Vertispaces 2000 4000 121000000 

Estimated amount of 
additional vertispaces for 
the 15 largest 
metropolitan areas in the 
U.S. (NASA Study, 2018) 60500 30250 0,00002 0,00003 

Heliports    

Current amount of TOLAs 
in metropolitan areas in 
LA, Boston and Dallas 
(Analysis by Parker D. 
Vascik, 2020) 32821 20179 0,00003 0,00005 

- Los Angeles MA 390 12800000 Metropolitan Area 32821 0,00003 

- Boston MA 223 4500000 Metropolitan Area 20179 0,00005 

- Dallas MA 313 7200000 Metropolitan Area 23003 0,00004 

Transport UAV 
Hubs 14800 83000000 

Current amount of 
traiditonal dispatch 
departments in whole 
Germany (Source 
Statista.de, 2020) 5608 0,00018 
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TOLA type 
- example area 

Assumed 
number of 

TOLAs 

Reference 
Population 

Description Population per 
TOLA 

TOLAs per  
capita 

 Low High Low High Low High 

Surveillance UAV 
Hubs    

Estimation of stationary 
surveillance hubs by 
Police and Fire 
Departments 31496 14445 0,00003 0,00007 

- Police 
Departments    

Current amount of police 
stations for city areas in 
LA, Boston and Dallas 190476 59091 0,00001 0,00002 

-- Los Angeles PD 21 4000000 City Area 190476 0,00001 

-- Boston PD 11 650000 City Area 59091 0,00002 

-- Dallas PD 7 1300000 City Area 185714 0,00001 

- Fire Departments    

Current amount of fire 
stations for city areas in 
LA, Boston and Dallas 37736 19118 0,00003 0,00005 

-- Los Angeles Fire 
Department 106 4000000 City Area 37736 0,00003 

-- Boston Fire 
Department 34 650000 City Area 19118 0,00005 

-- Dallas Fire 
Department 58 1300000 City Area 22414 0,00004 

 

As a test case we applied the calculation to the population that is living in the metropolitan area of 
Toulouse (about 1.2 Million people). In total a number of roughly 350 ς 450 stationary TOLAs can be 
expected there.  

Table 6: Extrapolation of TOLA quantity predictions for three major cities in the European area. 

TOLA Type Toulouse1 Frankfurt2 Madrid3 

 Low High Low High Low High 

Vertispaces 22 45 12 25 109 218 

Heliports 41 67 23 37 201 327 

Transport UAV Hubs 243 243 134 134 1177 1177 

Surveillance UAV Hubs 43 94 24 52 210 457 

- Police Departments 7 23 4 13 35 112 

 

 

1 Toulouse Metropolitan Area: 1200000 People  

2 Frankfurt City Area: 750000 People 

3 Madrid Metropolitan Area: 6600000 People 
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TOLA Type Toulouse1 Frankfurt2 Madrid3 

 Low High Low High Low High 

- Fire Department 36 71 20 39 175 345 

       

Total amount of TOLAs 349 449 193 248 1697 2179 

 

This allows for a first impression on TOLA numbers that can be expected for large, urbanized areas. 
Nevertheless, it should be mentioned that this estimation can be further improved in the course of the 
project. As an example, this calculation does not take into account density specific parameters or 
additonal private services other than transport, which we expect to be the most influential on the 
stationary hub amount. Also the question of dynamic TOLAs had to be neglected, as the level of 
complexity is much higher and based on the mission specific drone deployment areas and business 
cases. 

4.3 Airspace characteristics 

As it is expected that most drone operations will take place in VLL airspace, it is essential to first identify 
the boundaries of this airspace. Adhering to the definition by CORUS, VLL is the airspace below that 
used by manned aircraft flying under visual flight rules (VFR) [14]. The SERA regulation defines the 
lower limit for VFR operation above urban areas, which is άƻǾŜǊ 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 aircraftέ [15]. Below that limit is considered 
VLL. 

For the implementation of a U-space airspace, EASA envisages to allow the Member States to decide 
how their airspace is designed, accessed, restricted [17]. As U-space should be established in both 
controlled and uncontrolled airspace, it is crucial to adhere to existing structures, regulations and 
practices. This means for instance that air traffic service (ATS) providers are designated to provide air 
traffic control (ATC) services in controlled airspace and flight information services (FIS) providers are 
providing FIS and alerting services in many parts of uncontrolled airspace. Additionally, the principle 
shall be followed where the ANSPs provide air navigation services (ANS) to manned aircraft while 
USSPs provide U-space services to UAS operators. This shall guarantee that manned and unmanned 
traffic will not mix with each other within controlled airspace as they are dynamically segregated. In 
uncontrolled airspace, restriction mechanisms should be applied by the Member States when manned 
aircraft operations use the same airspace as unmanned aircraft. 

The CORUS Consortium has proposed different types of volumes that divide the whole VLL airspace 
into different classes [14]. These volumes include the ά¦!{ geographical ȊƻƴŜǎέ envisaged in current 
regulations [16] which are motivated by the different number of drones that are expected over certain 
areas and the associated air and ground risks. They mainly differ in the following aspects: 

¶ Services being offered, and hence the types of operation which are possible; and 

¶ Access and entry conditions, including drone capabilities required. 
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Figure 4: Overview of U-space airspace classes as defined by CORUS [14]. 

Furthermore, restrictions may be placed on drone operations at short notice and with short duration, 
for example to protect an emergency manned flight in VLL [14]. Given the higher-priority nature of the 
manned aircraft operation, these short-term restrictions might over-ride existing volumes. 

Similar airspace structures have been defined in other research efforts and studies. The main goal of 
designing tailored airspace structures is generally both the increase of safety and efficiency of dense 
airspace traffic. The Metropolis Consortium have studied different airspace structure concepts with 
an increasing level of structure and traffic organisation to assess the resulting capacity [26]. Relevant 
concept elements taken into consideration are separation requirements, applicable conflict detection 
and resolution techniques, airspace usage restrictions and traffic flow management principles. 
McCarthy et al. have identified two core elements for the modelling of future airspaces, namely, the 
airspace architecture (how the airspace is structured and how drones can navigate through this space) 
and the traffic management systems in place (especially the features related to deconfliction and 
emergency handling) [34]. The UTM Blueprint from Airbus also discussed the implications of defining 
certain routing structures [13]. 

Finally, the need of defined flight rules at low level has been identified in most of the references that 
address airspace design and management. The UAS ATM Integration Operational Concept proposes 
that two new sets of rules are required ς low-level (LFR) and high-level (HFR) flight rules - which would 
accompany the current visual and instrumental flight rules [18] (more details are provided in section 
6). Further operational procedures, especially during the take-off and landing flight phase, have been 
treated in the simulation of future airspace structure concepts [23].  

From this analysis of the state-of-the-art, common characteristics of the urban airspace for drones 
have been derived and classified in the following list. For each characteristic, their expected impact on 
the DCB process is described. 
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Common characteristics of urban airspace for drones: 

¶ VLL airspace: A defined VLL airspace including its boundaries is one of the main factors 
impacting the capacity of the airspace. Although low-level operations for urban environments 
have been proposed so far, it is still necessary to assess how suitable are these in areas with 
high density of traffic, high amounts of ground infrastructure and potentially complex airspace 
structures. Another important characteristic is the type of airspace and whether it is 
uncontrolled or controlled airspace. In the case of the latter, it has considerable implications, 
as operations must adhere to existing regulations and practices. 

¶ Short term restrictions: Like Notice To Airmen publications (NOTAMs) in manned aviation, it 
can be expected to have short-term and dynamic announcements in urban environments that 
may imply flight restrictions over certain areas. Especially considering the urban 
characterization (e.g., dynamics populated areas), it is reasonable to expect the activation of 
short-term restrictions, potentially as geofences. Relevant for the DCB processes are the 
temporal and spatial characteristics of these restrictions. The implications of restricted areas 
that reach the limits of the VLL could be very significant for airspace management. 

¶ Volumes of airspace (within VLL airspace) characterized by 

o Implemented geographical zones within, which might prohibit certain drone 
operations or allow access to certain drone classes only; 

o U-space services available/provided; 

o Certain access and entry requirements, including drone capabilities required. 

These well-characterized volumes can be very useful for the DCB process as they could be 
established in urban areas where only certain type of drones could access and where only a 
set of U-space services can/should be provided. The reasons for this are many: high density 
traffic, availability of management services and CNS infrastructure performance. In general, 
these volumes offer flexibility for airspace management and their integration in VLL airspace 
is very recommended for DCB purposes. 

¶ Airspace structures: In principle, drone traffic does not necessarily need to be managed 
through a specific airspace structure. For instance, some airspace volumes proposed by the U-
space CONOPS do not consider a structure in particular and therefore drones could operate 
freely in airspace. This is certainly a good approach to keep airspace management complexity 
at a low level. But recent assessments have shown that the use of airspace structures could be 
very beneficial to cope with high density traffic flows in very constrained airspaces. We can 
also conclude that these airspace structures could offer mechanisms to further refine and 
adapt airspace volumes. Apart from routing structures, several other aspects need to be 
considered: 

o Routing strategies; 

o Traffic management systems with certain automation level and human operator 
involvement; 

o Traffic flow management principles; 
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o Separation requirements; 

o Conflict management models (either centralized or decentralized) covering the 
strategic and tactical phase;  

o Airspace usage restrictions (such as min./max. speeds). 

¶ Operational practices: Practices included in the current approach for airspace management 
are: 

o Flight rules; 

o Take-off and landing procedures; 

o Handling of abnormal situation; 

o Handling of adverse weather situations. 

These procedures could also be adapted depending on requirements from drone traffic 
management. Furthermore, they could be expanded with procedures directly linked with 
demand and capacity optimization, like handling in airspace volumes with dense traffic. 

¶ Interaction manned of unmanned aircraft operations: Most of the traffic management 
concepts agree to that is important to ensure segregate manned and unmanned operations. 
Mainly due their very different technical performances and capabilities. However, it might not 
be possible to keep a large and static separation when manned vehicles operate especially 
near ground infrastructures. Here is where DCB concepts could be useful to enable a dynamic 
segregation based on traffic demand. 

¶ Provision of services: DCB-related services could become supporting services to adapt the 
airspace volumes in VLL airspace. In any case, there are some that could be almost considered 
mandatory if airspace structures and high densities are expected in urban environments: 

o Air traffic control (ATC) services in accordance with the airspace classification; 

o Flight information and alerting services; 

o Conflict resolution services. 

4.4 Traffic characteristics 

There is a wide range of air vehicles which are suitable for carrying out commercial operations. 
Generally, these have been classified based upon their characteristics, such as size, weight, flight range, 
propulsion system and capabilities [19]. A further classification that will become relevant in the future 
is the one created by EASA for the regulation of drone operations [16]. Here, the air vehicles will need 
to meet certain technical and performance requirements, and they can be mainly distinguished by the 
following characteristics: 

¶ Maximum Take-Off Mass (MTOM), including payload; 

¶ Maximum speeds in level flight; 
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¶ Defined stability, manoeuvrability and data link performances; 

¶ Equipped with certain technical systems (such as an geo-awareness system); 

¶ Maximum allowed range under certain operation conditions (VLOS, BVLOS). 

What is also important to consider when multiple drones occupy the same airspace volume is not only 
the flight geography they will occupy in the nominal operation, but also a potential further volume in 
case of contingencies. In the scope of the Risk Assessment Model for UAS operations, the European 
Regulation defines the operational volume as the composition of the flight trajectory and the 
contingency volume [16]. The flight trajectory means the volume(s) of airspace defined spatially and 
temporally in which the UAS operator plans to conduct the operation under normal procedures and 
the contingency volume means the volume of airspace outside the flight trajectory where contingency 
procedures described are applied. Furthermore, the operational volume shall be characterized by the 
position-keeping capabilities of the UAS in 4D space (latitude, longitude, height and time), in particular: 

¶ Accuracy of the navigation solution; 

¶ Flight technical error (the flight technical error is the error between the actual track and the 
desired track) of the UAS; 

¶ Path definition error (e.g., map errors); 

¶ Latencies. 

After analysing the types of missions and identifying relevant expected application fields in the 
previous sections, we can assume that multi-rotor type drones are most likely to be found operating 
in urban areas. They are suitable for all three types of mission due to their stability, manoeuvrability 
and ability to take-off and land vertically (VTOL capability). Fixed-wing hybrid VTOL drones could also 
be found in urban environments, as they are especially suitable for transport and surveillance missions. 
Operators might use them when it comes to achieve long range operations and achieve high flight 
efficiency. Due to its design, they could still land vertically and with high accuracy. Furthermore, drones 
of fixed-wing type seem to find a low use for the type of operations in urban environments. As they 
require larger take-off and landing areas and have a lower degree of freedom and closed spaces, 
operators might decide one of the other platforms. Finally, considering that technology will allow the 
integration of advanced ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǘƻ ǘƘŜ ŘǊƻƴŜΩǎ ǇƭŀǘŦƻǊƳǎΣ ƛǘ ƛǎ ǾŀƭƛŘ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜ 
drones will be of small and medium size. Surveillance and inspection mission types mostly do not 
require to carry heavy payload. However, for transport missions the size and weight of the payload will 
be a limiting factor, depending on goods to be carried. As it was noticed in the market studies available, 
a high number of operations in the urban air mobility sector are not likely to take place, therefore 
reducing the number of larger-sized drones. 
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5 UAS Capabilities 

This section describes the technical characteristics and capabilities of elements essential to providing 
the DACUS DCB solution as well as technical limitations that are important to consider. It will detail 
capabilities of the drone platform ς more specifically the Unmanned Aircraft Vehicle (UAV) ς and its 
supporting Ground Control Station (GCS) as well as the capabilities of U-space Services and Air Traffic 
Services. 

A summary of the UAS main components can be found in Appendix D. Those components of a generic 
drone (UAS) which can affect to the Demand and Capacity Balancing process are: 

¶ Aerial Platform: The UAV configuration (fixed wing, multi rotor, single rotor, fixed-wing hybrid 
VTOL or tethered drones) will affect the level of manoeuvrability of the aircraft and, thus, the 
capacity and structure of the airspace, as well as the solutions proposed by the strategic and 
tactical conflict resolution services. In particular, in the case of fixed-wing platforms, flight 
control surfaces (ailerons, rudder and elevator) will affect the level of manoeuvrability and the 
actions the aircraft could take when a conflict is detected. 
The size of the drone also affects the impact in case of accident, as the kinetic energy depends 
on the weight. Therefore, it has an effect on the maximum acceptable capacity. 

¶ Motor: Most of the drones use electric motors which specific characteristics in terms of noise 
and environmental impact. In addition, the engine kinetic energy output affects the speed of 
the vehicle, which in turn affects capacity. 

¶ Battery: Battery capacity will limit the flight time of a drone and, therefore, it sets a maximum 
time within the airspace for which the demand is to be estimated. 
Battery capacity will also determine the suitable contingency plans when an emergency 
happens, which in turn is impacting the DCB processes during the execution of the flight. 

¶ First-Person View (FPV) camera: it can increase situational awareness reducing the reaction 
time in case of conflict, increasing therefore the capacity of the airspace. 

¶ Payload: As part of the payload, drone could carry on board systems to enhance the 
capabilities of the drone (network remote identification, etc) and, thus, increase capacity. 

 
In addition, the most relevant drone components related to its remote control and positioning 
capabilities as well as navigation, communications and surveillance data provision can also have an 
impact on the capacity thresholds in a certain area and on the DCB process itself. 

5.1 Flight Controller 

The flight controller determines the ability to follow the intended trajectory accurately and the stability 
of the flight. The better the ability of the flight controller to follow accurately the trajectory, the lower 
the number of potential unexpected conflicts. Additionally, in structured airspaces, the lower the path 
steering error, the lower the number of conflicts and therefore, the higher the capacity.  

Given that the flight controller stability impacts the position estimation error, it could be considered 
as part of the global navigation error which will include errors related to signals in space, receivers 
and flight controller. This navigation error is one of the key factors which should be taken on board to 
determine the maximum number of drones in a certain area through the assessment of collision risks. 
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5.2 Communication 

The command and control (C2) is the main communication link between the drone and the pilot and 
it depends on the communication capability of the drone. In addition, it is possible to use other 
technologies for drone communication, like cellular networks. The performances of the C2 link and the 
cellular networks will have an impact on the DCB process, and in particular, on the capacity thresholds 
in a certain area. 

The command and control (C2) link connects the GCS (usually the pilot's radio control) and the drone 
to manage the flight. The C2 receiver, located on the drone, will receive the pilot's commands and send 
them to the flight controller (FC), which makes the drone move accordingly.  More than 90% of all 
drones communicate over the unlicensed bands; usually 2.4GHz and 5.8GHz in some cases (normally, 
it is used only for video link). On 2.4GHz band, the maximum range is typically 1km. On 5.8GHz band, 
this value will be lower (higher frequency). 

By far the most commonly used (>80%) radio technologies for remote drone control are proprietary 
implementations of Frequency Hopping Spread Spectrum (FHSS) and Direct Sequence Spread 
Spectrum (DSSS). To increase immunity to interference, both methods use a broader spectrum than is 
actually required to transmit the desired signal. FHSS and DSSS methods, which are sometimes also 
used in combination, are perfect for the heavily used unlicensed bands, where many user and radio 
technologies must coexist. The combination of two methods of transmitting radio signals allows 
increasing the capacity of an airspace, as they increase immunity to interference, allowing a greater 
number of simultaneous operations. 

The main constraint of using the C2 link is that in case of failure the pilot would be unable to control 
the drone. The various failure modes of any typical radio-communication link include outage due to 
limited size of coverage area (1km); outage due to rain attenuation (significant for frequencies higher 
than 6-7 GHz); outage due to equipment or ground infrastructure failure; outage due to unintentional 
interference; outage due to malicious interference; and malicious spoofing/link takeover. It is difficult 
to quantify the size of safety buffers required due to C2-link performance limitations as well as these 
interferences because they depend on the technical characteristics of the C2 link, so it has to be 
defined case by case. In case of high demand environments, the C2 link robustness and the C2 link 
spectrum saturation will have to be assured specifying minimum technical requirements. In any case, 
given that the ǊƻōǳǎǘƴŜǎǎ ƻŦ ŎǳǊǊŜƴǘ ŘǊƻƴŜǎΩ ƳƻŘŜƭǎ /н ƭƛƴƪǎ ƛǎ ƎŜƴŜǊŀƭly very limited and easily 
jammed, they require large separation buffers. Anyhow, in the case of autonomous operations such 
as those expected in urban environments, most drones will not be controlled by RF C2 link. 

Command and Control over cellular networks is an alternative solution for drone communication. The 
drone (Flight Controller) can also be connected to the mobile network, using mobile connectivity for 
command and control. This solution improves safety because all the real-time information from the 
drone can be sent over the network to the GCS (and also to U-space). 

This also allows increasing the maximum operation range from 1km to the entire cellular network, 
enabling Beyond Visual Line-Of-Sight (BVLOS) operations in a simple way into VLL (Very Low Level) air 
space. Upper than VLL, cellular network coverage decreases dramatically, because network antennas 
are tilted down. If operations close to 500ft or even up to 1000 ft are expected, specific cellular 
network performance studies will be required to check the provided coverage. DCB solutions which 
are increasing the available airspace for drones when demand is high should take into consideration 
this reduction in the cellular network coverage as a limiting factor. 
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In addition, it is very difficult to interfere with the operation of the link (intentionally or not), since the 
cellular networks use very stringent encryption protocols and they operate in several bands depending 
on the technology (3G, 4G and 5G in the future). Therefore, in the event of interference, it would only 
be necessary to switch to another available band (even to another operator). 

In summary, it is assumed that in future operation environments most drones will be autonomous 
and flying BVLOS operations controlled via cellular networks. Accordingly, existing C2 links would not 
be used and therefore they will not be relevant to quantify the maximum number of drones which are 
manageable in an area taking into consideration the communication errors.  

5.3 Navigation  

Whether the vehicles are guided autonomously, or guided by pilots, GNSS in drones plays an important 
role. If sufficient satellite signals can be accessed during the entire drone mission, GNSS navigation 
techniques can offer consistent accuracy. Often, GNSS is used in conjunction with INS (see Appendix 
D), to provide more robust drone navigation solutions. In any case, leaving INS aside, the navigation 
capability of the drone depends on the Global Navigation Satellite Systems (GNSS) signals and the GNSS 
ǊŜŎŜƛǾŜǊΩǎ ǇŜǊŦƻǊƳŀƴŎŜ. 

Similarly to the Flight Controller (FC), the navigation accuracy is also impacting the ability to follow the 
intended trajectory accurately and the stability of the flight. Therefore, it can impact on the number 
of potential conflicts (if there has been a previous strategic deconfliction).  Additionally, in structured 
airspaces, the lower the path steering error, the lower the number of conflicts/collisions and therefore, 
the higher the capacity. Therefore, the proper performance of the navigation systems is essential to 
assure safe drone operations, as the capacity of an airspace is limited by the maximum acceptable level 
of risk (ground risk + air risk), which depends on the collision rate. 

Lower accuracy of navigation systems would imply that higher separation between drones and 
manned aircraft will be required, which would imply a lower capacity. 
 
The SESAR ER Project TERRA [36] analysed the impact of navigation performances on the collision risk 
as the reference model to calculate the maximum number of drones in a certain area. The document 
ά!ǊŎƘƛǘŜŎǘǳǊŜ ϧ LƴǘŜƎǊŀǘƛƻƴ ƻŦ {ȅǎǘŜƳǎ 5ŜǎŎǊƛǇǘƛƻƴέ ŦǊƻƳ ǘƘŜ ¢9ww! ǇǊƻƧŜŎǘ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ Ŧŀǘŀƭ 
injuries due to a drone collision with another aircraft will occur if these events happen at the same 
time:  

¶ There is a Navigation Integrity failure;  

¶ The trajectory of the drone converges with another drone/manned aircraft causing a collision;  

¶ The drones/aircraft fall over people on the ground;  

¶ Injuries become lethal which depends on the lethality area, drone, speed, height and 
sheltering factor. 

The data presented in TERRA project suggested that the navigation integrity failure risk in non-
segregated airspace should be lower 1E-5 per flight hour. This figure cannot be achieved without an 
integrity monitoring GNSS augmentation (e.g., RAIM or EGNOS/SBAS). In segregated airspace, 
receivers including integrity monitoring techniques were also considered recommendable in urban 
areas. 
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Drones can still be flown in VLOS, without GNSS integrity monitoring, provided that they are geo-caged 
to protect the rest of the users from potential deviations. Therefore, it is envisioned the need of 
defining geo-cages in high density environments to allow such VLOS operations. 

5.4 Surveillance  

It is very important that both the pilot and the U-space system know the location of the drone at all 
times. This is critical in environments where there is high drone traffic demand and, especially, close 
to ATM airspace. 
 
Surveillance and navigation systems can be seen as two elements whose performances will affect to 
the maximum number of drones which can be safely managed in an area. In case of navigation outages, 
an independent surveillance system would reduce the collision rate and therefore, increase the 
capacity. 
 
The SESAR ER Project TERRA, analysed the impact of independent surveillance on the collision risk. The 
ŘƻŎǳƳŜƴǘ ά!ǊŎƘƛǘŜŎǘǳǊŜ ϧ LƴǘŜƎǊŀǘƛƻƴ ƻŦ {ȅǎǘŜƳǎ 5ŜǎŎǊƛǇǘƛƻƴ ŦǊƻƳ ǘƘŜ ¢9ww! ǇǊƻƧŜŎǘ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘΣ 
when a navigation failure occurs, an independent surveillance (e.g., ADS-B, Mode-S and cellular 
network triangulation) system reduces the probability of collision. Fatal injuries due to a drone collision 
with another drone will occur if:  

¶ There is a Navigation service failure;  

¶ The trajectory of the drone converges with another drone causing a collision;  

¶ The drones fall over people on the ground;  

¶ Injuries become lethal which depends on the lethality area, drone, speed, height and sheltering 
factor; 

¶ And it cannot be detected by an independent surveillance network (1% of not being detected). 
Thus, the surveillance system is introducing one more element that allow reducing the probability 
of fatal injuries. 

The TERRA project suggested that if there is an independent surveillance system, the acceptable 
navigation system continuity and availability would be 99.9% in urban areas and 90% in rural areas. 
However, without the independent tracking system, the continuity and availability of the navigation 
system should be 99.999% in urban areas and 99.9% in rural areas. GNSS availability can reach 99.9%, 
but 99.999% cannot be achieved almost by any system.  

In summary, to keep beyond an achievable navigation system availability level, in non-segregated 
airspace, an independent tracking system to supplement surveillance by telemetry reporting should 
be mandatory in urban airspace or where the presence of manned aircraft is likely. This independent 
tracking system could be based on cellular networks or any other cooperative technology (e.g., ADS-
B, Mode-S), to make it affordable.  

5.5 GCS capabilities  

The GCS influences the situational awareness and therefore, in the reaction time in case of conflict. 
The GCS HMI will have to be designed to maximize situational awareness, not affecting therefore the 
maximum capacity. 
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The GCS can be the main source to provide the U-Space system with drone position data, to feed the 
Tracking and Position Reporting service. The update rate, accuracy and continuity of service of the data 
provided impacts on the ability and time to detect conflicts by the U-space system, as well as on the 
number of false alarms, affecting therefore to the capacity. 
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6 Applicable standards and regulations 

This section provides the regulatory baseline for the DACUS DCB concept. It lists the most relevant 
aspects of published as well as envisioned European standards on drone operations as well as pending 
regulations. 

6.1 European regulations for drone operations in 
populated/urban environment 

The Commission Implementing Regulation (EU) 2019/947 established three different categories of 
operations based on the risk involved by the operation itself [31]. These three categories are άopenέ, 
άspecificέ and άcertifiedέ. 

Operations in the open category present the lower risk and should not require UAS that are subject to 
standard aeronautical compliance procedures but should be conducted using the UAS classes that are 
defined in the annex of the delegated act 2019/945. These operations are limited to VLOS and for 
drones not heavier than 25kg. Operations under the άƻǇŜƴέ category will be of minimum relevance 
to the DACUS DCB concept, given the restrictions imposed on these vehicles. 

The άspecificέ category covers other types of operations presenting a higher risk and for which a 
thorough risk assessment should be conducted to indicate which requirements are necessary to keep 
the operation safe. A widely known risk assessment methodology is the Specific Operation Risk 
Assessment (SORA), developed by JARUS [32]. But other methodologies could be used. This category 
covers operations in VLOS and BVLOS. Specific-category drone operations are expected to be the most 
frequent actor within the DACUS framework. 

The άŎŜǊǘƛŦƛŜŘέ ŎŀǘŜƎƻǊȅ should, as a principle, be subject to rules on certification of the operator, and 
the licensing of remote pilots, in addition to the certification of the aircraft pursuant to a regulation 
which is being established. It is important to note that the European Aviation Safety Agency does not 
make distinction between professional and recreational usage of a drone. 

6.1.1 General statements for drone operations in an urban environment 

First and foremost, it is necessary to define the characteristics of the ǘŜǊƳ άǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘέ 
regarding drone operations. This is by no means consolidated, as each member state may apply their 
own definition for this term. To provide an example, the Spanish definition is provided. According to 
recently published Spanish legislation on drones [47], the following environments are considered as 
άǳǊōŀƴέΥ 

¶ Population nuclei with areas consolidated by buildings; 

¶ Areas with vehicular access, paved public roads for pedestrian access, water evacuation and 
public lighting; 

¶ Parks or gardens supervised by local authorities; 

¶ Embassies, consulates and international organizations within a radius of 100 m. 
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To operate in the areas mentioned above, the Royal Decree prescribes the need of prior authorization 
and a flight altitude 300m / 1000ft above the highest obstacle. In this particular case the operation 
would be well above VLL airspace. 

At a European level, the execution act (EU) 2019/947 dated on 24 May 2019 brings with articles (21) 
and (22) some important information for drone operation in urban and/or populated environment, 
provided that the conditions described below are usually met in that kind of areas.  

(21) Some areas, such as hospitals, gatherings of people, installations and facilities like penal 
institutions or industrial plants, top-level and higher-level government authorities, nature 
conservation areas or certain items of transport infrastructure, can be particularly sensitive to some 
or all types of UAS operations. This should be without prejudice to the possibility for Member States 
to lay down national rules to make subject to certain conditions the operations of unmanned aircraft 
for reasons falling outside the scope of this regulation, including environmental protection, public 
security or protection of privacy and personal data in accordance with the union law. 

As an example, in the case of Spanish legislation, drone operations over the following facilities and 
infrastructures require previous authorization, are subject to additional restrictions and must be 
executed above 300m / 1000ft over the highest obstacle within a 600m radius: 

¶ Power plants, petrochemical or chemical industries, refineries, supply services and fuel depots; 

¶  Port and railway infrastructures, roads and other transport infrastructures, except 
aerodromes; 

¶ Infrastructures of water, gas and electricity supply and distribution services; 

¶ Information and communication technology infrastructures; 

¶ Police stations, warehouses and premises of the Security Forces; 

¶ Public and private hospitals and public health centres.  

(22) Unmanned aircraft noise and emissions should be minimized as far as possible taking into 
account the operating conditions and various specific characteristics of individual member states, such 
as the population density, where noise and emissions are of concern. In order to facilitate the societal 
acceptance of UAS operations, Regulation (EU) 2019/945, parts 13, 14 and 15 includes maximum level 
of noise for unmanned aircraft operated close to people in the άƻǇŜƴέ category. In the άǎǇŜŎƛŦƛŎέ 
category there is a requirement for the operator to develop guidelines for its remote pilots so that all 
operations are flown in a manner that minimizes nuisances to people and animals. 

Taking into account the article 21, City councils and local entities should have a role in the 
determination of those noise or emissions thresholds which are acceptable in specific areas within 
the urban VLL airspace. Consequently, they should participate in the overall DCB process and will need 
mechanisms to interact with U-space. 

On the other hand, article 22 shows the need of promoting those operations that minimize the noise 
and emissions, and in general the population acceptability. This article sets the need to prioritize those 
operations, not only individually, but also a part of the overall DCB process. Thus, if the total number 
of drone operations in a certain urban area has to be reduced, those operations which are reducing 
their noise and environmental impact should be prioritized. 
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It is also important to consider operational restrictions for drones around public aerodromes, as they 
are generally located near or within urban areas. In general, the controlled traffic regions around 
airports which provide air navigation services are considered No-fly Zones for drones unless explicitly 
authorized and coordinated with authorities. Similar restrictions apply to public or restricted-use 
aerodromes which do not-provide air navigation services, as is exemplified in the case of Spanish 
legislation presented below. The blank area indicates dimensions in which drone flights are not 
permitted unless coordinated with the aerodrome. The striped area indicates where drone operations 
are allowed up to 45 meters AGL; flights at higher altitudes require coordination with the aerodrome. 

  

Figure 5: Graphical representation of restrictions of drone operations around public (left) and restricted-use 
(right) airports in Spain [47]. 

It is apparent that such restrictions need to be adapted as the capabilities of the U-space concept 
mature, in order to permit drone operations in lower altitudes in proximity to urban infrastructure and 
airports. 

6.1.2 Operations in the άopenέ category 

Only operations where drones are flown in Visual Line Of Sight can be part of this category. In addition, 
the ŘǊƻƴŜǎΩ weight must be equal to or less than 25kg. This category of operation is divided into three 
subcategories which encompass five classes of drone. All the drones from the classes C0 to C2 could 
be flown in urban or populated environment. 

The table below provides some of the characteristics required for the drone and in which environment 
it could be used. Only the characteristics which could have an impact on the DCB process have been 
selected. 

Table 7: Overview of DCB-relevant drone regulations of the "open" class. 

Drone Operation 

Class MTOM Subcategory Restrictions Max height 

Privately built 

<250g 

A1(can also fly in 
subcategory A3 

¶May fly over uninvolved 
people or assemblies of 
people. 

¶Maximum speed: 19m/s 

120m above ground 
level 
+15m over obstacles 
taller than 105m (on 
request of 
responsible entity) 

0 

Legacy 
drones(art.20) 

1 900g 

¶No flights over uninvolved 
people or assemblies of people 

¶Maximum speed: 19m/s 

¶Maximum sound power level: 
81dB 
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Drone Operation 

Class MTOM Subcategory Restrictions Max height 

2 <4kg 
A2(can also fly in 
subcategory A3) 

¶No flights over uninvolved 
people and 30m horizontal 
distance (5m with low-speed 
function) 

¶Maximum sound power level:  
81+18,5 lg m/900 dB   

 

3 

<25kg A3 

Fly away from people and 
outside urban area (from 
residential, commercial, 
industrial or recreational 
areas)- (150m) 

4 

Privately built 

Legacy 
drone(art.20) 

6.1.3 Operations in the άspecificέ category 

This category of operation allows operators to fly drones in VLOS and BVLOS, which naturally includes 
most of the delivery and surveillance operations, but also VLOS operations above populated areas 
which are forbidden in the open category of operation. 

In order to fly in the άspecificέ category, an operator: 

1. shall provide the competent authority with an operational risk assessment for the intended 
operation according to article 11 of (UE) 2019/947. 

2. Or shall provide a statement that the operation satisfies the operational requirement set out 
in point (1) of UAS. SPEC.020 of (EU)2019/947 and a standard scenario as defined in Appendix 
1 to the Annex of (EU) 2019/947; 

3. Or holds a light UAS operator certificate (LUC) with the appropriate privileges. An LUC holder 
is granted the privilege to authorize its own operations. 

4. Shall provide the commitment of the UAS operator to comply with the relevant mitigation 
measures required for the safety of the operation, including the associated instructions for the 
operation, for the design of the unmanned aircraft and the competency of involved personnel. 

Unless an operator holds a Light UAS operator Certificate (LUC) authorizing him to fly the drone above 
the maximum height, operations in the specific category should fly at a maximum of 120m above 
ground level. 

These are important considerations as they will imply different sets of mission constraints and 
requirements that the DCB process must accommodate. 

Standard scenarios 

Standard scenarios refer to drone operations of the άspecificέ category for which a precise list of 
mitigating measures has already been identified [31]. The aim of these scenarios is to provide a 
guideline for drone operators and facilitate the mission approval process with the competent 
authority. 



DRONE DCB CONCEPT AND PROCESS  

 

  

 

 

 48 
 

 

Two standard scenarios have been currently defined and the following general provisions are common 
for both: 

¶ Maximum 120m above the ground and 15m above an obstacle of 105m high with a horizontal 
distance of 50m; 

¶ The operational volume shall not exceed 30m above the maximum height allowed; 

¶ Dangerous goods are forbidden for transportation. 

STS-01: VLOS over a controlled ground area in a populated environment 

The first standard scenario (STS-01) describes how VLOS missions may be performed over a populated 
area. The following key points which are relevant for the DACUS solution: 

¶ For untethered aircraft: 

o The Ground must be controlled; 

o A contingency area of 10m beyond the flight geography area and a ground risk buffer 
up to 60m. The dimensions of the buffer vary with flight altitude (details in (EU) 
2019/947 appendix 1 UAS.STS-01.020 UAS operations in STS-01); 

o A maximum speed of 5m/s. 

¶ For tethered aircraft: 

o A radius equal to the tether length plus 5m and centred on the point where the tether 
is fixed over the surface of the earth. 

STS-02: BVLOS with Airspace Observers over a controlled ground area in a sparsely populated 
environment: 

The second standard scenario (STS-02) describes how BVLOS missions over a controlled ground area 
in a sparsely populated environment can be performed. This type of standard scenario will not apply 
to an urban environment, however given that it is the only BVLOS scenario available at the time of this 
writing, it does provide some initial insights on how BVLOS missions are expected to operate from a 
regulatory standpoint. 

¶ The controlled ground area includes: 

o The flight geography area; 

o The contingency area, of which the external limit(s) shall be located at least 10 m 
beyond the limit(s) of the flight geography area; 

o A ground risk buffer covering a distance that is at least equal to the distance most likely 
to be travelled by the UA after activation of the means to terminate the flight specified 
by the UAS manufacturer in ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ instructions, considering the operational 
conditions within the limitations specified by the UAS manufacturer. 

¶ The operation must have the following requirement: 
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o The flight visibility must be at least 5km; 

o Drone in VLOS at least during the launch and recovery, except for an emergency flight 
termination. Also, in VLOS during the flight or at a maximum distance of 1km without 
an observer and following a pre-programmed trajectory; 

o With an observer (which distance is no more than 1km from the remote pilot), the 
distance could be 2km from the remote pilot, but at a maximum distance of 1km from 
the observer (there could be several); 

o The UAS must be operated with an active system to prevent it from breaching the 
flight geography and be operated with active and updated direct remote identification 
system. 

The standard scenarios introduce two new classes of drone whose characteristics which could impact 
the DCB process are listed in the table below: 

Table 8: Additional drone classes defined in the EASA standard scenarios. 

Class Scenario Requirements 

C5 STS-01 Rotorcraft or a tethered aircraft other than a fixed-wing aircraft  

C6 STS-02 Have a maximum ground speed in level flight of not more than 50 m/s 

 

However, for the time being it has not been possible to quantify the impact of these standard 
scenarios on the DCB process envisioned for DACUS, given that only two scenarios are available. 

6.1.4 Operations in the άcertifiedέ category 

A drone of the certified category of operation may only fly when the following requirements are met: 

ω The UAS is certified pursuant to points (a), (b) and (c) of paragraph 1 of Article 40 of 
Regulation (UE) 2019/945EU; and 

ω The operation is conducted in any of the following conditions: 

o Over assemblies of people; 

o Involves the transport of people; 

o Involves the carriage of dangerous goods, that may result in high risk for third parties 
in case of accident. 

In addition, drone operations shall be classified as άŎŜǊǘƛŦƛŜŘέ where the competent authority, based 
on the risk assessment for the mission, considers that the risk of the operation cannot be adequately 
mitigated without the certification of the UAS and its operator and, where applicable, without the 
licensing of the remote pilot. 
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6.1.5 EASA Opinion 01/2020 

EASA published an opinion in early 2020 introducing a high-level regulatory framework of U-space [17]. 
The following major ideas are exposed: 

¶ A Common Information Service (CIS) that will enable the exchange of essential information 
between the U-space service providers (USSPs), the UAS operators, the air navigation service 
providers (ANSPs) and all other participants in U-space airspace. There could be several CIS per 
country but only one CIS per U-space airspace; 

¶ Until new systems such as Detect-and-Avoid or Sense-and-Avoid are available, all UAS shall be 
cooperative; 

¶ U-space airspace will be dynamically segregated from airspace where air navigation services 
are provided, so that manned and unmanned air traffic do not mix. This will likely be achieved 
through the use of permanent and dynamic geofences; 

¶ Manned aircraft aiming to fly in a U-space airspace in an uncontrolled airspace need to make 
their position available so that the UAS can avoid it; 

¶ The following services4 are mandatory: e-Registration, e-Identification, Geo-awareness, 
Drone Operation Plan processing and Traffic Information. Three other services may be 
required to provide the four above: Tracking, Weather Information and Monitoring. 

These aspects are considered in the DACUS DCB solution. However, given that DACUS is considering a 
time horizon that is further ahead than that described in the EASA Opinion, several additional 
requirements for the U-space regulatory framework will likely be defined. Assuming that most of the 
operations will take place in Z airspace according to the classification proposed in CORUS and explained 
in 4.2, the following U1 and U2 services should be available in Z: Drone aeronautical information 
publication, Geo-fencing provision, Incident/Accident reporting, Position report submission service, 
Emergency management, Procedural interface with ATC, Strategic conflict resolution, Legal recording, 
Digital logbook. Also, the following U3 services will be mandated in Z airspace: Collaborative interface 
with ATC, Dynamic Capacity Management and Tactical Conflict resolution. 

In addition, CORUS considers that, where available, Geospatial information service, Population density 
map, Electromagnetic interference information, Navigation coverage information and Communication 
coverage information should be provided. 

The following table from CORUS shows the type of operations which are allowed in each category of 
airspace: 

 

 

4 Using U-space CONOPS nomenclature. 
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Figure 6: Overview of permitted operation types per U-space airspace category. 

6.1.6 The Specific Operation Risk Assessment methodology (SORA) 

The Specific Operation Risk Assessment (SORA) is a concept aimed at drone operations of the άǎǇŜŎƛŦƛŎέ 
category, with the goal of facilitating access to airspace of non-certified UAS operating more complex 
missions than those of the άƻǇŜƴέ category [32]. 

The methodology consists of determining: 

¶ An intrinsic Ground Risk Class number (GRC) which depends on the environment overflown 
and some physical characteristics of the drone; 

¶ A final Ground Risk Class after mitigation (e.g., emergency response plan in place); 

¶ An initial Air Risk Class number (ARC) which depends on the air environment where the drone 
intends to fly (e.g., controlled airspace, uncontrolled airspace); 

¶ Determination of the Tactical Mitigation Performance Requirement (TMPR); 

¶ The Specific Assurance and Integrity Level (SAIL) number, which defines how dangerous the 
operation is; 

¶ Identification of Operational Safety Objectives (OSO) with regards to the SAIL number. 

For the current SORA, the air and ground risks involved by several UAS flights are not considered. 
This is an important aspect which the DACUS DCB solution needs to address, given that knowledge 
of the cumulative risks of all operations within an area is a prerequisite of identifying capacity 
constraints. 

Both ARC and GRC are impacted by the urban and/or populated environment. 
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For ARC, the main reason is that a lot of cities are located within or close to a Controlled Traffic Region 
(CTR). Similarly, there is the potential of collision risk with low-flying manned aircraft, such as 
helicopter operations from hospitals or urban heliports. 

For GRC, the table below shows clearly (in red), that the higher risk levels occur in populated 
environments and further increases with increasing vehicle dimensions. 

Table 9: Overview of ground risk classifications of the SORA methodology, highlighting the differences in risk 
caused by operations in urban environments. 

Intrinsic UAS Ground Risk Class 

Max UAS characteristics 
dimension 

1 m /  approx. 
3ft 

3 m /  approx. 
10ft 

8 m /  approx. 
25ft 

>8 m /  approx. 
25ft 

Typical kinetic energy 
expected 

< 700 J 
(approx. 529 Ft 
Lb) 

< 34 KJ (approx. 
25000 Ft Lb) 

< 1084 KJ 
(approx. 800000 
Ft Lb) 

> 1084 KJ 
(approx. 800000 
Ft Lb) 

Operational scenarios     

VLOS/BVLOS over 
controlled ground area 

1 2 3 4 

VLOS in sparsely 
populated environment 

2 3 4 5 

BVLOS in sparsely 
populated environment 

3 4 5 6 

VLOS in populated 
environment 

4 5 6 8 

BVLOS in populated 
environment 

5 6 8 10 

VLOS over gathering of 
people 

7    

BVLOS over gathering of 
people 

8    

6.1.7 Gaps identified in the European framework 

As expected, given the relatively young nature of the European regulatory framework for drone 
operations, there are still several gaps which need to be addressed. Apart from the gaps mentioned in 
previous chapters (concerning the lack of urban BVLOS standard scenarios and lack of a cumulative 
ground risk definition), this section highlights some additional shortcomings in the existing regulations, 
which would need to be addressed. 
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The first gap identified is the lack of regulation for operations in the specific and certified categories 
related to the minimum distance between the UAS and individual persons or an assembly of people, 
whereas it is defined in the άopenέ category. Even if the operator, the UAS and the remote pilot are 
certified when operating above urban or populated environment, there should be minimum distances, 
vertical and horizontal, set between the UAS and any obstacle, individual persons and assemblies of 
people. 

Another gap is the lack of a unified definition of what is considered a άpopulated areaέ. An example 
of the Spanish point of view was provided which provides some reference guidelines, however the 
strict operational limitations make this case unfeasible for the DACUS DCB solution. To address this 
shortcoming, EASA plans to develop a map to identify the population density by launching a dedicated 
study. 

And finally, SORA does not consider the air risk with other drone flights, but only with manned 
aircraft. JARUS Working Group 6 is already working to expand the scope of SORA to address the risk of 
collision when more drones are flying in the same airspace (e.g., urban), but EASA considers that in the 
first phase, the number of drone operations will not be too high, so this lack is not an issue for the 
moment. This hypothesis, however, is not compatible with DACUS which will consider several drone 
flights for assessing the demand and the capacity. 

6.2 European regulation for manned aircraft operations in urban 
areas  

Although not directly applicable to U-space, this section covers general regulations for manned aircraft 
operating in urban areas, which serve as a boundary condition to the DACUS DCB concept, given that 
low-level manned aircraft operations will need to be considered. 

General rules are defined in the Standardized European Rules of the Air (SERA) [33]. Rules specifically 
depend on whether the aircraft flies in Instrument Flight Rules (IFR) or Visual Flight Rules (VFR) and 
whether the aircraft flies at day or night. 

6.2.1 Minimum operating altitudes 

This section focuses on the minimum operating altitudes of manned aircraft from a European 
regulation point of view, as well as providing an example from a European member state (France). 

European Rules 

The aircraft flies with Instrument Flight Rules 

Except when necessary for take-off or landing, or except when specifically authorized by the 
competent authority, an IFR flight shall be flown at a level which is not below the minimum flight 
altitude established by the state whose territory is overflown, or, where no such minimum flight 
altitude has been established at a level which is at least 300m (1 000 ft)  above the highest obstacle 
located within 8 km of the estimated position of the aircraft. 

RPAS flying in controlled airspace are considered as flying in IFR. These aircraft are usually state 
aircraft (military) and their flight in civil controlled airspace requires coordination between the 
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operator (usually the military) and the air traffic control. Hence, as considered flying in IFR, IFR apply 
to RPAS.  

From the DACUS point of view IFR RPAS may be regarded the same as manned IFR aircraft for nominal 
operations. The main difference is in the case of an RPAS contingency. Yet, RPAS contingency 
procedures are usually pre-programmed and thus predictable (e.g., C2 link loss procedures are the 
ǎŀƳŜ ŀǎ άƴƻ-ǊŀŘƛƻέ ǇǊƻŎŜŘǳǊŜǎ ƛƴ ƳŀƴƴŜŘ ŀǾƛŀǘƛƻƴΣ ŀǎ ŎƻƴŦƛǊƳŜŘ ōȅ ǘƘŜ {9{!w tWмо {ƻƭǳǘƛƻƴ ммт 
project on the Integration of IFR RPAS in controlled airspace). Nevertheless, it could be imagined that 
the IFR RPAS pilots may be connected to U-space, even if they are not actively participating in it. 

The aircraft flies with Visual Flight Rules 

At night-time: except when necessary for take-off or landing, or except when specifically authorized 
by the competent authority, a VFR flight at night shall be flown at a level which is not below the 
minimum flight altitude established by the State whose territory is overflown, or, where no such 
minimum flight altitude has been established, at a level which is at least 300 m (1 000 ft)  above the 
highest obstacle located within 8 km of the estimated position of the aircraft. 

In case of a helicopter, the minimum height is 300m above the highest obstacle which is the one 
situated at a flying distance of 1 minute around the aircraft. 

However, exemptions which allow manned aircraft to fly below the established minimum altitudes 
may be authorized by the competent authorities. For instance, medical helicopters may have a 
άǇŜǊƳŀƴŜƴǘέ ǾŜǊǎƛƻƴ ƻŦ ǎǳŎƘ ŜȄŜƳǇǘƛƻƴǎΦ ¢Ƙƛǎ ǿƻǳƭŘ ƳŀƪŜ ƛǘ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ±Cw ŀƛǊŎraft (such as 
medical helicopters) to participate in the U-space environment, as defined in the EASA Opinion 
01/2020 [17], and may be subjected to U-space constraints (i.e., landing/take-off procedure 
restrictions). 

At daytime: except when necessary for take-off or landing, or except by permission from the 
competent authority, a VFR flight shall not be flown 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. 

In controlled airspace 

Usually, the airports have been built quite far from the cities, for instance for economic reasons or to 
reduce the noise impact on population in an era where the aircraft were significantly noisier than 
today. 

But during the last decades the cities expanded, and it is not rare today to have some parts of a city or 
even the whole urban area within a CTR. 

Hence, parts of the city in the CTR may see aircraft authorized to fly below the established minima 
during the take-off and first part of the climb phase, final approach and landing of an aircraft. Aircraft 
in the aerodrome circuit (e.g., downwind) will also fly below these minima. This concerns mainly the 
parts of the city close to the runway and departure and arrival trajectories.  

In uncontrolled airspace 

If the urban area is not situated in a controlled airspace and without aerodrome in the vicinity, the 
minima are those define in SERA for the transit above urban areas. 
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Sometimes there is an aerodrome close to a city, but the airspace is not controlled. The minima are 
those defined in SERA, except when necessary for take-off or landing, aerodrome circuit, or except 
when specifically authorized by the competent authority. 

Specific national regulation (case of France) 

SERA are essentially guidelines for other competent authorities to establish their own regulations. In 
order to provide for a concrete example, the specific regulations of an EU member state (France) have 
been further detailed. 

For VFR operations 

Some countries impose additional restrictions to SERA. One of them for instance in France, is to forbid 
an aircraft in VFR to overfly a populated area below a certain altitude. This minimum altitude depends 
on the size of the populated area overflown. Minimum heights are as per the table below: 

Table 10: Overview of minimum flight altitudes for VFR aircraft 

Size of urban area Minimum altitude 

Small built-up areas used for navigation landmarks (e.g., isolated 
manufacturing plant, industrial building, hospital) 

1000 feet for single 
engine piston aircraft 

3300 feet for other types 

Small built-up areas less than 1200 m mean wide and assembly of 
people or animals (e.g., beaches, stadium, public meetings, 
hippodromes) 

1700 feet for single piston 
engine aircraft 

3300 feet for other types 

Medium built-up areas between 1200 m and 3600 m mean wide and 
assembly of at least 10000 people 

3300 feet for all aircraft 
except helicopter 

Large built-up areas more than 3600 m and assembly of at least 100000 
people 

5000 feet for all aircraft 
except helicopter 

The city of Paris 6600 feet 

 

These more stringent regulations for manned aircraft could provide opportunities to expand the 
operating areas of low-flying drones within U-space to higher altitudes. 

For helicopters 

Whatever the provided authorization allows the helicopter to descend, the operator shall always be 
sure that the helicopter will be able, in case of urgency, to leave the urban area, or reach a landing 
area in the urban area, without endangering people and properties on ground. Thus, to overfly an 
urban area, depending on the aircraft, its technical characteristics, the operator will  define minimum 
heights for each portion of the trajectory allowing the aircraft to land outside the urban area or on a 
public area/aerodrome in case of engine failure.  




























































































































































































































































































































































































































