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AMU-LED
AIR MOBILITY URBAN - LARGE EXPERIMENTAL DEMONSTRATIONS

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 101017702 under European Union’s Horizon 2020 research and innovation
programme.

Abstract
AMU-LED is a SESAR/Horizon 2020 Very Large-Scale Demonstration Project which aims to demonstrate
the capabilities of U-space to enable Urban Air Mobility (UAM). The project will allow UAM
stakeholders to specify various use cases applicable to logistics and urban transport of passengers, to
integrate UAM environment, to demonstrate the UAS ground and airborne platforms and finally, to
assess safety, security, sustainability and public acceptance. The results of the project will be
showcased through a set of tests and flight demonstrations in the United Kingdom, The Netherlands
and Spain.
This document summarizes the outcomes of past research projects and initiatives regarding U-space
and UAM, providing an overview of the state of the art on the topics. This document provides direct
input to the Concept of Operations (D2.2), and acts as a basis for the rest of the AMU-LED project.
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Executive Summary
This AMU-LED deliverable is the Operational Safety Analysis and concept, which provides a state-ofthe-art review on U-space and Urban Air Mobility (UAM). An extensive review of completed and ongoing projects and initiatives was performed so that lessons learnt and the most promising approaches
can be extracted and further elaborated in the project.
Urban Air Mobility is defined in the literature as an ecosystem of on-demand, unmanned aerial systems
that may transport passengers and/or cargo in urban environments. UAM is comprised of a network
of actors that goes from the drone operator and flying personnel, to manned and unmanned traffic
services providers, as well as vehicle manufacturers and owners.
UAM will require the implementation of specific U-space capabilities and architectural systems to
enable drone operations in urban environments.
The present document reviews and discusses 13 key aspects for UAM. It starts with the
characterisation of UAM, describing the key principles and some early already defined concepts for
UAM. The main challenges, business cases, and the forecasted evolution of the concept are presented.
Following this initial introduction to UAM, a number of critical topics for the implementation of UAM
are elaborated in detail:
•

Roles and responsibilities describe the different figures present in the UAM and U-space
ecosystem and their associated tasks;

•

Airspace types and structures differ from those in current manned aviation, so a dedicated
UAM and U-space overview is given;

•

UAM Specific services are discussed, where the currently defined U-space services and
capabilities will play a major role;

•

Separation and conflict management is investigated, looking into procedures to avoid other
aircraft, obstacles and weather conditions outside of the operational scope of drones;

•

Integration with manned aviation explores how to enable coordination and interaction
between UAM and ATC;

•

CNS requirements are studied with the aim of determining an appropriate architecture for
urban operations;

•

A review of key performance indicators is performed as to enable a quantitative assessment
of the AMU-LED project validations;

•

Gap analyses are studied to identify what are the major issues that still need to be resolved;

•

An overview of safety assessments is carried out to review recently published EC regulations
and align this with the performance of safety assessments to be deployed in AMU-LED;

•

Verification and Validation looks into effective means to verify the operational capabilities of
U-space and the maturity of UTM services and technologies;

•

Standards and Regulations identifies UAM and U-space standardisation initiatives to be in line
with and follow.

The AMU-LED project intends to contribute to the growth of UAM, studying, developing and testing
different operational concepts and systems. Ultimately, AMU-LED will demonstrate the feasibility of
UAM and will be a basis for future UAM work.
11
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1 Introduction
1.1 Purpose
This document is the deliverable D2.1 UAM Operational Safety Analysis and Concept produced within
Work Package (WP) 2 UAM Operational & Safety Concept Definition of the AMU-LED project.
The work developed within this WP responds to five main objectives:
•
•
•
•
•

To review the previous and on-going projects/initiatives worldwide to take advantage of
lessons learnt and most promising approaches regarding the overall Concept of Operations
(CONOPS) framework that will be implemented and validated in the project.
To coordinate with ongoing SESAR Exploratory Research (ER) programme into U-space
To describe the CONOPS including actors, procedures, legal requirements, services and
operational and functional requirements including a Functional Hazard Assessment.
To carry out a GAP analysis including Communication Navigation and Surveillance (CNS) and
robust Data Management.
To propose a common safety assessment methodology to show compliance with the safety
objectives of the AMU-LED CONOPS, derived from existing methodologies.

This deliverable addresses the first objective, providing an exhaustive review of the state of the art on
U-space and Urban Air Mobility. Moreover, this deliverable serves as input for the other four
objectives, and signifies a starting point and guide for the rest of the AMU-LED project to build on. By
reviewing existing literature, this deliverable provides the foundations of the concept of operations,
use case definition, technical solution and U-space management system that will be developed and
deployed in the project.
The methodology used to prepare the deliverable followed two basic steps: (1) identify the key aspects
AMU-LED will have to build upon and (2) select and review previous research projects, demonstrators
and initiatives relevant to them. The consortium team identified 13 key aspects for the project, and 86
relevant documents and initiatives with over 150 sources to review. The result of this process was a
matrix (see subsection 1.4 references) that linked the different projects, documents and initiatives with
the key aspects of the project, providing an overview of the addressed topics. Following this, the
structure of the document was formed on the basis of the 13 identified key aspects, which conform
the different sections of this deliverable: UAM aspects, roles and responsibilities, airspace types and
structures, UAM specific services, separation and conflict resolution, integration with manned
aviation, contingency management, CNS requirements, Key Performance Indicators (KPIs), gap
analysis, safety assessment methodologies, verification and validation, and standards and regulation.
An extensive overview of the state of the art is provided in the appendixes, while the main body of the
document provides an executive summary of these findings.

1.2 Scope
This deliverable is structured as follows:
•

Chapter 1, the current one, introduces the document, the purpose and scope together with
its organization. It also includes the list of terms, definitions and acronyms or abbreviated

12
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•
•
•

terms that may be useful for the understanding of the document. The introduction outlines
the purpose, scope and intended audience for the deliverable
Chapters 2 to 14 provide an overview of the state of the art on U-space and Urban Air Mobility
gathered through the analysed literature.
Chapter 15 draws the conclusions, recommendations and way forward for future work
Appendixes A to M further elaborate the state-of-the-art analysis provided in the main body
of the document, providing a more exhaustive overview.

1.3 Intended audience
The main AMU-LED associates (beneficiaries, linked third parties, subcontractors) are invited to use
this review of the state of the art as a basis for the work to be carried out throughout the project. They
are encouraged to use the findings of this deliverable as input to any further work that they may
perform related to U-space and UAM.
The SESAR Joint Undertaking is invited to use this deliverable to assess the state of the art on U-space
and Urban Air Mobility and develop a consolidated set of conclusions at a “programme” level.
A number of external readers to SESAR such as EASA, DG MOVE, EURCONTROL, and ICAO, are invited
to use this report as input to support collaboration on their activities related to U-space and UAM.
Finally, the AMU-LED consortium welcomes the publication of this report as a public document, with
a view to sharing our findings with any party that is interested in the further development of U-space
and Urban Air Mobility.

1.4 References
The AMU-LED consortium classified the references in 7 different groups: past projects, ongoing
projects, policy and vision documents, simulation technologies, regulation and standards, vertiports,
and vehicles. The documents within the regulation and standards category have been retrieved from
an initial literature study made by the members of work package 7 (Support to Standardisation and
Regulation).
Moreover, the different projects have been assessed on the basis of the 13 key aspects identified by
the project:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

UAM Characterisation
Roles and responsibilities
Airspace types and structure
UAM services
Separation and conflict resolution
Integration with manned aviation
Contingency and emergency management
CNS requirements
Key Performance Indicators
Gap analysis
Safety assessment methodology
Verification and validation
Standards and regulation
13
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Table 1 Reference Matrix gives an overview of how references were mapped against the specific key
aspects, marking with an “X” the key aspects addressed by the project and reflected on this deliverable.
The matrix shows the initial set of references. As the deliverable work progressed, more references
were added, summing up to 175 sources. A full list of references with the complete names can be
found on section 16 at the end of the document.
Table 1 Reference Matrix
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X

X

X

X

FAA UAM CONOPS

X

X

X

X

X

Indian UTM

X

X

Australia UAM

X

X

Airbus

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

EC SRIA

X
X

X

X

X

Sesar U-Space
CAA UTM

X

X

X

X

CPC / UK Dept for Transport

X

X

X

X

X
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NASA

X

Roland and Berger

X

CPC / UK Dept for Transport

X

X

X

X

X

X

X

X

X

X

MATRUS

X

AgentFLY

X

POLARIS

X

MACS

X

RAMS PLUS

X

BlueSKY

X
X

SkyWay SIM

X

X

X

X

TBO Integrated Test
Environment

Regulation standards

ALTRAN UTM Blueprint

X
X

X

SES2+

X

EASA regulations

X

European Union regulations

X

X

X

X
X
X

X

X

X
X
X

Tecnalia

X

JARUS SORA Guidelines
MOSAIC ATM

X

ASTM Standards

X

X
X

X

X
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X

X

X

UK National Regulations

X

X

X

Spanish National Regulations

X

X

X

ICAO Regulations

X

X

X

X

X

X

X

EUROCAE Standards

X

X

X

X

X

X

X
X
X

NL National Regulations

X

USA National Regulations

Vertiports

X

X

X

X

X

X

SAE Standards

X

ISO Standards

X

ASD-STAN Standards

X

SKYPORTS

X

LILIUM

X

ILANDMIAMI

X

DELOITTE

X

AIRSIGHT

X

GIHUB

X

UBER

X

AIRBUS

X

MVRDV

X

Bauhaus Luftfahrt e.V.,
Technical University of Munich

X

X
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University of Missouri
Columbia

X

Politecnico di Torino

X
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1.5 Acronyms and Terminology
Acronym

Definition

2D

2-dimensional

3D

3-dimensional

3DR-GS

3D Robotics Government Services

3GPP

3rd Generation Partnership Project

4D

4-Dimensional

A/G

Air to Ground

AAI

Airports Authority of India

AAM

Advanced Air Mobility

AAV

Autonomous Air Vehicle

ACAS

Airborne Collision Avoidance System

ADS-B

Automatic Dependent Surveillance - Broadcast

AFIS

Aerodrome Flight Information Service

AFUA

Advanced Flexible Use of Airspace

AGL

Above Ground Level

AGNSS

Assisted Global Navigation Satellite Service

AHRS

Attitude and Heading Reference System

AI

Artificial Intelligence

AIF

Air Defence Authority (India)

AIMP

Aeronautical Information Management Provider

AIP

Aeronautical Information Publication

AISS

Aviation Information Security System

AIXM

Aeronautical Information Exchange Model

AMC

Acceptable Means of Compliance

AMU-LED

Air Mobility Urban - Large Experimental Demonstration

ANN

Artificial Neural Network

ANO

Air Navigation Order

ANSP

Air Navigation Service Provider

AOA

Angle of Arrival

API

Application Programming Interface
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APL

Aircraft Pilot License

A-PNT

Assured Positioning, Navigation and Timing

APU

Auxiliary Power Units

ARAIM

Advanced Receiver Autonomous Integrity Monitoring

ARC

Air Risk Class

ARIB

Association of Radio Industries and Businesses

ARO

Authority Requirements for Air Operations

ARTAS

ATC Radar Tracker and Server

ASBA

Automation System Based Aircraft

ASBU

Aviation System Block Upgrade

ASP

Airspace Service Provider

ASTERIX

All Purpose Structured Eurocontrol Surveillance Information Exchange

ATC

Air Traffic Control

ATCo

Air Traffic Controller

ATIS

Alliance for Telecommunications Industry Solutions

ATM

Air Traffic Management

ATMSP

Air Traffic Management Service Provider

ATS

Air Traffic Services

AVSEC

Aviation Security

AWI

Approved Work Item

AWO

All Weather Operations

B2B

Business to Business

BADA

Base of Aircraft Data

BCAS

Bureau of Civil Aviation Security (India)

BLIP

Broadcast Location & Identification Platform

BVLOS

Beyond Visual Line of Sight

C2

Command and Control

CAA

Civil Aviation Authorities

CAMO

Continuing Airworthiness Management Organisation

CAMTS

Commission on Accreditation of Medical Transport Systems

CAR

Civil Aviation Requirements

CAT

Commercial Air Transport
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CAW

Continuing Airworthiness

CBD

Central Business District

CBR

Community Business Rule

CCSA

China Communications Standards Association

CD&R

Conflict Detection and Resolution

CEP

Circular Error Probably

CFIT

Controlled Flight into Terrain

CFR

Code of Federal Regulations

CIS

Common Information Service

CNS

Communication Navigation Surveillance

CO2

Carbon dioxide

COM

Communication

CONOPS

Concept of Operations

CORUS

Concept of Operations for EuRopean UTM Systems

CP

Contingency Plan

CPA

Closest Point of Approach

CPDLC

Controller Pilot Data Link Communication

CS

Certification Specification

CS

Control System

CSP

Common Service Provider

CTR

Control Zone

CU

Control Unit

CUAS

Counter UAS

CWP

Controller Working Position

DAA

Detect and Avoid

DCB

Demand and Capacity Balancing

DEP

Distributed Electric Propulsion

DGCA

Directorate General of Civil Aviation (India)

DME

Distance Measuring Equipment

DNOTAM

Digital NOTAM

DTM

Drone Traffic Management

EASA

European Union Aviation Safety Agency
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EC

European Commission

ECTL

EUROCONTROL

EGNOS

European Geostationary Navigation Overlay Service

EMI

Electro Magnetic Interference

EMS

Emergency Management Service

EMS

Emergency Medical Services

EO

Earth Observation

ERP

Emergency Response Plan

ESM

Electronic Support Measure

ETSI

European Telecommunications Standards Institute

ETSO

European Technical Standard Order

EU

European Union

eVTOL

Electric Vertical Take-off and Landing

FAA

Federal Aviation Administration

FAM

Future Air Mobility

FATO

Flight Approach and Take Off

FCC

Federal Communications Commission

FDAL

Functional Development Assurance Level

FHA

Functional Hazard Analysis

FIMS

Flight Information Management System

FIS

Flight Information Service

FIXM

Flight Information Exchange Model

FL

Flight Level

FLARM

Flight and Alarm

FMEA

Failure Mode and Effects Analysis

FMS

Flight Management System

FP

Flight Plan

FRUIT

False Replies Unsynchronized in Time

FRZ

Flight Restricted Zone

FTA

Fault Tree Analysis

FTE

Flight Technical Error

FUA

Flexible Use of Airspace
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GA

General Aviation

GB

Gas Balloons

GBAS

Ground Based Augmentation System

GCS

Ground Control Station

GHz

GigaHertz

GLONASS

Globalnaya Navigatsionnaya Sputnikovaya Sistema

GM

Guidance Material

GNSS

Global Navigation Satellite Service

GPS

Global Positioning System

GRC

Ground Risk Class

GSM

Global System for Mobile Communications

HAL

Hindustan Aeronautics Limited

HB

Hot Air Balloons

HEMS

Helicopter Emergency Medical Service

HFR

High-level Flight Rules

HMI

Human Machine Interface

HOTL

Human on The Loop

HOVTL

Human Over the Loop

HWTL

Human Within the Loop

IAF

Indian Air Force

ICAO

International Civil Aviation Organisation

ID

Identification

IFR

Instrument Flight Rules

ILS

Instrument Landing System

IMC

Instrument Meteorological Conditions

IP

Internet Protocol

IR

Image Registration

ISO

International Standardization Organisation

IXM

Information Exchange Model

JARUS

Joint Authorities for Rulemaking on Unmanned Systems

KPA

Key Performance Area

KPI

Key Performance Indicator
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LAANC

Low Altitude Authorization and Notification Capability

LEO

Low Earth Orbit

LFR

Low-level Flight Rules

LOA

Letter of Agreement

LoL

Loss of Link

LoRa

Long Range

LoRAWAN

Long Range Wide Area Network

LTE

Long Term Evolution

LTE-A

Long Term Evolution - Advanced

LUAS

Light Unmanned Aircraft System

LUC

Light UAS Operator Certificate

MACS

Multi-Aircraft Control System

MASPS

Minimum Aviation System Performance Standards

MET

Meteorological

MHz

MegaHertz

ML

Machine Learning

MLAT

Multi-Lateration

MOC

Means of Compliance

MOCA

Ministry of Civil Aviation (India)

MOE

Measure of Effectiveness

MOP

Measure of Performance

mph

Miles per hour

MRO

Maintenance, Repair and Overhaul

MTOW

Maximum Take-off Weight

MUV

Military Utility Vessel

MVP

Modified Voltage Potential

NAA

National Airworthiness Authority

NACp

Navigation Accuracy Category – Position

NADT

Network-level Attach Detection Tool

NAS

National Airspace (USA)

NASA

National Aeronautics and Space Administration

NASAP

National Aviation Safety Plan (USA)
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NATA

National Air Transport Association

NATACS

NATA Compliance Service

NAVSPEC

Navigation Specification

NCS

Network Control System

NEMSPA

National EMS Pilots Association

NFPA

National Fire Protection Association

NFZ

No Fly Zone

NIST

National Institute of Standards and Technology

NLR

Royal Netherlands Aerospace Centre

NM

Nautical Mile

NOTAM

Notice to Airmen

NOx

Nitrogen oxides

NPA

Notice of Proposed Amendment

NR

New Radio

NSE

Navigation System Error

NTSB

National Transportation Safety Board

OEM

Original Equipment Manufacturer

OM

Operations Manual

OPS

Operations

ORO

Organisation Requirements for Air Operations

OSED

Operational Service and Environment Definition

OTDOA

Observed Time Difference of Arrival

PAV

Personal Air Vehicle

PBN

Performance Based Navigation

PDE

Path Definition Error

PDOP

Position Dilution of Precision

PIC

Pilot in Command

PNT

Positioning, Navigation and Timing

PPP

Public Private Partnership

PSU

Provider of Services for UAM

PU

Public

RAIM

Receiver Autonomous Integrity Monitoring
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RF

Radio Frequency

RID

Remote Identification

RMT

Rule Making Task

RNAV

Required Navigation Performance

RNAV-AR

Required Navigation Performance – Authorisation Required

RP

Remote Pilot

RPA

Remotely Piloted Aircraft

RPAS

Remotely Piloted Aircraft System

RPIC

Remote Pilot in Command

RPL

Remote Pilot License

RPL

Required Performance Level

RPS

Radio Positioning System

RPT

Regular Public Transport

RSSI

Received Signal Strength Indicator

RTK

Real-Time Kinematic

RUNP

Required U-space Navigation Performance

SAA

Special Activity Airspace

SAA

Sense and Avoid

SAIL

Specific Assurance and Integrity Level

SAR

Search and Rescue

SARPS

Standards and Recommended Practices

SATCOM

Satellite Communication

SC

Sub Committee

SDSP

Supplementary Data Service Provider

SecRAM

Security Risk Assessment Methodology

SERA

Standardised European Rules of the Air

SES

Single European Sky

SESAR

Single European Sky ATM Research

SG

Sub Group

SGI

Special Governmental Interest

SJU

SESAR Joint Undertaking

SLA

Service Level Agreement
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SMS

Short Message Service

SMS

Safety Management System

SOO

Signals of Opportunity

SORA

Specific Operations Risk Assessment

SRIA

Strategic Research and Innovation Agenda

SRM

Safety Reference Material

SSR

Secondary Surveillance Radar

STD

Standard Deviation

STS

Standard Scenario

sUAS

Small Unmanned Aircraft System

SVC

Simulation and Validation of Communication

SWaP

Size, Weight and Power

SWIM

System Wide Information Management

TAAM

Total Airspace and Airport Modeller

TC

Tactical Conflict Resolution

TC

Technical Committee

TCAS

Traffic Collision Avoidance System

TCL

Technical Capability Level

TDA

Temporary Danger Area

TFR

Temporary Flight Restriction

TGB

Tethered Gas Balloons

TIS-B

Traffic information Service - Broadcast

TLOF

Touchdown and Lift-off Area

TMX

Traffic Manager

TMZ

Transponder Mandatory Zone

TOA

Time of Arrival

TOL

Take-off and Landing

TRA

Temporary Reserved Area

TSDSI

Telecommunications Standards Development Society, India

TTA

Telecommunications Technology Association

TTC

Telecommunication Technology Committee

UA

Unmanned Aircraft
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UAM

Urban Air Mobility

UAS

Unmanned Aerial System

UATM

Urban Air Traffic Management

UAV

Unmanned Aerial Vehicle

UK

United Kingdom

UML

Unified Modelling Language

UP

U-space control working Position

URLLC

Ultra-Reliable Low Latency Communications

URTAS

U-space suRveillance Tracker and Server

US

United States (of America)

USP

U-space Service Provider

USS

UAS Service Supplier

USSP

U-Space Service Provider

UTC

Universal Time Coordinated

UTM

Unmanned Traffic Management

UTMSP

UTM Service Provider

UVR

UAS Volume Restriction

VFR

Visual Flight Rules

VHF

Very High Frequency

VIO

Visual-Inertial Odometry

VLD

Very Large Demonstration

VLL

Very Low Level

VLOS

Visual Line of Sight

VMC

Visual Meteorological Conditions

VO

Visual Odometry

VOR

VHF Omnidirectional Range

VTF

Vertical Task Force

VTOL

Vertical Take-off and Landing

WAAS

Wide Area Application Service

WG

Working Group

Wi-Fi

Wireless Fidelity

WiMAX

Worldwide Interoperability for Microwave Access
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2 Urban Air Mobility
Urban Air Mobility (UAM) is defined in the literature as the ecosystem of on-demand, unmanned (or
to some degree autonomous) aerial systems that may transport passengers and/or cargo in urban
environments using airspace as a third dimension as well as its supporting infrastructure [1].
The benefits that UAM can bring to society and to the environment are numerous but so are the
challenges associated with its implementation. While there have been significant advances in
technology like cloud networks, mobile communications, aircraft automation, electric vertical take-off
and landing (eVTOL) platforms [2], there are yet a number of challenges that need to be overcome.
This is the case of integration with manned aviation, in particular fulfilling the “see and avoid” principle
which is the basis to keep satisfactory levels of safety [3]. Other challenges include urban canyons,
which can expose vehicles to turbulences and strong currents of wind or to impair navigation,
communication and surveillance signals. Public acceptance is another important challenge and is
affected by several aspects such as safety, noise, visual pollution, privacy and security.
The following subsections below provide a characterization of the UAM concept by elaborating on
certain aspects such as key principles, existing Concept of Operations (CONOPS), main challenges,
expected evolution, operation categories, business cases and mission types, actors, vehicles and
vertiports as these have been interpreted from the literature. More detailed information can be found
in the corresponding Appendices.

2.1 Key principles
The key principles that drive UAM are shared across the different consulted references. In Europe,
SESAR U-space Blueprint [4], SESAR CORUS CONOPS [5] [6] and EASA Opinion 01/2020 [7] established
a series of key principles that are very similar to those found in the American and Australian Concept
of Operations for UAM [2] and [8] and in the UK Open Access UTM research programme [9].
These key principles upon which the whole U-Space / UAM system is designed are:
•

Safety, which must be ensured for all airspace users and people on the ground. Contrary to
traditional manned aviation, a risk and performance-based approach is proposed.

•

Security, including cybersecurity, to protect the system and provide traceability and
accountability.

•

Privacy, which must be respected for all citizens, including data protection.

•

Environment, to reduce emissions and noise.

•

Flexibility and scalability, so that the system can respond to changes in demand, volume,
technology, business models and applications.

•

Cost efficiency, by building upon existing aeronautical services and infrastructure whenever
possible and promoting efficient flight planning and execution.

•

Capacity, which must be dimensioned to the maximum extent possible with the given
resources.

•

Predictability, to increase likelihood of airspace access without disruptions, facilitate better
flight planning and business continuity and reduce risks.
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•

Access and equity, to guarantee impartial and fair access to airspace for all users.

•

Participation and collaboration, amongst all UAM users and stakeholders.

•

Global interoperability, based on the use of industry standards.

•

Decentralisation, to improve overall UAM system performance supported by automation and
data sharing.

2.2 Existing CONOPS
Amazon, Google and Uber published between 2015 and 2016 their own vision or concept of how UAS
should operate [10], [11] and [12].
More mature and detailed concept of operations for U-space or UTM have been elaborated more
recently by some SJU projects like PODIUM [3] [13] or VUTURA [14] and ultimately CORUS [6], which
consolidated all efforts from these and other SESAR initiatives towards the definition of a U-space
CONOPS that has now become the main reference for the recently adopted European regulation.
This is also the case of the FAA and the Indian Ministry of Civil Aviation who published their own
concepts of operations for UTM in 2020 (a second version in the case of the FAA).
Currently, other SJU projects such as METOPOLIS-2 [15], DACUS [16] or CORUS-XUAM [17] have
started looking into specific aspects of Urban Air Mobility and, in 2020, the FAA and Airservices
Australia published their first Concept of Operations for Urban Air Mobility [2] and [8].
These two last references provide a comprehensive description of several UAM aspects that have been
deemed important in this State-of-the-Art review for the latter definition of the AMU-LED CONOPS,
including key principles, challenges, expected evolution, actors, roles and responsibilities, airspace
structures, UAM specific services, integration with manned aviation, contingency management, KPIs
and validation by ways of simulation. They are therefore two important references to be considered
during later stages of AMU-LED.
The FAA CONOPS defines UAM as a subset of Advanced Air Mobility, limited to urban and suburban
environments, and operating in the context of ATM and UTM through the use of UAM corridors (threedimensional route segments). These corridors have specific requirements that vary depending on the
operation, e.g. completely within UAM Corridors versus operations crossing UAM Corridors (e.g.,
general aviation). Within these UAM Corridors, strategic deconfliction and tactical separation occur
without direct ATC involvement. Similar to the U-space Service Provider, the FAA has introduced a new
stakeholder called Provider of Services for UAM (PSU), in charge of supporting operations planning,
flight intent sharing, strategic and tactical deconfliction, airspace management functions, and offnominal operations. PSUs exchange information with other PSUs via the PSU Network (e.g., exchange
of flight intent information, notification of UAM Corridor status, information queries) and support local
municipalities and communities, as needed, to gather, incorporate, and maintain airspace reservations
that may be accessed by UAM operators.
The Australian CONOPS describes the expected phases of UAM operations from first introduction (with
piloted, voice-based flights) to mature, high-density autonomous operations. A set of UATM Services
are defined to support implementation. These are: i) Airspace and Procedure Design; ii) Information
Exchange; iii) Flight Planning and Authorisation; iv) Flow Management; v) Dynamic Airspace
Management; and vi) Conformance Monitoring.
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2.3 UAM Challenges
The operation of drones in urban environments constitutes a challenge because of typical urban
aspects found in these areas. Namely, buildings and other aspects embedded in urban environments
that create obstacles and signal interference, local weather conditions, and the perception and
acceptance on the inhabitants of the area. However, Urban Air Mobility has the capability to create
high value impact in society, making worth the research and effort needed to overcome these
aforementioned issues.
This subsection summarizes the main UAM challenges found on the literature. Specifically, in the EC
strategic research agenda [18], the Australian CONOPS [8] , the NASA Market Study [19] the Uber UAM
vision [12], the UK CAA Innovation Hub [20] and Universidade da Beira Interior [1]. A full description
of UAM challenges can be found under Appendix A.3.
The revised literature outlines 10 high-level challenges that need to be addressed to achieve the
feasibility, viability and desirability of UAM.
1. Urban canyons – Houses and buildings in urban environments can create urban canyons,
which are areas where the street is flanked by buildings on both sides creating a canyon-like
situation. Urban canyons can expose vehicles to mechanical turbulences and strong currents
of wind, and affect or block radio reception, including satellite navigation signals.
2. Weather – UAM operations will be affected by weather. The impact of weather may be caused
by meteorological conditions such as thunderstorms, reduced visibility and strong winds; or
hyperlocal weather conditions caused by urban canyons.
3. UAS Traffic Management – Given the expected high density and complexity of operations, an
efficient and secure UTM system is necessary. The UTM system should be tailored to UAM
operations, and solve typical issues such as urban canyoning, CNS limitations, and
heterogenous vehicle performance. The UTM system should also embed integration with ATC
and rules and procedures for interaction with manned aviation.
4. Autonomy– UAM operations will gradually move from being remotely controlled by a human
in command to performing completely autonomous missions. The predictability and reliability
of this technology t will be key to a successful implementation.
5. Airspace structuring – Dedicated airspace configurations will have to be created to enable the
operation of different vehicles and missions (including routes and corridors). A minimum set
of capability requirements to use dedicated airspace structures will need to be established to
form the basis for procedure/ route design standards and separation standards development.
6. Market viability – UAM is affected by the viability of its business cases. UAM will need to
provide clear value propositions and stand as a strong competitor in the transport market. This
is important not only for the economic feasibility of the business cases, but also for reaching
high levels of demand. Development of infrastructure to support drone operation and
embedment within the city and other transport modes (multi-modality) are relevant aspects
of the business case as well.
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7. Regulation and standards – Further regulations and standardisation for flying over people and
city areas, BVLOS operations, carrying passengers, and environmental, safety, and privacy
aspects are needed.
8. Vehicle – The vehicle performance and reliability are key aspects to enable a competitive
business case for UAM. For this, vehicle speed, manoeuvrability, range, efficiency, take-off and
landing time, as well as robustness in different weather conditions have to be considered.
Battery technologies and environmental impact of operation also need further research.
9. Certification – UAM vehicles will have to comply with the regulations from the corresponding
aviation authorities and acquire their permit to fly in order to be able to operate. Given the
novelty of these type of aircraft, the certification process will require more time than usual.
10. Public acceptance – Wide adoption in society is needed to achieve market viability. Public
acceptance is affected by several aspects such as safety, noise, visual pollution, and privacy.
Socially relevant use cases such as first responder services will be more accepted than those
for transportation of people or regular goods. The price of the service, privacy invasion issues,
and environmental aspects of the operation will play an important role for integrating UAM in
society.

2.4 UAM Evolution
Some aspects used to characterize the evolution of UAM operations by SESAR CORUS [6], FAA [2] and
Australian [8] CONOPS are the following:
•

density, frequency and complexity of the operations;

•

airspace and procedural structure, that is the complexity of supporting infrastructure and
services;

•

existence of tailored regulatory changes;

•

agreed Community Business Rules, regarding safety, demand and capacity balancing,
equitable access to airspace and security;

•

aircraft automation level, whether there is a human “within”, “on” or “over” the loop (HWTL,
HOTL or HOVTL); and

•

location of the PIC, whether onboard or remote.

Based on these indicators, both the American and the Australian Concept of Operations for UAM
propose an evolutionary three-phased approach to UAM implementation. These phases are:
1. Initial UAM Operations (Horizon 1), making use of new type-certified eVTOLs managed by
technologies and procedures within the current ATM system (i.e., existing helicopter
infrastructure such as routes, helipads, rules and regulations and ATC services). The PIC
remains onboard and aircraft automation is consistent with current, manned helicopter
technologies.
2. CONOPS 1.0 (Horizon 2), a regulatory evolution enables operations within UAM Corridors
from specific aerodromes based on UAM performance requirements and supported by UAM
specific services. Tactical separation within UAM Corridors is not allocated to ATC but to the
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UAM operators, PICs, and PSUs. The PIC remains onboard and is actively in control of the
aircraft with UAM-specific capabilities.
3. Mature State (Horizon 3), new operational rules and infrastructure facilitate highly automated
traffic management and higher demand. An extended network of UAM corridors exists and
remotely piloted and autonomous vehicles (with HOVTL capabilities) can operate safely.

2.5 Operation Categories
In this section, operation categories will be defined by several institutions by looking at the risks, the
vehicle specifications and operation types.
The EU Regulation 2019/947 [21] and its amendments EU 2020/639 [22] define three possible
operations categories depending on the risk of the operation:
1. Open Category
2. Specific Category
3. Certified Category
The three operations categories must comply with the particular rules defined in the corresponding
Annex of the regulation [21] and [22], including location and type of the flight, missions, systems,
services used, training and organizational requirements.
The requirements for the three categories vary from the maximum take-off weight (MTOW), the
distance from populated areas, UAS classification and more (A.5).
The UAS are classified from C0 to C6. Those who are classified up to the C4 category are allowed to fly
in the Open Category including remote pilot competence [23]. The amended regulation [24] includes
the drone categories C5 and C6 to be used in the Standards Scenarios for BVLOS operations over people
in the specific category defined in [22]. The text also includes several articles regulating the use of
accessories kits and remote identification add-ons, as well as how these affect in the category that a
drone can fly when it is equipped with them.
A concept paper from EASA which is still under review further addresses different aspects of the
certified category. The first NPA to be released by EASA on the certified category will cover three initial
types of operations (A.5).
EASA has published an initial scope of the proposal for three types of operations:
•
•
•

Type 1: International flight of certified cargo drones conducted in instrumental flight rule (IFR)
in airspace classes A-C and taking-off and landing at aerodromes under EASA’s scope. For
example, an unmanned A320 transporting a cargo from Paris to New York.
Type 2: Drone operations in urban or rural environments using pre-defined routes in airspaces
where U-space services are provided. This includes operations of unmanned drones carrying
passengers or cargo.
Type 3: Type 2 operations conducted with an aircraft with a pilot on board expected to cover
the initial air taxi operations. It is expected that these aircraft operations will transition to Type
2 remotely piloted operations.

These are described in A.5 UAM Operations. Proposals for UAM operations using non-predefined
routes and remotely piloted Large Aeroplane operations with passengers are also in discussion.
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A later Advance Notice of Proposed Amendment (A-NPA) will also cover aspects of UAM operations
using non-predefined routes, which are not considered by EASA to happen in the immediate future.
A new type of licence, the automation system – based aircraft pilot licence (APL), will be introduced to
cover UAS operation in congested (e.g., urban) or non-congested (e.g., rural) environment using predefined routes in volume of airspaces where U-space services are provided.
Companies also have their way of defining operation categories. According to Amazon [10], access to
airspace will depend on the vehicle capabilities. With this is mind, Amazon defines four vehicle
categories (A.5):
•
•
•
•

Basic: vehicle equipped with radio control.
Good: capability for tracking, to receive traffic information, weather data, with GPS and Wi-Fi,
collaborative detect and avoid.
Better: Automated detect and avoid, equipped with ADS-B Out capability.
Best: Automated deconfliction, on-vehicle internet connection, 4D trajectory planning and
performance management, ADS-B In/Out.

2.6 Business Cases and Mission Types
The UAM market entails several drone applications and business cases that could help bring value to
society, optimise current procedures and processes for companies and individuals, and improve the
quality of life in cities. However, drone use cases need to be economically and technically viable for
them to be implemented in cities.
This subsection looks into the different business cases and mission types identified by the literature
[19]; [25]; [1]; [26]; and gives a high-level overview of those deemed as most interesting and/or feasible
by previous research. For a full overview of the state of the art on business cases refer to appendix A.6
Drone operations and UAM enable many business cases capable of improving current processes and
problems. Besides the notorious air taxi, drones can be applied to many other uses, such as inspection
of infrastructure, police and law enforcement, and transport of regular or high-priority goods (e.g.,
medical delivery).
The use of drones for transportation of goods is one of the most discussed use cases in the industry.
Delivery drones are usually classified in two categories: medical drones and transport-logistic drones.
Medical drones offer a fast and reliable solution for the transportation of urgent medical goods (e.g.,
blood samples). This use case has become even more relevant during the Covid-19 crisis, with the
United Kingdom deploying drones to carry medical supplies from Hampshire to the Isle of Wight, or
the contact-free delivery of Covid-19 test samples from 1000 rural health facilities to labs in Ghana
[27]. On the other hand, transport-logistic drones are usually focused on first/last mile delivery, aiming
to increase the efficiency and profitability of logistic companies. This type of delivery faces more
challenges than medical delivery, as its perceived added value to society is lower. Moreover, a large
network of vertiports and proper U-space system would be needed to support these operations. [28]
Small UAVs with cameras can also be used for the inspection of infrastructure, facilitating the
examination of hard-to-reach critical infrastructure, improving the efficiency and quality of the process
[29]. This includes structures like bridges, towers, dams or wind turbines, eliminating the need for
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special equipment and specially trained staff. The use of UAVs for infrastructure inspection entails
benefits in terms of cost efficiency, decrease of danger to human lives, good-quality, real-time data
acquisition, and data storage capabilities.
UAVs also offer many possibilities for police and law enforcement missions [30]. These use cases can
bring an important positive impact on society, including missions such as search and rescue,
surveillance, or monitoring among others. Drones equipped with cameras allow fast and efficient
identification of people, good overview of hardly accessible areas for surveillance, and reliable image
for crowd monitoring, with good-quality zoom-in capabilities.
However, when it comes to UAM, the most influential use case is definitely air commuting. This use
case can be derived in three common business cases: air taxi, airport shuttle, and aerial ambulance.
The air taxi service can be defined as an on-demand point-to-point service that transports people from
one destination to another. The distance range of the air taxi could go from a more urban mission type
(7 - 50 km) to a long-distance intercity mission (100 – 200 km). The shorter range would be the optimal
mode of transport when (1) there is a short distance between two landings sites, and (2) there is a
fluctuating medium/high demand between two landing sites. On the other hand, intracity
transportation would be ideal to cover flights between cities that are too close even for regional flights.
This longer-range air taxi service would enable fast UAM connection between cities, which would
favour commuters and business travellers, as well as allow metropolitan areas to grow closer due to
reduced travel times.
The airport shuttle service offers scheduled flights between various landing pads in the city and the
airport. These landing pads would be located at strategic locations around the city and at the airport.
The airport shuttle would also count with charging facilities concentrated primarily at the airport, but
with some at the other landing pads as a function of distance and aircraft travel range.
With regards to the concept of operation of these missions, they have five main phases of flight: takeoff, climb, cruise, descent, and landing. More information of the concept of operations of the air taxi
and airport shuttle can be found on appendix A.6
The reviewed literature found air commuting to be feasible, albeit a number of remarks. The demand
for air taxi and airport shuttle will be influenced by several aspects. Namely, U-space and ATC
capabilities, ground infrastructure development, public acceptance, laws, and regulations. Demand is
constrained as well by external aspects such as competition with other future and existing transport
means (especially autonomous cars), and reduction in the value of travel time. Further development
of technology, increased congestion, and high network efficiency could drive demand up.
Regarding the air ambulance, the service consists of travels to/from the hospital for emergencies and
potentially hospital visits. This use case counts with the benefit of having higher public acceptability
than other use cases.
A typical air ambulance mission consists of three sub-missions: Response (A-F), Transport (H-M), and
Return to Service (N-R). Each of these sub-missions are flown at similar speeds and follow similar
profiles (i.e., Taxi, Hover Climb, Climb, Cruise, Descend, Hover Descend, and Taxi). More information
of the concept of operations of the air ambulance can be found on appendix A.6 Overall, the air
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ambulance is expected to be viable and count with high public acceptance, though it will be
constrained by competition with medical helicopters and the need to lower the battery recharging
time.
For future analysis of these business cases, a detail exploration of the environmental sustainability of
the drone mission is recommended, taking into account noise, emissions, and visual pollution.
Moreover, the business case should be tailored and studied for the urban area of relevance.
Deliverable 3.1 of AMU-LED will continue the business case and mission type analysis more in depth,
providing a selection of the most interesting use cases to be tested by the project.

2.7 Actors
The main UAM stakeholders identified by the literature are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Authorities and regulators
Air Navigation Service Providers
UAM Service Provider
U-space Service Provider
UAM Operators
Drone Operators
Drone Pilots
Infrastructure providers
Drone Manufacturers
Maintenance companies
UAM users
Communities and citizens
Data providers
Other aviation users

The main UAM actors are described in detail in the section Roles and responsibilities.

2.8 Vehicles
Aircraft requirements and mission for UAM
Different documents [12], [31], [8] describe a comprehensive compilation of consistent soft and hard
requirements for air taxis and show that UAM vehicles are expected to primarily be electric Vertical
Take-Off and Landing Vehicles (eVTOL) both for air taxi or cargo applications. In addition to electric
design, some VTOLs will be hybrid using a combination of power sources, and helicopters will continue
to be used as UAM vehicles. Related to other applications where smaller vehicles are required,
multicopter based UAVs have been and remain the main platforms for aerial applications like security,
inspection, maintenance, small cargo, or filming. Most of the applications use architectures with less
than eight propellers [32] up to three propellers [33], but also conventional helicopters and ductedfan vehicles are used depending on the application. From the available literature, it can be concluded
that quadcopter or multicopter is by far the most widely used UAV platforms for aerial manipulation,
followed by small size helicopters. This is mainly due to the simplicity of multicopter mechanical design
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and hovering capability, complemented by the low-cost, agility, and existing precise control schemes
for these flying vehicles [34].
eVTOL aircraft will have limited battery power and, therefore, a limited range. They will have electric
recharging capabilities and/or the ability to replace their batteries. These aircraft will need to have
their batteries partially or fully recharged or replaced several times a day depending on the frequency,
duration, and length of each trip.
Regarding the mission profile, most of the current eVTOL air taxi designs are addressing two types of
mission: the interurban and the intraurban, being the airport to city center trip the reference for the
interurban mission, and the usual taxi ride around the urban area the selected for the intraurban
mission.
To accomplish these two missions, an eVTOL will need to address the following main technical
requirements:
1. Safety and certification: Urban air taxis need to be as safe as any other commercial aircraft and
consequently be designed to meet equivalent safety standards.
2. Low noise emissions: To fly in the city and take-off/land in populated areas, the urban air taxi
will have to comply with demanding noise restrictions to achieve public acceptance. Studies
on public perception of UAM indicate that not only the loudness itself but also the type of
noise is a major concern of the persons interviewed [35]. Noise signatures should, as far as
possible, blend into the existing urban background soundscape. Expressed in numbers, this
corresponds to a noise level of 15 dB below that of a conventional light helicopter [31].
3. Range, speed, and altitude: The air taxi needs to be able to cover the most popular high-traffic
routes in major cities, like the airport to city-center or intraurban routes. These trips should be
covered at a reasonable speed to save time compared to ground transportation alternatives.
Regarding the airport to the city center mission, in [31] a design mission range of about 95km and a
reserve range of almost 10km at a minimum cruise speed of 240km/h is defined. Cruise altitude is set
to 300m Above Ground Level (AGL). A required payload of 500kg is specified for four passengers. NASA
suggests a two-leg mission for a similar route, without intermediate recharging for VTOL UAM-vehicles
[36]. Both flights are of 70km distance at a cruise altitude of 1200m AGL. The cruise speed varies
between 150km/h and 200km/h for six vehicle concepts, each designed for carrying 545kg or up to six
passengers. A 20-minute reserve at cruise power must be available.
For the intraurban route, the current state-of-the-art aircraft prioritizes maneuverability with
adequate architectures, but reaching lower speeds and ranges (100km/h and 40-50km respectively)
with similar cruise altitudes (300m) AGL.

UAM vehicle concepts and classification
The requirements and boundary conditions on aircraft design for UAM are in some cases novel in
comparison to classical aircraft design, mainly due to the specific requirements needed for a safe flight
in urban areas. Extensive research is being pursued around the globe to examine a range of air taxi
configurations for designing state-of-the-art eVTOL aircraft [37]. Most research on the eVTOL design
has concluded to use three primary vehicle classifications: Vectored Thrust, Lift + Cruise, and Wingless
Multicopter [38]. To enable optimal decision-making when deciding for one configuration type or the
other, it is essential to understand that the major performance factors, such as cruise altitude, speed,
flying range, and environmental impact varies across the different configuration types [39].
Based on the description of the major air taxi configurations given by prior research [40], [38], [41],
[42] it is evident that each alternate design has its strength and weakness with regards to range, speed,
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passenger capacity, and environmental impact criteria. Therefore, from an operations management
perspective, determining the optimal number of air taxis in each design category is essential to achieve
a trade-off between service responsiveness, operating cost, and air taxi utilization.

2.9 Vertiports
The high-capacity demand in UAM requires the development of proper infrastructure able to
efficiently and safely cope with a high volume of operations. Vertiports, or, more generically,
vertiplaces, will be the structures to enable eVTOL take-off and landing. Despite their similarity to
existing heliports, special requirements must be met to adapt to new concepts of operations and
provide the equipment and services necessary for the dynamic UAM ecosystem. Several agencies have
been studying the requirements for vertiplaces, proposing different categorizations regarding the
expected volume of operations, their location within the urban environment and their main functions
(cargo delivery, passenger mobility or both). On the other hand, several eVTOL manufacturers,
together with infrastructure development companies, have been presenting different vertiplace
prototypes. This is the case of Skyport with Volocopter, creating the Voloport initiative, Lilium with
Ferrovial and Airbus with MVRDV.
A great research effort in vertiport development and demonstration is being conducted by NASA’s
AAM project in collaboration with Oneida County, which aims to establish the requirements for both
the infrastructure and testing protocols of vertiplaces. In their Vision CONOPS for UAM for a maturity
level of 4, NASA provides some guidelines on UAM aerodrome design and establishes the interaction
between the aerodrome, the UTM environment and the UAM operations environment (UOE).
Specifically, they highlight the requirement that all UAM aerodromes must have the capability of
emergency landing and redundancy in order to provide alternative sale landing areas. The company
Uber is also deeply involved in the development of a vertiport network, and their proposed solution
relies upon the repurposing of different existing structures like floating barge vertiports, highway
cloverleaves, and the top level of parking garages.
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3 Roles and Responsibilities
"It's not just about drones – the UAM market is expanding and a whole ecosystem from ticket
brokering, to drone-specific infrastructure, regulations and MRO services is adjacent to UAM flight
operations." (Manfred Hader, Senior Partner to Roland Berger, [43]).
This chapter summarizes the essential roles and responsibilities for drone operations according to the
literature. These are also listed and documented in detail in Appendix B of this document. For better
structuring and a simplified overview, a classification according to the UAM Eco system, as defined in
a study [43] by Roland Berger, is carried out and the various stakeholders are assigned to the domains
of this ecosystem.
This section does not claim to be complete with all detailed functions, but is intended to provide an
overview of the identified domains and the tasks they contain. For all details of the literature study
refer to Appendix B.

Service Providers
A common role found in all CONOPS is the service provider. From a European perspective, this role is
usually called U-space Service Provider (USSP). This figure can be found in several SJU projects [3] [5]
[44], varying slightly in the name or function, though the overall definition remains the same - The
entity that provides U-space service access to drone operators, to pilots and/or to drones, to other
operators visiting non-controlled very-low-level airspace [5]. The project CORUS distinguished
between Principal USSP and Operator USSP, where the former provides centralized services, and the
latter acts as interface with the drone and drone operator. The project PODIUM defined a similar role
to the Operator USSP – the USSP supervisor. This role would be for the entire drone operation, from
the register and approval of the flight plan, to the monitoring and communication with the drone
during the flight, coordination with ATC when necessary, and activation/deactivation of no-fly zones,
geofences and geocages in his/her area of responsibility.
The FAA [2] and Australian CONOPS [8] follow a similar basis to the European concept, establishing the
respective roles of the UTM service provider (USP) and the UAS Service Supplier (USS). However, the
FAA makes a distinction between the provider of services in U-space and the one in UAM, defining a
third role - Provider of Services UAM (PSU). The USS and the USP are responsible for providing services
to support drone operation in low level airspace. Further, the PSU provides services in UAM airspace,
optimizing operations and providing access to supplemental data in support of UAM operations. In the
FAA CONOPS, the USS also acts as interface with the PSUs to i) enable UTM operations to use PSU
network services to cross a UAM Corridor, ii) support UAM off-nominal operations as needed and iii)
support UTM off-nominal operations as needed.

Operators
The role of the operator follows a common basis throughout the literature [3] [5] [44]. Generally, it is
defined as the legal entity accountable for all drone operation it performs (equivalent to an airline in
manned aviation). Operators have to manage their operation within the given regulations and
constraints, as well as share information with UTM or U-space. Usually, the drone operator is
responsible for submitting the flight plan and monitor the flight in real time. This latter function is also
defined in some concepts as responsibility of the drone pilot (see following section).
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The FAA CONOPS [2] introduces the role of the UAM operator, who obtains current conditions from
PSU and Supplemental Data Service Provider (SDSP) services to determine the desired UAM
Operational Intent information such as location of flight (e.g., aerodrome locations), route (e.g.,
specific UAM Corridor(s)), and desired flight time which must be provided to the PSU.
Moreover, the figure of the fleet operator and the booking platform operator appear in the Australian
CONOPS [8]. This role is specifically designed for UAM, as it is responsible for managing the bookings
of on-demand UAM flights. The fleet operator will be responsible for selecting the vehicle and pilot for
incoming ride requests, submitting flight intent notifications in coordination with the UAM pilot, and
manage the final acceptance of a flight plan. The booking platform operator on the other hand will
provide the interface for trip requests from customers and will connect the request with the fleet
operator.

Drone Pilot
The drone pilot is responsible for managing and performing the drone flight [13]. The functions of the
drone pilot are sometimes mixed with the ones from the drone pilot. For instance, the projects
PODIUM and DOMUS indicate that the pilot is responsible for registration, flight plan submission,
communication with the USSPs and reporting of incidents/accidents – functions that can also fall under
the responsibility of the operator.
The EASA concept paper for certification defined the role of Control Unit (CU), which contrary to ICAO’s
concept, proposes to extend their scope to be able to control several UAs by one pilot [45].
The FAA [2] and the Australian CONOPS [8] define a specific role for VTOL pilots. As eVTOLs are
expected to have a pilot on-board during the first years of operations, these concepts outline the role
of the UAM vehicle pilot (AUS) and Pilot in Command (FAA). This will be the person aboard the UAM
aircraft who will ultimately be responsible for the operation and safety during flight. Further
technology developments will enable the autonomy of these vehicles, thus eliminating the role of the
pilot on board. In that moment, the figure of the remote pilot in command will enter into place,
following the same responsibilities of the generic drone pilot described above.

Airport and vertiport operators
As UAM will take place in urban areas, it may often be the case that an airport is nearby. Moreover,
UAM will need of a network of vertiports and vertistops to support operations. The operators of both
airports and vertiports/vertistops have a significant role in UAM as well.
Airport operators are responsible for the definition of operating procedures and interoperability
requirements, as well as ensuring the safe integration of drones in airspace [13].
Vertiport operators also receive the name of UAM aerodrome operators. According to the Australian
CONOPS [8], they are responsible for managing ground operations, overseeing ground safety, security,
boarding procedures, and charging and refuelling the vehicles. Vertiport operators should also
contribute to the development of standards and regulations [2]. On top of that, the FAA CONOPS gives
further operational responsibility to the UAM aerodrome operator, making them accountable for
providing information on current and future resource availability for UAM operations (e.g.,
open/closed, pad availability), and supporting UAM operator planning and PSU strategic deconfliction.

Authorities
Aviation and governmental authorities take part on the UAM ecosystem as well.
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The Civil Aviation Authority (CAA), Federal Aviation Authority (FAA) or National Airworthiness
Authority (NAA) participate in the drone operator/pilot registration and e-identification according to
national requirements. This figure provides information on aeronautical and non-aeronautical no-fly
zones, and reviews post-flight reports ( [8]; [2]; [13]). Moreover, the aviation authority provides a
regulatory and operational framework for operations for all airspace users, and is able of generating
new constraints during operations. Tasks to be carried out by this authority also include certification
of all elements that are considered to be safety-related. In many cases, the certification requirements
for either non-existent or in-development traffic management systems are yet to be defined.
National, regional and local authorities support the definition of operating procedures and rules;
explore applications of U-space to urban needs and propose methods to ensure privacy of citizens,
enforce drone regulation, and publish VLL hazards as they arise (cranes, building work) [13] .
Military Authorities are part of the system, and communicate with USSPs and ATC to create
permanent or temporary flight restrictions in order to segregate the airspaces required for their
operations [46].
Given the impact of UAM on noise in the urban environment, the Australian CONOPS [8] also foresees
specific organisations to be accountable for noise management in low-level airspace.

Air Traffic Control
As said before, many UAM operations will be performed in the vicinity of an operator, for which
coordination with ATC will be critical. Two main roles should be highlighted for this: the Air Navigation
Service Provider (ANSP) and the Air Traffic Controller (ATCo).
When drone operations take place close to an airport, the responsible ANSP shall coordinate and
exchange information with the USSP as to ensure the safety of both manned and unmanned aviation.
In some situations, the ANSP may accommodate UAM operations through the provision of ATM and/or
other services [8]. In that case, a designated ATCo shall identify drones flying in his/her area of
responsibility, follow its real time drone tracking information available, provide instruction and
clearances when needed, and ensure the safety of manned traffic operations [13].

Information exchange and provision
Information exchange is crucial for the safety and efficiency of drone operations. This is something
that is recognised in all concept of operations and thus determined through the definition of different
information exchange authorities and providers of information.
Information exchange authorities provide a common operational picture to support UAM and U-space
operations, facilitating data and acting as a proxy for both the rest of the U-space and ATC system,
maintaining a central database of airspaces, mission plans, e-registry and tracking [44]. This role
overarches the figures of the PSU Network and the USS Network defined in the FAA UAM CONOPS
[2], the Ecosystem Manager defined in DOMUS [44], or the Common Information Service (CIS)
provider in CORUS [5].
Moreover, other entities may provide relevant data to the information exchange authorities or direct
to the end users. These are:
•

The Aeronautical Information Management Provider (AIMP), which delivers sources of some
data consumed by U-space service providers and users. This role is usually performed by the
ANSP [13].
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•

Aviation Authorities providing information about aeronautical and non-aeronautical no-fly
zones

•

Supplemental Data Service Providers (SDSPs), which supply access to supporting data
including, but not limited to, terrain, obstacle, aerodrome availability, and specialized weather
[2].

•

Law Enforcement and Security Agencies, contributing with information from real-time or
historical data to relevant authorities as to enhance Security, Surveillance and Counter UAS
(CUAS) purposes [46].

Other Actors
Other U-space and UAM actors include drone manufacturers, who design the drone for the specific
services and ensure that it meets all common requirements set by the authority. To ensure
functionality, and in particular with regard to monitoring and navigation functions as well as
communication, this figure works together with the appropriate providers of the subsystems.
Maintenance companies ensure that the drone is checked and kept ready for use at regular intervals
in accordance with the applicable regulations. This can either be done through third party services or
by the drone operator himself.
Finally, U-space and UAM operations are not only relevant for the aviation industry, but for a whole
set of stakeholders which will be affected by it. This includes governmental entities, law enforcement,
municipalities, or the general public and citizens.
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4 Airspace Types and Structure
Several airspace structures have been defined with the aim of avoiding free uncoordinated routing in
UAM and thus reduce collision risk and increase capacity. These structures and airspace types can be
categorised as follows:

Corridors
Some projects, like the FAA UAM concept of operations [2], consider UAM operations to be carried
out making use of UAM corridors where all UAM aircraft (including helicopters) abide by UAM specific
rules, procedures, and performance requirements. Fixed wing aircraft and UTM aircraft are allowed to
cross UAM corridors.
Outside of UAM corridors, operations either adhere to relevant ATM rules (based on current
regulations) or UTM rules based on operation type, airspace class and altitude.
Operations within UAM corridors (or crossing them) will have to meet operational performance and
participation requirements. UAM corridor availability and status would be in accordance with ATC
operational design, and the information would be made available for UAM users and other
stakeholders for situational awareness.
There would be no use of tactical ATC separation provision within the corridor. UAM pilots/operators
are not obliged to monitor ATC frequency or to establish 2-ways communications with ATC unless the
aircraft enter into an off-nominal situation. In addition, transponders are only required in off-nominal
situations.

Tracks
For those cases where demand excesses a corridor´s capacity, the FAA concept of operations [2]
suggests increasing capacity by defining additional internal structures in the way of separated tracks
that would bring increased performance requirements for the operation to be carried out.
Another concept fitting this category for UAM operations is the “Zones” concept outlined in Metropolis
[47], which takes into account the layout of a city to design its infrastructure. In this case, the
segmentation is horizontal, with no vertical separation. The example given depicts a concentric shape
for a metropolis city, discerning circular zones (as traditional ring roads) to handle traffic around the
city, and radial zones to facilitate traffic flow towards and away from the city.

Airspace volumes
Several projects support the idea of segregated airspace for drone operations as the safest and most
efficient concept. Most of these projects consider Very Low Level (VLL) airspace (below 400/500ft AGL)
for drone operations to take place.
Based on the above, Amazon [48] proposes an airspace design for small drone operations in different
volumes split by height. Thus, drones would be allowed to operate in higher levels as long as they are
well-equipped to meet higher performance requirements. Non-flying zones are also defined.
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FAA CONOPS [49] is built upon controlled airspace (Class B, C, D and E) and uncontrolled airspace (Class
G).
UTM operations (carried out below 400ft AGL within these volumes) take an analogous approach to
the one from manned aviation in uncontrolled space. In line with this, the Australian CONOPS states
that UAM operations could take advantage of existing VFR corridors, transition routes, or existing
helicopter procedures [8].
Within this concept of airspace segregated by volumes and drone operations in VLL, CORUS [6], TERRA
[50], and DACUS [51], characterised these volumes according to the services being offered, the type of
operation and access and entry requirements. Then, only those vehicles meeting the corresponding
requirements would be allowed in the different volumes defined.
The three projects referred to above are based on three airspace volume types (X, Y and Z) that differs
from each other in the provision of conflict resolution services. The most complex environments (e.g.,
urban) will be type Z volumes, demanding pre-flight (“strategic”) conflict resolution and in-flight
(“tactical”) conflict resolution.

Free route
Free routing is a concept based on which aircraft can fly any path, so long as their planned path is
coordinated with and deconflicted from the paths of other aircraft by a traffic manager and approved
based on calculated risk [52].
Within this Free Route group, the “Full Mix” airspace concept from Metropolis [47] fits well, since it
describes an unstructured airspace where traffic is subjected to only physical constrains, such weather,
static obstacles and terrain; therefore, aircraft are permitted to use the direct path between origin and
destination, as well as optimum flight altitudes and velocities.

Layers / levels
SAFEDRONE [53] considers that it should be possible to separate the VLL airspace in several vertical
levels; but find that having several fixed levels of flight could be inefficient because it would limit the
altitudes to fly and the number of operations. For assuring a safe separation in the vertical plane, Uspace deconfliction services would be used to detect the possible conflicts and could provide the
operators with a range of safe altitudes for assuring the distances to other planned flight-plans.
In line with this, the Metropolis Layers concept describes the airspace as segmented into vertically
stacked bands, where each altitude layer limits horizontal travel to within an allowed heading range
[47]. This segmentation of airspace helps to reduce the probability of conflicts, but it comes at the
expense of efficiency.

Key Findings
It can be summarised that capacity increases when the horizontal path of aircraft is not overconstrained and when vertical constraints are used to separate traffic with different travel directions
at different flight levels as for the Layers concept. This mode of structuring improved performance
over a completely unstructured airspace by decreasing relative velocities between aircraft cruising at
the same altitude, while allowing direct horizontal routes.
On the other hand, corridor and fixed flight routes increase safety when there is high traffic density.
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Additionally, UAM operations will be developed in type Z airspaces, demanding strategic and tactical
deconfliction services.
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5 UAM Specific Services
UAM services are intended to support UAM operators to enable safe and efficient use of the airspace
volumes via meeting UAM operational requirements and in compliance with regulatory requirements.
These services may range across operations planning, flight intent sharing, strategic and tactical
deconfliction, airspace management, and support to contingency and emergency management. The
following subsections provide an overview of the UTM services, UAM services and the proposed
centralised and de-centralised architectures, as well as the services expected towards certain airspace
types.

UTM services
The European-wide Concept of Operations for UAS targeting an UTM concept called U-space, referred
as “CORUS CONOPS” [5], was released in 2019. A fair amount of the results of CORUS already found
their way into the new EASA draft opinion that regulate the overall aviation safety within Europe.30
U-space services have been presented in CORUS, where are further divided into 3 implementation
stages regarding U1, U2 and U3.
In 2018, the FAA NextGen Office released an initial overarching concept of operations (V1.0) for UTM
that presented a vision and described the associated operational and technical requirements for
developing a supporting architecture and operating within a UTM ecosystem. In 2020, the FAA updated
this CONOPS (V2.0) [49] to document the continued maturation of UTM and share the vision with
government and industry stakeholders, where 19 UTM services have been identified.
A detailed description of these services can be found in Appendix D.
Within recent research and development activities, the UTM services and relevant supporting
technologies have been widely studied, for instances: In PODIUM [3], the project tested the
performance of pre-flight and in-flight services using different scenarios ranging from airport locations
to beyond visual line of sight. The results were used to draw up recommendations on future
deployment, regulations and standards. In SAFIR [54], the objective of this project is to test several
U--space services managed by three USSPs and one ANSP within a real urban environment. The USIS
[55] project sought to validate the services that will be provided by USP to drone operators and third
parties, including the authorities in charge of the airspace, to demonstrate their readiness at a
European level. The study considered initial U-space services as well as more advanced services
necessary for beyond visual line of sight and operations over people and resulted for the U1/U2
services into categories. In DOMUS [44], by integrating the already developed technologies and
concepts under a centralised architecture, the study showed that the initial and some advanced
U--space services, including tactical de-confliction, are feasible. The IMPETUS [56] project looked at
what information is needed and how it will be used by drones in very low-level airspace. An
information management architecture based on microservices is proposed, which supports the testing
of various U-space services. Two ongoing projects, GOF 2.0 [57] and Open-Access UTM [58], will
contribute to key supplementary U-space data services and high-level description of services to be
provided by the different services providers, respectively.

UAM services
In 2020, FAA NextGen Office developed the Concept of Operations for Urban Air Mobility (UAM)
(CONOPS 1.0) [2] to describe the envisioned operational environment that supports the expected
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growth of flight operations in and around urban areas. Similar to FAA UTM, UAM services can be
characterised in 3 categories, which are services that are required to be used by operator, services that
may be used by operator, and services that provide value-added assistance to the operator. A provider
of Service for UAM (PSU)’s responsibilities were summarised in the CONOPS, where the key functions
allow a PSU to provide cooperative management for UAM operations without direct FAA involvement
on a peer flight basis.
Similar as the services provided by USS in UTM, PSU services support operations planning, flight intent
sharing, strategic and tactical deconfliction, airspace management functions, and support to
off--nominal operations. PSUs may also provide value-added services to subscribers that optimise
operations or provide access to supplemental data in support of UAM operations. The UAM operators
will obtain current conditions from Supplemental Data Service Provider (SDSPs) or PSUs services which
provide environment information (e.g., weather, terrain, and obstacle clearance data), situational
awareness, strategic operational demand, UAM aerodrome availability and supplemental data.
Compared with UTM, Air Traffic Control (ATC) plays an important role in UAM. ATC will determine the
possible impact of the contingency UAM operation on other aircraft receiving ATC services and
provides advisories or ATC instructions as necessary to mitigate the risk to other aircraft.
In 2020, EmbraerX and Airservices Australia developed a CONOPS for the management of UAM
vehicles—a concept called Urban Air Traffic Management (UATM) [8]. A set of UATM Services supports
the achievement of the UATM objective. Two foundational UATM Services preparing the UATM
environment for operation are the airspace and procedure design service and the information
exchange service. In addition, four operational UATM Services providing capability for day-to-day UAM
operations are the flight planning and authorisation service, flow management service, dynamic
airspace management service and conformance monitoring service. Not all operational services will be
required to support initial UAM vehicle operations. The maturity of UATM Services will evolve as UAM
traffic complexity or density increases. Each service will evolve in maturity at a pace commensurate
with the growth of operations, so that some services will achieve higher levels of implementation
maturity while others remain more basic. The necessary operational services and their level of
implementation maturity at each UATM horizon will depend on the unique needs of each airspace
environment.

Centralised vs. de-centralised
Within the FAA UTM ecosystem [49], the FAA maintains its regulatory and operational authority for
airspace and traffic operations. However, the operations are organised, coordinated, and managed by
a federated set of actors in a distributed network of highly automated systems via application
programming interfaces (APIs). Similar to UTM, the FAA maintains regulatory and operational
authority in its UAM, but the UAM operations are organised by a federated set of actors through a
distributed network that leverages interoperable information systems.
Following the principles of the U-space architecture, the SAFIR architecture realises the U-space
conceptual model through federated DTM service providers, which collaboratively provide the
necessary U-space services to drone operators. The state authority DTM system is the USSP, which is
acting as an information exchange gateway for the centralised service interactions between the DTM
service providers offering services to the drone operators and all other stakeholders. The Swiss
U-space is a set of decentralised services (Service Oriented Architecture) and associated functions plus
an all-encompassing framework designed to support multiple drone operations. The open GOF
USPACE [57] architecture aims to provide a framework for actors in and connected to U-space based
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on common principles for U-space architectures and SWIM (System Wide Information Management)
principles. [59]
In contrast, EHang AAV (Autonomous Air Vehicles) [60] is designed to be controlled by a centralised
command-and-control platform, by which the platform ensures all air vehicles are registered and
controlled to fly on specific routes. EHang believes that specific flight tasks can be coded, registered,
executed and monitored via the platform to ensure safety, efficiency and quality complex traffic
situations.

Services per airspace
According to the specification of CORUS [6], three different types of airspace volume, named X, Y and
Z are defined. Different services will be available in different types of airspace from different U--space
phases. Some of these are mandatory, or at least strongly recommended, while others are offered if
needed.
The FAA CONOPS [49] focuses on UTM operations below 400 feet above ground level and addresses
increasingly complex UTM operations within and across both uncontrolled (Class G) and controlled
airspace environments. UTM operations conducted up to 400ft AGL and in uncontrolled airspace are
exempted of the obligation to seek authorization from ATC when operating. However, whenever
entering controlled airspace, the remote pilot must inform ATC about the flight intent.
For FAA UAM [2], the operation airspace is divided as inside the UAM corridors and outside the UAM
corridors. For the operation inside the UAM corridors, all aircraft operate under UAM specific rules,
procedures, and performance requirements. For operations outside of UAM corridors, operations
adhere to relevant ATM and UTM rules based on operation type, airspace class, and altitude.

50

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

6 Separation and Conflict Management in
UAM
It is assumed that UAM corridors will be the primary mechanism of separation between UAM and
ATM/UTM operations. The separation assurance within the UAM corridors could be achieved at
various layers, such as strategic (pre-tactical) deconfliction, separation provision (tactical
deconfliction) and collision avoidance. The required conflict management will remain valid, while the
service provisions at each layer will become increasingly merged. As the evolving of UAM automation
and performance levels, as well as the regulatory framework, the associated separation assurance
methods may be also subject to further development. The following subsections provide a brief
introduction with regard to the proposed UAM separation approaches, and the three layers of conflict
management (including separation criteria) that are used in UTM and which could be considered for
UAM operations.

UAM separation
According to FAA UAM CONOPS [2], UAM separation is achieved via shared flight intent, shared
awareness, strategic deconfliction of flight intent, and the establishment of procedural rules. When
operating within a UAM Corridor, the FAA regulations and CBRs (Community Business Rule) include
the manner of strategic deconfliction and tactical separation. The strategic deconfliction is based on
collaborative flight intent sharing and advanced planning and the deconfliction rules are exercised by
the PSUs. The tactical separation is allocated to the UAM operators, including PIC (Pilot in Command)
and aircraft capabilities, and may include support from the PSUs. The PIC, supported by the UAM
aircraft’s capabilities and possibly PSU services, maintains separation from other operations within the
UAM Corridor. In the event a tactical action results in a UAM aircraft operating outside of the bounds
of shared UAM Operational Intent, notifications of the off-nominal event and updates to the UAM
Operational Intent are shared via the PSU Network.

Strategic deconfliction
As outlined in CORUS [5], the strategic conflict resolution service is invoked by the Drone operation
plan processing service. It can be invoked by a new operation plan submission or a change in submitted
operation plan. Strategic conflict resolution is before flight. This service has two phases which are
conflict detection and conflict resolution. In DOMUS [44], strategic deconfliction service compares new
flight plans with every planned or active flight plan and detects conflicts between each. The conflict
resolution function distinguishes between the normal and priority flight plans and provides several
alternatives to rejected ones. These alternatives may include variations on their trajectory, time,
altitude or operational volume.

Tactical de-confliction
In CORUS [5], tactical conflict resolution service is implemented as an advisory service. This service
requires that the positions of all aircraft are known and frequently updated in the airspace volume
being served. Based on these tracks the service predicts conflicts and then issues advice or instructions
to aircraft to resolve these conflicts. Further efficiency gains may be made if the service is aware of the
intention of each flight. To solve part of the limitations of the ground technologies, TERRA [61] has
conducted a study of machine learning (ML) for tactical deconfliction and conflict prediction. The
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results showed that ML methods can be very useful in helping predict conflicts in the urban scenario.
PODIUM [3] addressed separation management through the surveillance and tracking service and the
conflict detection service. The technical solution consisted in the UTM system for the USSP supervisor
to monitor both the mission and the trackers providing drone 3D positions, and a prototype mobile
application for the drone operator. Similarly, in DACUS [62], conflict resolution services are based on
predictions of conflicts. They are triggered when the probability of loss of separation is too high, based
on the most likely predicted trajectory for each aircraft. In the SkyWay [63] project, a synthetic vision
methodology based on Artificial Neural Networks was developed, coupled with data fusion algorithms
in order to unify other data sources, as well as avoidance trajectory generation algorithms. In DOMUS
[44], the tactical conflict resolution service predicts possible collisions between drones, and provides
the resolution to avoid their conflict, and evaluates eventual conflicts between inflight drones and
geofences. The METROPOLIS project [47] simulated 4 types of airspace structures: full mix, layers,
zones and tubes. For the first three structures, tactical Conflict Detection and Resolution (CD&R) tasks
were delegated to each individual aircraft.

Detect and Avoid
As specified in CORUS [5] collision avoidance is a last course of action if separation plans and provisions
of previous stages are failed. In U-space the collision avoidance layer is implemented with “Detect and
Avoid” systems. The EC Strategic Research and Innovation Agenda [64] pointed that a promising
method for DAA in order to detect obstacles and other traffic is to use the information available in Uspace. It is because U-space has access to the most recent maps of the environment, including the
exact location of obstacles. In addition, drones continuously report their positions to U-space.
PercEvite [65] presented a new technology enabling detect-and-avoid of ground-based static obstacles
and reduce the collision in the air during an autonomous operation. Two sensors, communication and
processing suites have been developed enabling the capability to avoid ground-based obstacles and
perform cooperative avoidance via Wi-Fi, LoRa, and LTE. DOMUS [44] focused on the detection and
avoidance of unexpected ground obstacles, using onboard sensors. This project demonstrated the
capacity of a drone to maintain a safe distance to buildings and other objects, leveraging on a DAA
device carried on-board.

Separation criteria
The deconfliction service in IMPETUS [66] builds a continuous situational awareness pictured by
continually modifying separation criteria for each object in the system in near real-time. In DACUS [62],
a set of dynamic separation minima criteria will be defined based on collision risk models, separation
intelligence allocation and CNS performance. For the different TERRA scenarios [61], separation
minima from terrain, obstacles and other drones are set by TERRA requirements. Considering the
importance that the altitudes of all of aircraft in the airspace are known unambiguously,
EUROCONTROL [67] aimed to establish a common altitude reference system and provided a basis for
discussion on such a system. Similarly, ICARUS [68] aims at addressing the problem of lack of common
altitude reference in manned vs unmanned aviation, or between different drone manufacturers. The
U-space service that ICARUS will develop and validate can be used by drone and manned aviation to
obtain their current altitude, using a Common Altitude Reference, as well as distance from the ground
or known obstacles.
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7 Integration with Manned Aviation
One of the main needs of the unmanned traffic is its integration with manned aviation, especially in
Urban Air Mobility airspace, where some manned aircrafts could carry out their operations (e.g.,
helicopters). This integration will need to define new flight rules to facilitate its development.
Ultimately this will allow the interoperability of the two types of traffic in different flight levels,
specifically in VLL (Very Low Level) where most UAS operations take place.
Taking into account the expected high number of simultaneous operations to be undertaken in UAM,
a certain level of automation will be needed to achieve the integration of UTM and ATM system. This
need has been addressed by several documents, such as the Indian UAM Concept [46] and the EC
Strategic Research and Innovation Agenda [64], which expect automation to play a major role in the
operation of drones.
In the case of UAM, the location of aerodromes near urban areas highlights the importance of
coordination and integration with ATC. [69]. This has been a need from the very beginning of U-space,
being already identified in the SESAR U-space Blueprint [4], and has continued to be addressed by
several literature as the Open Access UTM2 initiative [9] and the UK CAA UTM concept. [70]
In addition, it is necessary to define new flight rules that apply to the UAS and to other aircraft near
them with the objective of integrating UAS into ATM, as stated by EUROCONTROL in UAS ATM Flight
Rules Discussion Document [71], and proposes in operational concept for UAS accommodation [72].
The FAA approach for the integration of UAS in urban environments is to use UAM Corridors, where
the UAM operator will not receive ATC clearances nor ATC authorizations for operations [2].
One of the main challenges for the integration of UAS with manned aviation is ensuring safety. In this
regard, conspicuity is a key requirement to allow both kind of traffic awareness, and it is mandated in
the Draft Commission IR amending 923/2012 [73] for manned aircrafts operating in U-space and not
provided with air traffic services. Likewise, until DAA capabilities become available to UAS operations,
mitigations for collision risks are proposed by the EASA concept of certification [45] and the Australian
CONOPS. [8]
According to EASA’s proposed mitigations, if an UAS is flying within an urban environment where Uspace services are available, it is allowed to fly above VLL as long as it remains inside a volume of
airspace with services provision designated by the competent authority. In this case, there shall be
coordination procedures between the ATS Unit and the relevant U-space service providers to
guarantee appropriate separation / segregation between manned and unmanned traffic. Operations
of UAS in urban environments will first be managed like today’s manned helicopter operations in urban
environment. In some cases, this might be even more restrictive due to the need of operating within
published pre-defined routes. In the same scenario but for operations within the CTR of an aerodrome,
it is important that the traffic managed by ATC (e.g., manned helicopter operations) is procedurally
separated and segregated from the UAS traffic managed by U-space services providers.
In the case of piloted VTOL operations, in a volume of airspace where U-space services are provided,
it is expected that piloted VTOL adheres to these U-space services and uses them to mitigate the air
risk with other UAS or manned aircraft flying in the same volume of airspace.
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This is a non-exhaustive list of projects that have addressed the integration of unmanned and manned
aviation, for which further details can be found in Appendix F:
•

PODIUM [3] [13]

•

SAFIR [54]

•

DEMORPAS [74]

•

SKYWAY [63]

•

GOF2.0 [57]

•

SAFEDRONE [75]

•

SESAR DACUS [62]
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8 Contingency Management
Contingency and emergency management is an essential part of the UAS Traffic Management (UTM)
paradigm, as reflected by the fact that many projects, demonstrations and technologies have been
developed in order to manage non-nominal operations under loss of separation of UAVs with other
aircraft, hardware malfunctions, cyber-attacks, and geofence intrusions, among other contingencies.
Details about these projects can be obtained in Appendix G where the most relevant pieces of
regulations and project outcomes regarding contingency and emergency management are reviewed.
Contingency management is explicitly stated in relevant regulations as required procedures, as it
appears within several European regulations [21] [76] and FAA rules regarding vertiports and remote
identification and tracking [77] [78].
Existing concept of operations regarding UTM, U-space and UAM across the globe analyse contingency
and emergency management with respect to a variety of solutions. The European U-space CORUS
CONOPS [5] differentiates between mitigation, contingency and emergency, from less to more severe,
and expects the drone operator to define a series of contingency plans as a standard operating
procedure. Similarly, it defines contingency plans for some of the U-space services.
The UAM CONOPS by the FAA [2] describes two contingency scenarios involving off-nominal
operations and emergency landing, and describes the role of the UAM operator, the provider of UAM
services and the role of the PIC if a contingency occurs.
Similarly, the Australian CONOPS for UAM [8] analyses off-nominal operations such as a change in
vertiport destination, unsuitable weather and vertiport unavailability. It also considers failed vertiport
approaches and analyses the development of procedures for emergencies.
In addition to regulatory efforts and UAM CONOPS descriptions, contingency and emergency
management have been studied in a series of projects as a main focal point or as an additional result.
Research projects DOMUS, SAFEDRONE and Galician SkyWay have a strong focus on contingency
management.
The DOMUS project [44] developed a specific service to manage emergency situations (the Emergency
Management Service, or EMS), which is able to manage abnormal situations and protect manned
aircraft operations. It does so by registering alerts from several services, thus providing a mechanism
to send notifications to all involved actors, and defining emergency geofences.
The SAFEDRONE project [75] developed a series of procedures depending on the nature of the UAV
(fixed or rotating wing). It also studied in detail encounters between manned and unmanned aircraft
at Very Low Level and analysed interactions with ATC. This project concluded that U-space services
must be as automated and unified as possible in order to reduce workload. Another conclusion comes
from the technical requirements of aircraft systems in order to prevent and mitigate contingencies,
such as 4G/LTE tracking, ADS-B systems, ground control station specifications and communication
requirements.
The main focus of the Galician SkyWay project [63], led by Boeing Research & Technology Europe,
studied in detail 6 contingencies: Loss of Power, Loss of Engine, Loss of Ownership, Loss of Separation,
Loss of Link and Loss of GNSS, as well as a central Contingency Management Engine which would be
able of taking autonomous decisions. The performance of these contingency solutions was tested on
a specific simulation engine, the SkyWay Simulator [79]. Additionally, it was tested on several flight
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campaigns at a research aerodrome located at Rozas, Galicia (Northwest Spain). Hardware prototypes
were developed for some of the contingency solutions.
While not being focused on contingency management, several other projects have addressed the
implications of contingencies and emergencies: The Open Access UTM Research Programme, a recent
review of UAM scenarios for UAVs, and the SESAR projects DEMORPAS, DREAMS, DACUS, TERRA,
PODIUM, SECOPS and USIS.
The Open Access UTM Research Programme [9] delivered an UTM framework paper describing a set
of scenarios, including operations taking place over urban areas and their possible off-nominal
deviations. A review of UAM scenarios [1] considered contingencies caused by engine failures, adverse
meteorological conditions and internal system failures. It also analysed the emergency responses and
the required coordination with ATM and landing sites.
Regarding the SESAR projects, the DEMORPAS project [74] firstly studied in 2016 the suitability of
reproducing with RPAs the same emergency procedures used in manned aviation, deeming it unsafe,
as it lowered the predictability of the intended RPA emergency trajectory.
The DREAMS project [80] applied the SORA methodology and EASA risk matrix to a set of operational
scenarios involving emergency management caused by an off-nominal situation.
DACUS [81] [51] [16], following the CORUS U-space structure, takes a look at the Emergency
Management service, which must be available in a Z airspace.
The TERRA project [50] considers contingency plans in the case the combination of likelihood and
severity is medium/high.
An emergency warning system was developed at the PODIUM project [13], which would immediately
notify all the relevant stakeholders (authorities, drones…) in case of an emergency. In addition, a set
of generic procedures was developed in the case of off-nominal procedures (loss of link, DAA failures,
degradation of navigation…). The termination of the operation is considered in the case of some -offnominal situations.
Lastly, the SECOPS project, with a strong focus on security [82] analysed illegal geofencing crossings
and cyber-attacks within the U-space ecosystem, and the USIS project [83] considered alerts informing
ATC about deviations from the planned mission.
As we can see, the approach to contingency and emergency management has a strong heterogeneity,
and this issue is addressed at both the regulatory layer and at the definition of UAM CONOPS. It is also
studied in detail within several research projects since contingency management is considered
essential in order to provide safe and reliable drone operations within an UTM ecosystem.
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9 CNS Requirements/Architecture
In general, it is not possible for drones to rely on the standard Communications, Navigation and
Surveillance (CNS) solutions that manned aircraft use, which drives the need to resort to
non-conventional CNS solutions whose performances will play a central role in any capability-based
schema that articulates drone access to airspace [84].
Furthermore, CNS system performances will determine the capacity of the airspace. Its operational
volume shall be characterized by the position-keeping capabilities of the UAS in 4D space (latitude,
longitude, altitude, and time), in particular: accuracy of the navigation solution, flight technical error,
path definition error and latencies. Thus, minimum requirements must be set to ensure safe
operations [81]. These requirements may be the basis of standards considering that each environment
(X, Y, Za, Zu) is particular in the minimum performance requirements and such particularities should
be reflected by issuing of standards per environment or type of operation [50].
In general, a service-based system is foreseen for UAM, where the quality of the information will
always comply with the requirements necessary within the operational circumstances [64]. The
following sub sections summarise the main conclusions about CNS requirements.

9.1 Communication
In terms of Communications requirements for UAM, the Australian CONOPS contemplates that eVTOL
operations will conduct detect-and-avoid through some combination of human and technical systems
[8]. Initial eVTOL operations are expected to be piloted aircraft that will require voice communication
capabilities. In the future, eVTOL aircraft are expected to evolve towards autonomous operations with
increasing levels of automation as technology and associated regulations mature. Specifically, it is
expected that:
•

UAM vehicles will need to be capable of self-separation inside UAM corridors.

•

UAM vehicles will need the ability to monitor and communicate with each other.
Communication does not need to be through voice.

On the contrary, the FAA UAM CONOPS considers that two-way voice communication with ATC will
not be conducted inside UAM Corridors during nominal operations [2]. However, for off-nominal
operations (vehicle out of UAM corridors), ATC must be connected by radio by the pilot/operator.
With regards to the technologies, Mobile Networks are the most promising one for UAS’ air-ground
communications. Several projects have explored the use and performance of 3G/4G networks, even
of 5G for the future [57] [50] [85]. Other projects, like DroC2om, have worked in the design and
evaluation of an integrated cellular-satellite system architecture concept for C2 link in order to support
reliable and safe operations based on real UAV measurements and modelling [86].
However, some projects raise concerns about the performance of Mobile Networks at high altitudes
[54]. It is something that must be evaluated as soon as possible and clarify what is the threshold height
for a good performance. Additionally, LTE networks present some drawbacks regarding integrity, data
security, and even latency if they have to be used instead of the C2 link, so in order to provide the
required level of robustness, two independent LTE service providers will have to be used
simultaneously by every drone operator/ traffic manager [50].
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In this sense, the SkyWay project implemented a tool for analysing the IP based communications,
called GS-NADT (Network-Level Attack Detection Tool) [63]. This tool is envisioned as a
hardware-agnostic and transparent network analysis tool capable to analyse the communication
network between an UAV and a GCS for link monitoring allows to prevent Loss of Link (LoL) situations.
Other project called PERCEVITE [65], proposes Wi-Fi technology sensors to be used as air-air
communications sensing hardware. A technical analysis of the feasibility of using Wi-Fi for
broadcasting drone locations allowing to avoid collisions is carried out. The analysis shows that
communication for sense and avoid does not require a high throughput, but high reliability and range
to ensure a timely collision avoidance.

9.2 Navigation
According to the Australian CONOPS [8], the main Navigation requirements are exposed below:
•

UAM operations will need to have Area Navigation (RNAV), Required Navigation Performance
Authorisation Required (RNP-AR) capability or better.

•

UAM vehicles will need to be capable of precise positioning and give a level of assurance for
ATC and all airspace users that eVTOLs will stay in the defined UAM corridors.

•

UAM vehicles must be able to self-monitor conformance with the flight plan in the corridor.

As mentioned, navigation requirements must be more stringent in urban areas. This can also be seen
in other projects such as TERRA [50]:
•

The navigation system shall provide a horizontal accuracy below 5 m.

•

The navigation system shall provide a vertical accuracy below 10 m.

•

In urban areas, the navigation system shall provide a horizontal and vertical accuracy below 1
m.

It is generally recognised that Primary navigation will be based on existing Global Navigation Satellite
Systems (GNSS) with simultaneous reception of GPS, GLONASS, GALILEO and BeiDou (not all will be
required). Precision positioning for approaches to critical infrastructures (e.g., vertiports) or for flight
in urban airspace (Type Z) may also be required, requiring WAAS/EGNOS augmentations [12].
Furthermore, using integrity monitoring based on GNSS augmentation is needed to maintain
navigation integrity failure risk in non-segregated airspace and urban (high density) environment
below 10-5 per flight hour, to ensure an acceptable level of collision risk.
However, some shortcomings are already recognised [50]:
•

BVLOS applications in a high-density drone airspace volume, where accuracy and continuity
are limiting factors for separation, continuity of service above 0.999 is needed to maintain
collision risk below 10-6 per flight hour.

•

Urban canyons with high masking angles and high multipath conditions that worsen the
accuracy of GNSS.

The SkyWay project exposed three complementary technologies that have been combined for
enabling an alternative to GNSS navigation: Visual-Inertial Odometry (VIO), Image registration (IR)
and Signals of Opportunity (SOO). The combination of the three technologies achieves a performance
58

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

and operational range. Current results show that an absolute horizontal position error less than 50m
is maintained within a wide variety of operational conditions.

9.3 Surveillance
Regarding surveillance, drones are expected to be collaborative, meaning that they broadcast their
position to be seen. Some projects analyse the use of ADS-B technology, but the most of them not
recommended its use on VLL/U-Space airspace due the poor coverage, the poor deployment, and the
saturation of 1090MHz frequency. Secondary Surveillance Radars (SSR) are discarded too by similar
reasons [49] [63].
Telemetry reporting by Mobile Networks is the most promising technology for surveillance
applications. In several demonstrations, like DOMUS [44] and VUTURA [14], mobile technology has
been used, either to send the information from the GCS to the U-Space system or to send the
information directly from the UAV. Definitely, facilitating ground-based drone surveillance through the
4G/LTE network would circumvent the spectrum saturation of ADS-B users [87].
Telemetry reporting using mobile networks must be supplemented with an independent drone
position calculation to confirm the integrity of the position reported by the drones. Some examples of
these tracking services are: Triangulation, OTDOA or RPS (“Radio Positioning System”). RPS is a
cooperative independent surveillance system that calculates drone positioning based on received 4G
signal strengths. Accuracy of these technologies is currently much worse than GNSS accuracy, but they
assure the integrity of the data from position reporting techniques [44] [50].
Focusing on the FAA's point of view for UAM surveillance [2], UAM aircraft identification and location
information will be available to the UAM operator and to the surveillance network. This will not be
provided by ADS-B or transponders for operations in the UAM Corridors (so much so that ADS-B and
ATC transponders are prohibited from use in small UAS). Hence information must be sent by Remote
ID (RID). However, for off-nominal UAM operations (vehicle exiting UAM corridor entering surrounding
airspace), ADS-B and transponder might be activated [78].
On the contrary, the Australian CONOPS indicates that, for initial UAM operations, eVTOL aircrafts will
be equipped with ADS-B, to the same standard as required of other aircraft within the airspace
category in which they operate. Beyond initial operations, eVTOLs are expected to be equipped with
technology to support high-precision cooperative surveillance.
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10 Key Performance Indicators
Indicators and metrics will be essential for assessing the performance of the UAM environment and
for evaluating the effectiveness, suitability and performance of the systems, technologies and
operational procedures being developed. The following section introduces the key indicators used in
UAM performance and UTM demonstrations respectively.

Indicators for UAM performance
Below is an initial list of indicators and metrics that are used to assess the overall performance of UAM
[8]. Monitoring these indicators and metrics will be important after implementation to ensure UAM
operations and the airspace remain optimised.
Safety
•

Safety occurrences near vertiports

•

Safety occurrences in controlled airspace

•

Safety occurrences outside controlled airspace

•

Vertical and horizontal separation

•

Flight 4D compliance/non-compliance

Environment
•

Noise occurrences near noise-sensitive areas

•

The amount of energy consumed

•

Compliance with environmental obligations

Capacity
•

Vertiport capacity

•

Airspace capacity

•

Route/corridor capacity

Demand
•

Vertiport demand

•

Airspace demand

•

Route/corridor demand

Flight efficiency
•

Flight route efficiency

•

Flight route throughput

•

likelihood of conflicting traffic

•

Airborne holding time

•

Availability of efficient routes/corridors
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Flexibility
•

Provision of flexibility when traffic loads need to be dissipated to ensure operational continuity
and/or efficiency of traffic flow

•

The ability to plan in advance, request on demand and make changes to flight requirements

•

Enables flight plans to be updated as required due to changes in the operational environment

•

Allows airspace that otherwise would have to remain reserved if it could not be made available
dynamically to be used periodically

Predictability
•

Knowledge of where UAM vehicles can fly and increased likelihood of airspace access

•

Assurance of vertiport FATO accessibility for departure and arrival and route/ corridor
availability

•

Ensures that a flight plan can be reliably implemented without impact from other UAM vehicle
movements

•

Provides a system for identifying what airspace is available at what time. Supports business
continuity for vertiports, fleet operators and their customers, despite airspace changes

Access and equity
•

Airspace access authorisation approval rate

•

Able to access to controlled airspace through the use of dedicated airspace structures and
routes

•

All airspace users can gain access to the low-level environment

•

Pilots and fleet operators can gain access in a transparent manner to the shared resources of
vertiports and airspace

•

Possible availability of airspace whilst enabling prioritisation of airspace access

Participation and collaboration
•

Provision of a structured means by which new vertiport infrastructure can be considered

Global interoperability
•

Standardised structures and procedures for the UAM industry used in different countries

Infrastructure
•

Vertiport utilisation

•

Vertiport distribution

Information exchange
•

Timely and accurate information exchange

•

Information security
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Indicators for UTM demonstration
To assess the maturity of technologies, the capability of services and the stability of the ecosystem, a
wide range of indicators have been used in UTM live experimentation and flight demonstrations [83]
[88] [89]. Relevant KPAs and KPIs are summarised below:
Table 2 KPAs and KPIs for UTM flight demonstration [88]

KPAs and KPIs
Accuracy
• Altitude and position accuracy
• Reference system for altitude and
position

Reliability
• Data integrity
• Robustness to GPS failure
Classification

Availability
• Time to recover from U-space system
failure
Interoperability
• Interoperability with exterior systems
• Coordination with exterior stakeholders
(pilots, ATM, police, ...)
Identification
• Access to registration database
• Identification exhaustivity (drone
parameters, owner, etc.)
Security / cyber security
• Cyber vulnerability
• Data sharing
Deconfliction

• Discriminate drone from GA, bird, etc.
• Time needed to retrain the Aveillant
NCSS (new obstacle in the coverage
zone)
Detection
• Detection exhaustiveness
• Capability to discriminate
Failure mode
• Deterministic failure mode
• Frangibility, lethality
Performance
• Operational capacity
Scalability

• Conflict detection

• Detection range

• Separation margin

• Number of drones

Real time capability

Communication (all types)

• Latency

• Data integrity

• Real time agility

• Bandwidth

Automation

IHM
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• Reduce cognitive loads of Air Traffic
Controller/ drone pilot, etc.

Cost
• Cost of tracker, antennas, radar

• Reduce cognitive loads of UAV
controller/ Air Traffic Controller/ Drone
pilot, etc.
Human factor
• Crew Assessment of UTM Information
Properties

The above list is a non-exhaustive summary of indicators. Detailed descriptions of the concerned KPIs
can be found in Appendix I.
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11 Gap Analysis
Due to the relative novel character of U-space and UAM, the technologies and systems that support
them are not mature enough to achieve the level of safety and efficiency that is normally required in
manned aviation.
Several gap analyses have been performed. The analyses are based on existing expertise, surveys,
literature reviews, interviews and analyses of outlook studies and operational concept documents. The
overall conclusion of several studies is that the gap indeed exists.
The DREAMS project [80] analysed the information gap between manned aviation and the future
drone community, identifying two major gaps:
•
•

The lack of information provision about real-time manned traffic.
The gap in data services required to achieve capacity management in high-density traffic.

Contrary to other sources, the project proposes to mandate the use of ADS-B transmitters for both
manned and unmanned traffic in the urban uncontrolled VLL environment, to ensure that means are
available to safety operate those in the same airspace. To cater for capacity management, geovectoring is proposed to be implemented for drone flights.
The IMPETUS-project [90] assessed the availability of current information systems towards their use
for drone flights in a U-space context. The main gaps identified here are:
•
•
•
•
•
•

Aeronautical and geospatial data are missing the necessary level of detail to facilitate drone
operations;
Information to describe flights is not yet available for drones;
Communication infrastructure to assure the link between the drone and the ground control
station is not yet in place;
Availability and accuracy levels in terms of navigation needs improvement;
Surveillance is insufficient and not yet defined to the required accuracy level;
Drones are more vulnerable to the effects of weather.

The gap analysis concludes that data information provision must be improved, where available, must
be delivered from the manned aviation systems and must be certified by a competent authority. Also,
information exchange with manned aviation must be catered for. For the communication issues, a
dedicated aviation spectrum must be provided for in accordance to internationally harmonized
standards. For several information elements, a centralized solution is preferred, e.g., for the tracking
information and a central European U-space authority is proposed.
The DACUS-project [51] identified communication in urban areas as an important gap. In case of
comm-failure, the pilot will not be able to control the drone. Coverage in urban areas must be
improved by increasing the number of antennas and redundancy. Using the 4G network will improve
things as well, though this will not work at higher altitudes as the network antennas as tilted down.
The project also mentions surveillance broadcast as issue for the same reasons of lack of sufficient
communication infrastructure.
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The TERRA-project [50] analysed CNS technology according to their quality in quantitative terms. Gaps
identified by TERRA are the following:
•
•
•

Communication technology will need to be fast enough for real-time conflict detection. The
current quality of the networks will require them to be dual implemented using two different
independent providers;
Navigation will require integrity monitoring algorithms to detect gross errors in GPS and
EGNOSS data. Urban Canyons will introduce masking areas and create multipath conditions
that threaten the accuracy of the GNSS.
Surveillance will also require independent confirmation of integrity of the tracking data.

In particular, this leads to an identification of the most suitable technologies for:
•
•
•

A/G communication. LTE technology is preferred because of its availability in the low
frequency band and its level of coverage and deployment. A good solution would also be
WiMAX;
Navigation. In Urban conditions, a combination of complementary techniques is preferred that
consists of GNSS, EGNOS, 5G, LEO and on-board inertial systems;
Surveillance. The use of cellular networks (3G, 4G and 5G) will meet most of the functional
requirements.

To counter for the low accuracy of existing independent tracking solutions, traffic density of drones
should not be too high and must be further limited in case manned aviation operates in the same
airspace. With the introduction of 5G, a higher accuracy in telemetry reporting can be achieved hence
larger numbers of drones will be able to operate simultaneously.
The AIRPASS-project focused on on-board technologies and identifies gaps for:
•
•

Current communication systems lack sufficient infrastructure to support the required
bandwidth for U3 and U4 deployment.
For surveillance, the current ADS-B broadcasting equipment does not provide sufficient ICAO
addresses and the 1090MHz frequency band will not suffice as the same frequency is used for
other functions as well.

The project proposes to perform analysis in urban areas to identify areas of poor communication
coverage. Guidelines for the market to define the necessary quality of communications must be
developed. For surveillance, another solution than ADS-B needs to be sought.
The general conclusion is that UAM functionalities are not yet as mature as they should be. In
particular the following gaps are identified:
•
•
•

Information provision is not as accurate as should be;
CNS functions and systems do not provide the quality that will allow safe and efficient urban
operations;
Integration with manned aviation is not at the level of safety required in aviation.
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12 Safety Assessment Methodology
Safety assessment methodologies are methodical evaluations of a system performed with the
objective of demonstrating its compliance with certain safety requirements.
UAM is a novel scenario that involves new systems such as U-space and UAS which regulations and
standards are under development. The most recent regulation to come into force in this scenario is
the EU Regulation 2019/947 [3] for UAS which defines three operational categories according to their
operational risk: Open, Specific and Certified. The Open category is reserved for the less risky
operations and does not require authorization, the Specific category is for medium risk operations and
the Certified category covers the highest risk operations such as those involving carrying people or
flying over assemblies of people.
The safety requirements for these categories are proportional to their operational risk. The Open and
Specific categories are the less demanding ones while the Certified category has requirements closed
to manned aviation.
In manned aviation there are well established safety assessment approaches detailed in EUROCAE/SAE
recommended practices ED-79A/ARP4754A [107] for aircraft system development and ARP 4761 [108]
for safety methods. They assess safety starting with a Functional Hazard Assessment (FHA) to identify
potential functional failures and classify the hazards associated with specific failure conditions, and
then they continue with Preliminary System Safety Assessment (PSSA), and System Safety Assessment
(SSA) to derive safety requirements and demonstrate the system meets these safety requirements. In
addition, the ARP 5150 standard is used for aircraft safety assessment in operation.
In the scope of ATM, the European Safety Regulatory Requirements (ESARR) contain clearly identified
mandatory (safety regulatory requirements) and non-mandatory provisions providing rationale,
clarification and support material. ESARR 3 “Use of Safety Management System by ATM Service
Providers” mandates the implementation and use of Safety Management Systems (SMS) by providers
of ATM services. ESARR 4 “Risk Assessment and Mitigation in ATM” concerns the use of risk assessment
and mitigation, including hazard identification, in Air Traffic Management when introducing and/or
planning changes to the ATM System. It applies to all providers of ATM services in respect of those
parts of the ATM/CNS System and supporting services for which they have managerial control.
ESARR 4 develops further ESARR3 requirements on risk assessment and mitigation. In this case the
safety assessment process is an iterative process that consists of an FHA, PSSA and SSA derived initially
from ARP4754/ARP4761 and modified for dedicated best practices for safety assessment in ANS added
since early editions.
These AMCs and guidance material are to be followed by UAS in the Certified category as already
described in SC VTOL and SC Light UAS. However, the future CS UAS will concrete the requirements for
this category.
On the other side, the Open and Specific categories have fewer demanding requirements. The EU
Regulation 2019/947 [4] accepts the SORA methodology as AMC. SORA provides a process consisting
in 10 steps to analyse a proposed CONOPS and establish an adequate level of confidence so that
operations can be conducted with an acceptable level of risk.
As a result of the process, SORA provides a Specific Assurance and Integrity Level (SAIL) determining
the necessary mitigation actions to achieve an acceptable level of risk. SORA provides a table called
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Operational Safety Objectives (OSOs), which defines the objectives to be met by the operation
depending on the estimated SAIL.
The Acceptable Means of Compliance for these OSOs are under development in EUROCAE Working
Group 105 which has already published ED-280 [109] which contains guidelines to obtain the evidences
that the UAS is design considering system safety and reliability and perform the required safety analysis
to fulfil part of OSO#5 (UAS is designed considering system safety and reliability) requirements, for low
and medium level of robustness.
The document outlines the steps to perform the safety analysis for low and medium level of
robustness which use previously discussed method: define CONOPS, perform FHA as defined in ED279 [110] for medium level, describe the UAS architecture, assess failure conditions (using FMEA for
low level and FTA for medium level) and check if safety objectives are fulfilled.
Regarding U-space, CORUS [19] proposed the MEDUSA safety assessment strategy. The MEDUSA
process provides a holistic approach to the U-Space safety assessment incorporating different
viewpoints, not only the operator perspective (which comes with SORA), but also the airspace
perspective of the U-Space service provision and the interoperability of these services with the
ATS/ATM. The operators’ perspective remains within MEDUSA with the reception of different SORA
assessments, and the U-space perspective with the integration of those results in a single safety
assessment. This safety assessment shall be conducted considering normal, abnormal and faulted
conditions in order to derive a complete and correct set of safety requirements/mitigations to be
implemented at U-Space service level, at drone operators’ level and/or at non-U-space service
providers’ level, such as ATS providers.
However, it should be noted that the safety assessment methodologies for U-space are under
development as there are still no regulation and SORA Annex H about U-space risk assessment has not
been published.
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13 Verification and Validation
Flight demonstration is an effective means to verify the operational capabilities of UAS in specific
environments and the maturity of UTM services and technologies, contributing to conceptual
validation and implementation. The existing flight demonstrations cover a wide variety of UTM
aspects. Some typical demonstrations are summarised in the subsequent paragraphs.
The DroC2om [91] project reviewed the capacity of the existing cellular and satellite infrastructure that
supports C2 datalink communications, using live flight trails and simulations to test availability and
performance.
GEOSAFE [92] set out to establish geofencing U-space solutions and to propose improvements and
recommendations for future definition. This project was based on a one-year long flight-test campaign,
including 280 flight tests in urban and rural areas.
To safely integrate drones into the airspace, SAFIR [92] conducted a series of demonstrations to show
how technology can support the safe deployment of a multitude of drones in a challenging airspace
environment. The test scenarios included parcel delivery flights, aerial survey, medical inter-hospital
flights and emergency prioritisation.
The on-going project DACUS [81] will address challenges and gaps identified through their validation
activities, which include the design of advanced models, the development of new functionalities of the
U-space services to support the defined Demand and Capacity Balance (DCB) processes, and the
execution of fast-time simulations to assess the evolution of KPA when implementing DCB measures
or in unexpected events.
NASA collaborated with the FAA, UAS Test Sites, and industry to develop and test a UTM system
research prototype to help identify requirements for an operational system. Flight demonstrations and
National Campaigns were conducted to assess the feasibility of operations across the Technical
Capability Levels (TCL) 1-4.
UAM relevant flight demonstrations have been tested by means of real-time human in the loop
analysis and fast simulation. For the former, a high-fidelity simulation of Essendon tower traffic tested
the degree to which the current ATC system could accommodate a growing number of UAM
operations. For the latter, the fast-time simulation established the limitations of the current system
and identified the benefits of introducing UATM services [8].
Simulation is a key enabler of the development of U-Space, which allows researchers to explore and
evaluate UTM concepts, techniques, services and architectures that are still being defined yet will
serve as critical foundations for the future proof of U-Space. In recent years, a growing body of research
has shown the capability in providing a holistic framework for UTM simulation.
As one of the early efforts, NASA, in collaboration with various stakeholders, has developed a multifaceted simulation component hosted in its UTM Laboratory, which supports near-term live flight
testing in addition to further term concept exploration.
Multi-Aircraft Control System (MACS) [93], as an example, is a client that helps generate custom, mapaided flight profiles and operational volumes. The operational volumes could be submitted to the UTM
research platform. Any number of flights is able to be operated in autonomous and manual modes
which provides the user the ability to perform specific manoeuvres during flight.
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Fe3, a fast-time simulation tool developed by NASA has been used to study the high-density and
low -altitude air traffic system. It is composed of two key functions: trajectory generation and collision
avoidance, which has proved the capability of performing high-fidelity Monte Carlo simulations to
support statistical analysis of the UTM operation [94].
In the scope of project METROPOLIS [95], the Traffic Manager (TMX) software was used as the
simulation platform which is based on a medium-fidelity desktop simulation application designed for
the investigation of novel ATM concepts.
The advances in agent-based techniques have enhanced the simulation of UTM operation scenarios
where constant coordination within stakeholders is envisioned. A survey has been conducted across a
number of well-known agent-based frameworks, such as Gazebo, AirSim and Janus, comparing their
applications in UTM simulations [96]
AgentFLY is a multi-agent simulator of UAV air traffic control supporting the free flight concept. It
provides a distributed model of flight simulation and control, flight planning and collision avoidance
and contains connectors to external data sources, 2D/3D visualization component and a multi-assess
operator [97].
MATRUS (Multi-agent Air Traffic and Resource Usage Simulation) is another integrated environment
platform, which aims at air traffic simulation, communication resource estimation, data analysis and
traffic animation regarding sUAS traffic in low level altitude airspace [98].
Similarly, the end-to-end UTM simulator POLARIS, based on AgentFLY technologies, is able to provide
simulated UAS traffic at scale, capable of generating simulated UAS traffic, simulating the behaviour
of a “rogue” or malfunctioning UAS while also generating the clutter made by thousands of automated
flights [99].
BlusSKY [100] is an ATC traffic simulator implemented following an open-data and open-source policy,
which keeps the tool easy to use and modify. It contains simulations of aircraft performance, flight
management system, autopilot, conflict detection and resolution and airborne separation assurance
systems.
A gate-to-gate ATM/Airport commercial simulator, RAMS Plus [101], allows simulation of full 4D
movement of each aircraft through time, and each airplane’s dynamic interaction with other aircraft,
airspace structures, airspace procedures and rules. This integrated system is composed of data
preparation and display system, simulation engine and graphic simulation animation tools.
Another agent-based simulator SkyWaySIM [79] which was initially conceived to simulate scenarios
in the ATM domain was later evolved within the SkyWay project, taking into account 3D terrain
modelling and visualization, connections with ground control stations including full RPAS support and
connections with ATC via ASTERIX protocols.
In the meantime, multiple existing SESAR U-Space projects have leveraged on the UTM simulation
capabilities. Those include Exploratory Research projects: DREAMS developed and validated a group
of real-world scenarios via two simulation software tools (DREAMS UTM platform and BlueSky Flight
simulator) [80]; TERRA set up a simulation platform that integrates different key components such as
the ATC, communication, environment and track simulators, as well as a UTM module [102]; and
IMPETUS conducted a large amount of hybrid simulations that incorporate synthetic traffic with
real--time data coming from operations (surveillance and tracking) obtained from life-trials [103].
SESAR Demonstration projects such as EuroDRONE [104] and SAFEDRONE [53] also utilised
simulations, besides their main flight trails, to test and validate some particular functionalities (e.g.,
detect and avoid methods) and thus partially contribute to the success of live demonstrations.
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14 Standards & regulation
14.1 Introduction
The International Civil Aviation Organisation (ICAO) [105] has a mandate for Remotely Piloted Aircraft
(RPA) which can be traced to foundational articles of the Chicago Convention namely Article 1, 8 and
29. These articles together with the Annexes to the Chicago Convention, in particular Annex 2, provide
further logical links between the existing regulatory aviation framework agreed by member states and
the operation of RPA. These articles and related annexes result in the common safety principles that
every country has to ensure safety of aviation in its airspace and ensure that RPA activities are
reviewed and operated in a manner to minimize hazards to persons, property and other aircraft.

14.1.1 RPAS Panel
At the ICAO level, the RPA standards work is managed by the RPAS Panel which brings together
regulators and industry from around the world to ensure geographical representation and diversity.
Once the regulatory standards are agreed at ICAO level, countries are obligated to implement the
rules. The current timeline for a range of provisions from the RPAS panel are to become applicable by
2026 with a range of effective dates in between.
Table 3 ICAO RPAS Panel Proposals for UAS provisions
Area

Provision Review

Registration

Date Effective

Date Applicable

Annex 7

Safety
Management

2024

2026

Licensing

Annex 1

Airworthiness

Annex 8, Parts 1, 8, 9, 10

2021

2026

C2 Link

Annex 10, Vol 5 and 6

2021

2026

Operations

Annex 6, Part 4

2024

2026

Annex 10 Vol 4 Part 2

2025

2026

Detect
Avoid
Other
provisions

and

2022

Meteorology, charts, accident investigation, aerodrome, AIM, security, dangerous goods
etc,

14.2 EU regulations
The Europe Union legislated to form EASA to manage the safety of civil aviation within Europe and it
is empowered to do so through treaties signed by its members. This regulation EU 2018/1139 [106]
sets common requirements for civil aviation including UAS operation across Europe including the UK.
Note that the UK retained a range of EASA rules but also adopted key UAS regulations prior to Brexit
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on Dec 31 2020. This means that there is for the first time a high degree of harmonisation across
Europe as a result of the adoption of UAS regulations packages 2019/945 and 2019/947.

14.2.1 UAS Regulations
The EU UAS Regulation package of Dec 2020 provide a region-wide common regulatory framework for
RPA regardless size. It consists of two separate, interlinked regulations:
1. Commission Implementing Regulation (EU) 2019/947 on the procedures and rules for the
operation of unmanned aircraft in 3 categories namely, Open, Specific and Certified. This
includes a set of product standards, primarily for the Open category drones for sale in Europe.
a. Commission Implementing Regulation (EU) 2020/639 amends 2019/947 to add
standard scenarios for operations executed in or beyond the visual line-of-sight.
b. Commission Implementing Regulation (EU) 2020/746 delays the applicability of
2019/947 due to the Covid-19 pandemic therefore does not have longer term
implications.
2. Commission Delegated Regulation (EU) 2019/945 on unmanned aircraft and on third country
operators of unmanned aircraft systems.
a. Commission Delegated Regulation (EU) 2020/1058 amends 2019/945 to add two new
unmanned aircraft systems classes.
Given these are recent changes, EASA has set-up a website specifically to help the public navigate
through the rules (https://www.easa.europa.eu/the-agency/faqs/drones-uas).

14.3 Airworthiness
Rather than deriving a certification basis of UAS from existing CS-specification, EASA is developing
certification and airworthiness rules from ground-up (see Figure 1 Certification organisation) that will
allow it to fit current and future unmanned aviation systems into the CS-system. The diagram
articulates two new categories CS-VTOL and CS-Light UAS - the former for people carrying small aircraft
while the later for cargo operations.
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Figure 1 Certification organisation

14.4 Air Traffic Management
Airspace is managed nationally and internationally to standards agreed at the international level at
ICAO. At the regional level, the Single European Sky project was set-up to increase the efficiency of
airspace use and management across Europe. Air Traffic Management applies to the safe, economic
and efficient management of air traffic and airspace including the provision of air traffic services.
Unmanned aviation and supporting functions are still evolving including traffic management of drones.
While the foundational principles for traffic management are the same e.g., maintain separation,
enable safe operations etc the building blocks are different. UTM relies on digitisation and automation.
Therefore, there is a need for ATM and UTM to function together to enable AMU-LED demonstrations
to progress.

14.4.1 Unmanned Traffic Management
UTM is a system designed to enable the integration of drones into airspace, including that used by
other aircraft. U-Space is an enabling framework designed to facilitate any kind of routine mission, in
all classes of airspace and all types of environment and addresses questions of interaction with manned
aviation and air traffic control. The concept aligns with the ICAO UTM framework [107] and UTM
approaches in the USA (ref NASA UTM) and the UK (ref CPC Open-access UTM) are broadly consistent
with U-Space.
The starting point is EASA’s regulatory framework [7] which requires the following entities to support
UAS operations
1. U-Space airspace - Member States can designate one or more volumes of airspace as U-Space
airspace which must be made publicly available. These airspaces can be called UAS
geographical zones or Geo-zones in accordance with Article 15(3) of Regulation (EU) 2019/947.
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2. Designated Service providers
o

Common Information Service (CIS) provider will disseminate a set of static and
dynamics data called centralized services, to support the safe handling of unmanned
air traffic, using the same data as for manned traffic.

o

U-Space Service Provider (USSP) are organisation involved in unmanned aircraft
operations that will provide services necessary for the intended operations.

3. Services – Remote identification, Geo-awareness, Flight authorisation, Tracking, Weather
Conformance monitoring, Traffic information.
Each U-space airspace will have only one CIS provider while there can be several USSPs. Both entities
will have to be certificated to operate. Drone operators will communicate with USSPs and the CIS will
ensure that there is a fair access to the airspace and a proper coordination between USSPs and other
stakeholders such as ATC. The CIS providers will be required to connect with nearby ATC and perhaps
there may be a need for CIS to synchronise data with each other.

14.4.2 Interoperability
There is a need to develop communication solutions to enable key airspace stakeholders e.g., UTM
service providers to communicate data, flight plans and so on. This requires a system of systems
approach to interoperability leading to three integration challenges: •
•
•

physical integration using interface definitions and message protocols to enable seamless
message exchanges
functional integration provided by a system of system architecture.
semantic integration to ensure that systems are able to consume and interpret the data.

These integration challenges require solutions for Technical interoperability and Cyber-Security and
Data protection provisions.
Technical interoperability allows seamless communications between hardware, software components,
systems and platforms to communicate seamlessly. Achieving it requires adoption of common
communication (including security) protocols and supporting infrastructure for the protocols to
operate effectively. There are a number of approaches (Ref. Appendix) that are in development such
as the System-Wide Information Management (SWIM) framework and ASTM’s UTM activities with
underpinning data from security standards e.g., ISO/IEC 27001:2013 and NIST SP 800-53.

System-Wide Information Management
The SWIM concept, as part of ATM modernisation, is a means to provide a systematic, global approach
for digitally managing, accessing and exchanging ATM information such as Flight Data, Aeronautical
Information, weather or surveillance data. The concept consists of standards, infrastructure and
governance for the exchange and management of air traffic information between approved parties.
SWIM based information models have been used in the NASA UTM and SESAR U-Space research
projects as well as by dozens of UTM software developers to research UTM communications and
information exchange.
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14.5 UTM Standards
Globally, there are numerous Standards Development Organizations (SDO) whose members include
governments, regulators, industry and academia and many of which are actively working on UAS
specifications. This initial review has focused on the efforts of the mainstream bodies actively pursuing
UAS standards namely, EUROCAE, ASTM and ASD-Stan. Although ISO is pursuing the standards, the
activities are at early stages and therefore not reported here.
At the European level, the EUSCG is a joint coordination and advisory group formed in 2017 to
coordinate the UAS-related standardization activities across Europe. It aims to provide a link to bridge
European activities to those at international level. The main deliverable of the EUSCG is the European
UAS standardization Rolling Development Plan which collates all relevant regulatory and
standardization activities and is updated regularly in order to maintain visibility and awareness of the
progress. This plan can be found at its website (euscg.eu/rdp).
AW Drones, a Horizon2020 funded project (Jan 2019 – Dec 2021), is building a repository of technical
standards and best practices which now available to the public and industry (https://standards.awdrones.eu/). This database has added an extra source on drones’ standards landscape in addition to
the work of the EUSCG.
The following is a listing of significant standards available or in planning applicable to airspace
integration for UAS operations

14.5.1 ASTM
The ASTM F38 UTM Committee was created to build industry consensus on UTM with a view to
converting this into standards. The standards activities cover the UAS ecosystem including UTM which
is built on the learnings from the NASA and FAA UTM trials programme.
1. F3411 - 19 Standard Specification for Remote ID and Tracking
2.

WK63418 New Specification for UAS Traffic Management (UTM) UAS Service Supplier (USS)
Interoperability

3. F3442/F3442M-20 Standard Specification for Detect and Avoid System Performance
Requirements

ASTM Interoperability Paradigm - Discovery and Synchronization Service
The Discovery and Synchronization Service (DSS) is a concept for facilitating the discovery of relevant
airspace data and synchronization between multiple participants when updating airspace data. DSS
was originally introduced in the Network Remote-ID standard and has also been open-sourced by the
Linux Foundation.
The standards draw on the Federated approach in which multiple USSPs can be active in a given region
with each responsible for delivering several services. Participating USSPs are then required to be able
to share data on a peer-2-peer basis. The necessary peer-2-peer collaborations are to be achieved
using the Discovery and Synchronization Service (DSS).
The interoperability solution is made up of two parts:
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1. A Standard-based Discovery Mechanism referred to as the Discovery and Synchronization
service which has 2 functions:
a. To be able to identify USSPs who are active and with which to data-exchange is
required; and
b. To ensure that each USSP has accounted for existing flight entities belonging to other
providers when necessary.
2. Service specific data exchange models used together with the DSS services.

14.5.2 EUROCAE
1. ED-266 Guidance on Spectrum Access Use and Management for UAS
2. ED-267 OSED Detect and Avoid in Very Low-Level Operations
3. ED-269 Minimum Operational Performance for Geofencing
4. ED-270 Minimum Operational Performance for Geo-Caging
5. Draft ED-282 Minimum Operational Performance Standard for UAS E-Identification.

14.5.3 ASD-STAN Direct Remote-ID
2019/945 [23] imposes that all drones operating in the open and specific category below 120 m are
equipped with a remote identification function providing wireless digital access to the operator’s
registration. This standard provides information in support of direct remote identification.

14.6 Vertiports/heliports
Annex 14 vol 2 provides heliport design guidance and recommended practices. It only covers licenced
heliports and it is left to each country to define its rules for heliports beyond the Annex e.g., helipad
on a building or hospital. The guidance applies equally to ground level, roof-top or a raised platform.
EASA established a Vertiport Task Force (VTF) to develop a Vertiport Design Manual (under Rule
Making Task 0230) to provide guidance material to European Union Member States on the approval
of the design of vertiports. EASA is using International Civil Aviation Organisation (ICAO) Annex 14
Volume II as a foundation for the Manual, deviating where there is proven value and the performance
of the vehicles can justify it.
The UK applies ICAO Annex 14 standards through CAP 168 Aerodrome Licensing to all of commercial
helipads and heliports in operation across the country as well as off-shore. To site a vertiport within a
congested area or close to an open-air assembly of 1000 people or more would require CAA approval
else the operators only need the land owner's permission. The UK CAA has set-up a Future Air Mobility
Challenge Sandbox with a view to invite industry to collaborate with the regulator to help develop
regulatory data for the partners trials.
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14.7 Airspace Management
The UAS regulations 2019/947 enables UAS Geographical Zones which may be established by the
“Sponsor” role for the purposes of Safety, Security, Environmental or Privacy reasons. The term ‘UAS
Geographical Zones’ is a collective term for airspace restrictions established within the current
airspace reservation scheme that either restrict or facilitate UAS operations and affects to UA only or
to both UA and manned aircraft. They are not a new type of airspace.
From a U-Space perspective, Geographical zones may also be implemented by classifying the airspace
as type X, Y or Z. The U-Space rules also require UTM services to be deployed in these airspaces
together with the allowance for manned aviation to be able to operate in the airspace.
The airspace authority, typically the Civil Aviation Authority of the state, is responsible for deciding, or
revising, which volumes of their airspace have which classification. The approval process considers
safety (air and ground risks), social impact, security and cost of U-Space provision.

14.8 Noise and emissions
Regulation 2019/945 [23] introduces that manufacturers shall include a label indicating the noise of
the UAV. This is key to operate in certain operational categories (Open Category).
Work package 7 of this project will further study noise and emission regulations for UAS.
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15 Conclusions and Recommendations
This deliverable gathers the findings of U-space and UAM related projects and initiatives with the aim
of reflecting the state of the art on these topics, focusing on key aspects relevant for AMU-LED. The
information collected in this deliverable will serve as input for the following work packages and
deliverables and will act as a basis for the AMU-LED project team to build upon.
Urban Air Mobility is defined in the literature as an ecosystem of on-demand, unmanned aerial systems
that may transport passengers and/or cargo in urban environments. UAM is comprised of a network
of actors that goes from the drone operator and flying personnel, to manned and unmanned traffic
services providers, as well as vehicle manufacturers and owners among many others.
UAM entails a set of key principles and challenges that are fundamental for its development. Generally,
the challenges for the development of UAM respond to the achievement of the key principles that
drive it. For instance, the challenges derived from operating in an urban environment (e.g., weather,
urban canyons, or automation) are intrinsically related to the key principles of safety and security.
Market viability is a key challenge as well, ensuring the key principles of flexibility, scalability, fair access
and cost efficiency. This is also related to public acceptance, which will be a crucial aspect to integrate
UAM in society.
The concept of operations varies slightly through the literature, providing different definitions,
operational structures and roles for UAM. The FAA for instance defines UAM as those operations
limited to corridors and tracks within urban environments, while other European concepts like
Metropolis or SAFEDRONE also consider operation in layers/levels or free routing. The concept of
operation may also vary depending on the use case: while the air taxi, air ambulance or transport of
goods may benefit from a corridor-like concept, other use cases such as surveillance or law
enforcement missions may have different operational needs. Overall, the CONOPS will have to be
adapted to the different UAM use cases – from the more socially accepted first response use cases
(firefighting, air ambulance, law enforcement) to business-driven use cases like delivery of goods or
tourism. The AMU-LED team will perform an analysis of the different use cases and mission types in
work package 3, providing the specific concept of operation to the selected use cases.
The provision of UTM services is another key part of the UAM ecosystem. While several concepts have
been released for pre-flight and in-flight services, more advanced services are needed to ensure safe
BVLOS flights in urban environments. The FAA NextGen Office proposed a concept where specific UAM
services would be given by a Provider of Services UAM (PSU). Similar to U-space services, PSU services
would support operations planning, flight intent sharing, strategic and tactical deconfliction, airspace
management functions, and support to off-nominal operations. The AMU-LED project will study the
services needed to ensure the safe operation of drones in urban environments. Specific attention will
be given to integration with manned aviation and separation, conflict and contingency management,
establishing the optimal concepts and procedures for operation.
The type of vehicle will also affect the concept of operations. The literature outlines several designs
varying in performance, range, speed, passenger capacity and environmental criteria. Therefore, when
designing the CONOPS it will be crucial to look into the type of vehicles and its performance capabilities
as to ensure safe and efficient UAM operations.
Furthermore, CNS system performances will determine the capacity of the airspace. UAM operational
volumes shall be determined by the position keeping capabilities of the aircraft in 4D airspace (latitude,
longitude, altitude, and time), in particular: accuracy of the navigation solution, flight technical error,
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path definition error and latencies. Thus, minimum requirements must be set to ensure safe
operations.
Regarding the technologies, the literature agreed that UAM functionalities are not yet as mature as
they should be. In particular, information provision, CNS functions, and technologies for the integration
with manned aviation are not accurate enough. However, there are a number of technologies that may
help in getting to the level of quality needed to ensure safe operations: Mobile Networks are the most
promising for air-ground communications, while telemetry reporting by Mobile Networks is the most
promising one for surveillance applications. Concerning navigation, it is expected that it will be based
on existing GNS systems, with simultaneous reception of GPS, GLONASS, GALILEO and BeiDou.
Overall, further developments are needed to achieve market feasibility of UAM. While initial UAM
operations may be possible in the near future with the deployment of current technologies and
systems, a regulation and infrastructure evolution are needed to support UAM operations. Once the
network of services, actors, systems, and infrastructure is developed enough, UAM will reach maturity.
The AMU-LED project intends to contribute to the growth of UAM, studying, developing and testing
different operational concepts and systems. Ultimately, AMU-LED will demonstrate the feasibility of
UAM and will be a basis for future UAM work.
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UAM Characterization
Urban Air Mobility is expected to bring many benefits to society but, despite the existing advances in
technology, it still faces several challenges.
According to Maia & Lourenço da Saúde [1], Urban Air Mobility refers to the ecosystem of on-demand,
unmanned (or to some degree autonomous) aerial systems that may transport passengers and/or
cargo in urban environments using airspace as a third dimension as well as its supporting
infrastructure.
As stated by the FAA [2], advances in technology like cloud networks and mobile devices which now
support fleet management and customer interactions for on-demand service could be utilised in UAM
too. In addition, there is greater public acceptance of aircraft integrity and automation. The industry
vision involves incorporating new aircraft designs and systems technologies including vertical take-off
and landing (VTOL) capabilities that allow for operations between various locations (e.g., metropolitan
commutes). Major aircraft innovations, mainly with the advancement of distributed electric propulsion
(DEP) and development of electric VTOLs (eVTOLs), will potentially allow for these operations to be
utilized more frequently and in more locations than are currently performed by conventional aircraft.
Although initially operated with a PIC onboard, these VTOL aircraft have the potential of evolving to
fully autonomous operations with remote PICs.
According to SESAR Project PODIUM [3] [13], the UAM / U-space CONOPS also presents a number of
challenges and key differences with respect to manned aviation. The role of the “human in the loop”
will decrease as the density and automation of drone operations increases. The CNS infrastructure will
be significantly different to the one of manned aviation, as other support technologies are needed to
enable tracking and situational awareness, e.g., mobile phone networks. Moreover, there are
limitations with respect to the current method of operation that need to be addressed. Namely, see
and avoid and manual processes limitations. The increase in drone traffic and the performance of
BVLOS flights makes the “see and avoid” principle insufficient to keep an adequate level of safety.
Further, drone operations are currently authorized in a rather manual way, requiring several
documents to be sent and numerous calls with authorities. All this takes time and effort which can
impact the commercial viability of drone operations.
The following subsections below provide a characterization of the Urban Air Mobility concept by
elaborating on certain aspects such as key principles, existing Concept of Operations, main challenges,
expected evolution, operation categories, business cases and mission types, actors, vehicles and
vertiports as these were interpreted from several references.

A.1 Key Principles
As stated in the SESAR U-space Blueprint published in 2017 [4], which describes the implementation
strategy for drones' operations, based on the Drones Outlook Study [108] and the Warsaw Declaration
of Drones [109], U-space has been created to provide a series of services that guarantee a safe and
efficient drone traffic management.
Built on the pillars of a risk-based and (drone) performance-based approach and contrary to
traditional centralised Air Traffic Management (ATM) services, U-space has been conceived to allow
for a more autonomous and decentralized approach, where interoperability becomes essential.
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EASA – Opinion 01/2020 [7] highlights the need to harmonise the operation of UAS for the sake of
safety, security, privacy and environment protection. It emphasizes the goal of achieving an efficient
integration of UAS with the use of standardized services and connectivity methods to enable
interoperability and non-discriminatory access to U-space.
These principles were based on those gathered within [6], which stated that the delivery of U-space
should rely upon the following key values:
•

To ensure safety of all airspace users and people on the ground.

•

To provide a scalable, flexible and adaptable system that can respond to changes in demand,
volume, technology, business models and applications.

•

To enable high-density operations with multiple automated drones under the supervision of
fleet operators.

•

To guarantee equitable and fair access to airspace for all users.

•

To enable competitive and cost-effective service provision at all times, supporting the
business models of drone operators.

•

To minimise deployment and operating costs by building upon, as much as possible, existing
aeronautical services and infrastructure, including GNSS, as well as those from other sectors
such as mobile communication services.

•

To accelerate deployment by adopting technologies and standards from other sectors where
the needs of U-space have been addressed.

•

To follow a risk-based and performance-driven approach when setting up appropriate
requirements for safety, security (including cyber-security) and resilience (including failure
mode management), while minimising environmental impact and respecting the privacy of
citizens, including data protection.

The FAA Concept of Operations for UAM [2], conscious that UAM operations will require access to
current ATM systems and services with increasing demand overtime, highlights the need for solutions
that extend beyond the current paradigm for manned aircraft operations to those that promote shared
situational awareness and collaboration among operators. The overarching FAA principles and
assumptions for UAM are defined to achieve a safe, scalable, flexible and optimised airspace
management:
•

UAM will operate within a regulatory, operational, and technical environment that is
incorporated within the National Airspace System (NAS) where FAA retains regulatory
authority and is responsible for establishing operational parameters and maintaining
oversight.

•

Any evolution of the regulatory environment will always maintain safety of the NAS.

•

Airspace management will be structured where necessary and flexible when possible.

•

The architecture (technology) for UAM services will be flexible and scalable.

•

Operators cannot optimize their own operations at the expense of sub-optimizing the
environment as a whole.
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•

The FAA reserves the right to increase individual aircraft operational performance
requirements in order to optimize the capacity utilization of the airspace structure.

•

UAM operators maintain conformance to shared intent; operators, via PSUs, are aware of
intent of other operations in the vicinity.

The Australian Concept of Operations for UAM [8] adopts the Key Performance Areas (KPAs) of the
International Civil Aviation Organisation (ICAO) as a way of categorizing performance.
ICAO promotes the use of a performance-based approach for: i) “improving the effectiveness of the
day-to-day economic management of their [organisations’] business, ii) channelling efforts towards
meeting stakeholder expectations and improving customer satisfaction, and iii) managing change in a
dynamic environment.”
The KPAs in question cover safety, security, environment, cost effectiveness, flexibility, flight
efficiency, capacity, predictability, access & equity, participation & collaboration and global
interoperability.
These KPAs are mapped against the six proposed UAM services (see more details in Appendix D):
•

•

•

Safety:
o

Strategic segregation and/or separation of UAM aircraft from other aircraft and
on--ground obstacles result in improved safety and reduced workload for ATC in
managing UAM aircraft.

o

Pre-tactical deconfliction of UAM vehicle movements near vertiports and along
routes/corridors through ground-based holding reduces the amount of time in the air.

o

Dynamic airspace management minimises airspace safety risk by controlling airspace
access.

o

Conformance monitoring provides real-time and systemic awareness of operations
that could impact the safety of the low-level airspace environment.

Environment
o

UAM airspace design provides the ability to position routes over less noise-sensitive
areas (e.g., highways, train tracks, rivers).

o

Flight authorisation ensures adherence to environmental or noise obligations
regarding vertiport and route/corridor usage.

o

Flow management reduces airborne holding and decreases flight noise, as there will
be less of a requirement to hold on approach to a vertiport. Flow Management also
minimises the amount of energy that needs to be consumed.

o

Dynamic airspace management provides a mechanism for noise sharing through the
use of alternative routes/corridors.

Flexibility
o

UAM airspace design provides flexibility when traffic loads need to be dissipated to
ensure operational continuity and/or efficiency of traffic flow.

o

Flight planning provides the ability to plan in advance, request on demand and make
changes to flight requirements.
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•

•

•

•

o

Flow management enables flight plans to be updated as required due to changes in
the operational environment.

o

Dynamic airspace management allows periodic use of an airspace that otherwise
would have to remain reserved if it could not be made available dynamically.

Flight efficiency
o

UAM airspace design increases efficiency due to the reduced likelihood of conflicting
traffic.

o

Flight planning reduces use of vertiport FATO resources and use of routes/corridors
minimising the airborne holding of UAM vehicles.

o

Flow management minimises the time required to be airborne, thus ensuring that
flight efficiency is not impacted by other UAM vehicle movements.

o

Dynamic airspace management ensures that the most efficient routes/corridors can
be made available whenever possible, though perhaps not in a consistent manner.

o

The Conformance Monitoring service can provide known historical use of airspace to
assist in improving future use.

Capacity
o

Vertiport airspace and procedures design will maximise the capacity of the vertiport
while maintaining appropriate levels of safety, noise, privacy and other risks or
impacts.

o

Planned use of vertiport FATO resources ensures the greatest use of the limited
resources to maximise capacity.

o

Flow management ensures that the greatest capacity is achieved from the available
vertiport infrastructure and airspace structure.

o

Dynamic airspace management enables additional routes/corridors and airspace to be
made available to increase capacity.

Predictability
o

Flight planning provides assurance of vertiport FATO accessibility for departure, arrival
and route/corridor availability.

o

Flow management ensures that a flight plan can be reliably implemented without
impact from other UAM vehicle movements.

o

Dynamic airspace management provides a system for identifying which airspace is
available at what time. It supports business continuity for vertiports, fleet operators
and their customers, despite airspace changes.

Access and equity
o

Greater access to controlled airspace can be achieved through the use of dedicated
airspace structures and routes.

o

Flight planning provides assurance that all airspace users can gain access to the
low-level environment.
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•

o

Flow management ensures that pilots and fleet operators can gain access in a
transparent manner to the shared resources of vertiports and airspace.

o

Dynamic airspace management ensures the greatest possible availability of airspace
whilst enabling prioritisation of airspace access.

Participation and collaboration
o

•

An effective airspace design provides a structured means by which novel vertiport
infrastructures may be considered.

Global interoperability
o

Standardised structures and procedures for the UAM industry can be used in different
countries.

The Open Access UTM research programme [9], a UK Department for Transport sponsored programme
led by the Connected Places Catapult which engaged with UTM stakeholders and the wider UAS
community to develop and formalise a functional national UTM framework, identifies five principles
of Safety, Security, Transparency, Flexibility and Scalability as key to its Open Access nature (see
Figure 2 below).

Figure 2 Key principles to Open Access UTM research programme

The research programme also provides a series of considerations for each of the above-mentioned
principles.

A.2 Existing CONOPS
While some UAS visionary documents were published in 2015 (Amazon, Google and Uber), it is not
until recently that some SJU projects proposed their own detailed concept of operations (e.g.,
PODIUM, VUTURA, etc.). These have mainly dealt with U-Space or UTM aspects and have been
channelled through CORUS, which has become the main reference for future regulation. This is also
the case of other UTM concepts published by FAA or the Indian MOCA.
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Currently, other SJU projects such as METOPOLIS-2, DACUS or CORUS-XUAM have started looking into
specific aspects of Urban Air Mobility and, in 2020, the FAA and Airservices Australia published their
first Concept of Operations specifically for Urban Air Mobility.

A.2.1 Preliminary vision documents
Amazon was first to propose a concept of operations [10] where aircraft were permitted to fly in
certain areas based on their performance capabilities. In particular, they proposed that the vehicle
avionics and capabilities are evaluated in order to determine the amount of planning and automation
that will be required during the operation and the areas in which the vehicle shall be allowed to fly.
Therefore, a UAS with fewer capabilities could fly in a remote area, while those flying in urban
environments would be equipped with the best performing technologies, with both robust
communications and the ability to avoid other airborne entities and people on the ground.
With the same philosophy and in the same year (2015), Google [11] went a step further by providing
more details on how operations should be limited to 500ft AGL and managed by the so-called Airspace
Service Provider (ASP), who will use 5G networks to achieve an efficient UAS traffic planning. The ASP
would act as the interface between UAS and Air Traffic Control. This system maintains a database of
TFR/No-Fly-Zones, weather, obstacles/terrain, traffic, flight plans and connects and coordinates all the
planned flights between all the participants in the UAS airspace.
ADS-B and cellular device-to-device LTE technology (under development) were identified as key
elements to avoid air collisions with manned and other unmanned traffic. In a similar manner, Google
advised to build a system of trust-to-enable compliance and responsibility through identity, facilitating
scalability, authentication, traceability and compliance and responsibility. To do so, they propose to
establish a secure identity by using proven and existing public key infrastructures.
The following year Uber [12] pointed out three key elements to accelerate UAM implementation.
These were i) the use of high-volume voiceless air traffic control for communication-and-navigation
interaction (e.g. Controller Pilot Data Link Communications (CDPL)) which will help reduce the
workload for both the PIC and ATC; ii) extending UTM-like management above 500 feet altitudes,
including general aviation aircraft up to several thousand feet; and iii) implementing a seamless
integration with airports and terminal areas by allocating parts of airport control regions located within
urban areas to airspace delegations that can dynamically open up the airspace to UAM flights. These
operations would depend on wind conditions, active traffic patterns, and avionic requirements to
ensure the safety of the airspace.

A.2.2 U-space CONOPS
CORUS [6] [5] became the main European reference for a Concept of Operations of U-space, providing
details on a series of principles, actors, roles and responsibilities, drone categories, airspace types and
services to manage UAS operations in Very Low Levels airspace. The corresponding details are given
across the various Appendices below whose structure have been inspired from the latter project.
CORUS consolidated the views, outputs and findings of other SJU concurrent projects such as VUTURA
or PODIUM.
The former project, VUTURA [14], was one of the first to address a concept of operations for the
management of “high priority” UAS crossing flight areas of other scheduled UAS with lower priorities.
This was achieved by ways of strategic and tactical deconfliction. The former was provided by the USP
if the conflict occurred prior to departure or by the “USP supervisor” who had the overall picture of
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the traffic situation and whether the conflict affected either aircraft in flight. The tactical conflict
resolution relied on on-board technology or infrastructure to vehicle (I2V) systems.
PODIUM [3] [13] proposed an automated, web-based Business to Business (B2B) Drone Traffic
Management (DTM) service, where each actor in the operation could access the information required
in order to perform his/her task in the most efficient way. The DTM service was meant to be used in
the very low-level airspace ensuring no overlap between ATM and U-space services. When required,
the DTM system can provide interface with ATM. PODIUM concept of operations was defined over the
principles that UAS shall always give right of way to manned aircraft, all drone pilots shall manage their
UAS to “remain well clear” and all traffic shall cooperate and have the same situational awareness.
Outside Europe, the FAA released a second version of their Concept of Operations for UTM in March
2020 [49]. There are many similarities to the European concept, like the use of federated services to
manage operations in a cooperative manner for example, but there are also some differences. For
instance, while Europe defines the incremental development of U-Space based on the implementation
status of its services, the FAA does so according to the so-called Technical Capability Levels (TCLs),
where each new TCL extends the supporting technological architecture, number of services provided,
and types of UAS operations supported.

Figure 3 NASA UTM Technical Capability Levels

Apart from differences in terminology such us the use of UAS Traffic Management (UTM), Flight
Information Management System (FIMS) and UAS Service Supplier (USS) instead of U-space, CIS and
USSP respectively there are some differences in the purpose of some FAA UTM services which have no
direct equivalence to those defined by EASA/SESAR. This is the case of “FAA Messaging” and “Operator
Messaging” services that are meant to provide on-demand, periodic, or event-driven message
exchange capabilities with FAA systems to satisfy applicable regulatory/policy requirements; and “USS
Network Discovery” services enabling authorized UTM stakeholders to discover relevant active USS
providers and operations within a specified geographical area.
The Indian Ministry of Civil Aviation published their draft for UTM Ecosystem in November 2020 [110].
In a very similar fashion than CORUS, the UTM Ecosystem is envisioned as a cooperatively driven and
collaborative extension of current ATM Services which utilizes the industry’s capabilities to create,
deploy and provide the (standardised) required UAS services through the concept of UTM Service
Providers (UTMSPs).
It includes a set of distributed services and an all-encompassing DigitalSky Platform built upon a layered
approach of information sharing and data exchange standards between PIC to PIC, UAS to UAS and PIC
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to DigitalSky Platform via UTMSPs. These defined services are based on sharing flight intent and
situational awareness which are key aspects to support flight planning, flight authorisation, real-time
situational awareness, communication services, weather services and deconfliction services.
Similar to the European concept, operators may choose to consume such services from any UTMSP
who integrate with the DigitalSky Platform to provide DigitalSky and other additional services. In the
Indian case, it is the DitigalSky Platform which is the primary authority for flight approvals.

Figure 4 Approach of the layered Indian UTM ecosystem

A.2.3 UAM specific CONOPS
Apart from AMU-LED, SJU has initiated a series of projects to explore and demonstrate future
implementations of Urban Air Mobility concepts. DACUS, CORUS-XUAM or METROPOLIS-2 are
examples of them.
The project DACUS [16], which pursues Demand and Capacity Optimisation in U-Space, establishes
certain assumptions which are relevant to UAM. For instance, it assumes that the level of UAS
automation will impact on the separation minima and therefore on the airspace capacity, which can
however be increased by the use of UAM corridors. Aerodromes are taken into account too as may
also suffer congestion.
CORUS-XUAM is expected to update the U-space CONOPS delivered in CORUS, addressing the
integration of UAM/UAS operations into the airspace, also identifying new U3/U4 services. It intends
to demonstrate how U-space services and solutions could support integrated UAM flight operations,
allowing eVTOLs/UAS and other airspace users (unmanned and manned) to operate safely, securely,
sustainably and efficiently in a controlled and fully integrated airspace, without undue impact on
operations currently managed by ATM. The project activities will continue with the preparation and
execution of six challenging VLD campaigns in six different European locations.
In the US, the FAA NextGen office released in June 2020 the first version of their UAM Concept of
Operations [2] following a guided discussion session at NASA in February 2020 with industry partners.
In that document, UAM is described as a subset of Advance Air Mobility (AAM) to move people and
cargo between local, regional, intraregional, and urban places previously not served or underserved
by aviation using revolutionary new aircraft. While AAM supports a wide range of passenger, cargo,
and other operations within and between urban and rural environments, the FAA UAM concept is
limited to urban and suburban environments (in and around urban areas) and focuses on the transition
from the traditional management of air traffic operations to the future passenger or cargo-carrying air
transportation services.
In the US, the FAA NextGen office released in June 2020 the first version of their UAM Concept of
Operations [2] following a guided discussion session at NASA in February 2020 with industry partners.
In such document, UAM is described as a subset of Advance Air Mobility (AAM) to move people and
95

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

cargo between local, regional, intraregional, and urban places previously not served or underserved
by aviation using revolutionary new aircraft. While AAM supports a wide range of passenger, cargo,
and other operations within and between urban and rural environments, the FAA UAM concept is
limited to urban and suburban environments (in and around urban areas) and focuses on the transition
from the traditional management of air traffic operations to the future passenger or cargo-carrying air
transportation services.
The so-called “UAM CONOPS 1.0” implementation is an evolutionary developmental approach starting
with low-complexity, low-operational tempo operations and building toward an environment of higher
operational tempo and the introduction of UAM airspace structure to mitigate an otherwise higher
level of complexity (see more details in Appendix A.4 below). The concept is expected to evolve
through the results of analysis, simulation, demonstration, and community engagement. While it does
so, the FAA will engage stakeholders to develop and adopt applicable Community Based Rules (CBRs)
related to collaboration, information sharing, operational protocols, and equipment performance to
support the automated nature of the envisioned cooperative environment.
The CONOPS does not prescribe specific solutions, detailed operational procedures, or implementation
methods other than those provided as examples for a better understanding of the elements associated
with UAM operations. It identifies the range of automation and regulatory changes to support the
operations, and describes a collaborative environment to support increasing density of operations.
The concept represents an early step in the evolution of the regulatory framework, development of
operating rules and performance requirements commensurate with demands of the operation, and a
data exchange and information architecture to support UAM operator and FAA responsibilities. UAM
leverages a common, shared, technical environment, similar to UTM, where the operators are
responsible for coordination, execution, and management of operations and follow CBRs. This
networked information exchange is the cornerstone for stakeholders to plan, manage, execute, and
oversee UAM operations. Public interest and other stakeholders can access UAM shared operational
information.
The FAA CONOPS defines the UAM operating environment in the context of ATM and UTM through
the use of UAM corridors (three-dimensional route segments) with specific requirements (see
Appendix C). The performance and participation requirements of UAM Corridors may vary for
operations completely within UAM Corridors versus operations crossing UAM Corridors (e.g., general
aviation). Within UAM Corridors, strategic deconfliction and tactical separation occur without direct
ATC involvement and UAM aircraft operating outside UAM Corridors must follow the operational rules
and procedures applicable to the corresponding airspace.
With a similar role as that of the U-space Service Provider, the figure of the Provider of Services for
UAM (PSU) is introduced. This new actor is in charge of supporting operations planning, flight intent
sharing, strategic and tactical deconfliction, airspace management functions, and off-nominal
operations. PSUs exchange information with other PSUs via the PSU Network (e.g., exchange of flight
intent information, notification of UAM Corridor status, information queries) and support local
municipalities and communities, as needed, to gather, incorporate, and maintain airspace reservations
that may be accessed by UAM operators. More details about the responsibilities and services assigned
to PSU are given in Appendix B and Appendix D below.
As examples, the FAA UAM CONOPS also proposes use cases to illustrate a subset of UAM operations
and interactions during specific nominal (i.e., strategic deconfliction within corridors, info exchange
between operators and info needs) and off-nominal (i.e., conformance monitoring, contingency
situations) operations. It analyses the procedures established for Planning, Departure, En-route, Arrival
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and Post-Operations phases for an on-demand service between two aerodromes (independent of
airspace class, although these must be considered by the operator in case of off-nominal situations).
More recently, in December 2020, Airservices Australia published an initial CONOPS for integrating
UAM operations into the low-level airspace [8] which was elaborated together with EmbraerX. There,
the term Urban Air Traffic Management (UATM) is introduced to refer to the management of UAM
vehicles and their integration into the low-level airspace. This CONOPS is focused on the traffic
management systems (including procedural, technical and human elements) that will facilitate the
initial operation and long-term development of the UAM industry. It intends to demonstrate how
traffic management for initial UAM operations could be delivered safely today within existing ATM
capabilities and scaled over time with the implementation of UATM Services.
The Australian CONOPS has been written to accommodate all types of vehicles, infrastructure and
airspace classifications that will be part of the UAM ecosystem and environment. This ecosystem and
environment include Electric Vertical Take-Off and Landing (eVTOL) vehicles, helicopters, General
Aviation (GA) aircraft, UASs, airports and vertiports.
The CONOPS describes the expected phases of UAM operations from first introduction (with piloted,
voice-based flights) to mature, high-density autonomous operations, albeit with different levels of
detail for each phase (more details in Appendix A.4 below). This holistic approach to integrate UAM
operations is considered important as both short-term and long-term objectives must be taken into
account to minimise the amount of rework and cost at a later stage due to initial design decisions. Like
in the case of the FAA, as UAM industry will evolve, future versions of this Australian CONOPS will be
published as new information becomes available about the design and implementation of UAM, such
as vehicle specifications and landing locations.
The Australian UATM concept particularly addresses the unique needs of UAM traffic management.
For low traffic densities, initial UAM operations are expected to rely on current ATM services. However,
as complexity increases, digitised and automated services will be necessary for some, if not all,
elements of UATM Services. Provision of these digitalised services will be achieved through UTM
services, bespoke UATM Services, or a combination of both. As traffic density increases further and
greater levels of aircraft autonomy are implemented, this is likely to bring about the need for highly
integrated and unified airspace management across all traffic management systems.
Traffic management systems for UAM, UASs and traditional aircraft will need to interact with one
another, or be integrated, to support deconfliction, shared situation awareness and collaborative
decision making. The current CONOPS is accompanied by an analysis that has undertaken human--in-the-loop and fast-time simulations to begin validation of the concepts (further details in Appendix L).
Analysis of these simulations has identified that, in some locations, current ATM concepts will quickly
become insufficient for managing new UAM operations.
Similar to the FAA, the Australian UAM CONOPS provides two Use Case examples with higher level of
detail. The first of them consists of a generic use case involving a UAM flight from a Central Business
District (CBD) vertiport that is not in controlled airspace to a vertiport located close to an airport that
is in controlled airspace, and the second one covers a location-specific use case based on a flight in
Victoria, Australia. Roles, responsibilities and underlying UAM services are detailed for the different
phases of flight: pre-flight, departure, en-route, approach and landing and off-nominal situations.
In 2021, The Aeronautical Journal published an article on the State of the Art and Operational Scenarios
for UAM elaborated by the Universidade da Beira [1]. In there, the author concluded that unmanned
aircraft shall operate inside a pre-defined geofenced area and operations shall be limited to available
infrastructure, time of day and aircraft performance capability. UTM shall dynamically allocate airspace
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according to technical and operational requirements, and the number of operations shall be limited
by the airspace available and the available routes at operating locations. Dynamic delegated corridors
shall be used to enable UAM routes in unsegregated airspace. Depending on the type and performance
of the unmanned aircraft, different types of corridors will be assigned, avoiding the assignation of
different types of aircraft (passenger VTOLs, cargo drones, or piloted aircraft) to the same corridors.
UAM airspace and thus also flight planning will be conditioned by the distance to buildings, minimum
and maximum altitude in the operating area, allowed noise levels, rules for taking off and landing, no
flight zones, meteorological conditions, and NOTAMs. Moreover, three-dimensional data will be
available for the generation of the flight plan containing vertiport locations, emergency pad locations,
emergency service locations, and landmark locations.
The performance of UAM operations in urban areas shall be compatible with that of manned aviation
flying IFR and VFR. Therefore, changes must be imposed in urban airspace to allow integration of
manned and unmanned aviation. The possibility of having VFR (piloted) aircraft coexisting with
remotely piloted aircraft and autonomous aircraft is essential for the existence of UAM. Some
strategies to achieve this are based on the use of i) DAA systems compatible with VFR, ii) traffic
management services compatible with free flight and dynamic corridor strategies, and iii) data
integration between relevant systems (UTM, meteorological services, obstacles, restricted areas).

A.3 UAM Challenges
Generally, the operation of drones in urban environments is a challenge because of typical urban
aspects such a buildings and other obstacles that cause signal interferences, local weather
circumstances, and lack of acceptance from the inhabitants of the area. However, the expected high
value impact of UAM in society is nudging the industry into its development. The European
Commission for instance included UAM in its Strategic Research and Innovation Agenda (SRIA),
predicting initial deployment by the year 2027 [64].
The SRIA foresees integration with manned aviation and with ATM/ATC systems as a major challenge.
Likewise, NASA outlined that the expected high density of operations will become a significant
challenge for current-day ATM systems [19]. Automation, considered to the level of autonomy, will
play an important role in this. This is in line with Maia and Lourenço da Saúde [1] , who stated that one
of the biggest challenges for UAM is applying the automation technology to the systems and develop
the user interfaces. In their paper, the authors predict that the introduction of automation will bring
both advantages (e.g., better technical reliability and aircraft control, reduction of the workload) and
disadvantages (e.g. reduced capability for interaction among the crew, gaps in pilot training, decrease
in pilot’s flying skills).
UAM will entail high complexity of operations (e.g., operational environment, density of operations,
interaction with other users). As a result, the EC SRIA [64] highlights the importance of a U-space traffic
management system that ensure safe UAM operations. Similarly, the Australian CONOPS [8] also
outlines the need for an UTM system tailored to UAM operations, solving typical urban issues
including urban canyoning; diversity in aircraft performance, automation and pilot capability;
limitations of current Communication, Navigation and Surveillance (CNS) systems to accommodate a
higher density of urban operations in VMC or IMC; and noise abatement.
Weather and wind are two important operational challenges as well [8], [19]. UAM operations are
likely to be susceptible to the impact of weather (e.g., thunderstorms, reduced visibility and strong
winds) as well as the effects of urban canyons, which can expose vehicles to mechanical turbulences
and strong currents of wind (e.g. eddies from tall buildings). Urban canyons can also impair CNS
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performance. For instance, Command and Control (C2), navigation and payload signalling can be
affected by buildings and other urban objects. The effect may be that signals are blocked and therefore
not received or are bounced, leading to erroneous positioning information. Other stronger signals may
block or interfere with communication as well. In addition, operations at low level over built-up areas
will have to consider the frequent erection of temporary obstructions (e.g., construction cranes) as the
urban environment continues to develop.
Airspace configuration will also be a key challenge [8]. Dedicated UAM airspace structures (including
routes and corridors) will need to be usable by UAM vehicle categories with varying performance (e.g.,
speed) and capability (e.g., performance-based navigation [PBN] precision). Therefore, a minimum set
of capability requirements to use dedicated airspace structures will need to be established to form the
basis for procedure/ route design standards and separation standards development, which will be
vital to UAM being viable once it progresses beyond VFR operations.
Airspace structures for UATM and ATM will need to consider the impact of wake turbulence.
Consideration of wake turbulence in airspace design will be different in the future compared to current
practices where it is not a consideration. The effect of wake turbulence behaviour on new eVTOL
designs will also need to be considered [8]
The feasibility of UAM will also be driven by its wide adoption in society. Public acceptance is an
important challenge and is affected by several aspects such as safety, noise, visual pollution, and
privacy. The economics of UAM in terms of the cost of the service and the specific elements of its cost
structure (e.g., battery and energy costs) will also need to be addressed to achieve feasibility of UAM.
Ultimately, the price of the service will be a key factor for a wide societal adoption of UAM [19].
The market viability of UAM is also motivated by its business case. Currently, there are plenty of
transportation options that could stand as direct competitors of UAM (e-bikes, scooters, car sharing
and taxi services, trains, airplanes, etc). This highlights the need of UAM to have a clear business case
that distinguish it from other modes of mobility. On top of that, cities will need to have an extensive
network of vertiports and infrastructure to support UAM operations. The lack of available
infrastructure and low throughput entail a critical challenge for UAM. [19] [12].
Regulation and standardisation suppose another important challenge for the development of UAM.
Further regulations and standardisation for flying over people, BVLOS operations, and carrying
passengers are needed [19]. The UK CAA also identified this issue, for which the authority set up a
regulatory sandbox for organisations to explore jointly the requirements for the approval of Future Air
Mobility operations (Regulatory challenge, CAP 1923, on Future Air Mobility (FAM) [20]. The intention
is to work with industry to develop details of regulatory framework including how it meets existing
safety standards, manage new risks and provide consumers with choice and value for money. To assist
with the challenge, the CAA has set out a non-exhaustive list of questions regarding the requirements
for the aircraft, ground infrastructure (airport, vertiport, etc), airspace and ATM, security, licenses,
training, human performance, consumer rights, environment and societal impact.
Likewise, the EC SRIA [64] reports that regulation and standardisation need to be detailed at European
level. Research and development will need to take place concerning interoperability, certification,
performance, safety and security, emergency measures, financing and responsibilities before a
complete roll out of U-space and UAM can take place.
The roll-out of UAM also comprises challenges regarding the vehicles to be deployed. In the UAM vision
document written by Uber Elevate [12], the company highlights a number of challenges related to the
VTOL. The vehicle performance and reliability are key aspects to enable a competitive business case
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for UAM. For this, vehicle speed, efficiency, take-off and landing time, as well as robustness in different
weather conditions have to be taken into account. Current battery technologies are insufficient to
support long-range commutes, and the charge rate is too low to support high frequency of operations.
Moreover, the sustainability of drone operations and thus of the vehicle’s emissions are critical for its
viability.
The certification process for VTOLS can also be regarded as a challenge [12]. UAM vehicles will have
to comply with the regulations from the corresponding aviation authorities and acquire their permit
to fly in order to be able to operate. Given the novelty of these type of aircraft, the certification process
will require more time than usual.
Finally, pilot training could also be a future challenge [12]. As of now there is a lack of specialized UAM
pilots, which can lead to a shortage risk when UAM takes off and the demand for pilots increases.

A.4 UAM evolution
While CORUS [5] established a U-space development evolution based primarily on the implementation
of certain services (U1-U4), the FAA CONOPS for UAM [2] characterized the evolution of UAM
operations by many other aspects such as the operational tempo (density, frequency and complexity),
airspace and procedural structure (complexity of supporting infrastructure and services), tailored
regulatory changes, community business rules (safety, demand and capacity balancing, equitable
access to airspace, security), aircraft automation level (human within/on/over the loop HWTL/HOTL/HOVTL) and location of the PIC (onboard, remote).
Based on the key indicators, a mature state of operations will be achieved through a crawl-walk-run
approach, wherein the above mentioned CONOPS is the intermediate state between Initial UAM
Operations and a Mature State as represented in Figure 5 below.

Figure 5 Evolution of the FAA UAM Operational Environment
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FAA claims that this evolutionary approach to UAM implementation provides several advantages. By
initially addressing lower complexity operations, where technological requirements and services
should be the least stringent, implementation can be streamlined to the environment using current
capabilities that meet performance requirements and do not require a full-scale regulatory and
operational infrastructure. UAM operations will adapt to new technologies and automation, both
ground-based and airborne, and increasingly allow for more advanced forms of interaction with the
ATM environment through collaborative systems capable of automated information exchange. UAM
operations will also support the range of UAM demand, business models, applications, and
technologies, support safe, efficient, and secure operations that coexist with other operations (e.g.,
manned aircraft, UTM), impose minimal disruption to the existing ATM system, and maintain fair and
equitable access to airspace.
In a similar manner, the Australian CONOPS for UAM [8], uses three UATM horizons to describe the
likely evolution of UAM operations (Figure 6 below). Each horizon will require different UATM
capabilities to support operations.

Figure 6 Australian UAM CONOPS Horizons

A comparison between the American and the Australian temporal horizons is given in Table 4 below:
Table 4 FAA and Australian UAM CONOPS temporal horizons

Horizon name

American CONOPS

Australian CONOPS

Initial UAM ops. /
Horizon 1

−Use new vehicle types certified to fly
within the current regulatory and
operational environment.

−Introduction of eVTOLs for UAM
operations.

−No UAM unique
procedures exist

structures

or

−Implementation is based on existing
helicopter infrastructure (e.g., routes,
helipads, rules and regulations, ATC
services).

−UAM operations to be managed
by procedures and technologies
that are available within the
current ATM paradigm (either
locally or internationally).

−No CBRs exist, only existing
agreements such as Letters of
Agreement (LOAs).
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−Aircraft automation is consistent with
current,
manned
helicopter
technologies and the PIC is onboard.
CONOPS 1.0 /
Horizon 2

−Regulatory
evolution
enables
operations within UAM Corridors from
specific aerodromes based on UAM
performance
requirements
(see
Appendix C).
−There is minimal UAM Corridor
structure or intersections.
−Tactical separation within UAM
Corridors is not allocated to ATC but to
the UAM operators, PICs, and PSUs.

−New ATM procedures and/or
technologies are required
−Introduction of UATM Services to
support UAM operations. These
services will vary in service type
and maturity, from initial
procedures and services to full
implementation.

−CBRs, which require FAA approval, are
defined by industry to meet standards
or FAA guidelines when specified.
−PIC remains onboard and is actively in
control of the aircraft with UAMspecific capabilities.
Mature State /
Horizon 3

−New
operational
rules
and
infrastructure
facilitating
highly
automated traffic management

−Use of advance technologies such
as new voice-based procedures

−Remotely piloted and autonomous
vehicles (with HOVTL capabilities)
operating
safely
at
increased
operational tempos.

−Higher demand

−Highly autonomous operations

−Extended network of UAM corridors
The Australian CONOPS [8] foresees that Horizon 2 will be reached quickly in some places due to the
inability to reduce Air Traffic Control (ATC) workload using existing means (as demonstrated through
a human-in-the-loop tower simulation described in Annex C of that document). Trials of new
procedures and technologies will be needed during Horizon 1 to support the case for Horizon 2
operations.

A.5 Operation Categories
According to Amazon [10] , access to airspace will depend on the vehicle capabilities. With this is mind,
Amazon defines four vehicle categories: basic, good, better and best.
•

Basic: vehicle equipped with radio control

•

Good: capability for tracking, to receive traffic information, weather data, with GPS and Wi-Fi,
collaborative detect and avoid

•

Better: Automated detect and avoid, equipped with ADS-B Out capability

•

Best: Automated deconfliction, on-vehicle internet connection, 4D trajectory planning and
performance management, ADS-B In/Out.
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The following figure shows the airspace access dependent of the vehicle capabilities.

Figure 7 Relation between vehicle category and access to airspace (Amazon Prime Air, 2015)

The EU Regulation 2019/947 [21] and its amendments EU 2020/639 [76] define three possible
operations categories depending on the risk of the operation:
1. Open Category: operations must comply with the following requirements:
a. the UAS belongs to one of the classes set out in [2019_945] (C0-C4), is privately built
or meets certain conditions as an exemption prior to July 2022.
b. The UAV has a MTOW < 25 kg;
c. The flight is operated at a safe distance from people without overflying person
assemblies (further details below).
d. The flight must be VLOS except when flying in follow-me mode or when using
observers (Extended VLOS with flying distance limits).
e. The UAV flies within 120m from the surface, except when overflying an obstacle.
f. The UAV doesn´t carry dangerous goods or drop any material during the operation.
Also, the open category is divided in subcategories depending on the UAS specifications and
the type of operation to be carried out:
-

A1: The UAV does not overfly assemblies of people.
i. The remote pilot may overfly uninvolved people, limiting at minimum that this
situation happens.
ii. Be performed by a remote pilot who:
1. Is familiar with manufacturer´s instructions.
2. Has the appropriate training for this category.
iii. The UAV is approved to perform the operation (C0 & C1 types) (see
[2019_945]).

-

A2: The UAV does not overfly uninvolved people.
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i. The remote pilot must keep a safe distance of at least 30m from people. If a
low-speed mode function is available, the distance can be reduced to 5m if
circumstances (weather, UAV performance…) allows it.
ii. Be performed by a remote pilot who:
1. Is familiar with manufacturer´s instructions
2. Has the appropriate training for this category (certificate of
competence)
iii. The UAV is entitled to perform the operation (C2 type) (see [2019_945])
-

2.

A3: The UAV does not overfly uninvolved people during the whole flight.
i. Safe distance of at least 150m from residential, commercial, industrial or
recreational areas.
ii. Be performed by a remote pilot who:
3. Is familiar with manufacturer´s instructions
4. Has the appropriate training for this category
iii. The UAV is approved to perform the operation (C2, C3 & C4) (ref [2019_945]).

Specific Category: when the operations do not comply with at least one of the open category
requirements, the operator must request an operational authorisation from Authorities. The
request must include a risk assessment based on SORA Methodology [AMC 2019_945]. The
authorisation must include the mitigation measures needed and can refer to a single operation
or a LUC (Light UAS Operator Certificate).
An operational authorization is not required if the operator has previously obtained a LUC or
if the operation is carried out in authorised model aircraft clubs and associations. Also, it is not
needed if the operation complies with standards scenarios defined in [2020_639] either.
The detailed list of requirements for requesting an operational authorisation is included in the
annex of the [2019_945] and 2020_639]

3. Certified Category: an operation is classified as certified when:
a. The UAV is certified according to [2019_945] requirements.
b. The operation is over an assembly of people.
c. The operation involves the carriage of people.
d. The operation involves the carriage of dangerous goods.
e. The Authority considers that the risk of a “specific” operations cannot be adequately
mitigated without a certification.
The 3 operations must comply with the particular rules defined in the corresponding Annex of the
regulation 2019/947 and 2020/639, including location and type of the flight, missions, systems,
services used, training and organizational requirements.
Regulation 2020/639 [22] amends 2019/947 [21] to include two Standard Scenarios (STS) that can be
flown without requesting an operational authorization. However, the UAS operator must submit a
declaration of operation following the requirements included in [2020_639] Annex Part B. The two STS
are the following:
Standard scenario 1 (‘STS-01’) - VLOS over a controlled ground area in a populated environment.
The flight is carried out in visual line of sight (‘VLOS’). Max height of 120m over a ground
controlled and populated area. A C5 UAS must be used.
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Standard scenario 2 (‘STS-02’) - BVLOS with Airspace Observers over a controlled ground area in a
sparsely populated environment. The flight is carried out beyond visual line of sight (‘BVLOS’).
Max distance of 2km from the remote pilot. Observers must be placed. Max height of 120m
over a controlled ground area in a sparsely populated environment. A C6 UAS must be used.
If there is a “not low” risk of an encounter with manned traffic, Member States may establish zones to
where the STS are not applicable. A detailed description of the Standard Scenarios and their
requirements can be found in the Appendixes of [2020_639].
The regulation [2020/639] [22] also includes training requirements for the remote pilots and legal
provisions regarding training entities, additional specifications for flights during night and cross-border
operations.
The EC regulation defines the drone categories that can fly in Open operations and how manufacturers
should label the drones to indicate the category [23] [24]
Drones are classified from C0 to C4 categories according to:
•

The operational performance (e.g. max speed, max attainable height, stability, control)

•

The physical specifications (e.g., edges, power source, lights)

•

The training needed (e.g., no training needed, online training, full training)

•

The on-board and ground systems and services (e.g., communication, registration,
identification, u-space services)

•

The severity of the impact on humans when there is an accident.

The next table from EASA summarizes categories C0 to C4, which are allowed to fly in Open Category
including Remote pilot competence:

Figure 8 Open Category classes C0-C4
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The amended regulation 2020/1058 [24] includes new drone categories C5 (for STS-01) and C6 (for
STS-02) to be used in the Standards Scenarios defined in 2020/639 [22]. The text also includes several
articles regulating the use of accessories kits and remote identification add-ons and how they affect in
the category that a drone can fly when it is equipped with them.
Each UAV intended to be operated in the specific category and at a height below 120m shall be
equipped with a remote identification system that enables a proper data exchange including serial
number, operator registration, time stamp, geographical position and height, route, position of the
remote pilot and indication of the emergency status of the UAS.
The regulation also includes rules to be complied by manufacturers and Authorities about UAS
fabrication and distribution.
Regulation 1036/2017 [69] established the basis for the approval and authorization of drone
operations subject to certain limitations in Spain. For example, the operation of BVLOS flights for
aircraft over 2kgs is allowed as long as it is not done over population and it is restricted to segregated
airspace. Flying over population is also allowed but only for aircraft under 10kgs, in line of sight and at
a safe distance of more than 50m from buildings and people. Flights within controlled airspace are also
allowed as long as there is a safety study and prior coordination with ATS.
The EASA concept paper for regulation of UAS [45] (still under review) addresses different aspects of
the certified category. The first NPA to be released by EASA on the certified category will cover three
initial types of operations:
1. Operations type #1: IFR operations for the carriage of cargo in airspace classes A-C and
taking-off and landing at aerodromes under EASA’s scope (Regulation (EU) 139/2014).
2. Operations type #2: Operations of UAS taking off and/or landing in congested1 (e.g. urban)
environment using pre-defined routes in volume of airspaces where U-space services are
provided (part of the flight could be in non-congested (e.g. rural) environment). These include
operations of unmanned automation system – based aircraft (ASBA), carrying passengers (e.g.,
Vertical Take-Off and Landing (VTOL) air taxis) or cargo (e.g. UAS providing goods delivery
services). Take-off and land could be at any aerodrome or any designated landing port,
vertiport or landing site.
3. Operations type #3: same as Operation type #2 with manned ASBA2, including operations in
airspace where U-space service is not available.
A later Advance Notice of Proposed Amendment (A-NPA) will also cover aspects of UAM operations
using non-predefined routes, which are not considered by EASA to happen in the immediate future.
A new type of licence, the automation system – based aircraft pilot licence (APL) will be introduced to
cover UAS operation in congested (e.g., urban) or non-congested (e.g., rural) environment using predefined routes in volume of airspaces where U-space services are provided.

1

According to Regulation (EU) 965/2012, ‘‘congested area’ means in relation to a city, town or settlement, any
area which is substantially used for residential, commercial or recreational purposes’. Aerial operations in
congested areas for civil purposes, below certain heights, are today not permitted (refer to SERA.3105 and
SERA.5005(f)).
2

This may be done under existing (special) VFR-rules
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A.6 Business Cases and Mission Types
Cities and urban areas can benefit from the use of drones in several ways. Depending on the vehicle
and the case of use for operations, UAM applications can take many forms. This appendix gathers the
use cases defined and discussed by Altran [25], Roland Berger [26], NASA [19], and Maia and Lourenço
da Saúde [1].
Table 5 UAM Markets below provides an exhaustive list of UAM services identified by NASA. The paper
from Maia and da Saúde also lists a set of use cases that is already covered in the inventory provided
by NASA (emergency medical services, law enforcement, natural disaster relief, firefighting, tourism
and entertainment, cargo delivery).
Table 5 UAM Markets

Market category
Air Commute

Potential UAM
market
Airport shuttle

Comprises establishments primarily
engaged in transporting passengers to,
from, or between airports over fixed
routes

Air Taxi

Providing point-to-point passenger
transportation and are not operated on
regular schedules or routes

Train

Providing concentrated point-to-point
travel along network infrastructure
(like trains/subway)

Bus

Replacing public transportation routes
& charter lines

First Response (Public Services) Air Ambulance

Corporations

Definition

Travel to/from the hospital for
emergencies and

Police – Local, State,
and Federal

Law enforcement individuals enabled
by air support for daily tasks and
events management

Firefighter – Private,
Municipal, and Federal

Quick response firefighting enabled by
air mobility travel

Natural Disaster and
Armed Conflict
Response – Local,
State, and Federal

Air support for aiding humanitarian
workers and for evacuation efforts, in
addition to the police, ambulance, and
firefighting professionals during a
natural disaster and armed conflicts

Company Shuttle

Shuttle to and from a company
headquarters to other offices or
employee services
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Events

Entertainment and Media

Office-to-Office Travel

Travel to and from specific offices in
adjacent skyscrapers

Inter-office / Client
Delivery

Deliver legal/business documents,
replacing inter-office mail and
traditional courier services

Major Events

Pick up and drop off for events with a
capacity greater than 25K people

Minor Events

Pick up and drop off for events greater
than 100 people but less than 25K

Amusement Parks /
Extreme Sporting

Thrill ride (i.e., trackless roller coaster),
aerial acrobatics platform, bungee
jump/parachuting
platform

Photography

Aerial Photography

Film/TV/Radio Stations

Filming, Traffic and News Reporting

Tourism

Aerial Sightseeing Tours

Aerial Delivery

UAM aircraft and drones to deliver
mails, food, humanitarian aid,
shopping items etc.

Aerial Warehousing

Using aerial craft to facilitate goods
delivery, warehousing, and logistics
management

Aerial Showcasing,
Inspections, and
Survey –Property
Inspection and Real
Estate Showcasing

Building, house, or land inspection and
survey by certified inspectors,
surveyors or private owners for repair
and maintenance. Realtors showing
prospective client neighbourhoods,
parcels, and even attending an open
house or broker's open house

Security

Aerial Security

Video footage or pictures from the sky
to identify security weaknesses in
various events

Rentals

Car Rentals –
Corporation and
Franchise

Replacing daily car rentals

Building Maintenance

Servicing building exteriors, such as
painting and window washing, to
replace current access methods such as
pulley platforms that occasionally
result in injury/death

Logistics and Goods Delivery

Real Estate and Construction

Asset/Building Maintenance
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Utilities Asset
Maintenance

Servicing electrical wires, smart poles,
and certain meter types, to replace
current access practices such as pole
climbing that occasionally result in
injury/death

Remote Visits

Pickup and drop-off of provider or
patient for patients living in remote
areas

Healthcare Providers

Medical Equipment
Delivery

Delivery of urgently needed medical
items; for expensive diagnostic tools,
establish sharing program where
delivery to next user is scheduled
immediately after use at the first
location

Scientific Research

Aerospace
Travel/Colony Pilot
Studies

Study effects of long-term space travel,
life above terrain, new types of
aviation technology/ process, etc. using
potentially less expensive and safercontext UAMs

Other Applications

Conducting scientific research using
other applications elucidated in this list
(deforestation, migration patterns,
etc.)

Small Houses/
Emergency Shelters

Modifications to UAMs to create
permanently air-parked shelters in
crowded environments, crime-prone
locations, attached to owner home,
etc.

Storage

Modifications to UAMs to create
temporary storage space where
building permanent addition may not
be feasible

Snowplow & Salt
Trucks

Replacing winter snowplow and salt
trucks

Trash Collection

Replacement of trash trucks,
hazardous waste disposal, etc.

School Buses

Replacing public school buses

Flock Tending

Reaching remote flocks for herding,
medical care

Harvesting

Reaching less-accessible farmland for
planting, harvesting, potable water

Urban Planning

Security

Public Services
(Non-First Response)

Agriculture
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Landscaping

Replacing ladders and tree-climbing
assists with UAMs for tree limb
removal

Overall, the transportation of people with eVTOL was the use case most mentioned throughout the
analysed literature. Roland and Berger [26], NASA [19], and Altran [25] highlight the market potential
of air taxis and airport shuttles.
The air taxi is an on-demand point-to-point non-stop service from one destination to another. The air
taxi would be the optimal mode of transport when (1) there is a short distance between two landing
sites, and (2) there is a fluctuating medium/high demand between two landing sites. According to
Roland and Berger [26], the air taxi should carry one or two passengers over distances of between 15
and 50 kilometres. To achieve this, the vehicle must be capable of coping with journeys of between 35
and 70 kilometres, as this would ensure a safety margin of roughly 20 kilometres on all flights.
Roland and Berger [26] also highlights intercity transportation as a viable air taxi service. This would
concern flights to other larger cities close by, which are too close even for regional airlines. This
longer-range air taxi service would enable fast UAM connection between cities, which would favour
commuters and business travellers, and it would also allow metropolitan areas to grow closer due to
short travel times.
On the other hand, the airport shuttle service would cover distances equal or longer than those of the
air taxi, and it would offer scheduled flights between the various landing pads in the city and the
airport. Landing pads would be located at strategic locations around the city and, obviously, at the
airport. Charging facilities would be concentrated primarily at the airport, but with some at the other
landing pads as a function of distance and aircraft travel range.
Altran [25] defined three different types of mission for the air taxi depending on the distance flown:
urban mission, extra urban mission, and long-distance mission, with a distance range of 7, 30, and 100
km respectively.
A concept of operations was defined by NASA [19] for the air taxi and airport shuttle services based on
requirements in terms of mission range, demand, infrastructure availability, and vehicle capabilities,
among others. The CONOPS determined that passengers using these UAM services undergo the
following transfers: Origin to Heliport/Vertiport using ground transportation, Heliport / Vertiport
(closer to the origin) to Heliport / Vertiport (closer to the destination), and Heliport/ vertiport to
Destination using ground transportation.
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Figure 9 Notional CONOPS for Air Taxi and Airport Shuttle mission [19]

The CONOPS defines five main phases of flight: take-off, climb, cruise, descent, and landing. Taxi time
is added at both the origin and the destination. An additional transition phase (vertical to horizontal
flight) is added between take-off and climb phase for tilt rotor, tilt wing, and tilt duct type of aircraft.
There is no horizontal movement considered during the transition phase. In this study, reserve mission
kicks off during the descent phase and follows a similar profile as original mission i.e., take-off, climb,
cruise (at cruise altitude and cruise speed), descent, and landing at another landing area (l2’).

Figure 10 Mission profile of airport shuttle and air taxi mission [19]

Regarding operational related assumptions, NASA expects that for the first 5 years of operation, a pilot
would be on-board controlling the aircraft, assuming no autonomy. The number of flight hour
assuming that the aircraft would be operated only when full (2 seats filled) would fluctuate between a
minimum of 500 and a maximum of 1600. The study expected Air Taxis and Airport Shuttles to serve a
longest mission of 50 miles with a single charge. The cruise altitude would vary between 500 ft and
5000 ft, and the embarkation and disembarkation time would go from a minimum of 2 minutes up to
5 minutes. The full set of assumptions is shown in the Table 6 Air taxi and airport shuttle operational
assumptions
111

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

Table 6 Air taxi and airport shuttle operational assumptions

Parameter definition

Minimum

Maximum

Number of seats in aircraft. Initial years of operation
assumed a pilot on-board, hence there was one seat less
available to be occupied by a passenger

1

5

Passenger load factor which measures the utilization of the
capacity of the eVTOL i.e., number of seats occupied by a
revenue passenger divided by total number of available
seats

50%

80%

Average numbers of hours in a year that an aircraft was
actually in flight. Conservative utilization numbers were
used to consider battery recharging/ swapping times
(number of flight hours per year)

1000

2000

For 2-seat aircraft (only one passenger seat), aircraft was
only flown when the passenger seat was filled. Therefore,
utilization range was adjusted by multiplying with load factor
of 2+ seat aircraft i.e., 1000*50%, 2000*80% (number of
flight hours per year)

500

1600

Flight time for reserve mission (outside of mission time) at a
specified altitude (mins)

20

30

Ratio of non-revenue trips and total trips

25%

50%

Factor that captures the lateral track inefficiencies equal to
ratio of actual flight distance divided by great circle distance
between two vertiports

5%

15%

Cruise altitude for UAM vehicles (ft)

500

5000

Time spent in the process of loading UAM vehicle with
passengers and preparing them for flight (mins)

3

5

Time required for passengers to disembark the UAM vehicle
after the flight (mins)

2

3

Referred to the degree to which a battery was discharged in
relation to its total capacity

50%

80%

Overall, both the air taxi and the airport shuttle were found to be feasible, albeit a number of possible
constraints. Regarding demand, it is expected that the number of passengers will be low in the first
years of operation, though the number of users will gradually increase over the years [111]. In order
to scale up demand, new ground infrastructure with larger operational capacity would need to be built,
and operating costs lowered [19]. Altran remarks that air taxis would only be viable if they can compete
with car transport, for which the price will be a key element. High operational efficiency (i.e., increased
utilization, high load factor and lower dead-end trips), increased importance of travel time, higher
congestion, autonomous eVTOL, technology improvements, and increased available infrastructure /
capacity may all increase demand.
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The air ambulance was also selected by NASA as a viable business case. The Air Ambulance market
includes travel to/from the hospital for emergencies and potentially hospital visits, and counts with
the benefit of having higher public acceptability than the airport shuttle and air taxi.
According to NASA [19], a typical air ambulance mission consists of three sub-missions as shown in
Figure 11: Response (A-F), Transport (H-M), and Return to Service (N-R). The study assumed that each
of these sub-missions are flown at similar speeds and follow similar profiles (i.e., Taxi, Hover Climb,
Climb, Cruise, Descend, Hover Descend, and Taxi). For the fourth mission (Scene) we assumed an air
ambulance in Taxi mode. Total Flight time was determined to be the sum of response, transport, and
return time. After completing the patient transport to the hospital, the air ambulance returns to its
base (N-R) and is prepared for return to service (R-Q). For the healthcare market, return to service time
(referred to as preparation time) included the time to re-fuel the aircraft, which was assumed to be
5-15 mins while for eVTOL R_Q refers to the time required to recharge batteries for the next mission.
Each flight sub-mission follows the same mission profile as Air Taxi and Airport Shuttle mission types.

Figure 11 Typical air ambulance mission [19]

The study sized eVTOL and Hybrid aircraft for 1-patient emergency medical transports, both from
accident scenes and between hospitals. Therefore, the study assumed a 5-8 seat size equivalent eVTOL
and hybrid aircraft that can fly a cruise altitude of 500 to 5000 ft. The team also considered FAA duty
hour requirements - a single emergency eVTOL and hybrid was required to have 4 full time pilots, 4
full time flight nurses, and 4 full time paramedics with Commission on Accreditation of Medical
Transport Systems (CAMTS) Accreditation. Each crew was required to go through annual training. All
vehicle related assumptions like vehicle life and cost, insurance, power requirements, and energy cost,
etc. were considered similar to airport shuttle and air taxi.
The operational assumptions are summarized in the Table 7 Air ambulance operational assumptions
below
Table 7 Air ambulance operational assumptions [19]

Parameter

Minimum

Maximum

Cruise Speed (for eVTOL)

125 mph

175 mph

Cruise Speed (for Hybrid)

200 mph

300 mph

Equivalent Number of Seats

5

8

Reserve (mins)

20

30

Range (miles)

50 + reserve

200 + reserve

Battery Capacity (kWh)

100

150
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Battery Charger Power Setting (kW)

100

150

Annual number of Transports

300

400

Some key findings of the NASA study on the air ambulance service are:
•

eVTOLs and hybrid aircraft are expected to compete with existing Rotary Wing market for the
near term due to competition from ground ambulances and high range requirements for fixed
wing market

•

Battery recharging time is high, thus making the vehicle unavailable for longer times (reducing
reliability). Moreover, battery recharge rate will need to be increased approximately 4 times
to current rate for eVTOLs to address the total available healthcare market.

A.7 Actors
The main UAM stakeholders identified by the literature are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Authorities and regulators
Air Navigation Service Providers
UAM Service Provider
U-space Service Provider
UAM Operators
Drone Operators
Drone Pilots
Infrastructure providers
Drone Manufacturers
Maintenance companies
UAM users
Communities and citizens
Data providers
Other aviation users

The main UAM actors are described in detail in Appendix B

A.8 Vehicles
A vision of future UAM vehicles and top-level requirements
Two of the main actors in the UAM field regarding the development of vehicles for people or cargo
transport have the following vision.
EHang [60] states that the modern UAM system should possess the following characteristics:
1. Autonomous services – Full flight automation means that there is no need for pilots on board.
Passengers are not required to have any pilot skills or qualifications. Ordering and payments
for services are all conducted online through mobile apps. This can maximize efficiency by
dramatically reducing staff costs. More importantly, it helps eliminate the risk of accidents
largely caused by human errors in current piloted aircraft.
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2. Quick and hassle-free – Compared with traditional ground transportation, UAM would be
faster and more efficient given that it allows individuals and freight to move about a city in
straight-line air routes.
3. Centralized platform – Today’s automobiles, even autonomous ones, travel individually and
separately. Accidents and traffic congestion are therefore inevitable. By contrast, a UAM
system backed by a command-and-control platform using auto-piloting can eliminate
accidents and ensure that traffic flows smoothly and orderly at all times of day and night.
4. Shared economy – Since a centralized UAM platform offers a convenient network, individuals
don't need to own their own UAM vehicle. This enables higher asset utilization and lowers the
waste of resources. It also eliminates the parking problem that dominates so much of city life
today. In our view, the difficulty in achieving a truly shared economy for existing automobiles
is due to a lack of a centralized command-and-control platform that can automatically control
the vehicles.
5. Green energy – Electrically-powered UAM vehicles are eco-friendly, with zero emissions, a
tremendous advantage over the majority of current land and air vehicles that continue to run
on fossil fuels.
Volocopter [112] defines that the mission of the urban air taxi is to transport passengers and luggage
from point A to B within a defined urban metropolitan area at a price that is competitive with
alternative transportation modes. To accomplish this mission, an eVTOL will need to at least address
the requirements in the non-exhaustive list below:
1. Safety and certification – Urban air taxis need to be as safe as any other commercial aircraft
and consequently be designed to meet equivalent safety standards.
2. Noise emissions – To fly in the city and take-off/land in populated areas, the urban air taxi will
have to comply with demanding noise restrictions to achieve public acceptance.
3. Range and speed – The air taxi needs to be able to cover the most popular high-traffic routes
in major cities, like the airport to the city-center route. These trips should be covered at a
reasonably high speed to save time compared to ground transportation alternatives.
4. Operating costs – To enable a viable and scalable business that addresses a meaningful
customer base, air taxi operating costs should be low enough to offer competitively-priced
transportation services.
6. Number of seats – The number of passenger seats is a key design driver and needs to match
the needs of the urban air taxi mission.
7. Design for usability – Passengers need to be able to embark, travel, and disembark
comfortably and safely. This will entail design requirements for cabin noise levels, vibration,
climatic conditioning, perceived safety, etc.
Aircraft requirements and mission for UAM
The requirements and boundary conditions on aircraft design for UAM are manifold and in some cases
novel, regarding their impact in comparison to classical aircraft design. The diagram depicted in Figure
12 shows the main design drivers affecting the choice of specific aircraft type and the subsequent
detailed design.
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Figure 12 Requirements (dark grey), external boundary conditions (light grey), and further important design
drivers (grey) affecting the aircraft design for UAM. [113]

Probably the most comprehensive compilation of consistent soft and hard requirements for air taxis is
sketched by the transport service provider UBER, with the Elevate Whitepaper [12] and a follow-up
document containing further technical requirements [31]. The documents are intended to provide a
framework for prospective aircraft manufacturers to meet the requirements of a planned on-demand
air-taxi service. UBER stipulates a design mission range of about 95 km and a reserve range of almost
10 km at a minimum cruise speed of 240 km/h. Cruise altitude is set to 300 m above ground level (AGL).
A required payload of 500 kg is specified for four passengers.
NASA suggests a two-leg mission without intermediate recharging for VTOL UAM-vehicles [36]. Both
flights are of 70-km distance at a cruise altitude of 1200 m AGL. The cruise speed varies between 150
km/h and 200 km/h for six vehicle concepts, each designed for carrying 545 kg or up to six passengers.
A 20-minute reserve at cruise power must be available.
Both examples for design missions address the same UAM-market, considering regions within the U.S.,
but differ significantly about the top-level requirements on the range, cruise speed, and seat capacity.
The composition of the mission(s) is of crucial importance in this regard, since it has a major impact on
the design trade-off made concerning hover/vertical flight efficiency and cruise efficiency. The relative
share of take-off, climb and landing maneuvers in the overall mission shifts the optimum design point
and may lead to an entirely different, optimal aircraft type.
Furthermore, the demand for low noise emissions will also have a significant impact on the success or
failure of a UAM vehicle concept, since public acceptance strongly depends on it. Studies on public
perception of UAM indicate that not only the loudness itself but also the type of noise is a major
concern of the persons interviewed [35]. To ensure community acceptance, UAM noise signatures
should, as far as possible, blend into the existing urban background soundscape. Expressed in numbers,
this corresponds to a noise level 15 dB below that of a conventional light helicopter [31]. This is a major
challenge that requires early consideration in the design process. A key design parameter is the blade
tip speed, which needs to be reduced as much as possible. Potential approaches are the distribution
of thrust production to multiple rotors, minimizing take-off weight, and/or increasing the rotor area.
116

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

The latter contradicts the demand for air taxis to be as compact as possible to cope with the limited
space in the cities. Considering the limited available space, this means that aircraft size could become
the restricting factor for the throughput of UAM stations in urban areas.
Related to other applications where smaller vehicles are required, multicopter based UAVs have been
and remain the main platforms for aerial applications like security, inspection, maintenance, small
cargo, or filming. Most of the applications use architectures with less than eight propellers [32] up to
three propellers [33], but also conventional helicopters and ducted-fan vehicles are used depending
on the application. From the available literature, it can be concluded that quadcopter or multicopter
designs are by far the most widely used UAV platforms for aerial manipulation, followed by small size
helicopters. This is mainly due to the simplicity of multicopter mechanical design and hovering
capability, complemented by the low-cost, agility, and existing precise control schemes for these flying
vehicles [34].
Regarding the basic functions that the UAS will require to complete a mission, the EUROCAE ED-279
[114] document defines some of them. This list of functions, sub-functions, and descriptions is shown
below in Table 8.
Table 8 Functions and subfunctions at aircraft level FHA [114].

UAM vehicle concepts and classification
Driven by the predicted potential of distributed electric propulsion (DEP) and recent advancements in
required electric technologies, numerous aircraft design projects for UAM have been initiated.
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Typically, autonomous vehicles are designed for one to five passengers. The large design space opened
up by DEP in combination with strongly diverging, underlying operational requirements lead to
fundamentally different aircraft types.
As a way of covering most of the vehicle concepts, most research on the eVTOL design [37] has resorted
to the use of three primary vehicle classifications (as presented in Fig. 4): (i) Vectored Thrust, (ii) Lift +
Cruise, and (iii) Wingless Multicopter [38]. It is essential to comprehend these configurations as their
major performance factors, such as cruise altitude, speed, flying range, and environmental impact
varies across the different types [39].

Figure 13 Illustration of three major air taxi designs - (a) vectored thrust (b) wingless multicopter and (c) lift +
cruise. [115]

Vectored thrust
Vectored thrust is an aircraft’s ability to influence the direction of thrust from its engines, as shown in
Figure 13 (a) [116]. Thrust vectoring for eVTOLs is controlled through tilt-wing or tilt-rotor designs
[117]. While tilt-wing designs have one or multiple propellers fixed to a wing that pivots on an axis to
influence the direction of thrust, tilt-rotor designs have one or more propellers that pivot
independently of the fixed-wing or structural surface to influence the direction of thrust [38]. For
instance, Airbus’ A3 Vahana, which is a tilt-wing eVTOL, is a full-scale prototype that operates via eight
fully electric propellers mounted on forward and rear tilt wings [40]. Whereas, the Bell Nexus
incorporates a tilt-rotor design that generates thrust via eight independent tilt-rotor propellers [118].
With recent advancements, compound tilt-rotor aircraft implementation has been widely considered
to compensate for the gas and noise emissions from the expanding civil aviation activities. [39], studied
a performance analysis of a conceptual coaxial aircraft using simulation. While the minimum gas
emissions of the conceptual vehicle occur at 80 m/s, the minimum fuel consumption occurred at 90
m/s, which is a 50% increase from that of conventional helicopters. It is noted that fuel consumption
and gas emissions decrease as altitude increases. Overall, a trade-off between gas emissions, fuel
consumption, and ride duration is required [39]. The Lilium Jet, the Aurora LightningStrike, and the
Joby S2 and S4 are also examples of this category, see Figure 14.
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Figure 14 Vectored thrust electric vertical take-off and landing aircraft (eVTOL): Lilium Jet, Aurora Lightning
Strike, Joby S2.

Lift + Cruise
An eVTOL lift + cruise design operates on independent engines for thrust and cruise capability (see
Figure 13 (c)). Typically, fixed, vertical propellers are mounted to the top of the vehicle that generates
lift similar to a helicopter, while horizontal propellers are wing-mounted to generate thrust in a
forward direction for cruising. Though this design classification is not widely adopted due to its
complexity, it is still a viable option for air taxi design [119]; [120]; [121]; [122]. Similar to vectored
thrust, lift + cruise designs also allow for higher flight speeds while cruising [121]; [122]. Several
logistics companies, such as the Cora Aero & Kitty Hawk, developed the eVTOL with a lift + cruise design
[117]; [123]. This aircraft typically operates with 12 independent electric rotors mounted on its wings
and one large rear-mounted rotor to generate the push. The unique safety features in this design
involve electric propellers that operate independently, and in case if one fails, it will have no effect on
the others, and a parachute would be released if the air taxi has to land without its vertical propellers
[124]. The ZeeAero Z-P2, the Kitty Hawk Cora, and the Aurora Flight Sciences eVTOL are examples of
this category (see Figure 15).
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Figure 15 Lift + cruise eVTOLs: ZeeAero Z-P2, Aurora Flight Sciences eVTOL, Kitty Hawk Cora.

Wingless multicopter
Wingless multicopter design is similar to that of a traditional helicopter operating with multiple fixed
rotors, see Figure 13 (b). The multicopter design classification, like the vectored thrust class, is a very
popular design choice in the aerospace community behind eVTOL [125]; [126]. These aircraft have no
wings and rely on thrust production via multiple propellers – often four or more. The advantages of a
multirotor design are that the multiple rotors allow for more straightforward rotor mechanics and
superior flight control, as well as reduced noise production and vibration [127]. One of the most
promising designs in the air taxi market is the wingless Airbus – CityAirbus. The CityAirbus is a multipassenger, fully electric quadrotor, that uses autonomous flight control [128]. The CityAirbus is
designed with four ducted propellers that allow for a minimal acoustic footprint [129]. The E-Hang 184
and the Volocopter 2X (both in the certification phase) are examples of this category, which also
includes designs like the wingless vectored thrust Tecnalia’s air taxi prototype [130].

Figure 16 Wingless eVTOLs: E-Hang 184, Volocopter 2X.

Another more detailed two-step classification scheme is depicted in Figure 17, clustering the concepts
according to lift production during the cruise and the mechanism enabling VTOL to obtain aircraft
clusters with comparable performance data and characteristics. Aircraft configurations that generate
lift exclusively with rotating wings during cruise flight (left branch) are typically limited in cruise speed,
are typically less efficient during cruise flight, and therefore have range disadvantages compared to
other concepts. However, they naturally have very good hover and VTOL characteristics. The rotarywing group includes all kinds of multicopter configurations, as well as conventional helicopters. The
possibilities of DEP seem to enable the implementation of aircraft concepts capable of both VTOL and
a fixed wing-based cruise flight while keeping system complexity and weight at an acceptable level.
Concepts of this group (right branch, Figure 17Figure 17) are significantly more efficient and faster
during cruise flight compared to rotary-wing cruise configurations. Examples of all these configurations
are presented in Figure 18.

Figure 17 A two-step classification scheme for UAM VTOL aircraft. [113]
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Figure 18 Examples of representatives from all UAM VTOL aircraft classes using a two-step classification
scheme. [113]

Performance comparisons of air taxi design classifications
Based on the description of the major air taxi configurations given by prior research [40]; [38]; [41];
[42], Table 9 presents the eVTOL vehicle designs along with their characteristics. Each alternate design
has its strength and weakness regarding range, speed, passenger capacity, and environmental impact
criteria. Therefore, from an operations management perspective, determining the optimal number of
air taxis in each design category is essential to achieve a trade-off between service responsiveness,
operating cost, and air taxi utilization.
Table 9 Characteristics of key air taxi design classifications. [115]

A.9 Vertiports
A.9.1 Vertiports characterization
FAA NextGen, in its UAM CONOPS [2], employs the term UAM aerodrome rather than vertiport. The
UAM aerodrome must meet the capability requirements to support UAM departure and arrival
operations. It actively participates in the exchange of information between UAM operators and the
PSU network regarding pad availability or other data necessary to support strategic deconfliction.
UAM aerodrome availability is accessible via the PSU network or directly by UAM operators via an
SDSP.
Other UAM CONOPS like the Australian one [8], envision the vertiport as an area of land, water, or
structure used or intended to be used by VTOL aircraft to take off and land. These can be place either
at land or water, and can have single or multiple UAM Final Approach and Take-Off Areas (FATOs). It
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is to be expected that, in the UAM operating environment, there will be a mix of vertiports with single
or multiple FATOs.
A local area within the UAM space can be equipped with a single vertiport or with a set of them that
can be operated by different organisations (similar to helipads in some cities). Existing helicopter
landing sites could operate as vertiports under certain premises to be discussed later. Vertiport
functions are diverse, as they may be dedicated solely to passenger transit, cargo loading,
maintenance, or a mixture of these. Some vertiports will provide high-capacity, high-tempo facilities
and integrate with other transport modes. Vertiports will be established more quickly than traditional
airports.
Some vertiports will have facilities for UAM vehicles to move from the FATO to a stand so that the
FATO is available for other vehicles (Figure 19 below). There will be a mix of vertiports with and without
stands within the UAM environment. UAM vehicles will need places to park at a vertiport while not in
operation. Transition between a FATO and a stand will occur while the vehicle is on the ground (either
towed or self-propelled under its own power) or in a low hover. Also, vertiports may require a
transition zone around them in order to perform safely the transition of an UAM to landing from cruise
or from take-off to cruise (see Figure 20).
Vertiport capacity will significantly affect the capacity of the overall UATM system.

Figure 19 Skyport vertiport example

Figure 20 Vertiport Transition Zone [8]
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In summary, vertiports (or vertiplaces, as a more generic term) are take-off and landing infrastructures
for UAM vehicles. Due to the similarity between current eVTOLs and helicopters, it is considered that
in a first approach the design of vertiplaces will be derived from the one of heliports. Nonetheless, as
opposed to heliports, vertiplaces are expected to hold a high density of operations, and they present
different sizes, levels of automation and facilities according to their final purpose. For simple
operations of single AAM aircraft, a heliport could be a suitable platform if equipped with some
minimal capabilities.
However, trade studies envision a much larger traffic volume for AAM in the future to come (FAA
predicts a sum of millions of operations per day). The vertiplace operator must, therefore, fulfil certain
requirements in order to adapt to such rate of operations [131]:
•
•
•
•
•
•
•
•
•

The vertiplace should be equipped with a proper infrastructure for data communications.
The complexity of the systems will be proportional to the extent of operations expected
for the vertiplace.
Navigation facilities are required: either ILS, GBAS or dual frequency GPS. The last type is
therefore, a requirement for the aircraft.
There must exist a surveillance system monitoring several data such as pad, parking or
charging availability.
A weather provision system is necessary to enhance safe operations, especially at low
altitudes.
If the vertiplace is public, it must be properly integrated in the AAM ecosystem. This
means, the vertiplace should be as modular as possible in order to hold operations from
different aircraft types.
The vertiplace should own an automation level enough to ensure safety and efficiency
when dealing with high operation rates.
The vehicle type will determine whether the vertiplace should be equipped with a
refuelling or a charging system or both. It is expected that in the future electric aircraft
would have a major role in AAM.
Mitigate or minimize environmental risks, such as noise or power consumption and the
social risk.
Ensure safe operations and cybersecurity.

These requirements need the corresponding facilities and equipment. Large and developed vertiports
could include their own facilities for weather data provision, communications, surveillance, navigation,
etc. However, within the AAM context, all this information and assessment could by performed by
external service providers. This latest option would be the most suitable for small heliports with less
capacities.
Additionally, several business models can be adopted for a specific vertiport, as summarized in the
Figure:
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Figure 21 Who will operate vertiports? [132]

A requirement vertiports must fulfil is to guarantee robust, safe and scalable operations. Some of the
different configurations [132], according to the expected volume and types of operations and available
space are:
•

Vertihubs: biggest vertiplaces for cargo and passengers with the possibility of acting as a hub
or central for eVTOL operations within a certain geographic space. Due to their size
requirements, they should be allocated in suburban or peripheral areas and equipped with
proper infrastructure for various operations including maintenance, repair and overhaul
(MRO).

•

Vertiports: these ground infrastructures are expected to be smaller than and not necessarily
as equipped as vertihubs as they are not intended to hold relevant maintenance operations or
serve as long-term parking. They are to be allocated in highly urban areas irrigated with
complementary transportation methods for passengers and cargo within the city. It could be
convenient
to
include
terminal-like
areas
for
passengers.

•

Vertistations: the simplest and smallest vertiplace type, thought for a reduced number of
landing pads. The required equipment does just hold for safety and customer service. These
kinds of infrastructures seem more likely to arise on peripheral regions, possibly for
performing cargo operations such as pickup and delivery in industrial areas.

Figure 22 Different vertiplace typologies [132]
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A.9.2 State-of-the art in vertiport development
Currently, the NASA’s AAM Project is boosting the creation of vertiports and their technologies in order
to enhance future advanced operations.
By means of a collaboration with Oneida County, this project will identify both infrastructure and
testing requirements for eVTOL operations in vertiports. Some of the automation technology
developed along the project (specifically for high-density operations) will be tested at the New York
UAS Test Site (owned by Oneida County). These tests, that will prove the maturity of the automation
systems, are part of the NASA’s AAM National Campaign.
As a collaborator in this NASA’s campaign, the Mosaic enterprise [133] is developing the software
requirements for vertiplaces to ensure proper TOL operations within the AAM context.
Other early developments aside from the NASA’s AAM project include the VoloPort [134] initiative by
Skyports and Volocopter that aims to produce the first vertiport network in Singapore for commercial
air taxi services. Its vertiplaces are intended to have a modular design in order to be placed in different
locations and would include charging systems. Following this line of vertiport design, Lilium proposes
a layout consisting of pre-fabricated modular pads suitable to fit different market needs due to their
high scalability [135]. Lilium’s developments are focused in the employment of their eVTOL jet aircraft.
By the beginning of 2021, Lilium and Ferrovial have signed an agreement [136] to develop a vertiport
network in the US (connecting the major cities of Florida) including at least ten vertiplaces in which
Lilium’s jet will be the main operating aircraft. Ferrovial’s role, on the other hand, will be focused on
infrastructure study and construction.
Another initiative is the one from Uber Air [137] (UberAIR Skyports), who has already presented
vertiplace prototypes to enhance take-off and landing for their electric flying cars. The company
intends to launch first urban flights in 2023 from vertiports placed at Melbourne, Dallas and Los
Angeles. Uber foresees UAM operations to be supported by a network of vertiports and vertistops in
cities [12]. While vertiports would be large multi-landing location with support facilities (rechargers,
support personnel, etc), vertistops would be single landing locations without support facilities, made
to quickly drop off and pick-up passengers.
The Uber report outlines three types of already available locations that could be adapted to become a
vertiport or vertistop: floating barge vertiports, highway cloverleaves, and the top level of parking
garages. Repurposing these infrastructures as vertiports would require minor ground resources and
land use. Moreover, these locations give the advantage of being placed away from households,
reducing noise annoyance.
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Figure 23 Vertiport artist impression [12]

Since 2018, Airbus, together with MVRDV and other partners, is researching in the design and
certification of vertipads for UAM [138]. The vertiport concept to MVRDV’s opinion is extended to a
hub of renewable energy, public amenities and even healthcare or educational facilities, rather than a
pure TOL infrastructure [139].
Not only ground infrastructures have been considered for vertiplaces. For instance, the company
IlandMiami [140] has designed Marine Utility Vessels (MUV), which are movable and motorized, to
allow UAV landing, launching and charging.
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Roles and responsibilities
The definition of roles and responsibilities aims to ensure that a large number of vehicles in urban
airspace are coordinated and managed safely and efficiently. The operation of UAVs and air taxis in
urban areas requires a new concept of flight control and monitoring. Private operating companies will
work closely with air traffic control to prepare, implement, monitor and develop the operating
procedures for the coexistence of UAM and conventional air traffic. The tasks will be redistributed,
especially during operation, between the fully autonomous system, an operator centre for mission
monitoring and air traffic control, since a responsible pilot in the long term will no longer be available
on board the aircraft as a contact person for air traffic controllers.
In addition, as the pilot will no longer be onboard, new remote UAS pilots will take on the additional
task of controlling the aircraft for manual remote modes. Therefore, it is conceivable that an UAS pilot
initially controls around 5 to 10 vehicles in a ground station. In the course of the further spread of UAS
for various tasks, a change in philosophy could be considered, moving away from central control of the
airspace in the direction of decentralized monitoring, in which parts of the system logic are integrated
will be autonomously performed by the aircraft (e.g., communication and separation).
The Appendix is structured in two sections. First, a summary of general considerations of some of the
analysed projects or stakeholder definitions is given. In the second section, the roles which have
commonly been identified by each project and / or stakeholder is given. In the second section, the
definitions and responsibilities of identified roles by each project are given. The source of each role
definition and responsibility can be identified by the source citations at the end of each paragraph.
Some roles were not explicitly characterised, but they have a high occurrence probability in the future
UAM eco-system and should be kept in mind for a definition: Manufacturer, Owner, Maintenance
Company, Customer, Ground Handler.

PODIUM [13]
The most important roles defined in the PODIUM U-space solution are the following:
Drone operator: legal entity accountable for all drone operation it performs. Equivalent to an airline
in manned aviation
Drone Traffic Management (DTM) Provider: provider of services and data required for drone traffic
management
USSP Supervisor: supervisor of the entire drone operation, from the register and approval of the flight
plan, to the monitoring and communication with the drone during the flight, coordination with ATC
when necessary, and activation/deactivation of no-fly zones, geofences and geocages in his/her area
of responsibility
Drone pilot: Person responsible for performing the drone flights. He/she has to take care of the
registration, flight plan submission, perform the mission, communicate with the USSP supervisor when
needed, and report any incidents/accidents that may have occurred during the flight.
Airfield/airport operator: it supports the definition of operating procedures and interoperability
requirements and ensures the safe integration of drones in airspace.
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Civil Aviation Authority (CAA): It takes part in the drone operator/pilot registration and e-identification
according to its national requirements. It provides information on aeronautical and non-aeronautical
no-fly zones, and review post-flight reports.
National/regional/local authority: it supports the definition of operating procedures and rules;
explores applications of U-space to urban needs and proposes methods to ensure privacy of citizens,
enforce drone regulation, and publish VLL hazards as they arise (cranes, building work).
ATS operator (ATCO): when required, the ATS operator shall identify drones flying in his/her area of
responsibility, follow its real time drone tracking information available, provide instruction and
clearances when needed, and ensure the safety of manned traffic operations.
Aeronautical Information Management Provider (AIMP): Existing ATM provides sources of some data
consumed by U-space service providers and users. It is typically the ANSP.

FAA UAM CONOPS [2]
The most relevant roles defined by the FAA UAM CONOPS are listed below:
1. UAM operator: who obtains current conditions from PSU and Supplemental Data Service
Provider (SDSP) services to determine the desired UAM Operational Intent information such
as location of flight (e.g., aerodrome locations), route (e.g., specific UAM Corridor(s)), and
desired flight time which must be provided to the PSU. Operators must also plan for offnominal events (understanding of alternative landing sites and airspace classes surrounding
UAM corridor). UAM operators monitor weather and winds prior to and throughout flight. In
the event that aircraft performance is inadequate to maintain required separation within the
UAM Corridor due to forecasted or current weather, UAM operators are responsible to take
appropriate strategic and tactical action to ensure separation is maintained (e.g., do not take
off, exit the UAM Corridor and operate per appropriate airspace rules).
2. Operator for manned/unmanned vehicles: responsible (person or entity) of managing their
operation within the given regulations and constraints. The operator is intended to share
information with UTM and perform the following tasks:
o Flight Plan Preparation: Drone operators sent their flight requests through the UTM
platform. The flight requests were automatically analysed by the UTM platform
according to the French and Hungarian regulations, and the valid requests were
distributed to the prefecture and/or ATC according to the configured workflow
platform.
o Monitoring: the positions of the drones were monitored in real time, and alerts were
raised in case of deviations to the approved mission.
3. Provider of Services for UAM (PSU), who support operations planning, flight intent sharing,
strategic and tactical deconfliction, airspace management functions, and off-nominal
operations. PSUs may also provide value added services to subscribers that optimize
operations or provide access to supplemental data in support of UAM operations. PSUs
exchange information with other PSUs via the PSU Network to enable UAM services (e.g.,
exchange of flight intent information, notification of UAM Corridor status, information
queries). PSUs also support local municipalities and communities, as needed, to gather,
incorporate, and maintain airspace reservations that may be accessed by UAM operators. They
are also in charge of analysing and confirming Operational Intents (strategically deconflicted)
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and establishing UAM corridors status as well as archiving data for analytics, regulatory and
accountability purposes. A more detailed list of services assigned to the PSU are given in
Appendix D.
4. UAS Service Supplier: entities that support UAS operations under the UAS Traffic Management
(UTM) system. From a UAM operational perspective, USSs will interact with PSUs to i) enable
UTM operations to use PSU network services to cross a UAM Corridor, ii) support UAM offnominal operations as needed and iii) support UTM off-nominal operations as needed.
5. Pilot in command (onboard): person aboard the UAM aircraft who is ultimately responsible
for the operation and safety during flight.
6. Remote pilot in command - person responsible for the UAS flight that is committed to conduct
operations in a safe manner complying regulations and restrictions and avoiding potential
conflicts. The RPIC can be the Operator itself.
7. UAM aerodrome: meets the capability requirements to support UAM departure and arrival
operations. It provides current and future resource availability information for UAM
operations (e.g., open/closed, pad availability) to support UAM operator planning and PSU
strategic deconfliction. UAM aerodrome availability is accessible via the PSU network or
directly by UAM operators via an SDSP. The UAM aerodrome information is used by UAM
operators and PSUs for UAM operation planning including strategic deconfliction and DCB;
however, the UAM aerodromes do not provide strategic deconfliction or DCB services.
8. Federal Aviation Authority:
• As federal authority over aircraft operations and regulatory oversight authority for civil
operations - They may provide guidelines for CBRs and will approve CBRs to ensure that
FAA authority is maintained (e.g., NAS safety, equal access to airspace, and security). The
FAA will define, maintain, and make publicly available UAM Corridor definitions and will
manage the performance requirements of UAM Corridors.
• FAA provides a regulatory and operational framework for operations for all airspace users.
Also, this authority can generate new constraints during operations, that must be received
by the end UTM users. There is, therefore, an information exchange between FAA and
UTM which is carried out by means of FIMS.
• FAA, as ATC to prevent collisions. Even though tactical separation within UAM corridors is
allocated to the UAM community, ATC is still responsible of:

•

o

Setting UAM corridor availability (e.g., open or closed) based on operational
design (e.g., time of day, flow direction of a nearby airport)

o

Provide advisories regarding UAM operations to other aircraft on a workload
permitting basis for what on-demand access to UAM operational data is
needed

o

Respond to UAM off-nominal operations as needed

FAA, as National Airspace System Data Exchange makes information available to UAM
operations via FAA-industry exchange protocols, acting as gateway between the FAA and
UAM stakeholders such that external entities do not have direct access to FAA systems
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and data, including, but not limited to, flight data, restrictions, charted routes and active
Special Activity Airspaces (SAAs).
9. PSU Network: is the collection of connected PSUs that share subscriber information, FAA data,
SDSP data, and USS data with other entities (e.g., PSUs, FAA, USSs, public interest
stakeholders) to provide a common operational picture to support UAM operations. Since
multiple PSUs can provide services in the same geographical area, the PSU Network facilitates
the ready availability of data to the FAA and other entities as required to ensure safe operation
of the NAS and any other information sharing functions including security and identification.
10. Public Safety Entities: they can access UTM data for safety enforcement purposes.
11. Supplemental Data Service Providers: UAM operators and PSUs use Supplemental Data
Service Providers (SDSPs) to access supporting data including, but not limited to, terrain,
obstacle, aerodrome availability, and specialized weather. SDSPs may be accessed via the PSU
network or directly by UAM operators.
12. USS Network: conjunction of interconnected USSs that conduct information exchange.
13. UAS Supplemental Data Service Providers (SDSPs): provide essential or enhanced services
such as terrain or weather data, surveillance, constraint information, etc. They are connected
to the USS Network for data provision.
14. Flight Information Management System (FIMS): FAA-UTM interface that permits information
gathering for the FAA from the USS Network.
15. Public Interest Stakeholders: entities declared by governing processes (e.g., FAA, CBR) to be
able to access UAM operational information. This access may support activities including, but
not limited to, public right to know, government regulatory, government assured safety and
security, and public safety. Examples of public interest stakeholders are local law enforcement
and US federal agencies.
Figure 34 below depicts a notional architecture of the UAM actors and contextual relationships and
information flows:
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Figure 24 Notional UAM Architecture [2]

The vertical dot-dashed line in Figure 24 Notional UAM Architecture above represents the demarcation
between the FAA and industry responsibilities for the infrastructure, services, and entities that interact
as part of UAM.
The FAA-Industry Data Exchange Protocol provides an interface for the NAS Data Exchange to request
UAM operational data on demand and send FAA information to the PSU network for distribution to
UAM operators, PICs, UAM Aircraft, and public interest stakeholders.

Figure 25 UTM architecture [2]

Table below presents the responsibilities from different UTM agents (UAS Operator, USS and FAA)
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Figure 26 responsibilities from different UTM agents (UAS Operator, USS and FAA) [2]

USIS
The main roles considered in the USIS project (U-Space Initial Services) are the drone operators and
the Air Navigation Service Providers.
The Air Navigation Service Providers covered the responsibility of the Drone AIM (Aeronautical
Information Management): Different types of airspace and administrative data were collected from
different sources in the demonstrations in France and Hungary.
The project stated that “Different service providers will have different roles and responsibilities to
ensure separation. If GA and UA operate in the same airspace layer, the roles and responsibilities
should be clear and obvious for the affected actors [..]”.
A recommendation was given for the CORUS CONOPS to “be updated by clarifying the responsibilities
between the ATS Operator and the Authorisation Workflow Representative during the different phases
of the flight (from planning to monitoring).”

India National UAS Traffic Management Policy
The UTM Ecosystem consists of a collaborative network of different stakeholders. The principal actors
in this ecosystem are:
Remote Pilot: person responsible for the safe operation of each UA. They must comply with the
operational requirements of the airspace in use (conformance of flight path, terrain constraints,
awareness of weather conditions, priority to manned aircraft). All the data necessary to keep a safe
132

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

flight is provided by UTMSPs, that enable the communication between the remote pilot and the
DigitalSky Platform. If during flight safety is not guaranteed due to any event the remote pilot must
intervene and also inform the DGCA.
Service Seeker: stakeholder looking for authorisation or information from another stakeholder or the
DigitalSky Platform to conduct UAS operations.
Service Provider: this stakeholder provides authorisation and/or information to another stakeholder
during UAS operations.
Service Enabler: stakeholder that assists another stakeholder for providing authorisation or
information to other UTM stakeholders.
Airport authority: authority responsible for the proper functioning of the DigitalSky Platform. The tasks
comprise development, maintenance and technical operation. Some of AAI responsibilities are:
•
•

Coordination with stakeholders for operations management by means of settling an
operational environment that consists of a National Airspace Map, the flight intents of any
aircraft type and flight historical information.
Approve UAS flight plans (in their controlled airspaces)

Military Authorities (IAF, Army, Navy, Coast Guard, HAL): these authorities are meant to create
permanent or temporary flight restrictions in order to segregate the airspaces required for their
operations. These restrictions are implemented in the DigitalSky Platform.
Law Enforcement and Security Agencies: provide information from real-time or historical data to
relevant authorities to enhance Security, Surveillance and Counter UAS (CUAS) purposes. The final
objective of these agencies is ensuring safety of the airspace, persons and relevant infrastructure.

Figure 27 UTM Ecosystem [46]
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DREAMS [80]
The DREAMS CONOPS is defined in terms U-space stakeholders directly addressed by UAS operations,
roles and responsibilities, interactions between actors and system elements, high level system
capabilities, external elements and related interfaces, data flows, and other time / sequence-related
elements. The CONOPS is a user-oriented document that describes the characteristics of a system from
the user’s and operator’s perspective.
The project summarizes the traditional ANSP services, provides recommendations for the for updating
the EU master documents and proposes the definition amendments for U-Space concepts

CORUS [6]
According to CORUS, a U-space stakeholder is an individual, team, or organisation with interest in, or
concerns relative to, the U-space undertaking. Concerns are those interests, which pertain to the
undertaking’s development, its operation or any other aspect that is critical or otherwise important to
one or more stakeholders.
Stakeholder Role (aka role) is representing an aspect of a person or organisation that enables them to
fulfil a particular function.
The U-space stakeholders have been classified as:
•
•

Operational stakeholder, who are actively consuming and/or providing services of U-space.
For this class of stakeholders, roles have been identified.
Other stakeholders, which are not operational stakeholders. No specific role in using the
system has been identified for them. It is not excluding these stakeholders to access to some
information (e.g., statistics) to accomplish their businesses (out of scope).

Figure 28 U-space stakeholders [6]
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IMPETUS [84] [90]
Among other actors, the most relevant roles identified for the drone operations were Orchestrator,
USPs and DTM providers, and Drone Operator. The envisioned U-Space architecture includes: Drone
Operator, Drone Pilot, Drone Owner, Regulating Authority, Air Traffic Management (ATM),
Orchestrator Centralized Services and Regulating Authority Centralized Services.

DACUS [51]
According to the project, drone operators are the key actors to take final decisions on how and when
the drone mission will be executed.
The ATM role focuses in managing controlled airspace in the surrounding of U-space airspace and
airports, where manned aviation shares the same airspace with unmanned aviation. ATM is in charge
of keeping proper separation between manned aviation and the rest of aircraft, and to monitor
unmanned aviation in the surroundings of controlled airspace like the CTRs and TMAs around airports.
In addition, the ATM is responsible of the dynamic reconfiguration of the airspace, and providing all
actors with this information.
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.
In urban areas, city councils and governments entities will play an important role in the definition of
boundaries for urban areas operations.

Spanish Civil Aviation Authority
MOD1036/2017 [69] Establishes the National Civil Aviation Authority as responsible for the oversight
of public interest operations (fire-fighting, SAR, patrol, surveillance, etc.)
MOD923/2012 [73] states that manned aircraft operating in airspace designated by the competent
authority as a U-space airspace, and not provided with an air traffic control service by the ANSP, shall
continuously make themselves electronically conspicuous to the U-space service providers

SES2+ [141]
The SES2+ draft indicates that, as far as operations in specific volumes of airspace designated by the
Member States for unmanned aircraft operations are concerned, relevant operational data shall be
made available in real-time by air navigation service providers.

EASA
The EU 2019/45 [23] regulation sets the role and responsibilities of the UAS Economic operators
(manufacturers, importers, distributors...) and Authorities as well as the requirements that 3rd
Countries operators must comply to operate in European airspace.
Following the EU 2019/945 regulation, the operator of a “certified” category UAS shall be certified and
obtain an Air Operator Certificate (AOC) from the NAA following a similar approach to current PartARO and Part-ORO. Light UAS Certificate (LUC) may serve as entry point for lower end “certified”
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category such as goods delivery in rural areas without requesting AOC. The operator needs to establish
Standard Operating Procedures (SOPs), a Safety Management System (SMS) and an OPS Manual (OM).
It shall also ensure that remote pilots are licensed, when required depending on the level of
automation of the UAS, appropriately rated and remain competent. It shall establish SLAs with all
needed Control Unit approval holders to ensure that all safety and security risks have been identified
and properly mitigated to an acceptable level and that C2 link, compatibility, performance, handover
and switch over, dry or wet lease of remote pilots have been properly addressed to a satisfactory level
to ensure safe operations. In addition, when the Control Unit is under its management, the UAS
operator is responsible for the safety and security of the Control Unit, as well as for its conformity to
initial and continuing airworthiness standards. The responsibility for conformity may be discharged
through a CAMO.
Regarding C2-Link Service Providers, given that the required performance depends heavily on the
operational needs due to the involved fleet of UA (and CU), the level of automation of the UA and the
operational concept, EASA does not intend to issue separate certificate for their services but to set the
operator responsible for performing adequate oversight and monitoring according to the established
Service Level Agreement (SLA).

DOMUS [44]
The project DOMUS highlighted the following roles:
UAS pilots: They were responsible for the registration, the flight plan submission, and the reporting of
any incidents and accidents that may have occurred during the flight.
Ecosystem Manager: the centralising entity that was in charge of ensuring the interoperable and
harmonized deployment of services and facilitating the coexistence of different U-space Service
Providers (USP) in the same environment. It acted as a proxy for both the rest of the USP and the ATM
system, maintaining a central database of airspaces, mission plans, e-registry and tracking.
U-space Service Providers: Three different USPs were simultaneously connected to the central
Ecosystem Manager. They provided U-space services access to drone operators and other actors, such
as authorities and the ATCO.

Australian CONOPS [8]
The Australian Concept of operations highlight several actors to take part in the UAM ecosystem. The
most relevant ones are the following:
UAM Vehicle Pilot: UAM vehicles are expected initially to be controlled by a pilot on board. In the
future, some UAM vehicles will include a remote, ground-based pilot who is in command of a single or
multiple UAM vehicles once the appropriate standards and certification criteria are defined. At some
point, the term pilot may no longer be applicable and other terms such as monitoring pilot or
supervisor may be used. Some UAM vehicles are expected to achieve full autonomy at a point in the
future. The UAM environment will include a mix of piloting mechanisms that include onboard pilot and
autonomous operation.
UAS service supplier (USS) / UTM service provider (USP): UAM operations are expected to integrate
into the low-level airspace where drones operate. Therefore, any systems used for UATM will need to
exchange information with a USS or USP, which are key roles in UTM. In addition, some services that
are provided by USSs will be adopted for UATM. A USS/USP is the customer-facing component of the
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UTM ecosystem, providing traffic management services to UAS operators in low-level airspace. A USS
will act as a communication bridge between an ANSP and UAS operator when necessary. The USS will
be an industry or government organisation(s) delegated or approved by the National Airworthiness
Authority (NAA) or be executed directly by the ANSP, depending on each nation’s policy or their
implementation of UTM and regulatory arrangements. It is highly likely that in many nations, multiple
USSs will serve UAS operators in the same geographical region. It is likely that every USS will interface
with a centralised, government-owned or -controlled UTM sub-system, often referred to as a Flight
Information Management System (FIMS) or Common Information Service (CIS) to ensure safety,
integrity, oversight and security. A USS will receive real-time information regarding airspace
constraints and intentions of other aircraft available through ANSPs. A USS will provide some UTM
services that are typically only provided by ANSPs in manned aviation, including but not limited to
strategic deconfliction and conformance monitoring for UAS operations. The primary means of
communication and coordination between the ANSP(s), USSs, operators and other stakeholders will
be through a distributed network of machine-to-machine Application Programming Interfaces (APIs),
and not between pilots and air traffic controllers via voice communication.
Fleet Operator: Fleet operators will manage their respective UAM vehicle operations. Fleet operators
will receive orders for flights through a booking platform operator for on-demand or timetabled
bookings. The fleet operator will be responsible for selecting the vehicle and pilot for incoming ride
requests. In coordination with the UAM vehicle pilot, the fleet operator will submit a flight intent
notification for the operations. In coordination with the UAM vehicle pilot, the fleet operator will be
responsible for final acceptance of a flight plan. The fleet operator will provide real-time information
regarding the operating status of their UAM vehicles.
Booking Platform Operator: The booking platform will provide the interface for trip requests from
customers and will connect the request with the fleet operator. The booking platform operator will
consider different vertiports for operating the flight. Options under consideration will include arrival
and/or departure from different vertiports and connection with other transport mechanisms.
Vertiport Operator: A vertiport operator will define what services their vertiport will provide and to
whom those services will be provided (in consultation with regulators). Vertiport operators will be
responsible for ground operations at the vertiport. The vertiport operator will contribute to the
development of rules regarding vertiport availability and priority given to specific fleet operators or
mission type (e.g., scheduled operations). Vertiport operators will be responsible for overseeing
ground safety, security and boarding procedures and charging or refuelling, although this responsibility
could sit with fleet operators or other third parties. The vertiport operator will provide information
regarding the operating status of their vertiport, including the availability of FATOs, stands (where
applicable), personnel and fuel (e.g. electricity).
National Airworthiness Authority: The role of the NAA will be the same as for the aviation system as
a whole. Specifically, with respect to UATM, the NAA will be responsible for certification of all elements
that are considered to be safety-related. In many cases, the certification requirements for either nonexistent or in-development traffic management systems are yet to be defined.
Other Authorities/Regulators: Given the impact of UAM on noise in the urban environment, it will be
important to ensure that the roles with respect to aircraft noise management are clearly defined. Each
country will have different organisations responsible for noise management in low-level airspace. Land
planning authorities will have defined roles with respect to vertiports.
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Airspace types and structure
Several airspace structures have been defined to reduce the collision risk and, therefore, increase the
capacity, with regard to the basic flight concept, i.e., when everyone is allowed to take the most direct
route without coordination. Table 10indicates the content studied in each cited project:
Project/Reference

Corridors

FAA UAM CONOPS

X

Tracks

Volumes

Layers

Amazon Prime Air

X

FAA UTM CONOPS

X

Australian UAM
CONOPS

X

X

CORUS

X

TERRA

X

DACUS
AIRBUS UTM

X

X

X

X

SAFEDRONE
METROPOLIS

Free Route

X
X

X

X

X

Table 10 References dealing with UAM Airspace Structures

FAA UAM CONOPS [2]
The FAA UAM CONOPS distinguishes between the following operating environments:
•

UAM: based on UAM CONOPS v1.0 making use of UAM corridors

•

UTM: based on UTM CONOPS v2.0 [FAA_UTM] for UAS operating at or below 400ft AGL

•

ATM: based on current regulations for all other manned and unmanned aircraft operations
including UAM aircraft operating outside of the UAM environment and applicable to all
airspace.

Figure below illustrates the different environments and types of operations in each environment. UAM
Corridors are shown along with aerodromes supporting UAM operations. The following describes the
operations inside and outside UAM Corridors for UAM aircraft, fixed wing aircraft, helicopters, and
UTM aircraft.
•

Inside UAM Corridors:
o
o
o
o

All aircraft operate under UAM specific rules, procedures, and performance
requirements
Fixed wing aircraft and UTM aircraft cross UAM Corridors
Helicopters and UAM aircraft operate within or cross UAM Corridors
Operations do not vary with airspace class
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•

Outside of UAM Corridors, operations adhere to relevant ATM and UTM rules based on
operation type, airspace class, and altitude.

Figure 29 UAM, UTM, and ATM Operating Environments [2]

UAM Corridors are the primary mechanism of separation between UAM operations and ATM and UTM
operations that do not meet UAM performance and participation requirements.
The UAM-specific structure – the UAM Corridor – is performance-based airspace structures with
defined dimensions. UAM Corridors would be known to airspace users and governed by a set of rules
which prescribe access and operations. Where supporting infrastructure and support services meet
performance requirements within a UAM Corridor, operators whose aircraft also meet performance
requirements will be able to operate within the UAM Corridor.
Operations within UAM Corridors will have operational performance (e.g., aircraft performance
envelope, navigation, DAA) and participation (e.g., flight intent sharing, deconfliction within the UAM
Corridor) requirements. The performance and participation requirements of UAM Corridors may vary
between UAM Corridors. Additionally, the requirements may vary for operations wholly within UAM
Corridors and operations crossing UAM Corridors (e.g., general aviation). UAM Corridor performance
and participation requirements support adjustments for most UAM off-nominal operations where the
UAM aircraft can complete the operation safely. Any operator that meets the UAM Corridor
performance and participation requirements may operate in, or cross, the UAM Corridor.
UAM Corridor definitions are available to stakeholders for planning and operational use. ATC will be
aware of UAM Corridors as part of general awareness of the airspace for which ATC is responsible.
Other NAS Users will be aware of UAM Corridors through airspace familiarization associated with flight
planning or ATC flight plan approval or advisories. UAM Corridor design considerations include:
1.

Minimal impact to existing ATM and UTM operations

2.

Public interest stakeholder needs (e.g., local environmental and noise, safety, security)

3.

Stakeholder utility (e.g., customer need)
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UAM Corridor availability (e.g., open, closed) is in accordance with ATC operational design (e.g., nearby
airport flow direction change). UAM Corridor availability is communicated through the PSU network
to PSUs and UAM operators. In addition to UAM Corridor availability established by ATC, PSUs
determine UAM Corridor status that identifies if one or more UAM operations are occurring
somewhere within the UAM Corridor. UAM Corridor usage information may be used by the FAA or
other stakeholders for situational awareness.
Initially, the UAM Corridors connect two known aerodrome locations to support point-to-point UAM
operations. As UAM operations evolve, UAM Corridors may be segmented and connected to form
more complex and efficient networks of available routing between aerodromes. Figure 30 shows a
small number of point-to-point UAM Corridors.

Figure 30 Multiple UAM corridors [2]

Initially, the number of UAM Corridors may be small or limited in use, but, over time, additional UAM
Corridors may be introduced.
DCB applies when the UAM Corridor or aerodromes cannot support the collective UAM Operational
Intent demand. DCB business rules are part of FAA-approved CBRs. In certain circumstances, the
excessive demand may not be due to UAM Corridor capacity but due to other factors such as
congestion at the aerodrome. The application of DCB will be consistent with FAA authority including
access, equity, safety, and security.
Increasing UAM operational tempo may create demand in excess of a corridor’s current capacity at
which point additional capacity may be made available through additional structure (e.g., “tracks”),
increased performance levels (e.g., ability to safely reduce separation minima within the corridor
through various methods), or expanded UAM Corridor topology.
Figure 31 below depicts a notional internal structure of “tracks” that may meet a future UAM
operational requirement. The “tracks” represent additional internal structure with increased
performance requirements that support an increased operational tempo within the same UAM
Corridor.
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Figure 31 UAM corridors with tracks [2]

The FAA UAM CONOPS [2] provides a Comparison of Helicopter Route Operations and UAM Operations
in Appendix D. Similarities are found in terms of use of airspace structure (corridor), no use of tactical
ATC separation and provision of ATC separation to other traffic from the given airspace structure
(corridor). Contrary to helicopter routes, UAM are not obliged to monitor ATC frequency or to establish
2-ways communications with ATC unless the aircraft has entered into an off-nominal situation. In
addition, access is granted (negotiated) by PSU and not ATC and ADS-B and transponders are only
required in off-nominal situations. PSU and not ATC is in charge of monitoring conformance.
Today, modified regulations (e.g., through Letters of Agreement (LOAs)) streamline two-way voice
communication with ATC for Helicopters. ATC involvement includes setting Helicopter Route
availability, providing ATC clearances for Helicopter Routes that traverse Class B airspace, and
providing advisories as appropriate when workload permits. More information on this subject can be
found on Appendix D of the FAA UAM CONOPS.

Amazon Prime Air [48]
Amazon supports the idea of segregated airspace for drone operations. It believes that the safest and
most efficient way for drone operations to happen (both recreational and professional) is in a
segregated civil airspace below 500 ft. In this proposed model:
•

Airspace below 200 feet, or the ‘Low-Speed Localized Traffic’ area, will be reserved for (1)
terminal non-transit operations such as surveying, videography and inspection, and (2)
operations for lesser-equipped vehicles, e.g., ones without sophisticated sense-and-avoid
(SAA) technology. Those lesser-equipped vehicles will not have access to certain airspace in
this zone, such as over heavily-populated areas.

•

A ‘High-Speed Transit’ space, between 200 and 400 feet, will be designated for well-equipped
vehicles as determined by the relevant performance standards and rules.

•

The airspace between 400 and 500 feet will serve as a permanent ‘No Fly Zone’ in which small
UAS operators will not be permitted to fly, except in emergencies.

•

Finally, this airspace model will also encompass ‘Predefined Low Risk Locations.’ Altitude and
vehicle category restrictions in these locations will be established in advance by aviation
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authorities. These Predefined Low Risk Locations will include areas like designated Academy
of Model Aeronautics airfields, where members will meet pre-established parameters for
altitude and vehicle categories.

Figure 32 - Airspace categories; Amazon Prime Air, 2015

FAA UTM CONOPS [49]
The scope for FAA UTM CONOPS regards operations below 400 ft AGL. In this range, two airspace
classes/environments are distinguished: uncontrolled (Class G) and controlled (Class B, C, D and E). In
Class G space, ATC has no responsibility to provide separation services. Then, UTM takes an analogous
approach to the one from manned aviation in uncontrolled space, which bases on cooperative
operation management.
In the case of controlled space, ATC does provide services to manned aviation, and to unmanned
aviation these services are just provided above 400 ft AGL.
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Figure 33 Airspace design for UTM operations [49]

Australian UAM CONOPS [8]
UAM vehicles will operate in low-level airspace. UAM operations are expected to operate primarily
below 1,500 ft Above Ground Level (AGL) but will also operate above this level. Low-level airspace
includes airspace outside of an urban environment. Other airspace users, including helicopters, hot-air
balloons, UASs and fixed-wing aircraft will also use low-level airspace. In the future, there will be
greater variety in the types of vehicles, operators and missions in the low-level airspace, including a
mix of piloted and autonomous vehicles. No single category of operators will have exclusive use of
airspace, and all operations will need to be integrated.
UAM vehicles will cruise above the majority of UAS operations which operate below 400 ft AGL.
However, UAM vehicles will operate in the same airspace as UASs around vertiport locations, where
flight paths need to exist at lower altitudes or where UASs will operate above 400 ft.
Depending on the flight path and destination, UAM vehicles will need to transit through what is
currently categorised as controlled and uncontrolled airspace. Initially, UAM operations will take
advantage of existing VFR corridors, transition routes, or existing helicopter procedures.
Some airspace will be dedicated primarily to UAM vehicle operations. Conversely, there will be
airspace from which UAM vehicle operations will be restricted. Some restrictions will be permanent
(e.g., some military airspace) while some will be dynamic (e.g. emergency response or some forms of
TRA/TFR). Traditional airspace users will periodically need to use airspace that is dedicated primarily
to UAM vehicle operations. UAM vehicles will at times need to fly through controlled airspace to access
airports or vertiports that are located close to airports.
(See other important considerations for Airspace and Procedure Design service in Appendix D of this
document or in Section 4.1 and Annex B1 of the original reference [8])
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CORUS [5]
Three airspace volume types are identified and referred to as X, Y and Z. All of the VLL airspace is either
X, Y or Z. These volumes differ in two ways; the services being offered and hence the types of operation
which are possible, and their access and entry requirements.
The most significant difference is in the provision of conflict resolution services:
X: No conflict resolution service is offered
Y: Pre-flight (“strategic”) conflict resolution is offered only
Z: Pre-flight (“strategic”) conflict resolution and in-flight (“tactical”) conflict resolution are offered
This difference has a large impact on how drones should fly in that airspace.

Figure 34 CORUS Airspace volumes [5]

Summary of volumes, uses and operations:
•

There are three types of airspace volume in the VLL: X, Y, and Z

•

X offers no separation services, all responsibility for safe operation is with the remote pilot

•

Y offers strategic (= pre-flight) conflict resolution and usually traffic information during flight

•

Z offers strategic conflict resolution and tactical (= in flight) conflict resolution; in urban
environment it will be provided by U-Space (Zu), whereas in controlled airspace will be
provided by ATS (Za)

•

Short term restrictions may be imposed in any volume. Their creation is announced via the

•

Emergency Management Service. They are visible in the Drone Aeronautical Information and
the Geo-awareness data.

•

Access to Y and Z requires an approved operation plan. Y & Z volumes may exclude some or all
drone flights.
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•

Open, Specific and Certified operations are all possible in X, Y, or Z – with some limitations.

•

As well as an approved operation plan, flying in Y or Z involves appropriate training, technical
equipment and a connected remote piloting station.

TERRA [50] [61] [102]
TERRA project considers 3 representative business cases, aligned with the CORUS airspace types
definition, and the services provided:
•

X: No conflict resolution service is offered.

•

Y: Only pre-flight conflict resolution is offered.

•

Z: Pre-flight conflict resolution and in-flight separation are offered.

Accordingly, CNS technologies are analysed in base 3 representative business cases:
•

Agriculture (Type X): This operation will be performed over predefined areas, mostly VLOS but
also BVLOS, and there will not be large risks of conflict, although VFR manned aviation (e.g.
helicopters, gliders, etc.) represent a risk. To avoid them, operators will have to ask for
allowance to operate over a certain area/field during, in a certain timeframe and they will only
have to be aware of drones in nearby fields.

•

Infrastructure and maintenance (Type Y): The requirements of this case should be between
those of the agriculture case and those of the urban delivery, getting closer to one or the other
depending on the operation and the environment in which it occurs. The greatest risks are
considered proximity to the objects together with radio interference. In addition, it is
considered essential that the pilot holds a professional license.

•

Delivery (Type Z): As the most complex operation, in urban environment and BVLOS, more
stringent requirements will be necessary. Navigation service will have to be provided by a mix
of sensors, assuring both the required accuracy and robustness. Separation towards other
drones will require continuous tracking, flight planning and dynamic conflict management,
which will be more complex if operations are allowed everywhere. VFR helicopters will have
to define a dynamic geo-fenced area around them, to allow flying undisturbed. The flight plans
will probably define only origin and destination, being the system in charge of defining the
most convenient route. Drones will be allowed to perform different levels of operations,
depending on their capabilities.

DACUS [16] [62] [81]
DACUS is focused in VLL airspace, as it is expected that most drone operations will take place within.
Volumes of airspace (within VLL airspace) characterized by implemented geographical zones within,
which might prohibit certain drone operations or allow access to certain drone classes only; U-space
services available/provided, depending on traffic complexity; Certain access and entry requirements,
including drone capabilities required;
Airspace structures characterized by routing strategies, traffic management systems with certain
automation level and human operator involvement, traffic flow management principles, separation
requirements, conflict management models (either centralized or decentralized) covering the strategic
and tactical phase and airspace usage restrictions (such as min./max. speeds)
Airspace types proposed by CORUS are considered: Type X, Type Y and Type Z (Za and Zu).
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As U-space should be established in both controlled and uncontrolled airspace, it is crucial to adhere
to existing structures, regulations and practices.
In controlled airspace, it must be guaranteed that manned and unmanned traffic will not mix as they
are dynamically segregated.
DACUS contemplates the applicability of UAM corridors as a mechanism to increase the capacity of the
airspace. Different structures of UTM are also taken into account: Non-structured, layers, corridors,
zones…
In DACUS three different models of U-Space are provided taking into consideration the level of
constraint imposed to drone operator: low-level constraints, medium level of constraints, high level of
constraints. Based on that, assumptions about ground infrastructures, societal acceptance, airspace
restriction and structures, local regulation and CNS are considered.

AIRBUS UTM BLUEPRINT [52]
As traffic over a region increases, airspace will become more disordered if it is not managed.
Simulations run by Altiscope show that increasing disorder leads to lower safety levels, including a loss
of separation and increased collision rates. Ensuring safe operations means employing routing
strategies to keep the airspace ordered. Several routing strategies exist, each with their own trade-offs
between freedom for the individual aircraft and amount of ordering it provides to the airspace. The
most appropriate choice will depend on the exact local criteria. Four basic routing concepts are
considered:
•

Basic flight: Aircraft under basic flight are responsible for self-separation. Aircraft must
maintain separation with other vehicles through automated or manual means. Basic flight is
the simplest routing scheme and is the most straightforward to implement. However, when
everyone is allowed to take the most direct route without coordination, conflicts are bound to
occur as the number of aircraft increases. Simulations show this happens even at low traffic
volumes.

•

Free route: Free routing is when aircraft can fly any path, so long as their planned path is
coordinated with and deconflicted from the paths of other aircraft by a traffic manager and
approved based on calculated risk. Free routing is being introduced worldwide, such as free
route airspace in Europe. This allows commercial flights to freely plan their route through
participating sectors during cruise. There is less freedom for an aircraft in this situation than in
basic flight, since its request may be rejected.

•

Corridors: Corridors are defined volumes in space, useful for managing airspace in high
demand or to manage traffic flow and separation. Coordination is necessary to ensure safety
in this airspace. A corridor may take on many different shapes. Aircraft are often guided inside
corridors using predetermined routes analogous to approach procedures used worldwide
today.

•

Fixed route: Fixed flight routes are used to ensure safety when there is high traffic density or
in any location where structure is required to ensure safe operations. This could include
locations such as airports or warehouses. These routes could be constructed or modified
dynamically based on calculated risk. The most restrictive version is a predetermined path,
where the only variable is when an aircraft is at a specific point in the path.
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METROPOLIS [47]
The project defined airspace structure as a procedural mechanism for a priori separation and
organization of traffic. An example of this in current-day operations is the hemispheric rule, which
separates east-bound from west-bound traffic at alternating vertical flight levels. More generally, any
a priori structuring of traffic implies posing constraints on one or more of the four degrees of freedom
that describe aircraft motion (both spatial as well as temporal). Using this definition of airspace
structure, four decentralized airspace concepts, named Full Mix, Layers, Zones and Tubes, were
designed and compared in Metropolis 1.
Full Mix: The Full Mix airspace concept can be most aptly described as 'unstructured airspace', where
traffic is subjected to only physical constraints, such as weather, static obstacles and terrain. As traffic
demand is often unstructured, the Full Mix concept assumed that any structuring of traffic flows
decreases overall efficiency of the system, and that safety is actually improved by the spreading of
traffic that results from self-regulation. In the Full Mix concept, aircraft are therefore permitted to use
the direct path between origin and destination, as well as optimum flight altitudes and velocities, to
reduce fuel burn and other related trip costs. Since Full Mix imposes no restrictions to the path of
aircraft, combined heading, speed and altitude conflict resolution manoeuvres are used to reduce
deviations from the optimal route, for all flight phases.
Layers: The Layers concept can be seen as an extension of the hemispheric rule. Here, the airspace is
segmented into vertically stacked bands, where each altitude layer limits horizontal travel to within an
allowed heading range. This segmentation of airspace was expected to reduce the probability of
conflicts by limiting the relative velocities between aircraft cruising at the same altitude. However, this
increased safety comes at the price of efficiency; while direct horizontal routes are still possible, the
vertical flight profile is dictated by the relative bearing between origin and destination and the
corresponding altitude band with the required heading range. Thus, flights might not be able to cruise
at their optimal altitude, resulting in higher fuel burn. An exception is made for climbing and
descending aircraft; these aircraft are allowed to maintain heading while climbing or descending to
their destination altitude.
Zones: Similar to Layers, the Zones concept segmented traffic based on similarity of travel direction.
However, while the Layers concept structures traffic irrespective of city topology (and only vertically),
the Zones concept took into account the layout of the city in the design of its structure.
A top-down view of the Zones concept is illustrated in Figure 35 Top-down view of the Zones topology,
which is designed to take into account the layout of a city . Here, two major zone types can be
discerned: circular and radial zones. Assuming a concentric shape for a Metropolis city, the circular
zones were used in a similar fashion to ring roads in contemporary cities. The radial zones functioned
as connections between these concentric zones and facilitated traffic towards and away from the city
centre. Both types of zones segment airspace in the horizontal plane, there is no vertical segmentation.
Instead, altitude is selected flexibly, based on the planned flight distance between origin and
destination, while the horizontal path was computed using the shortest path A* algorithm.
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Figure 35 Top-down view of the Zones topology, which is designed to take into account the layout of a city [47]

Tubes: As a maximum structuring of airspace, the fourth concept implements four-dimensional tubes
that provide a fixed route structure in the air. Here, the aim is to increase predictability of traffic flows
by means of pre-planned conflict free routes.
The tube topology designed for Metropolis can be thought of as a graph with nodes and edges, see
Figure below. The nodes of the graph are connection points for one or more routes. The edges are the
tubes connecting two nodes. Tubes at the same horizontal level never intersect, except at the nodes,
and are dimensioned to fit one aircraft in the vertical and horizontal plane.

Figure 36 An example tube topology with three layers of decreasing granularity. The dashed yellow lines are
used to indicate the placement of nodes above each other. Tubes are bi-directional [47]

Unlike the other concepts, the Tubes concept uses time-based (4D) separation of aircraft to ensure
safety within the network. This mode of separation dictates that when an aircraft passes a node, it will
“occupy” this node for some interval. Within this occupancy interval no other aircraft is allowed to
pass this node. For each node an interval list is maintained that keeps track of the times at which a
node is expected to be occupied. New flights may only pass the node when its necessary interval is
completely free. To ensure that separation at the nodes ensures separation within tubes as well, all
aircraft within the same layer were required to fly at the same velocity, and the prescribed speed
increases with the altitude of the layer.
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Figure below compares the four airspace concepts described above in terms of the number of
constrained degrees of freedom. The figure shows that options for trajectory planning become
increasingly restricted as the degree of structure is incrementally increased from Full Mix to Tubes;
while all four degrees of freedom are available in Full Mix, in the Tubes concept, aircraft have no
degrees of freedom, and are required to rigidly follow pre-planned space-time routes through a
predefined topology. Between these two extremes, the Layers and Zones concepts were defined to
allow three and two degrees of freedom respectively. This choice was made such that the four
concepts span the entire range from unstructured to structured airspace. Thus, a comparison of the
four concepts using fast-time simulations enables an evaluation of the airspace the structure-capacity
relationship. The goal of these simulations was not to arrive at precise capacity estimations for the
four concepts, but rather to consider how the degree of structuring affects capacity.

Figure 37 Four-point airspace structuring framework. The level of structure is increased from Full Mix to Tubes
by incrementally increasing the number of constraints applied [47]

The following main conclusions can be drawn from Metropolis:
•
•

•
•
•

Capacity benefits when the horizontal path of aircraft is not over-constrained. This is because
traffic demand displays no predominant patterns in the horizontal dimension, for
decentralization.
Capacity is maximized when vertical constraints are used to separate traffic with different
travel directions at different flight levels as for the Layers concept. This mode of structuring
improved performance over a completely unstructured airspace by decreasing relative
velocities between aircraft cruising at the same altitude, while allowing direct horizontal
routes. The reduced relative velocities also increased the stability of the airspace to tactical
conflict resolutions.
Conversely, structuring modes that imposed horizontal constraints, such as the Zones and
Tubes concepts, caused a convergence of traffic at the inter-sections of structural elements.
These traffic concentrations reduced overall performance for such concepts.
The optimum method of structuring was found to be independent of density. Capacity
generally benefited from a reduction of structural constraints, and no reversal for this trend
was found for the scenarios simulated.
Robustness to uncertainties such as rogue aircraft and wind are significantly reduced when
decentralization using time-based separation is combined with a predefined and fixed threedimensional route structure as for the Tubes concept.
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SAFEDRONE [75]
SAFEDRONE has concluded that it should be possible to separate the VLL airspace in several levels.
However, we find that having several fixed levels of flight could be no efficient because it would limit
the altitudes to fly and the number of operations. For assuring a safe separation in the vertical plane,
the Deconfliction services can make use of the vertical safety distances calculated previously through
our approach or in a similar way. In this way, the operators could plan their flights without the necessity
of choosing a specific level and the U-space deconfliction services would detect the possible conflicts
and could provide the operators with a range of safe altitudes for assuring the distances to other
planned flight-plans.
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UAM specific services
This appendix contains the relevant services that can be leveraged to support the safe and efficient
operations of UAM. The services proposed in U-space CORUS and FAA UTM CONOPS are presented
with a brief comparison across their differences. A group of projects are then analysed with regards to
the services developed, tested or deployed within these projects. Next, the FAA UAM and Australian
UATM programmes are highlighted, with the specific services aimed at UAM elaborated in detail. Then,
the overall architectures of jointly providing the services are compared between the centralised and
decentralised schemes. The expected/required services are finally tailored to specific airspace types.

D.1 U-space services
CORUS [5]
This Concept of Operations (CONOPS) for U-space is the final version produced by the EU Horizon2020funded CORUS R&D project, published on 30th September 2019. The CONOPS describes from a users’
perspective how operations should occur in Very Low Level (VLL) airspace, supported by U-space. The
CONOPS elaborates the U-space services and proposes how they be used in combination to achieve
safety, public acceptance and efficient operation. The following diagram, Figure 38 U-space services
CORUS , presents the services together, indicating which can be traced back to the Roadmap and which
have been added.

Figure 38 U-space services CORUS [5]

The services listed in Figure 38 U-space services CORUS are all related to safety and or security. There
will be other U-space services which are business related. CORUS views such business-related services
as being outside the scope of this document.

FAA UTM CONOPS 1.0 [49]
In 2018, the Federal Aviation Administration (FAA) NextGen Office released an initial overarching
Concept of Operations (V1.0) for Unmanned Aircraft Systems (UAS) Traffic Management (UTM) that
presented a vision and described the associated operational and technical requirements for developing
a supporting architecture and operating within a UTM ecosystem. UTM is defined as the manner in
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which the FAA will support operations for UAS operating in low altitude airspace. UTM utilizes
industry’s ability to supply services under the FAA’s regulatory authority where these services do not
currently exist. It is a community-based traffic management system, where the Operators and entities
providing operation support services are responsible for the coordination, execution, and
management of operations, with rules of the road established by FAA. This federated set of services
enables cooperative management of operations between UAS Operators, facilitated by third-party
support providers through networked information exchanges. UTM is designed to support the demand
and expectations for a broad spectrum of operations with ever-increasing complexity and risk through
an innovative, competitive open market of service suppliers. The services provided are interoperable
to allow the UTM ecosystem to scale to meet the needs of the UAS Operator community.

FAA UTM CONOPS 2.0 [49]
In 2020, the FAA updated this Concept of Operations (CONOPS) to document the continued maturation
of UTM and share the vision with government and industry stakeholders (FAA, 2020). UTM CONOPS
V2.0 continues to focus on UTM operations below 400 feet above ground level (AGL), but also
addresses increasingly more complex operations within and across both uncontrolled (Class G) and
controlled (Classes B, C, D, E) airspace environments. V2.0 updates and expands the set of operational
scenarios, describing more complex operations in denser airspace, including beyond visual line of sight
(BVLOS) operations in controlled airspace. V2.0 includes updated descriptions of/approaches to
several UTM components, including UAS Volume Reservations (previously referred to as Dynamic
Restrictions), Performance Authorizations, data archiving and access, USS service categories,
UTM/ATM contingency notification, and security aspects associated with UTM operations. V2.0 also
introduces new topics including Airspace Authorization for BVLOS flight within controlled airspace,
UTM architecture support to remote identification of UAS Operators, and standards development
efforts with industry as an integral part of enabling UTM operations.
Table 11 presents the detailed description of each service proposed in U-space CORUS and FAA UTM
CONOPS.
Table 11 U-Space Service CORUS [5] and FAA UTM CONOPS [49]

Categories

Service

Registration

Identification
and Tracking

Registration
assistance

Operator
Registration

Description
Interaction with the registrar to enable
the registrations of the drone, its owner,
its operator, and its pilot. Different
classes of user may query data, or
maintain or cancel their own data,
according to defined permissions.
Provides
assistance
to
people
undertaking the registration process
A service which provides the ability for
vehicle owners to register data related to
their UAS and a query function to allow
appropriate stakeholders to request
registration data.

UFAA
space UTM

X

X

X
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e-Identification

e-identification enables information
about the drone and other relevant
information to be verified without
physical access to the unmanned aircraft.

Remote ID

Services related to the identification of
UAS in the NAS.

Tracking and
position reporting

Receives location reports, fuses multiple
sources
and
provides
tracking
information about drone movements

X

X

X

This provides geo-fence and other flight
restriction information to drone pilots
and operators for their consultation up
to the moment of take-off. It includes
existing aeronautical information, such
as:
Geo-awareness

restricted areas, danger areas, CTRs etc.;
information extracted from NOTAMS,
and legislation;

X

temporary restrictions from the national
airspace authority;
to produce an overall picture of where
drones may operate.

Airspace
Management
/ Geo-fencing

Geo-fence provision
(incl. dynamic
geofencing)

Drone Aeronautical
Information
Management

An enhancement of geo-awareness that
allows geo-fence changes to be sent to
drones immediately. The drone must
have the ability to request, receive and
use geo-fencing data.
The drone equivalent of the Aeronautical
Information Management service. This
service maintains the map of X, Y and Z
airspaces,
and
permanent
and
temporary changes to it. (e.g., a
weekend festival will change an area
from sparsely to densely populated).

X

X

This service provides information to the
geo-fencing services as well as
operational
planning
preparation
service.

Mapping

A service that provides airspace
constraint (e.g., airspace restrictions,
special use airspace, NOTAMs, UVRs) and
ground
constraint
(e.g.,
public
gatherings, sensitive areas, obstacles)

X
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data necessary to meet the safety and
mission needs of UAS operations and
support in-flight and planning-related
services.

Constraint
Management

A service which supports provision of
operational constraint information
related to public safety activities, as well
as applicable constraint information
from the Airspace Authority/ANSP and
other non-FAA authorized sources, to
UAS Operators.

X

Airspace
Authorization

A service which provides Airspace
Authorization from the Airspace
Authority/Air
Navigation
Service
Provider to a UAS Operator.

X

Operation plan
preparation/
optimisation

Provides assistance to the operator in
filing of an operation plan. This service
functions as the interface between the
drone operator and the operation plan
processing service

X

Operation plan
processing

A
safety-critical,
access-controlled
service that manages live operation
plans submitted via the operation plan
preparation service and checks them
against other services. The service
manages authorisation workflows with
relevant authorities, and dynamically
takes airspace changes into account.

X

Risk analysis
assistance

Provides a risk analysis, mainly for
Specific
operations,
combining
information from other services – drone
AIM, environment, traffic information,
etc. This can also be used by insurance
services.

X

Operation Planning

A service that supports flight planning accounts for various operational
impacts, including other known
operations,
aircraft
performance,
weather forecasts, ground constraints,
airspace constraints.

X

Flight Dispatch

A service that supports flight planning of
operations requiring certification/special
authorization

X

Mission
Management
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Strategic Conflict
Resolution

Checks for possible conflicts in a specific
operation plan, and proposes solutions,
during operational plan processing.

X

Tactical Conflict
Resolution

Checks for possible conflicts in real time
and issues instructions to aircraft to
change their speed, level or heading as
needed.

X

Strategic DeConfliction

A service that arranges, negotiates, and
prioritizes
intended
Operation
Volumes/trajectories of UAS operations
with the objective of minimizing the
likelihood of airborne conflicts between
operations.

X

Conflict Advisory
and Alert

A service that provides real-time
monitoring and alerting through
suggestive or directive information of UA
proximity for other airspace users.

X

Dynamic Reroute

A service that provides real-time
modifications to intended Operation
Volumes/trajectories to minimize the
likelihood of airborne conflicts and
maximize the likelihood of conforming to
airspace restrictions and maintaining
mission objectives. This service arranges,
negotiates, and prioritizes inflight
Operation Volumes/trajectories of UAS
operations while the UAS is aloft.

X

Emergency
Management

Provides assistance to a drone pilot
experiencing an emergency with their
drone, and communicates emerging
information to interested parties.

X

Accident / Incident
Reporting

A secure and access-restricted system
that allows drone operators and others
to report incidents and accidents,
maintaining reports for their entire lifecycle. A similar citizen-access service is
possible.

X

Monitoring

Provides monitoring alerts (preferably
audible) about the progress of a flight
(e.g., conformance monitoring, weather
compliance monitoring, ground risk
compliance monitoring, electromagnetic
monitoring)

X

Conflict
Management

Emergency
management

Monitoring
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Environment

Traffic Information

Provides the drone pilot or operator with
information about other flights that may
be of interest to the drone pilot;
generally, where there could be some
risk of collision with the pilot’s own
aircraft

X

Digital Logbook

Produces reports for a user based on
their legal recording information.

X

Legal Recording

A restricted-access service to support
accident and incident investigation by
recording all input to U-space and giving
the full state of the system at any
moment. A source of information for
research and training.

X

Conformance
Monitoring

A service that provides real-time alerting
of non-conformance with intended
Operation Volume/trajectory to an
Operator or another airspace user.

X

UAS System
Monitoring
(Prognostics)

A service that monitors the health and
status of UAS system components (e.g.,
battery and motors) in real time, and
uses the input data to formulate
predictions about the components'
viability at future time horizons.

X

Weather
Information

Collects and presents relevant weather
information for the drone operation
including
hyperlocal
weather
information when available/required.

X

Geospatial
information service

Collects and provides relevant terrain
map, buildings, obstacles - with different
levels of precision - for the drone
operation.

X

Population density
map

Collects and presents a population
density map for the drone operator to
assess ground risk. This could be proxy
data e.g., mobile telephone density.

X

Electromagnetic
interference
information
Weather

Collects
and
presents
relevant
electromagnetic
interference
information for the drone operation.
A service that provides forecast and/or
real-time weather information to

X

X
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support operational decisions of
individual Operators and/or services.

Procedural Interface
with ATC

A mechanism invoked by the operation
plan processing service for coordinating
the entry of a flight into controlled
airspace before flight. Through this, ATC
can either accept or refuse the flight and
can describe the requirements and
process to be followed by the flight.

X

Collaborative
Interface with ATC

Offers verbal or textual communication
between the remote pilot and ATC when
a drone is in a controlled area. This
service replaces previous ad-hoc
solutions and enables flights to receive
instructions and clearances in a standard
and efficient manner.

X

Operator Messaging

A service that provides on-demand,
periodic, or event-driven message
exchange capabilities in support of UAS
Operator activities. Examples of
exchanged information include position
reports, intent information, and status
information.

X

FAA Messaging

Services that provide on-demand,
periodic, or event-driven message
exchange capabilities with FAA systems
to satisfy applicable regulatory/policy
requirements.

X

USS Network
Discovery

Services enabling authorized UTM
stakeholders to discover relevant active
USS providers and operations within a
specified geographical area. The network
operates in accordance with applicable
standards. Each USS’s access to the
network will be qualified against the
performance requirements necessary to
be connected with the FAA portion of the
network.

X

Navigation
Infrastructure
Monitoring

Provides status information about
navigation
infrastructure
during
operations. This service should give
warnings about loss of navigation
accuracy.

Interface with
ATC

Messaging

USS Network

CNS

X
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Communication
Infrastructure
Monitoring

Provides status information about
communication infrastructure during
operations. The service should give
warnings
about
degradation
of
communication infrastructure.

X

Navigation Coverage
information

Provides information about navigation
coverage for missions that will rely on it.
This information can be specialised
depending
on
the
navigation
infrastructure available (e.g. ground or
satellite based).

X

Communication
Coverage
information

Provides
information
about
communication coverage for missions
that will rely on it. This information can
be specialised depending on the
communication infrastructure available
(e.g. ground or satellite based).

X

Navigation

A set of strategic and tactical services
that provide historical quality of service
performance for airspace surveying
during the safety development phase,
coverage maps during the flight planning
phase,
and
real-time
integrity,
availability, quality of service, and
security monitoring during the operation
phase.

X

Communication/C2

A service that provides infrastructure
and quality of service assurance for radio
frequency (RF) Command and Control
(C2) capabilities to UAS Operators.

X

Surveillance data
exchange

Exchanges data between the tracking
service and other sources or consumers
of tracks – radar, other drone trackers,
etc.

Surveillance

A set of strategic and tactical services
that support air risk assessment for
safety case development, flight planning
with airspace heat maps based on
common traffic patterns, and flight
operations by providing real-time
tracking information of air traffic for a
given geographic area. Surveillance
services consist of three primary means
of collecting information regarding
airborne hazards: terrestrial surveillance,

X

X
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airborne surveillance,
surveillance.

and

satellite

PODIUM [3] [13]
During the PODIUM demonstrations, the following U-space services were implemented:
E-registration – Instead of the manual registration, the PODIUM project developed a phone and web
app for drone operators to registers themselves and the drone pilot(s).
E-identification – The PODIUM system provided several tracking means (URTAS, UP, Drone-it, GSM
trackers, Satellite based trackers, and ADS-B transponders) to identify and track the drones thanks to
the on-board tracking device. The app was able to link the registration database with the trackers of
the drones to differentiate cooperative from intruder drones
Tracking and monitoring – Podium provided several means of tracking and identifying drones (URTAS,
UP, Drone-it, GSM trackers, Satellite based trackers, and ADS-B transponders)
Flight preparation and approval – Once the operator completed all the required information in the
PODIUM phone/web app, the system would automatically validate the flight plan and send the details
to the operator, containing all applicable rules, guidelines and permits.
Procedural and collaborative interface with ATC – PODIUM used the Surveillance Data Processing and
Distribution System (ARTAS) in combination with ADS-B and GSM based trackers to display the position
of low flying aircraft to drones. The position of the drones would also be communicated to ATC when
needed.
Emergency management – The PODIUM system would warn all stakeholders of an emergency, the
appropriate authorities would be immediately notified, and drones would follow all the given
instructions from the DTM provider.
Meteorological and geographical information – PODIUM system provided basic meteorological data
to the drone operator, including space weather, local meteorological and day and night timings.
In addition to the aforementioned services, the phone/web app provided drone operators and drone
recreational users with information and explanations about the applicable rules for a given location,
no-fly zones and geofences.

SAFIR [54]
The objective of the SAFIR project was to test several U-space services managed by three USSPs and
one ANSP within a real urban environment. Specifically, the following services were deployed for
testing: e-identification; pre-tactical, tactical and dynamic geofencing; strategic and tactical
deconfliction; tracking and monitoring, all of them using interoperable UTM systems.

USIS [55]
USIS structures the study results for the U1 / U2 services into the following categories: Operational
acceptability, Safety, Security, System performance, Standard and regulations and Performance
assessment. The services investigated and demonstrated are E-identification, Tracking, Flight Planning
Management, Monitoring, Drone AIM, Procedural Interfaces ATC and Flight Plan Preparation /
Optimization Assistance.
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DOMUS [44]
DOMUS project addresses the performance assessment of U-space initial services (U1 & U2) and
enhance (U3) services. It contributed to preparing and de-risking a rapid deployment of U-space
services based on the integration of developed technologies and concepts.
The list of addressed services and capabilities included: all U1 and U2 services and capabilities,
collaborative interface with ATC, tactical conflict resolution U3 services, Vehicle to Infrastructure (V2I),
and Detect and Avoid (DAA) capabilities.
Complex operations, such as UAM, will require the availability of enhance services (U3 and U4).
Additionally, some U2 services become more relevant for medium or high-risk operations, such as the
weather information service, or the navigation infrastructure monitoring. In this regard, the most
relevant services that were addressed by DOMUS are listed below:
The Weather Information service, that provided UAS operator with forecast and current weather
information, either before or during the flight. MET information was stored in the Drone AIM service,
allowing UAS operators to access it through the U space infrastructure.
NASAP service. It provided information related to the predicted integrity and accuracy of GNSS. The
integrity was expressed in the form of the Navigation Integrity Category (NIC). This parameter is related
to the containment radius of the UAS’s horizontal position. The accuracy was expressed in the form of
Navigation Accuracy Category – Position (NACp), a value that provides information regarding the
horizontal radius in which the UAS will be with a 95% degree of certainty. The prediction is based on
the RAIM (Receiver Autonomous Integrity Monitoring) algorithm, and it is calculated every day with a
72-hour prediction range. NASAP service is especially interesting in urban scenarios, where the
performance of GNSS system is degraded due to the existence of buildings and other features.
Tactical conflict resolution (TD) service was in charge of the drone separation during the inflight phase.
The TD service predicted possible collisions between drones and provided the resolution to avoid the
conflict. It also evaluated eventual conflicts between inflight drones and geofences. The TD service was
successfully demonstrated in DOMUS project, achieving a path prediction accuracy of less than 20 m.
It showed a conflict resolution time of less than 2 s.
Collaborative interface with ATC service exchanged tactical information between the ATM and U
space. It contributed to increase the situational awareness of ATCOs, and provided the Control
Working Position (CWP) with management tools. It allowed for the exchange of tracks information
from ATM to UTM and vice versa. Another functionality of this service was the generation of geofences
from the ATM system, which were displayed both, in the CWP and in the UTM system human-machine
interfaces.

IMPETUS [56]
The IMPETUS project contributed to the elaboration of the following U-space services: Tactical Conflict
Resolution, Monitoring, Traffic Information, Weather information, Operation Plan Processing,
Operation Plan Preparation Assistance, Dynamic Capacity Management.

GOF2.0 [57]
Key Supplementary U-space data services considered: hyperlocal weather, cellular network coverage
prediction, mobility data and population densities to calculate ground risks.
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Open Access UTM2 [58]
The report provides a high-level description of services considered in the Open-Access UTM
environment to be provided by the different service providers (UTMSP, ATMSP, SDSP, OUTMSP) to
support the needs of the participants. The list of services is not exhaustive, and it is forecasts that UTM
will adopt new services as UTM matures and evolves. The report also describes services in terms of
different architectures.

D.2 UAM services
FAA UAM CONOPS [2]
A Provider of Services for UAM (PSU) is responsible of the following:
•

Provides a communication bridge between federated UAM actors, PSU to PSU via the PSU
Network

•

Provides the UAM operator with information gathered from the PSU Network, about planned
UAM operations in a UAM Corridor so that UAM operators can ascertain the ability to conduct
safe and efficient missions

•

Analyses and confirms that a UAM operator’s Operational Intent is complete, consistent with
current advisories and restrictions, and strategically deconflicted considering already
established flight intent of other UAM operators, the CBRs, UAM Corridor capacity, airspace
restrictions, UAM aerodrome resource availability, and adverse environmental conditions

•

Provides the confirmed flight intent to the PSU network

•

Distributes notifications (e.g., constraints, restrictions) for the intended area of operation

•

Distributes FAA operational data and advisories, weather, and supplemental data,

•

Supports cooperative separation management services (e.g., conformance monitoring,
advisory services)

•

Determines UAM Corridor use status (e.g., active, inactive) as an indication that one or more
UAM operations are occurring in the UAM Corridor

•

Archives operational data in historical databases for analytics, regulatory, and UAM operator
accountability purposes.

•

PSUs support this UAM operator responsibility by supplying information and advisories
including, but not limited to:

•

Other airborne traffic including operations within and crossing UAM Corridors

•

Weather and winds

•

Other hazards pertinent to low altitude flight (e.g., obstacles such as a crane or power-line
Notices to Airmen (NOTAM), bird activity, local restrictions)

•

Special Activity Airspace status

•

UAM Corridor availability

PSU services support operations planning, flight intent sharing, strategic and tactical deconfliction,
airspace management functions, and support to off-nominal operations. PSUs may provide value
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added services to subscribers that optimize operations or provide access to supplemental data in
support of UAM operations. PSUs exchange information with other PSUs via the PSU Network to
enable UAM services (e.g., exchange of flight intent information, notification of UAM Corridor status,
information queries). PSUs also support local municipalities and communities, as needed, to gather,
incorporate, and maintain airspace reservations that may be accessed by UAM operators.
UAM operators and PSUs use Supplemental Data Service Providers (SDSPs) to access supporting data
including, but not limited to, terrain, obstacle, aerodrome availability, and specialized weather. SDSPs
may be accessed via the PSU network or directly by UAM operators.
PSUs or SDSPs support the UAM operator by supplying weather, terrain, and obstacle clearance data
specific to the UAM operation. This data is obtained in the flight planning phase to ensure strategic
management of a UAM operation and updated in-flight, as appropriate.
UAM Operational Intent data (provided by the operator to the PSU) serves the following primary
functions:
•

Informs other operators of nearby operations within the UAM Corridor to promote safety and
shared awareness

•

Enables strategic deconfliction

•

Enables identification and distribution of known airspace constraints and restrictions for the
intended area of operation

•

Enables distribution of spatially and temporally relevant advisories, weather, and
supplemental data

•

Supports cooperative separation management services (e.g., conformance monitoring,
advisory services)

UAM services provided by PSUs and SDSPs are modular and discrete allowing for increased flexibility
in the design and implementation of new services. This modular approach allows the FAA to provide
tailored oversight of UAM operations and allows PSUs and SDSPs to provide focused services
consistent with a business model and subscriber needs.
Similar to UTM, UAM services can be characterized in one of the following ways:
Services that are required to be used by UAM operators due to FAA regulation or for a direct
connection to FAA systems. These services must be qualified and approved by the FAA.
Services that may be used by a UAM operator to meet all or part of an FAA regulation. These services
must meet an acceptable means of compliance and may be individually qualified and approved by the
FAA.
Services that provide value-added assistance to a UAM operator but are not used for FAA regulatory
compliance. These services may meet an industry standard but will not be qualified or approved by
the FAA.

Australian UAM CONOPS [8]
A set of UATM Services supports the achievement of the UATM objective. Two foundational UATM
Services prepare the UATM environment for operation.
•

Airspace and Procedure Design

•

Information Exchange
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•

In addition, four operational UATM Services provide capability for day-to-day UAM operations:

•

Flight Planning and Authorisation

•

Flow Management

•

Dynamic Airspace Management

•

Conformance Monitoring

1. Airspace and Procedure Design. The service will take into account the unique nature of UAM airspace
needs and procedures to accommodate UAM within low-level airspace and create airspace structures
and supporting procedures that strategically maximise the performance of the available low-level
airspace and minimise any additional impact on existing ATC and piloted operations. This includes: i)
vertiports transition zones (entry and exit points, arrival, departure and missed approach charts); ii)
procedures for clearance into controlled airspace under VFR; iii) implementation of UAM corridors
within controlled airspace; iv) promulgation of UAM routes within uncontrolled airspace; v) new or re
classification of airspace to accommodate increasing UAM operations; vi) deconfliction from existing
airspace operations including IFR flights; vii) community considerations (noise abatement, ground risk,
visual pollution); viii) CNS performance of existing aircraft in close proximity; ix) procedures for
emergency and off-nominal operations.
2. Information Exchange. The service will ensure shared situation awareness for all stakeholders by
exchanging timely and accurate data from the ANSP and industry systems, using globally harmonised
digital data standards, enabling other UATM Services to support safe and efficient operations. It must
provide accredited, quality-assured and timely information. The best possible integrated picture of the
historical, real-time and planned or foreseen future state of the UAM environment will need to be
assembled. UATM data will have temporality, but to varying degrees in terms of frequency and/or
magnitude, varying from almost static to highly dynamic. Information will need to be tailored, filtered,
and accessed by users with different permissions and needs. The initial quality of the information
provided will be the responsibility of the originator and subsequent handling must not compromise its
quality. The Information Exchange Service will allow all participants to adjust information-sharing to
mitigate any proprietary concerns. Sensitivity with regard to some data will continue to be an issue
and will be managed within the Information Exchange Service.
3. Flight Planning and Authorisation. It is intended to develop and maintain a plan and issue an
authorisation (clearance) in response to a flight request for a UAM vehicle movement. The service
must align with the strategic objectives of the overarching UATM system (e.g., flow management
constraints). It requires a centralised element to ensure equitable access and that all UAM operations
take into consideration vertiport and airspace capacity and availability. Strategic deconfliction is
delivered through airspace structures and procedures, while pre-tactical deconfliction is delivered
through trajectory management. A mature Flight Planning and Authorisation Service will include the
use of 4D trajectories. Flight planning will need to consider energy usage and vehicle endurance as part
of the plan. It will also need to consider weather conditions and their potential effect on energy usage
and vehicle endurance.
4. Flow Management. It ensures that demand for UAM operations is met to the greatest extent
practicable in the context of the limited resources in the airspace and vertiports. To maximise the
capacity of vertiport FATOs, Flow Management will be required to manage arrival and departure times
and slots. Flight planning will be informed by the capacity available at each vertiport. If capacity
changes at a vertiport, previously planned flights must be reviewed to ensure that vertiport capacity
is not exceeded. Flow Management will be used to inform updates to flight plans based on changes to
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airspace or vertiport capacity. These updates will include inputs from Dynamic Airspace Management
and/or Conformance Monitoring (e.g., adherence to feeder fix times). To ensure UAM vehicle flight
efficiency, it will be preferable to hold UAM vehicles on the ground (ground delay) rather than issue
an airborne delay. Minor vertiport availability issues (e.g., slightly late departure of a UAM vehicle) will
need to be handled tactically by small flight plan adjustments for other UAM vehicles. Certain
situations will lead to a reduction in capacity or zero capacity (i.e., no availability). Vertiport capacity
will initially be the greatest limitation to the Flow Management Service. However, in dense operations,
airspace and/or route/corridor capacity will also become a limiting factor. To maximise airspace
capacity, Flow Management will use 4D trajectories, which will consider vertiport departure and arrival
times and be assessed as part of airspace authorisation decisions.
5. Dynamic Airspace Management. Its aim is to maximise the performance of low-level airspace and
its structures as environmental and operational needs shift. The service also aims to be responsive to
ATM needs during nominal and off-nominal scenarios. Airspace and route/corridor availability for UAM
operations will vary for a number of reasons. Furthermore, changes to airspace availability will be
variously predictable and unpredictable. Flight Planning and Authorisation and Flow Management
decisions will need to be based upon known airspace and route/corridor availability. Following changes
in airspace and/or route/corridor availability, existing authorisations, including those already in flight,
must be reviewed to determine how the changes affect the flight plans and whether the existing flight
authorisations need to be cancelled or amended.
6. Conformance Monitoring. It identifies (4D) non-conforming vehicles that impact low-level airspace
operations to ensure timely triggers and mitigation responses for impacted UAM vehicles. This data
will also support the systemic review and analysis of UAM operational performance. While
accountability for compliance will lie with pilots and UAM vehicle operators, communications with a
vehicle will be initiated when non-compliance is predicted and/or detected. Data from this service
supports both tactical decisions and systemic performance analysis.
Not all operational services (e.g., Dynamic Airspace Management) will be required to support initial
UAM vehicle operations. The maturity of UATM Services will evolve as UAM traffic complexity or
density increases. Each service will evolve in maturity at a pace commensurate with the growth of
operations, i.e., some services will achieve higher levels of implementation maturity while others
remain more basic. The necessary operational services and their level of implementation maturity at
each UATM horizon will depend on the unique needs of each airspace environment.

D.3 Centralized vs. de-centralized
FAA UTM CONOPS 2.0 [49]
Within the UTM ecosystem, the FAA maintains its regulatory and operational authority for airspace
and traffic operations; however, the operations are not managed by ATC. Rather, they are organized,
coordinated, and managed by a federated set of actors in a distributed network of highly automated
systems via application programming interfaces (APIs). UTM comprises a sophisticated relationship
between the FAA, the Operator, and the various entities providing services and/or demonstrating a
demand for services within the UTM ecosystem. The illustration highlights a model, which heavily
leverages utilization of third-party entities to support the FAA and the Operator in their respective
roles and responsibilities.
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FAA UAM CONOPS [2]
Within the UAM cooperative management environment, the FAA maintains regulatory and operational
authority for airspace and traffic operations. UAM operations are organized, coordinated, and
managed by a federated set of actors through a distributed network that leverages interoperable
information systems.

SESAR architecture
The open GOF USPACE [57] architecture aims to provide a framework for actors in and connected to
U-space based on common principles for U-space architectures and SWIM principles.
The SAFIR architecture realizes the U-space conceptual model through federated DTM service
providers, which collaboratively provide the necessary U-space services to drone operators. These
services are provided using the DTM discovery interoperability model, which enables communication
between the DTM service providers. The concept of this model is sharing the intentions and status of
UAS through a federated system of interoperable, cloud-based services.
The actors in the SAFIR architecture are the multiple U-space service providers (USSP) which include
Amazon DTM service provider, Skeyes DTM service provider and State Authority DTM service provider
(for which the latter two are powered by Unifly software) these providers expose U-Space services and
capabilities within a shared or adjacent airspace. The State Authority DTM system is the USSP, which
is acting as an information exchange gateway for the centralized service interactions between the DTM
service providers offering services to the drone operators and all other stakeholders. By design, the
architecture requires a minimized set of these centralized services.
The other stakeholders include the Supplemental Data Service Provider (SDSP), Civil Aviation Authority
(Competent Authority), aviation users & ANSP (ATM system) and public authorities (Local Authority).
In the SAFIR project, the local authority will be the port authority of Antwerp.
The Swiss U-space is a set of decentralized services (Service Oriented Architecture) and associated
functions plus an all-encompassing framework designed to support multiple drone (UAS) operations.
These services are separate and could be offered by different service providers (modular and open
architecture) but need to guarantee a seamless experience for the end user and accurate data
transmission between each other, as required for safety reasons (safety focused architecture). The
services are complementary in nature to traditional ATM and several exchanges and interactions are
foreseen between U-space and the ATM ecosystem.

eHang [60]
Based on existing design concepts of various models and prototypes of UAM vehicles, only the EHang
AAV is designed to be controlled by a centralized platform, which we believe is the most promising
model for future UAM operations and development.
Unlike conventional transportation modes like cars or airplanes, a UAM system requires a centralized
remote command-and-control platform to perform multiple tasks autonomously. With the help of
computer programs and cluster management techniques, the platform is able to control the flights of
thousands of UAM vehicles simultaneously. Specific flight tasks are coded, registered, executed and
monitored to ensure safety, efficiency and quality. Thus, complex traffic situations become
manageable.
There are also significant city management benefits: a single platform in a metropolitan area would be
able to prevent accidents and traffic congestion as well as to improve city operations by integrating
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various municipal functions like police, emergency response, healthcare, firefighting, forestry, fishing,
tourism, etc., forming an instrumental part of a “smart city” urban planning system.
Note that the command-and-control centre concept is different from the FAA’s UTM system, which is
a “traffic management” ecosystem for uncontrolled operations. A centralized command-and-control
platform ensures all air vehicles are registered and controlled to fly on specific routes set by computers.

D.4 Expected/required services per airspace type
CORUS [6]
Different services will be available in different types of airspace from different U-space phases. Some
of these are mandatory, or at least strongly recommended, while others are offered if needed (see
Figure 39).
The key elements of the CORUS CONOPS are the definition of three different types of airspace volume,
named X, Y and Z. The number and nature of the U-space services differ in the three volumes and as a
result the density and complexity of the operations that can occur differs in each. The intention is that
the airspace will be divided into X, Y and Z in function of the air risk, ground risk, the traffic demand
and other factors, and thus the cost and complexity of providing and using U-space services will be
proportionate to the need that they be used.

Figure 39 Services in Different Types of Airspace CORUS

X: No conflict resolution service is offered
Y: Pre-flight (“strategic”) conflict resolution is offered only
Z: Pre-flight (“strategic”) conflict resolution and in-flight (“tactical”) conflict resolution are offered
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Separation and conflict resolution
This appendix contains multiple layers of separation assurance proposed to ensure the safe conduct
of operations, from strategic flight planning and management tools to tactical aircraft and obstacle
avoidance capabilities. The strategic layer is first introduced that is realised through for instance shared
flight intent, shared awareness, strategic deconfliction of flight intent, and the establishment of
procedural rules. It is followed by the tactical layer that is expected to provide only an advisory service,
being the tactical separation responsibility allocated the operator. The collision avoidance layer is then
elaborated, which is in particular based on the detect and avoid capabilities and that comes into play
when the previous layers fail to maintain the safety levels. Finally, relevant projects are analysed
concerning separation management such as the definition of a common altitude reference.

E.1 Strategic deconfliction
FAA UAM CONOPS [2]
When operating within a UAM Corridor, the FAA regulations and CBRs include the manner of strategic
deconfliction and tactical separation. The strategic deconfliction in this project is based on
collaborative flight intent sharing and advanced planning. The strategic deconfliction rules are
exercised by the PSUs. UAM operators remain responsible for the safe conduct of operations including
operating relative to other aircraft, weather, terrain, and hazards and avoiding unsafe conditions. UAM
separation is achieved via shared flight intent, shared awareness, strategic deconfliction of flight
intent, and the establishment of procedural rules.

CORUS [5]
The Strategic conflict resolution service in CORUS is invoked by the Drone operation plan processing
service. It can be invoked because a new operation plan has been submitted or because an already
submitted operation plan has changed. Strategic conflict resolution is before flight.
The service has two phases, conflict detection, and conflict resolution.
Detection broadly involves examining the probabilistic 4D trajectories predicted by the Drone
operation plan processing service and looking for pairs which have a reasonable probability of coming
closer than is allowed in any given airspace. The precise meaning of the previous sentence – what is a
reasonable probability and so on – is outside the scope of this CONOPS.
Resolution is by changing either of the pair by Dynamic capacity management service. The changes will
come from a standard set of “recipes” which are tested and those that resolve the problem (and do
not cause another problem) retained. The possible solutions are proposed to the operator who will
refine the plan further before resubmitting or changing it.

DOMUS [44]
In DOMUS, conflicts contain two definitions:
•

A convergence, in terms of route and/or time, of a new flight plan and the previously approved
flight plans.

•

Infringements of authorized access to airspace or of the defined flight rules are also considered
as conflicts.
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The conflict resolution function distinguishes between normal and priority flight plans, and provides
several alternatives to rejected ones. These alternatives may include variations on their trajectory,
time, altitude or operational volume.

DROC2OM [86]
In U-space definitions, strategic deconfliction is the service provides deconfliction assistance to a drone
operator at strategic level (when the flight plan is submitted, it is compared to other known flight plans
and a deconfliction in time or route could be proposed). This service could be mandatory or optional
according to the operating environment.
The differences with the strategic deconfliction described in U2 are twofold: the drone may receive
the information and this deconfliction is set for the in-flight phase. It will be necessary to appropriately
define the boundaries with the use of Detect & Avoid capabilities.

AIRPASS [87]
In project AIRPASS, after uploading the base flight plan to the Strategic Conflict Resolution service (U2),
this service will identify conflicts in 4D and request that the flight plan be changed until there are no
predicted conflicts.

E.2 Tactical deconfliction
FAA UAM CONOPS [2]
In FAA_UAM, the tactical separation is allocated to the UAM operators, including PIC and aircraft
capabilities, and may include support from the PSUs. The PIC, supported by the UAM aircraft’s
capabilities (e.g., DAA) and possibly PSU services (e.g., flight data from active operations in the UAM
Corridor), maintains separation from other operations within the UAM Corridor. In the event a tactical
action results in a UAM aircraft operating outside of the bounds of shared UAM Operational Intent,
notifications of the off-nominal event and updates to the UAM Operational Intent, if applicable, are
shared via the PSU Network (which evaluate the desired UAM Operational Intent for other operations
that may cause a strategic conflict).
The regulatory framework governing UAM operations will evolve to account for increasing levels of
performance and automation which may include autonomous flight. This evolution may have
implications for approaches to separation between aircraft in airspace that includes UAM operations.

TERRA [61]
To solve part of the limitations of the Ground technologies, such as missed detections, TERRA has
conducted a study of ML (via neural network ‘deep learning’ modelling) for drone conflict prediction.
The aim has not been to develop a refined model per se, but to experimentally explore the potential
benefits of the deep learning approach, as it could be applied to drone conflict prediction. The results
showed that for Conflict prediction modelling, ANN modelling provided encouraging first evidence that
ML methods can be very useful in helping predict conflicts in the urban scenario.

SKYWAY [63]
The Galician SkyWay project analysed 6 possible contingencies: Loss of Power, Engine, Ownership,
GNSS, Link and Loss of Separation. Regarding the last one, several technologies and methodologies
169

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

were developed in order to assure a safe separation between aircrafts, as well as provide tactical
conflict resolution. A synthetic vision methodology based on Artificial Neural Networks was developed,
coupled with data fusion algorithms in order to unify other data sources (ADS-B, Radar...), as well as
avoidance trajectory generation algorithms. A passive radar was also demonstrated. These
developments were tested on the Galician SkyWay Simulator.

CORUS [5]
In CORUS, tactical conflict resolution service is implemented as an advisory service or a system giving
instructions, assuming the service is implemented on the ground and not as a distributed function
within the aircraft.
The Tactical conflict resolution service requires that the positions of all aircraft are known and
frequently updated in the airspace volume being served, and further that the precision with which
these positions are known can be reliably determined. Based on these tracks the service predicts
conflicts and then issues advice or instructions to aircraft to change their speed, level or heading as
needed to resolve these conflicts. These instructions should reach the pilot rapidly and reliably.
The Tactical conflict resolution service can work more effectively if it makes use of a model of the flight
envelope and characteristics of each aircraft concerned. Further efficiency gains may be made if the
service is aware of the intention (that is the operation plan) of each flight. The Tactical conflict
resolution service is a client of the Tracking service, the Drone operation plan processing service and
the Drone aeronautical information management service.

PODIUM [3]
PODIUM addressed separation management through the surveillance and tracking service and the
conflict detection service. The technical solution consisted in the UTM system for the USSP supervisor
to monitor both the mission and the trackers providing drone 3D positions, and a prototype mobile
application for the drone operator. During one of the demonstrations, a dedicated collaborative
interface was available to support the monitoring of the mission by Air Traffic Controllers.
PODIUM used Surveillance Data Processing and Distribution system in combination with ADS-B and
GSM tracking technologies to display the position of manned aircraft to low flying drones. The positions
of the drones were also communicated to ATC when required. For the USSP supervisors the system
enabled drone monitoring during flights, and it displayed the planned mission, track (past positions),
separation between drones and warnings in case of conflicts. The mobile application of the UTM
system available to the drone operator displayed limited information though, which difficulted the
execution of flights.

DOMUS [44]
In DOMUS, the Tactical conflict resolution service predicts possible collisions between drones, and
provides the resolution to avoid their conflict, and evaluates eventual conflicts between inflight drones
and geofences. The services were successfully demonstrated, achieving a path prediction accuracy of
less than 20 m. It demonstrated a conflict resolution time of less than 2 s.

METROPOLIS [47]
The METROPOLIS project simulated 4 types of airspace structures: full mix, layers, zones and tubes. In
the Full Mix, Layers and Zones concepts, tactical Conflict Detection and Resolution (CD&R) tasks were
delegated to each individual aircraft. Conflict detection was performed by state-based extrapolation
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of traffic positions, within a prescribed ‘look-ahead’ time, using traffic transmitted state information
(position, altitude, speed and heading). The Modified Voltage Potential (MVP) algorithm is
subsequently used to resolve conflicts in a pairwise fashion. This method results in implicit cooperative
resolutions, where the distance between the conflicting aircraft at the Closest Point of Approach (CPA)
is increased to (at least) the minimum separation requirements. Based on initial test runs, a look-ahead
time of sixty seconds was selected, in addition to separation margins of 250 meters horizontally, and
50 meters vertically. The types of resolution manoeuvres (heading, altitude and speed) allowed were
airspace concept dependent.

AIRPASS [87]
For areas with high air traffic density, the Tactical Conflict Resolution service (U3) in AIRPASS will send
instructions to the RP (or the drone if it is capable) to ensure separation. These may include heading,
speed or height changes.

DROC2OM [86]
In DroC2om context, the implementation of the Tactical Deconfliction service could impact DroC2om
since U3 foresees that deconfliction information may be transmitted not only to the drone operator,
but towards the drone itself. The C2 Link appears then to be a good candidate for conveying this kind
of information as deconfliction updates would be necessary during the in-flight phase. Though it has
not been determined completely if the conflict resolution (possibly shared with DAA) is fully performed
on the ground or in the air (by the drone itself). Even if the resolution is a combination of both, a data
link – C2 – would still be necessary.

E.3 Detect and Avoid
PERCEVITE [65]
PERCEVITE presents a new technology enabling detect-and-avoid of ground-based static obstacles and
reduce the collision in the air during an autonomous operation. Two sensor, communication, and
processing suites have been developed enabling the capability to avoid ground-based obstacles and
perform cooperative avoidance via Wi-Fi, LoRa, and LTE (one of them, additionally, has ADSB-in for
avoiding general aviation aircraft equipped with ADS-B).
To avoid ground-based obstacles, a self-supervised learning algorithm performs an effective fusion of
stereo vision, motion, appearance, ranging and audio information will allow obstacle detection rather
than ± 30 m. Lasers or sonars are used for close distances. For collaborative avoidance, the project
presents an interoperable solution by combining multiple communication hardware types (ADSB,
4/5G, Wi-Fi) to exchange information on position, speed, and future waypoints.

CORUS [5]
In U-space the collision avoidance layer is implemented with “Detect and Avoid (DAA)” systems.

EC SRIA [64]
A promising method for DAA in order to detect obstacles and other traffic is to use the information
that is available in U-space. U-space has access to the most recent maps of the environment, including
the exact location of obstacles. Also, drones continuously report their positions to U-space. By making
smart use of existing communication infrastructure, all drones can be continuously informed on what
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is happening in their operating environment. U-space will play an essential role in airspace
development in urban areas and for detection and avoidance of obstacles and other air traffic.

DOMUS [44]
DOMUS focused on the detection and avoidance of unexpected ground obstacles, using onboard
sensors. DOMUS demonstrated the capacity of a drone to maintain a safe distance to buildings and
other objects, leveraging on a DAA device carried on-board. Six-camera navigation system were used
for calculating the relative speed and distance between an UAV and the surrounding objects. An
obstacle sensing range of 30 m was achieved in all directions, combining stereo vision and infrared
system sensors. The obstacle avoidance range varied from 0.2 m to 7 m.

LABYRINTH [142]
The project is focused on new swarm drone applications to address the safety, security and efficiency
in the civil system transport. The main goal of the research corresponds to the development of drone
swarming 4D path-planning algorithms to be implemented in the Ground Control Station as well as
new U-space services (drone swarm deconfliction and flight planning) supporting drone swarms autoguidance. Labyrinth will create a new centralized planification systems capable of communicating with
all considerate drones, processing their desired origin and destination points and compute paths to
avoid collisions.

AIRPASS [87]
Detect and Avoid is introduced in U3 and including five steps.
1. Acquisition: DAA acquires the position (and states) from other aircraft
2. Correlation: The position (and state) received from the imported intruders and cooperative
aircraft is measured by the GNSS sensors on the other aircraft.
3. Track estimation: Once the intruder has been positively correlated between the various sensor
sources, its information can be extracted for use in conflict detection. In the case of noncooperative intruders, this will be limited to their position and state. From their current
position and velocities, their track can be estimated.
4. Conflict detection & prevention: Based on the (estimated) tracks of the other aircraft and its
own planned trajectory, the UA can detect conflicts with other aircraft along its planned
trajectory. The route and trajectory of the own aircraft are provided to the DAA subsystem by
the FMS.
5. Conflict resolution: Once a conflict has been detected, the UA needs to respond accordingly.
If a conflict is detected in the short term, the UA needs to respond immediately. If a conflict is
detected in the long term, there is enough time to generate a solution which modifies the
planned route. The modified route can be sent to the FMS to update the flight plan.

E.4 Separation Criteria
EUROCONTROL CARS [67]
The many activities for which unmanned air systems (UAS) are used – from military through
commercial to leisure – can lead to their sharing airspace with conventional aircraft. For separation to
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be maintained between all users of this airspace, it is essential that the altitudes of all of these aircraft
be known unambiguously. However, whereas conventional manned aviation uses pressure altitude
obtained from barometric readings, UAS often use other systems such as satellite-derived altitudes.
While each of these different systems can enable safe separation on its own, they can each furnish
different altitude values from each other.
This project aims to establish a common altitude reference system and provides a basis for discussion
on such a system, following a workshop and a series of webinars organised by EUROCONTROL in
collaboration with the European Aviation Safety Agency (EASA).

ICARUS [68]
ICARUS addresses the problem of lack of common altitude reference in manned vs unmanned aviation,
or between different drone manufacturers, nowadays: Traditional methods to determine altitude, and
ensure vertical separation, are based on pressure altitude, whereas drones already use satellite
measurements (GNSS) for navigation purposes. This technology offers excellent accuracy, integrity,
continuity and availability properties and represents the ideal technology for ensuring a common
altitude reference for drones flying at VLL.
The U-space service that ICARUS will develop and validate can be used by drone and manned aviation
to obtain their current altitude, using a Common Altitude Reference, as well as distance from the
ground or known obstacles. This innovative service will increase the safety of operations, boosting long
distance (BVLOS) operations, increasing the capacity of congested low-level airspace and further the
integration of drones with the traditional manned aviation.
The main objectives of ICARUS are:
•

Define the technical requirements for GNSS-based altimetry

•

Investigate the vertical accuracy of existing Digital Terrain Models to be used for prevention of
ground obstacles

•

Design a U-space service for height transformation

•

Define a safe system for a common altitude reference system for drones and general aviation
to enhance the VLL capacity and safety.

SAFEDRONE [143]
SAFEDRONE agrees with the CORUS document in the idea that the separation distances could be
calculated based on a Required U-space Navigation Performance (RUNP). Having in mind that, in this
case, the monitoring and alert functions of the RUNP can be solved by the EGNOS capabilities, a GNSS
NAVSPEC is proposed for obtaining the separation distances. This NAVSPEC defines the size of the
areas that protect the instrument flight procedure designed trajectory in the horizontal and vertical
domains. The RNP NAVSPECs define the lateral and vertical total system error (TSE) value limits where
aircraft must be contained for at least 95% of the total flight time. This TSE is dependent upon position
estimation error (also known as navigation system error (NSE), path definition error (PDE) and flight
technical error (FTE).
PDE occurs when the path defined in the aircraft database does not correspond to the desired path.
PDE is usually sufficiently small that it could be safely ignored.
NSE refers to the difference between the aircraft’s estimated position and the true position. It is
defined at the output of the navigation receiver, and therefore it includes both Signal In Space (SIS)
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and airborne equipment error. This is dependent on the accuracy of the inputs to the position solution,
such as the accepted accuracy of GNSS measurements.
FTE refers to the ability of the remote operator or autopilot to follow the defined trajectory, including
any display error. The FTE component value is assumed based on data from flight tests. In this case,
the error depends on the autopilot and the way in which the GCS commands the guidance between
the waypoints (for example the acceptance radius for changing from the current waypoint to the
following one).

IMPETUS [66]
The Deconfliction Service in IMPETUS builds a continuous situational awareness picture, utilising a set
of environmental feeds as well as feeds from each cooperative drone flight in the system. This service
continually modifies separation criteria for each object in the system in near real-time, depending on
the data being received from U-space services and then evaluate which co-operative drones need
re-routing based on the separation requirements. A set of experiments was performed to evaluate the
separation criteria (field size of each object) based on data inputs and the quality and performance of
such inputs.
Figure 40 shows the High-level architecture for U-space services used to inform tactical de-confliction
and airspace capacity.

Figure 40 IMPETUS High-level architecture - U-space services capacity.
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TERRA [61]
TERRA defines the following requirements related with separation. For the different TERRA scenarios
(Urban and Rural environment), separation minima from terrain, obstacles and other drones are set
by TERRA requirements:
•

The operator shall be able to keep a minimum horizontal distance of 300 m towards terrain
and a minimum vertical distance of 50 m (100 m vertically with respect to mountains) at every
time, even in BVLOS, making the risk of CFIT negligible.

•

In urban areas or for infrastructure inspection or monitoring activities, the operator should be
able to keep a minimum horizontal distance of 10 m towards buildings/infrastructure and a
minimum vertical distance of 5 m.

•

In case the flight is going to be conducted in a volume that cannot be geo-caged for the user,
the operator shall be alerted if a minimum separation distance with other drones cannot be
maintained, to guarantee that the risk of collision negligible overpopulated areas and low
enough in sparsely populated areas.

DACUS [62]
DACUS will develop mathematical models to support the Demand and Capacity Balance process. These
models include AI demand prediction, dynamic capacity characterisation, dynamic separation minima
and separation intelligence allocation.
Two models will allow quantifying the collision risk and the social impact of the demand in a given
airspace. The Collision Risk model will consider all factors influencing the mid-air collision probability
and severity, including contingency measures associated with the declared demand, as well as other
influence factors impacting the capacity such as the population density in real-time. The Social Impact
model will input in the picture environmental biases and social concerns related to noise, visual impact,
or perceived safety, among others. The applicable airspace structure and urban rules are taken into
consideration as boundary conditions in the models.

TINDAiR [144]
TINDAiR is an on-going project which has not issued any deliverable yet. TINDAiR VLD is meant to
demonstrate the safe integration of UAM as additional airspace user. The results of the VLD will help
to refine the safety, performance, standardisation and regulatory requirements to enable UAM. The
VLD will include the execution of flight demonstrations in accordance with the safety conditions. Four
mission/flights will take place with different operating methods, in coordination with all the relevant
partners, and using more VTOL platforms carrying human passengers and medical equipment to
simulate the variety of possible U-Space users in the near future. The demonstration flights will also
include vehicles with full autonomous capabilities for automated safe procedures as well as
helicopters.
Flight demonstrations will address mainly the point defined as “mandated” for U-Space 3
requirements, the Tactical Conflict Resolution and emergency landing with a focus on the pre-flight
checks for possible conflicts in strategic phase and in-flight checks for enabling each single VTOL
operating in that airspace to rely on a DAA (detect and avoid) service providing instructions to aircraft
to change their speed, level or heading as needed or force emergency landing to pre-identified
vertiports in urban area.
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Integration with manned traffic
The incursion of UAS and their applications in the market have driven the demand for UAS operations,
as well as its complexity, to grow at a fast pace. This fact brings to light the need to explore solutions
and services that allows the integration of UAS with manned aviation whilst ensuring safety.
This need is particularly key in urban environments, where the UAS will have to cohabitate with
manned aviation, some of them flying VFR (Visual Flight Rules), and coordinate with ATC (Air Traffic
Control) to fly in controlled airspace. This last aspect was already identified by SESAR in the SESAR Uspace Blueprint [4], where a clear link with the current air traffic control service was identified. A
procedural interface with air traffic control organises the integration in the flight authorization phase
(through NOTAMs and flight planning services), while the collaborative interface is the link between
manned and unmanned traffic during flight execution.
This appendix addresses the findings of the project throughout all the bibliography analysed covering
the following topics related to the integration with manned traffic:
•
•
•
•
•
•
•

Interface with ATC
Need of automation
Demonstration of integration with manned traffic
Interface with ATC
Flight rules and procedures
Electronic conspicuity
Policy framework

Interface with ATC
PODIUM [13] developed a collaborative interface to help ATC monitor the drone mission. The
collaborative interface solution allowed interaction between ATM and DTM in different stages of the
flight (including flight plan checking in case of flights in controlled airspace, drone monitoring,
notification in case of a drone entering controlled airspace, etc.), and helped in increasing the
situational awareness and the overall safety of flights.
Likewise, in Connected Places Catapult [9] ATM Interface is proposed as an independent entity that
would act as a “regulated” standard interface to support a common service for all airports & FRZ’s in
the UK. This would provide all participating FRZs with the uniform access open-up opportunities for
drone operators. This by no means excludes UTMSPs from directly working with airfields and FRZ’s or
even exclude the developments of other interfaces that cater to different types of airfields and FRZ’s.
For the purposes of this research, one interface has been investigated in order to understand the
requirements.
The service provides the following functions:
•
•
•
•

Maintains a directory of airports and Flight Restriction Zone service providers.
Enables the routing of flight operations to the appropriate airfield or FRZ service provider.
Supports the communication of flight plan modifications and approvals.
Maintains a record of flights (planned, active, terminated).

The need to coordinate with ATS for operations within restricted areas around airports/heliports is
also highlighted by regulation MOD1036/2017 [69], which provides instructions and deadlines for
permission request and response.
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Moreover, in Connected Places Catapult [9], the issues of Flight Permissions in Controlled Airspace
and proposes two services are specifically discussed, sin the safe integration of drones into airspace
requires careful consideration of how the operator in controlled airspace is authorised. Two services
are proposed here3:
1. Standardised Permissions Management Interface
2. Semi-Automated Permissions Management for Drone Operations within Flight Restriction
Zone (FRZ).
Standardised Permissions Management Interface
The UK’s Air Navigation Order (ANO) of 20197 has established a series of Flight Restriction Zones (FRZ)
around the major airports and aerodromes as a means of defining explicitly safety barriers for airports
to separate unmanned operations from local manned airspace activities. Any UAS operator wanting to
operate in this region requires the specific permission from that specific airport. The FRZ, is, therefore
an “only by special permission” zone and for each zone there is a specific authority able to give this
special permission.
In the UK market, airports are owned by independent organisations, whether private or publicly
funded, and each is responsible for their own air traffic control or flight information service. This differs
from the USA where such services are provided by the FAA. As such, the method to request drone
access to the FRZ, and the airport’s decision whether to grant or deny it, is entirely down to each
airport. This presents an inconsistent method of requesting permission that each operator must
understand in the first place and an inconsistent method by which airports can assess whether to
approve or deny the request, and therefore a very inconsistent level of service that the operator will
receive.
This one-to-one, and case-by-case permissions request exercise presents a real challenge to UTMSPs
who will look to have a single interface to consistently engage with all airports. Similarly, airports may
not have the resources or willingness to create multiple interfaces to interface with multiple UTMSPs.
This potential for a large operational burden to bottleneck operations in and around FRZs will actively
discourage operators and service providers, as airports might prefer simple but cumbersome phone
procedures with the operators (as is typically done) or online spreadsheets to request access.
Alternatively, they might deny any drone activity altogether.
Semi-Automated Permissions Management for Drone Operations within FRZs
Part of the Open UTM function would be to help all FRZ apply a consistent assessment methodology
for approving or denying flight applications and to gather national statistics of successful request rates,
whilst enabling the state to have a clear picture of planned and actual airspace use throughout the UK.
As a regulated national service, this Open UTM Service could be funded through several mechanisms,
such as a licence levy on USP, FRZ or UAS operators, some form of user taxation, or through interface
provision costs (connection charges, annual service charges, geographic extent, etc).

3

Note: Flights of unmanned aircraft around aerodromes that are designated as ‘protected aerodromes’ are
restricted. Unmanned aircraft of any size must not be flown within the Flight Restriction Zone of a protected
aerodrome, without appropriate permission.
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Need of automation
One of the conclusions of the SAFIR project [54] was that integration with ATC plays a key role and it
has to reach a certain level of automation in order for the interaction with U-space to be efficient. In
the same way, one of the major challenges for this integration is the role that autonomous systems
will play in the ATC system according to the EC SRIA [64], which made a connection to the EASA
Artificial Intelligence (AI) Regulatory Roadmap of several possible levels of automation.
In this regard, the Indian UTM Concept [46] outlines that, to achieve the phased objective of
Segregation to Accommodation to Integration of unmanned aircraft systems into the national airspace,
associated ATM and UTM systems should communicate with each other at the systems level.
Operation of manned and unmanned aircraft near UTM-ATM boundary and transition of manned
aircraft into UTM space or vice-versa should happen seamlessly with as less human intervention as
possible. This calls for mutually interoperable UTM and ATM systems.

Demonstration of UAS with manned traffic
The demonstration of the integration of UAS with manned traffic has been addressed by several
projects, such as:
•
•

•

•

The DEMORPAS project involved two flight exercises with two different scenarios (operational
and emergency), performed in Spain in 2016, whose aim was to study the feasibility of
integrating RPAs with manned aviation in a non-segregated airspace. [74]
The SkyWay project [63] where the objective of the final flight campaign was to demonstrate
the successful management of a loss of link contingency within a non-segregated class D
airspace. Contingency procedures were developed through a series of experts’ meetings and
functional hazard analysis [63] [145]. Said procedures, including PIC phraseology, were tested
within a simulated live traffic environment, with simulated manned pilots connected with the
usual ATC systems and a remote ATC controller, which received a high-fidelity contingency
trajectory estimation.
GOF2.0 [57] whose system architecture is based on a federation of U-space service providers
and ATM system components that collectively and cooperatively manage all air traffic in the
same geographical region, ensuring efficient use of the airspace. The GOF2.0 operational
concept envisages the application of system-wide information management (SWIM) concepts.
i.e., information exchange ‘many-to-many’ instead of ‘one-to-one’. U-space service providers
and Air Navigation Service Providers (ANSPs) will exchange information and coordinate
themselves using interoperable standards allowing for highly automated air traffic
management and situational awareness among all ATM and U-space stakeholders. The value
of standardized data and protocols will be studied in scenarios involving flights crossing
national borders, requiring inter-ANSP coordination. GOF 2.0 will build on the GOF
architecture, articulated around a centralized Common Information Service (CIS) and
federated USSPs, interconnected through SWIM constructs, emphasizing the integration with
the ATM provider as a collaborative actor in the management of manned and unmanned
operations in a non-segregated urban airspace.
SAFEDRONE [75] project which concluded that the integration of General Aviation and drones
is possible in multi-aircraft and manned flight environments by using the services provided by
U-space and taking into account several procedures that depend on the specific situation.
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Flight rules and procedures
It is necessary, therefore, to define new flight rules that apply to these UAS and to other aircraft near
them, as stated by EUROCONTROL in UAS ATM Flight Rules Discussion Document [71], providing a
basis for discussion on flight rules, for integrating UAS into air-traffic management (ATM). According
to this document, it is essential for drones flying both in visual line of sight (VLOS) and beyond VLOS
(BVLOS) to be incorporated into the Standard European Rules of the Air (SERA). Without the
development of low- level flight rules (LFR) into VFR and IFR, full integration will not be possible. The
EU Drone network will engender additional perspectives that can be used, through the sharing of best
practices and lessons learned. For the time being, the best option is to develop flights based on the
inclusion of VLOS into VFR and BVLOS into IFR.
In addition, EUROCONTROL [72] operational concept defines two new sets of flight rule-based
operation: low-level flight rules (LFR), below the normal minimum VRF height of 500ft in what is
termed very low-level airspace (VLL), and high-level flight rules (HFR), above FL600.
The concept is primarily based on traffic classes, not UAS categories or airspace classes, within these
types of operation.
•
•
•
•

Type of operation - based on flight rules: LFR, IFR/VFR, HFR
Class of traffic: Class I, II, III, etc.
Class of airspace: Class A-G
Category of UAS - Open, Specific, and Certified [7]

A two-step approach is defined for integrating IFR-capable UAS into controlled airspace, with
accommodation mostly possible through FUA/AFUA techniques during ASBU Block 1 (until 2025), then
full integration with the necessary SARPS from ASBU Block 2 (from 2025). In Europe the
accommodation phase can easily be maintained due to the relatively low number of UAS operations.
In relation to this, the FAA UAM CONOPS [2] proposes the use of UAM Corridors, where the UAM
operator will not receive ATC clearances nor ATC authorizations for operations. Operational ATC
involvement is limited to setting UAM Corridor availability based on the ATC operational design,
receiving UAM Corridor status for awareness of which UAM Corridors have active operations, and
responding to UAM off-nominal events as needed
According to DACUS [81], 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.

Electronic conspicuity
In order to achieve the safe integration of UAS, conspicuity will be a key requirement. For example,
regulation MOD2012/923 [73]states that manned aircraft operating in airspace designated by the
competent authority as a U-space airspace, and not provided with an air traffic control service by the
ANSP, shall continuously make themselves electronically conspicuous to the U-space service providers.
Nonetheless, according to EASA concept of certification [45], until DAA capabilities become available
to UAS operations, there is a need to use strategic and tactical mitigations. EASA proposes a series of
mitigations for air collision risks for each of the given operation types:
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Type #1 (IFR unmanned cargo operations in airspace classes A-C)
Being IFR certified, the UAS are expected to comply with the IFR rules and the applicable SERA and
ATM requirements. While ICAO assumes that DAA is available, certified and compatible with all
airspace requirements (including classes D and E, where VFR traffic might request a clearance to enter
into the airspace but separation from IFR traffic is not provide, EASA assumes that the DAA may not
be always available and restricts these operations to airspace classes A-C4 where, in principle, VFR
traffic is separate from IFR traffic.
Additionally, the UAS is assumed to comply with all CNS requirements (datalink over FL295, ATC radio
COMs, appropriate PBN requirements, Mode-S transponders and ADS-B out as applicable), be able to
follow arrival and departure procedures with similar behaviour (speed and climb, descent and turnrates) to those for manned aircraft, have automatic take-off and landing capabilities and to be able to
fly go-round procedures when required.
On top of that, if the UA MTOM is larger than 5.7 tons, it shall be equipped with TCAS II 7.1 coupled
with the autopilot.
When any of the above cannot be guaranteed, then the use of ‘smart segregation tools’ need to be
applied (e.g., specific corridors, or segregation by time/space).
Type #2 (UAS flying in urban environment where U-space services are available)
SERA.3105, SERA.5005(f) and SERA.5015(b) set minimum height over cities for VFR and IFR flights to
guarantee safe landings in the event of an emergency. While UAS can achieve better performances
and mitigations, until gathering the necessary evidences, EASA will limit their use to pre-defined routes
for which the relevant competent authorities have got assurance that the air and ground risk are
properly mitigated and therefore compliance with SERA.3105 can be achieved.
In this scenario, it is assumed that U-space services will provide support to strategic, pre-tactical and
whenever feasible tactical (e.g., dynamic geo-awareness) deconfliction. UAS will fly at VLL and
therefore segregated from normal VFR traffic above. Whereas outside of urban environment, VLL are
below 500 ft, VLL in urban environment are higher and, in some cities, could be up to 4000 ft or above.
UAS can fly above VLL in urban environment but still inside a volume of airspace designated by the
Member State or competent authority (e.g., can be the city) as airspace where U-space services are
provided. In this case, there shall be coordination procedure between the ATS Unit and the relevant
U-space service providers to guarantee appropriate separation/segregation between manned and
unmanned traffic.
In general, the Member States or the designated competent authority will use the already existing
tools in SERA and the principles already used in the Flexible Use of Airspace (FUA) regulation for
dynamic airspace management. They will establish those volumes of airspace where U-space services
are provided as restricted airspace.
Operations of UAS in urban environment will first be run like today’s manned helicopter operations in
urban environment and even more restricted in some cases because they need to use one the
published pre-defined routes. However, once the reliability of such unmanned aircraft is proven and

4

EASA acknowledges this limitation. Therefore, equivalent means need to be identified e.g. additions to TMZ in
class D, development of specific corridors in order to achieve equivalent safety levels.
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more advance U-space services are available (such as more advance tactical de-confliction services or
DAA capabilities), operations of type #2 will be expanded and will become more regular.
For operations within the CTR of an aerodrome, it is important that the traffic managed by ATC, mainly
the manned helicopter operations in the urban environment is procedurally separated and segregated
from the UAS traffic managed by U-space services providers. In a first step as long as DAA is not fully
available respective functionalities based e.g., on flight plan information and or position reports will
have to be implemented. At a later stage:
•
•

manned aviation flying in an urban environment could also be managed by U-space
services providers providing strategic and tactical de-confliction services, or
all UAS in the urban environment are equipped with DAA capabilities suitable for that
operational environment.

Type # 3 (piloted VTOL operations)
When the pilot is on-board, in general the ‘see and avoid’ principle is complied with. However, this will
depend on the level of automation of the vehicle to follow the predefined route/trajectory and the
capability of the on-board pilot to take control of the aircraft and avoid collision at any point in time.
As it is foreseen that the piloted VTOL is only a transitional phase until confidence is gained on
remotely-piloted/self-piloted VTOL or UAS VTOL, the same operational constraints than in operations
type #2 are to be applied. If the pilot can take control of the aircraft and avoid collision, then the piloted
VTOL may be allowed to fly in airspace classes D and E like today manned aviation. This may be useful
for the transit part of the air-taxi flight between the aerodrome and the urban environment. The pilot
on board shall comply with the applicable requirements in SERA depending if the aircraft is flying IFR
or VFR and he/she shall comply with the ATC instructions as required.
When the piloted VTOL is flying in a volume of airspace where U-space services are provided, it is
expected that piloted VTOL also adheres to these U-space services and uses them to mitigate the air
risk with other UAS or manned aircraft flying in the same volume of airspace. This approach will allow
a faster transition between piloted VTOL and UAS VTOL. However, this needs still to be discussed with
the expert group.
During the demonstrations of the SAFEDRONE project [53], manned aircraft tracks were obtained from
two different sources:
•
•

Basic ADSB-in receiver connected to the Ground Control Station of the operator.
Professional ADS-B in receiver integrated in the ATLAS facilities

From these ADS-Bs devices, it was received the information about the manned aircraft tracks and then
sent to the Unifly server. This service shared the information obtained with the monitoring service (for
displaying the aircraft in the user-web- application) and with the Tactical Deconfliction Service.
Up to seven drones flew simultaneously with a manned aircraft during two of the flights’ campaigns of
SAFEDRONE. Drones and alarms were managed by the SAFEDRONE implementation of U-space and
the manned aircraft was detected by using the ADS-B capabilities developed during the project.
During the SAFEDRONE trials, the ADS-B technology was tested from two different perspectives:
•

Ground ADS-B in stations transmitting the information received to U-space. Depending on the
antenna, these stations can obtain information from several to hundreds of km, allowing the
U-space’s users to have the knowledge of where are the manned aircraft and avoid them.
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•

ADS-B in devices integrated into drones. In this case, this allows the drones to avoid the
manned aircraft autonomously in those cases programmed by the operator. It also offers the
possibility of receiving traffic information in the GCS from another source different than Uspace.

Several procedures and metrics were successfully tested allowing the drones to solve the conflict with
the manned aircraft in a safe way. In order to integrate a manned aircraft and several drones, the
Unifly U-space application was prepared for receiving the tracking information from all the vehicles of
the demonstration. Regarding the unmanned aerial systems, this information came from two different
sources: a tracker and the telemetry received from the operators’ Ground Control Station. Concerning
the manned aircraft, it carried on board an ADS-B out device, so its information was received on ground
or directly by the drones that had ADS-B in devices integrated, and then retransmitted to U-space. In
this way, it was possible to have both the information of all the drones connected to U-space that were
flying in a specific zone, and also of the manned aircraft with an ADS B out device onboard. From these
results, it is possible to conclude that this objective was completed successfully and that the
procedures and metrics used for this scenario could be applied in a real context.
ADS-B technology is also used in the Australian CONOPS [8]. eVTOL operations will conduct detectand-avoid through some combination of human (i.e., pilot in- command) and technical systems, which
may also incorporate off-board systems (e.g., ground based detect-and-avoid). For more information
on this, see the section about the Australian CONOPS in Appendix H.

Policy framework
The Connected Places Catapult [9] policy recognizes the need for a robust UTM-ATM interoperability
and integration policy which is globally acceptable and consistent with the seamless ATM concept, in
agreement with ICAO document (titled “Unmanned Aircraft Systems Traffic Management (UTM) – A
Common Framework with Core Principles for Global Harmonization Edition 2”), which examines the
issues related to the operation of manned and unmanned aircraft near boundaries between UTM and
ATM airspace and suggest:
•

•

States should consider several key operational aspects while establishing these boundaries.
These include identification of roles of UTM and ATM systems, development of operational
procedures and coordination processes, establishing separation standards between
unmanned aircraft as well as between manned aircraft and unmanned aircraft and establishing
the prioritization of operations.
States should consider several technological aspects while establishing the boundaries. These
include technology to support collision avoidance, automation to support traffic management
and transitions between UTM to ATM, information exchange capabilities between UTM and
ATM systems for operations planning purposes and to enable situational awareness and
capabilities to meet performance requirements needed to achieve interoperability (e.g., CNS
requirements).

Actions to create a policy framework, that will facilitate the introduction of a unified approach to the
safe integration of unmanned aircraft systems (UAS), are also recommended by the UK CAA
Innovation Hub [70], which also provides a timeline and steps for the development of UTM policy in
the UK.
This white paper states that, for UAS traffic management to successfully enable the integration rather
than separation of drones or other unmanned vehicles in UK airspace, it needs to collaborate
seamlessly and automatically with existing manned air traffic management. The paper proposes a
unified approach for UTM and ATM to ensure no adverse impact on safety and economic performance.
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In addition, UAS traffic management and Air Traffic Management protocols and procedures will need
to work in partnership to avoid any unnecessary increases in complexity. For example, in how airspace
users are notified either through internationally agreed formats and publications (AIP/NOTAM43) or
innovative digital (websites, apps) methods while maintaining high levels of data quality. There are
also many benefits to the ATM system from incorporating technologies and procedures developed for
UAS traffic management.
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Contingency and emergency management
In the present appendix we will review in detail some of the key concepts regarding contingencies and
emergency management, as previously outlined in section 8. First, some of the relevant regulatory
texts regarding contingency management are briefly discussed. Then we will analyse how
contingencies and emergencies are considered on the Concept of Operations for Urban Air Mobility in
the European Union, USA and Australia. Lastly, we will review several research projects involving
contingency and emergency management.
Contingency and emergency management procedures for non-nominal operation of aircraft within a
UTM paradigm play a key role on providing safety for drone operations. As such, different regulatory
bodies and countries address those key areas in their regulations. In the European Union, this is
reflected within the Commission Implementing Regulation (EU) 2019/947 of 24 May 2019 on the rules
and procedures for the operation of unmanned aircraft [21] and the Commission Implementing
Regulation (EU) 2020/639 of 12 May 2020 amending Implementing Regulation (EU) 2019/947 as
regards to standard scenarios for operations executed in or beyond the visual line of sight [22]. Both
regulations introduce the need to develop contingency and emergency plans and manuals in order to
request operational authorities as well as to comply with the defined Standards scenarios.
In the USA, the emergency landing contingency is taken into consideration in [77] where it is
considered that preplanning emergency landing areas will result in safer and more effective airsupport operations. Similarly, the final rule for the Remote ID in the USA [78] also considers the
necessity of taking into account an emergency status. However, while the Remote ID message
definition includes an optional flag for emergency status indication, the rule does not specify how this
flag should be used. It is most likely a placeholder for future rule amendments and Use Cases.
Currently, it is unclear how Remote ID could be used in emergency situations, but it is feasible to
imagine that broadcasting of one’s location information (as is required by the rule) could help manage
contingency and emergency events in a more advanced UTM/BVLOS setting.

G.1 UTM CONOPS
The existing concept of operations for UTM, U-space and UAM across the globe analyse the
contingency and emergency management issue with a variety of solutions. Specifically, we are
referring to the CONOPS for U-space produced by the CORUS project for the European Union, to the
UAM CONOPS by the FAA, and to the Australian UAM CONOPS by Airservices Australia and Embraer
Business Innovation.
In the, in order to understand when a Contingency Plan comes into force, it is important to clearly
differentiate between a Mitigation, Contingency or Emergency. The (non-exhaustive) definitions below
explain when they come into force.
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Figure 41 The relationship between Mitigation, Contingency and Emergency. Figure from CORUS CONOPS [5].

Contingency plans (CP) may be expected to appear as standard operating procedures listed in the
drone operator’s Operations Manual, if the operator has one. As an example:
CP1: If the drone experiences a loss of datalink, position emitter/receiver failure, directional loss,
or flies through an area of electromagnetic interferences, it must either return to home/launch
or land at a dedicated landing area, automatically.
CP2: If a drone experiences a flight controller failure, unintentionally loses altitude, flies through
severe weather, collides with an obstacle or other air traffic, or is totally lost, it must activate
the emergency landing protocol immediately. Emergency equipment (e.g., parachute, lights to
be seen at night, and a signal to be heard on ground) must be activated. Furthermore, either
the pilot or the drone must immediately send an emergency signal via the emergency
management service.
CP3: In the case of a critical human error or medical issue with the remote pilot, a backup pilot
must take over the flight immediately, if available. If no control input is received by the drone
for longer than a determined time period, CP1 must be activated.
Table 12 CORUS Contingency plans for U-space.

Service

Contingency Plan
To be developed

E-registration
To be developed

E-Identification
Pre-tactical
Geofencing
Tracking

If the service detects that received data is faulty, it has to correct the missing data
and send a message to the affected users/operators.
If the service detects that data from the drone(s) is missing or faulty, it has to send
a message to the affected users/operators. In U3 a dynamic geofence must be put
around the predicted position (triggers Emergency Management notification).
If a received track cannot be correlated to a flight plan, the service has to send a
message to the drone user/operator. If necessary, it can command the pilot/drone
either to hold position/circle until correlated/situation awareness is restored or to
land at a dedicated landing area.
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Drone AIM

If the service detects that received data is faulty, it has to correct the missing data
and send a message to the affected users/operators.

Tactical Geofencing

If a drone flies through a prohibited area, because the upload of the geo-fence was
unsuccessful/delayed, the service has to send a message to the drone user/operator
and, if necessary, warn other drones/aircraft in the affected area.
To be developed

Drone operation
plan processing
To be developed

Strategic Conflict
Resolution
Emergency
Management

In case of an emergency, the service has no working datalink to a drone operator;
the drone user/operator must be contacted by phone. (This demands a requirement
for all drone users/operators to be on call.)
In case of an emergency, a drone user/operator has no working datalink to the
emergency management service; the drone user/operator has to contact the service
provider via hotline/emergency phone.

Monitoring

If the service is not fully operative due incoming faulty data or high latencies, it has
to give a warning to all affected drone users/operators. If necessary, a different
(higher) separation between drones can be demanded from the dynamic capacity
management and/or tactical deconfliction service.
Same as Monitoring

Traffic Information:
Weather
Information
Procedural
Interface with ATS

If the service is limited due to insufficient data or other reasons, it has to give a
warning to all affected drones and drone users/operators. Furthermore, it has to
provide the calculated forecast.
If the datalink between the U-Space System and ATS fails, the permission of a takeoff can be denied if the drone is not airborne yet. (If the drone is already airborne,
it is not a contingency but an emergency and therefore out of scope of the
Contingency Plans.)
Same as Tactical Geofencing

Dynamic
Geofencing:
Same as Procedural Interface with ATS

Collaborative
Interface with ATS
To be developed

Tactical
Deconfliction
Dynamic Capacity
Management

Note: If the service fails to detect or solve a conflict, it is backed-up by DAA (Detect
and Avoid) in U3, Monitoring Service and Traffic Information
If the service is out of order, the latest capacities shall be restored from a back-up
system. Access to the airspace shall only be granted, if the capacity was under a
certain threshold. Otherwise, access shall be denied, and a report to the Tactical
Deconfliction Service shall be sent to vector (reroute) the affected drones.
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The UAM CONOPS by the FAA [2] describes a particular scenario where a UAM aircraft enters into offnominal operations during the en-route phase (due to winds, performance issues, navigation
degradation, etc.). The non-conformance with the confirmed UAM Operational Intent may be detected
by the PIC, the UAM operator or the Provider of UAM Services (PSU). The PSU will notify impacted
subscribers and will distribute information about the event through the PSU network. If a new UAM
Operational Intent meeting the CBRs and UAM Corridor performance requirements with the objective
to resolve an off-nominal situation and allow the operation to continue cannot be implemented, the
UAM aircraft shall exit the UAM Corridor and continue the operation consistent with requirements of
the entered airspace class. The UAM operator continues to maintain separation (e.g., DAA capabilities,
right-of-way rules) to complete the operation. The PSU continues to distribute operational data
associated with the flight through the PSU Network.
A second scenario (UAM Operational Contingency) explores a situation where a UAM aircraft is nonconformant to the UAM Operational Intent due to a failure that results in a forced landing. In this
scenario, the UAM aircraft is expected to exit the UAM Corridor. As a result, the description of this
scenario is dependent on airspace classification since ATC services may be impacted.
As with manned operations in the NAS during a contingency, the PIC’s order of responsibility is to: 1)
Aviate (fly the aircraft), 2) Navigate (maintain an intended course), and 3) Communicate (notify ATC of
the contingency). For this scenario, the PIC must focus entirely on flying the aircraft for a safe landing.
The UAM operator detects the contingency and notifies the PSU for distribution of relevant
information through the PSU network. Prior to the UAM aircraft exiting the UAM Corridor into Class B
airspace, the PIC turns on ADS-B out and the transponder as a mean of ATC identification and contacts
ATC. Once contacted, ATC determines the possible impact of the contingency UAM operation on other
aircraft receiving ATC services and provides advisories or ATC instructions as necessary to mitigate the
risk to other aircraft.
The PIC identifies a safe and suitable landing location. The landing location is not an aerodrome. During
the post operations phase, the UAM operator provides mission completion indication to the PSU, the
PSU archives required UAM operational data, and the UAM operator submits information to the
reporting process for the off-nominal event, as required. ATC also submits information to the reporting
process, as required.
The Australian CONOPS for UAM [8]describes the following off-nominal operations. A UAM vehicle
may need to change vertiport destination due to onboard reasons such as technical system failure,
passenger/pilot issues, or changes in operational requirements. An off-nominal situation may also
arise from external issues such as vertiport unavailability or weather. Vertiport availability issues will
occur at short notice while the UAM vehicle is enroute to its destination. A change in a UAM vehicle’s
vertiport landing location will require a change in track.
Alternate vertiports or suitable forced landing locations will be required to be predefined prior to
departure to ensure that external issues relating to the destination vertiport can be mitigated.
Changes to airspace access, such as Temporary Restricted Areas (TRAs) or Temporary Flight
Restrictions (TFRs) can occur at short notice, while the UAM vehicle is en-route. A UAM vehicle may
need to change route to the intended destination when airspace access issues arise.
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Also, in the approach phase (the period between the UAM vehicle aligning with the optimal track to
the assigned destination vertiport FATO and reaching the decision point, or decision altitude/height),
the UAM pilot will elect to either continue to land or climb to a safe manoeuvring altitude (executing
a missed approach). Should the decision be made to execute a missed approach, this will be considered
an off-nominal component of the approach phase. Should a subsequent decision be made to reroute
to an alternate destination vertiport, the approach phase terminates once reaching a safe
manoeuvring altitude. Should the decision be made to continue to land, the approach phase
terminates and the landing phase commences.
Procedures will need to be developed for emergency situations so that all vehicle operators have a
consistent understanding of the options and actions necessary to ensure safety. Procedures will need
to be developed for medical emergencies so that any medical services and/or resources can be
coordinated in a timely manner. The airspace design will need to allow for alternate landing locations
to manage issues at vertiports and on board the UAM vehicle. UAM operations can require an alternate
landing site, or sites, during a flight. Alternate landing sites for emergencies and off-nominal operations
can potentially include vertiports, helicopter landing sites, or defined suitable forced landing areas.

G.2 Contingency management projects
Contingency and emergency management have been extensively studied in a series of projects.
Sometimes the focus was on the contingencies themselves, while other projects address them as a
side result. This subsection reviews all the projects with a major focus on contingencies and analyses
their impact within an UTM airspace: DOMUS, SAFEDRONE and Galician SkyWay.
The DOMUS project [44] developed a specific service to manage emergency situations, called
Emergency Management Service (EMS). It was responsible for registering alerts originating within
internal and external services, and for providing the mechanism to manage emergency situations.
The EMS capacity to manage abnormal UAS situations and protect manned aircraft operations was
successfully tested in the DOMUS demonstration. The main functionalities of EMS are listed below:
•

•
•

To register emergency alerts from different services. In the demonstration, an emergency
geofence was created by EMS in response to a request of the firefighting service. Additionally,
in collaboration with the ATC, an emergency corridor for a manned aircraft was established to
provide a safe transition from ATM to UTM.
To send notifications to drone operators affected by an emergency, and to authorities in
charge of the emergency coordination. Different notification channels were explored, ranging
from SMS, e-mail or WhatsApp.
To define Emergency Geofences in order to avoid conflicts in emergency situations. EMS was
able to automatically create geofences around UAS, in case of abnormal situations, like a loss
of the C2 link. The geofence was updated in real time until the UAS completed a predefined
emergency procedure, such as a go-home manoeuvre.

From the SAFEDRONE point of view [75], considering the premise that the GA aviation always has
priority over the drones, in those scenarios where a manned aircraft needs to fly in VLL, the drones are
the actors that should perform the contingency actions. Several contingency actions have been tested
for avoiding manned aircraft. The final conclusions are as follows:
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•
•

For rotary-wing UAVs: The best procedure is to land if possible or descend to a safe altitude
of about 10 m. This procedure can be performed manually by the drone pilot or automatically
by the autopilot.
For fixed-wing UAVs: The best procedure is to land if possible or descend to a safe altitude
and fly away from the Geofence created for this emergency.

Contingencies at Very Low Levels involving encounters between manned and unmanned aircraft and
ATC protocols have also been studied.
Regarding the priority operations, SAFEDRONE agrees with the proposed procedure proposed in
CORUS: “Priority operations such as HEMS or Police flights or military training shall be systematically
protected by short term restrictions, and hence geo-awareness”. In this project, this was done by
declaring a short-time emergency geofence.
SAFEDRONE also studied the technical requirements of the aircraft systems in order to prevent and
mitigate contingencies, such as 4G/LTE independent trackers, ADS-B systems, communications
requirements and ground control station specifications. It is recommended that U-space services are
as automated as possible in order to reduce the workload of all involved parties.
Starting in 2018 and ending in 2020, the Galician SkyWay project [63], [79], [145], led by Boeing
Research & Technology Europe, studied in detail 6 contingencies: Loss of Power, Loss of Engine, Loss
of Ownership, Loss of Separation, Loss of Link and Loss of GNSS, as well as a central Contingency
Management Engine which would be capable of taking autonomous decisions. The performance of
these contingency solutions was tested on several flight campaigns on a research aerodrome located
at Rozas, Galicia (Northwest Spain). Hardware prototypes were developed for some of the contingency
solutions.
•
•

•

•

•

•

Loss of Power: Several techniques, tools and protocols were developed towards the
prevention and mitigation of a loss of electrical power on board the aircraft.
Loss of Engine: Engine failure on a fixed wing aircraft is a critical contingency, as it will start
gliding and quickly losing altitude until it finally hits the ground. In this situation, the UAV
system is forced to plan quickly where to land within a narrow time window in order to avoid
damage to the aircraft and other third parties, At the SkyWay project, high fidelity trajectory
prediction methodologies were studied in order to find a safe contingency trajectory, which
can be suggested to the PIC and forwarded to ATC or other relevant actors within a U-space
environment.
Loss of Ownership: Cyberattacks over the communication link and satellite navigation signals
pose a great safety threat and could lead to the loss of ownership over the aircraft. Signal
analysis methodologies and algorithms against signal spoofing, jamming and general hijacking
were developed, tested and implemented on hardware prototypes.
Loss of Separation: The technologies developed within this project aim to increase the general
awareness and detection of other traffic. This is achieved via a fusion of several technologies
such as onboard radar, synthetic vision and ADS-B receivers. Hardware prototypes were also
developed and tested.
Loss of Link: Link quality monitoring technologies are key to prevent and mitigate link failures.
Hardware prototypes using Software Defined Radio were developed. High fidelity trajectory
modelling helps reducing the uncertainty of the aircrafts’ position on ground upon link loss.
This prediction can be then forwarded to ATC or to other relevant actors.
Loss of GNSS: Several localisation techniques were developed in order to maintain the aircraft
positioning accuracy upon accidental loss of GNSS signal or intentional spoofing. These
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•

techniques are based on visual-inertial odometry, signals of opportunity (LTE cell phone
network) and image registration.
Contingency Manager: The contingency and emergency management effort in the Galician
SkyWay program is divided in three main areas:
o
o
o

Operational Impact Analysis: Study of all the contingency solutions above via a series
of experts’ meetings and safety assessments.
Trajectory and Mission risk assessment: Several methodologies were developed in
order to numerically assess the risk of certain contingency trajectories and missions.
Autonomous and reproducible decision making: Several autonomy solutions were
studied in order to autonomously take contingency mitigation measures, depending
of the current contingency state of the aircraft and seeking predictability and
reproducibility of the decisions taken onboard.

The effectiveness, suitability and performance of all of the above contingency solutions were tested
with a specific simulation engine: The SkyWay Simulator [79].

G.3 Other projects
Several other projects have studied the implication of contingencies and emergencies in one way or
another. We will review here the Open Access UTM research programme, a recent review of UAM
scenarios for UAVs, and the SESAR projects DEMORPAS, DREAMS, DACUS, TERRA, PODIUM, SECOPS
and USIS.
In the UK, the Open Access UTM research programme [9] [58] delivered an UTM framework paper
describing a set of scenarios that capture the broadest current and future applications for UTM,
including those taking place over urban areas.
These scenarios can be broken into the operational characteristics defining the airspace and the
environment as shown in the Table below. The scenario and operational characteristics are used to
determine the actions of UTMSPs and other actors during normal operations and problem scenarios.
Table 13 Open Access UTM research programme scenarios. Table retrieved from [58].

Nominal Operations: All operations, by definition, are nominal if their trajectory follows the flight plan
defined during the pre-flight planning phase. It goes without saying that the operators will have
satisfied the regulator and obtained a ‘licence’ which would enable operations covered by the
190

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

scenarios and selected a UTMSP who can meet their requirements. Prior to initiating an operation, the
operator will engage with the UTMSP’s flight planning tools to develop a flight plan – these tools will
comprise the latest aeronautical information, weather predictions, terrain, obstacle and air traffic data
to enable the best possible pan to be created and submitted for approval. Nominal operations will be
supported continuously by the E-ID, Tracking and Surveillance and Monitoring & Alerting services until
the flight ends or a disruption occurs. It is assumed that support requirements are also captured by
the UTMSP e.g., communications and navigation infrastructure, obstacles, weather and system health.
Off-Nominal Operations: Off-Nominal Capital Operations occur due to vehicle or operator
emergencies, changes in priorities for other operations, or emergencies on ground or air. Causes
include degraded quality of service, loss of control, degraded environment, loss of C2 link, GNSS or
situational awareness and so on – today each of these must be accounted for within the operating
safety case.
Table 14 Open Access UTM research programme Off-Nominal Operations. Table retrieved from [58].

At a recent review of operational UAM scenarios [1] regarding contingency management situations,
the CONOPS developed by the authors defined the following:
•
•
•
•
•

Engine failures: Depending on the type of aircraft (fixed or moving wing), engine failures shall
deploy the parachute at the time of malfunction whilst the unmanned aircraft will have to have
to decide where to land;
Unexpected meteorological conditions and limitations at destination: The unmanned aircraft
shall have the capacity to automatically divert to an alternate landing location and
communicate with ATM;
Impact of meteorological conditions en-route with an impact on communications and aircraft
performance;
Internal system failure of systems preventing normal function (communication, navigation,
collision avoidance, etc.)
The emergency response must include automatic transmission to ATM services of failure,
mission abort and landing at the closest landing site (aerodrome, pad, heliport, etc.).

Ending in 2016, the feasibility of reproducing the same emergency procedures for RPAs within a nonsegregated airspace, shared with manned aviation, was studied at the DEMORPAS project [74]. This
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was deemed unsafe, as it lowered the predictability of the intended RPAs’ emergency trajectory from
the side of ATC and manned aviation.
Although not its primary focus, the DREAMS project [80] applied the SORA methodology and EASA risk
matrix approach to a subset of scenarios. Scenario 8 deals with Emergency Management. The following
table shows the different emergency scenarios that have been investigated:
Table 15 U-space services mitigation (for the most demanding processes) according to DREAMS project
(adapted from [80]).

Battery Low

Timestamp of battery failure detection provided to
Emergency management service.

SCENARIO 8

Emergency management could provide the drone user the
location of landing pads together with known drone
position information for a consistency check. If drone
position acquired by Emergency Management service is
wrong, landing pads may be identified too far.
Loss of Landing Pads

Drone user is recommended to check that the suggested
landing pads are not in a “no-fly” zone or close to critical
infrastructure (this may be achieved using web maps).
Emergency management shall identify adequate landing
pads after a positive check with AIP or land-use authorities
(for unusual/unscheduled gathering of people).

Loss of Control

Backward notification to drone user as soon as Emergency
Management receives the emergency message.
ACK notification shall contain drone landing position.
Tracking service might be coupled with Emergency
Management for redundancy in surveillance data.

Table 15 reports a list of possible mitigations for each scenario with the aim to reduce the level of risk.
Such mitigations are related to the UML processes investigated with the risk matrix approach;
consequently, their aim is to mitigate failure conditions of U-space services.
The DACUS project [81] [51] [16], following the U-space service structure proposed in CORUS, takes a
look at the Emergency management service, which should be available in a Z airspace.
TERRA project [102] considers a small contingency plan in case the combination of likelihood and
severity is medium/high. There are two levels of Contingency Plans:
•
•

Level 1, which encompasses the use of redundancies, e.g., cooperative LTE tracking as backup
of ADS-B in urban environment.
Level 2, which envisages a final barrier to minimise the impact of the occurrences. This set 2
has been categorised in seven types:
o Alert to all operations in the area
o Change flight plans of other UAVs (dynamic capacity management)
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o
o
o
o
o

Prepare information for emergency response team.
Dedicate emergency landing location.
Determine crash location.
U-Space GCS action to land/crash UAV
Assist UAS with navigational data (GNSS correction data, radar info, ...)

Regarding the PODIUM project [13], in case of emergency, the system developed at the project would
warn all stakeholders of an emergency, the appropriate authorities would be immediately notified,
and all drones would follow all the given instructions from the DTM provider
In case of non-nominal conditions (e.g., C2 link loss, RPS failure, DAA failures, degradation of
navigation) a set of generic procedures was developed by PODIUM for aircraft and drones. For both
manned and unmanned, a non-nominal situation has to be declared by the pilot. Drone operations in
non-nominal situations would be cancelled in case of loss of control during operation, deviation of the
drone during operation, or in case of an emergency or unforeseen VFR/IFR traffic at or near the
trajectory of the drone.
The SECOPS project, with a focus on security, analysed illegal geofence crossings and cyber-attacks
within the U-space ecosystem [146] [82]
Finally, the USIS project [83] considered an alert informing an “ATC supervisor” about deviations from
the planned mission and about infringements. This caused difficulties when several infringement alerts
were raised simultaneously: the distinction of drones and the procedure to follow to deal with the
situation were not clear. However, the system did not provide any emergency support or management.
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CNS requirements
This appendix contains the main CNS requirements/conclusions of projects related with UAM, U-Space
and UAVs. The following table indicates the content studied in each cited project:
Table 16 Content of the CNS revised literature

Project

Communication

EC SRIA

X

PERCEVITE

X

DroC2om

X

SKYWAY

X

SESAR PODIUM

X

SAFIR

X

UBER vision

X

Navigation

Surveillance

X

X
X

X

X

USIS
SESAR CORUS
VUTURA

X
X

X

X

SESAR DACUS

X

X

X

SESAR TERRA

X

X

X

SESAR DOMUS

X

X

X

MOD1036/2017

X

MOD2012/923

X

FACT

X

GOF2.0

X

AUS_UAM

X

IMPETUS

X

X

FAA_UAM

X
X

[Remote ID]

X

AIRPASS

X

EASA_Concept_Certf

X

X

X
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EC SRIA [64]
Connectivity is one of the most important elements that will enable safe drone operations. In 2030, it
is foreseen that fast 5G and SATCOM methods will be available and sufficiently reliable to allow
certification of U-space services.
A service-based system is foreseen here, where the quality of the information will always comply with
the requirements necessary within the operational circumstances.

PERCEVITE [65]
First, the project discusses the relevant technologies for aerial communication and divide them into
two groups: Mandatory communications for UAVs and Technologies of interest for aerial
communication. The first group is composed by GPS receiver for location awareness and command
and control communications, which standard modules for telemetry operate in the 433.92 MHz band
or in the 868 MHz band, while remote control may also use 2.4 GHz band. The second group
summarizes other wireless communications: Wi-Fi, LTE and ADS-B.
The project argues that wireless communication can be also key for sense and avoid because of its
advantages: very cheap and lightweight. Then, PercEvite proposes Wi-Fi technology sensors to be used
as a sensing hardware. A technical analysis of the feasibility of using Wi-Fi for broadcasting drone
locations allowing to avoid collisions is carried out. The analysis shows that communication for sense
and avoid does not require a high throughput, but high reliability and range to ensure a timely collision
avoidance. [PercEvite [3] Hardware and software of the multi-communication technology package]

DroC2om [86]
The DroC2om project targets the datalink of the Remotely-Piloted Aircraft Systems (RPAS) / Unmanned
Aerial Systems (UAS) related to Very Low Level (VLL) airspace. The project is focused on designing and
evaluating an integrated cellular-satellite system architecture concept for data links (C2) in order to
support reliable and safe operations based on real drone measurements and modelling. In the scope
of the project, before starting the implementation of the technical solution, an analysis about the
requirements applicable to the C2 Data Link independently of the system used and the requirements
specific to the Satellite and Terrestrial C2 Data Links are gathered on report [DroC2om [4] Scenarios
and Requirements]

SKYWAY [63] [145]
Surveillance
The benefits and trade-offs associated with performing surveillance of low-flying aircraft has been
studied using ADS-B, transponder mode C, secondary radar, and cell phone networks. ADS-B is very
limited today due to available infrastructure, and secondary radar though more available is not reliable
in many rural settings, at lower altitudes and for aircraft with a profile smaller than 1.5meters. The
transponder is considered vital for performing squawk codes which transmit contingency situations
and provides a redundant form of communicating with operations and authorities. The most useful
and promising form of surveillance in a Loss of Link scenario when the aircraft itself may not be able
to transmit its position is for the operator to reproduce with high levels of predictability the actions
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and trajectory taken by the aircraft and transmit these to all stakeholders including air traffic
authorities.
Navigation
Three complementary technologies have been combined for enabling an alternative to GNSS
navigation:
•
•
•

Visual-Inertial Odometry (VIO): A new architecture for monocular has been developed which
tightly couples VO with the output measurements of a low SWaP inertial measurement unit.
Image registration (IR) is another image-based navigation technique which compares flight
imagery with georeferenced satellite imagery to position the aircraft. This method is less
robust to terrain difficulties and presents more noise in its estimation, however, it has no drift.
Signals of Opportunity (SOO) investigation included a novel low SWaP antenna and a softwaredefined radio for capturing LTE, TV, radio, VOR, ILS and DME signals. Preliminary tests have
shown accuracies with an STD of 15m though the performance as expected is highly position
dependent upon the tower infrastructure.

The combination of the three technologies achieves a performance and operational range that none
alone can possibly achieve alone. Current results show that an absolute horizontal position error less
than 50m is maintained within a wide variety of operational conditions.
Communications
In the scope of the project a specific tool for analysing the communications, called Network-Level
Attack Detection Tool (GS-NADT), was implemented. GS-NADT is envisioned as a hardware-agnostic
and transparent network analysis tool. That is, it was designed to be installed both in the aerial
platform and the GCS without any need of interaction with the specific-hardware, just as a side
network (IP-based networks) monitoring system. The capturing layer is able to collect the information
within the network, analyse it and store not only for monitoring the link in real time, but also for further
processing. Two different approaches for detecting and reacting against possible contingencies was
addressed: first, a deep analysis of the communication network between an UAV and a GCS (and,
potentially, other GCS) for link monitoring allows to prevent Loss of Link (LoS) situations and, secondly,
a specific tool for detecting specific jamming and spoofing attacks on the GNSS navigation system of
the UAV.

PODIUM [13]
It was recommended to define the areas of operation for which tracking is necessary and the minimum
standards for the trackers (i.e., accuracy, availability, and RF interoperability), as the U-space/UTM
systems should not degrade the 1090MHz frequency for the RF link technology.

FAA UAM CONOPS [2]
The following assumptions apply to UAM Operations:
•

UAM aircraft identification and location information are available to the UAM operator and to
the PSU Network. This is not provided by ADS-B Out or transponders for operations in the UAM
Corridor(s); however, other functionality (e.g., UAM applicable Remote ID) may support this
identification and location information capability.
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•

Two-way voice communication with ATC will not be conducted inside UAM Corridors during
nominal operations.

For off-nominal operations (vehicle exiting UAM corridor entering into surrounding airspace), ADS-B
and Transponder might be activated and ATC contacted by radio by the PIC.

SAFIR [54]
During this project, it was determined that the performance of the 4G cell phone network at higher
altitudes was not sufficient to allow reliable operations with UAVs, and a dedicated 4G overlay network
was proposed. Fusion of tracking data sources was found to be key, so all the involved actors have
access to the same unified surveillance data.

Uber Elevate [12]
Uber anticipates that VTOL systems will have its own internal communications network, allowing
precision navigation and positioning. Primary navigation will be based on existing global navigation
satellite systems (GNSS) with simultaneous reception of GPS, GLONASS and other international
systems available in that time, such as GALILEO (Europe) and BeiDou (China.) Precision positioning for
approaches to vertiports and vertistops may also be required, using a combination of WAASaugmented GPS and microwave transponder technology. As with UTM for unmanned vehicles, Uber
states that it must be possible for VTOLs to navigate independently of ATC while they are in airspace
not used by conventional aircraft, eliminating the need for traditional separation services like in
manned aviation.
The communications or datalink portion is likely to be a combination of ADS-B, existing cell phone and
low earth orbit satellite networks, and low power terrestrial microwave datalinks. The data bandwidth
required is quite low for essential functions that require network-wide visibility. Higher bandwidth and
shorter latency will be required when vehicles are in close proximity to each other.

Australian UAM CONOPS [8] (Retrieved from Appendix F)
eVTOL operations will conduct detect-and-avoid through some combination of human (i.e., pilot incommand) and technical systems, which may also incorporate off-board systems (e.g. ground based
detect-and-avoid). Initial eVTOL operations are expected to be piloted aircraft that will require voice
communication capabilities, although some manufacturers are focusing development on remotely
piloted and autonomous aircraft. eVTOL aircraft are expected to evolve towards autonomous
operations with increasing levels of automation as technology and associated regulations mature.
Starting from initial operations, eVTOL aircraft are expected to carry the required equipment for day
and night VFR operations. For initial operations, eVTOL aircraft will be equipped with Automatic
Dependent Surveillance-Broadcast (ADS-B) to the same standard as required of other aircraft within
the airspace category in which they operate.
Beyond initial operations, to enable future detect and-avoid responsibilities, eVTOLs are expected to
be equipped with technology to support high-precision cooperative surveillance. This will be necessary
because pilots’ ability to detect conflicts through see and- avoid will become more difficult as
operational density increases. eVTOL aircraft are also expected to be capable of high-precision
navigation and self-conformance monitoring.
Annex C.2.4 proposes a series of solutions for the implementation of UATM after conducting a realtime simulation with ATC in the loop. These include: require UAM vehicles to be equipped with
appropriate navigation and surveillance avionics:
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•
•
•
•
•
•

High-precision UAM operations will improve safety and offer assurance to ATC that the
vehicles are going to maintain a safe separation.
UAM vehicles will need to be capable of self-separation inside the corridor.
UAM vehicles must be able to self-monitor conformance with the flight plan in the corridor.
UAM operations (and potentially other airspace operations in the vicinity) will need to have
Area Navigation (RNAV), Required Navigation Performance Authorisation Required (RNP-AR)
capability or better.
UAM vehicles will need to be capable of precise positioning and give a level of assurance for
ATC and all airspace users that eVTOLs will stay in the defined corridors.
UAM vehicles will need the ability to monitor and communicate with each other.
Communication does not need to be through voice.

CORUS [5]
Required U-space Navigation Performance - RUNP. A U-Space validated RUNP would use the same
ICAO principles of validation that are used in RNP and RNAV. The specification would use the same
requirements set, although the parameters of what produced a safe operation will have to be validated
for a given geospatial implementation (e.g., at a particular airport). RUNP is written with a distance
suffix, as is done for RNP. In the case of RUNP the distance unit is given by SI abbreviation, and is usually
metres.

VUTURA [14]
In VUTURA all drones in all flight demonstrations were equipped with E-identification thus
broadcasting their current position for providing traffic information. E-identification information has
been sent from the drone to a ground station though use of a low power transponder, a BLIP (Unifly
tracker), a LoRa tag and through the C2 (Command and Control) signal with the drone’s ground control
station.
The BLIP-information is only sent after on-board processing of the position information. BLIP thus
broadcasts the drone’s track. The definition of E-identification is not clear about sending track
information, but in essence, the information itself is of higher quality than the unprocessed position.

IMPETUS [56] [84]
Diverse scale effects make it impossible in general that drones rely on the standard communications,
navigation and surveillance (CNS) solutions that manned aircraft use, which drives the need to resort
to non-conventional CNS solutions whose performances will play a central role in any capability-based
schema that articulates drone access to airspace analogously to the performance-based CNS schema
being adopted in manned aviation. Besides CNS, further elements of the capability-based schema are
identified and discussed, an important one being contingency management.

DACUS [81]
CNS system performances will determine the capacity of the airspace. Minimum requirements must
be set to ensure safe operations. The performance of these systems will be considered in the risk
assessment to set these minimum requirements.
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;
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•
•
•

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.

Key communication performance parameters, which could be considerably impacted in urban
environments, are continuity, availability, integrity, coverage, data delivery time/latency, bandwidth,
data transfer security. Any issue negatively impacting drone navigation performances will also impact
the capacity of the volume of airspace concerned. The demand might be impacted too if additional onboard equipment and/or drone capacity are required.
In DACUS, it is considered that Communication, Navigation and Surveillance may be impacted by urban
infrastructures.
Regarding surveillance, drones are expected to be collaborative, meaning that they broadcast their
position to be seen. However, this information may not reach a receiver, or it arrives with a delay. That
is the reason why it could be useful to detect a drone (broadcast failure or malicious purpose).
Although nowadays such detection system exists, their cost is quite high to be used widely. Moreover,
the size of many drone makes this system useless.

TERRA [50] [102] [61]
Terra project defines a large list of operational and functional requirements related with U-Space
services. This list includes CNS requirements and the environment type (rural, semi-urban, urban)
where it should be applied. All requirements can be consulted in deliverable “D3.2 Summary of Ground
Technologies operational and functional requirements to support U-SPACE”.
TERRA issued recommendations in terms of minimum performance requirements for each of the
technology categories analysed. These requirements may be the basis of standards, in some cases
different depending on the applicable environment. A summarize table with these recommendations
is in deliverable “D7.1 Final Project Results Report”. In it, it is considered that each environment is
particular in the minimum performance requirements and such particularities should be reflected in
the issuing of standards per environment or type of operation.
These requirements impact on the performance required to the navigation signals, more stringent in
urban areas:
•

The navigation system shall provide a horizontal accuracy below 5 m.

•

The navigation system shall provide a vertical accuracy below 10 m.

•

In urban areas, the navigation system shall provide a horizontal and vertical accuracy below 1
m.

Focusing on U-Space point of view, TERRA project exposes that, although initial U-space services can
currently be deployed, the existing systems present technological shortages which make not feasible
scalability to a large number of simultaneous drone operations, especially in complex environments
(urban areas, airports, etc.):
•

To enable real time deconfliction, telemetry reporting using LTE A/G communication is the most
feasible solution, a channel that is also used for C2. The main shortcomings are linked to:
o

Latency (expected to be overcome with 5G development and infrastructure
deployment). With a reference drone being one with mean speed of 20 m/s, a
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o

•

difference of 3 second in alert time or of 4 seconds in information update have an
impact in terms of safety distances and, therefore, in terms of acceptable drone
densities.
Integrity, which requires that telemetry reporting using LTE is supplemented with
independent drone position calculation (e.g., 4G tracking) or the combined use of two
independent LTEs.

Navigation data integrity, and thus the capability to follow accurately the approved flight plan,
can be assured by the combined use of GPS plus EGNOS or equivalent. Using integrity monitoring
based on GNSS augmentation is needed to maintain navigation integrity failure risk in nonsegregated airspace and urban (high density) environment below 10-5 perf flight hour, again to
ensure acceptable level of collision risk. Indeed, shortcomings appear in:
o

o

BVLOS applications in a high-density drone airspace volume, where accuracy and
continuity are limiting factors for separation, given the reference drone used with
mean speed of 20m/s. Navigation systems Continuity of service above 0.999 is needed
to maintain collision risk below 10-6 per flight hour
Urban canyons with high masking angles and high multipath conditions that worsen
the accuracy of GNSS. This has been also tested in TERRA through flight trials
emulating urban airspace.

FACT [85]
FACT is an on-going SESAR JU project which has not issued any deliverable yet. The project tries to
define CNS innovations to enable digitalised operations, identifying the Future all Aviation CNS
technologies.
From the technical perspective, the project will mainly focus on the innovative use of existing
technology bricks, potentially adapted from adjacent industrial areas such as automotive or
telecommunication. Interesting examples of such new CNS enablers are the envisioned use of
3G/4G/5G for communication and localization, One WEB for low-cost satellite communication, or
Aeromacs as a new technology standardised by aviation for airport operations.

GOF2.0 [57]
The project will explore how mobile networks can enable air-ground connectivity. Ground-ground
information exchanges will leverage SWIM principles, technologies and data models.

FAA [147]
In the FAA final regulation for flying sUAS over people, categories 1, 2 and 4 sUAS can only operate
sustained flight over people if they meet the requirements for standard remote identification or
remote identification broadcast modules established in the Remote ID Final Rule.

Remote ID [78]
The Remote ID Rule aims to allow law enforcement and national security to address safe integration
of UAS into the national airspace. The broadcast must come from the unmanned aircraft, and the
mechanism must be a technology compliant with Title 45 CFR Part 15. This means that any wireless
technology could comply so long as it does not require an FCC license. Data can be broadcast in any
format of the manufacturers or operators choosing. The primary purpose of Remote ID is to satisfy
needs from national security and law enforcement. While some elements of the rule can be used to
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further airspace safety, air traffic services, and enable more complex drone operations like Beyond
Visual Line of Sight (BVLOS), those are not the primary motivators for the released rule.
Note: the final Remote ID rule removes any requirements surrounding network remote ID which
enables sharing information between networks of service providers in a standardized way.
Link to UTM services: Network remote ID has been descoped from the rules, so Part 89 does not have
a UTM service means of compliance requirement.
It may be possible that amendments may add UTM service means of compliance requirements or
companies may request an alternate means of compliance to meet requirements of the rule that
resembles a network like approach.
Impact on airspace types: The rule does not propose a specific modification to airspace structure.
However, it does state that the FAA will create FAA-recognized identification areas where aircraft may
operate without Remote ID equipment. It is likely that these types of areas will lead to emergent
structure in the airspace, since the areas will have different equipment requirements for unmanned
aircraft.
Impact on manned aviation: The final rule has a limited discussion around manned traffic. A key point
was addressed as a response to comments that suggested Remote ID not use ADS-B as a form of
broadcast in order to prevent interference/saturation with manned traffic broadcast messages. The
FAA agreed with this point. The FAA additionally emphasized that use of ATC transponders for
unmanned aircraft is prohibited and is not a valid Remote ID mechanism unless the operation is being
conducted under a flight plan and the operator maintains two-way communication with ATC. Such
statements were made in the context of preventing interference with ATC. ADS-B and ATC
transponders are prohibited from use in small UAS.
The FAA explicitly states that unmanned aircraft that are operating above 400 feet can participate in
ATC services, but must also be equipped with ADS-B out, be operating under a flight plan, and maintain
two-way ATC communication. These aircraft do not need to operate under Part 89, and are generally
considered to be outside of the scope of the rule.
Means of compliance: Some examples of compliant technologies are:
•

Wi-Fi

•

Bluetooth

•

Proprietary transmitters that are allowed under 15 CFR 47 (ex 900 MHz, 2.4 GHz, 5 GHz bands)

In order to comply, the manufacturers of unmanned aircraft of remote ID broadcast modules will need
to meet the requirements in Part 89 subpart F of the rule by submitting the information outlined in
the subpart to the FAA. If the submission is accepted, the manufacturers can submit a Declaration of
Compliance, and unmanned aircraft/modules that come from the manufacturers can be flown under
Part 89.
•

Additionally, the following information must be included in the Remote ID message:

•

Identity (can be a session number or serial number)

•

GCS lat/long/alt with lat/long accurate to 100 feet and alt accurate to 15 feet

•

Vehicle lat/long/alt with 100 feet lateral accuracy and 15 feet horizontal accuracy

•

UTC time
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•

Emergency status

The data above can be broadcasted in any format, with FAA hoping for industry to adopt a set of
standardized approaches.

DOMUS [44]
Communication
The interactions between the drone operator, the USP, the ESM, and the users were based mainly on
cellular service, especially LTE. The efficiency of the communications capability was measured in terms
of the mean rate of messages received. For instance, the mean rate of messages received, in the
tracking service, from the USP or from the Ground Control System (GCS).
Table 17 Communication efficiency [44]

Update rate Mean rate

% messages delay Outages (>10 s)
> update rate

Indra USP

1s

1.00 s

0.13%

No

Airmap USP

1s

1.52 s

33.57%

No

Soticol/Vodafone

2s

2.27 s

24.77%

135 seconds delay at start

Indra USP

1s

1.40 s

16.49%

1 minute (LoL test)

Airmap USP

1s

1.43 s

42.07%

No

Soticol/Vodafone

2s

2.26 s

24.33%

1 second delay at start for
one drone and 188
seconds for the other

Indra USP

1s

1.00 s

5.85%

No

Airmap USP

-

-

-

-

Soticol/Vodafone

-

-

-

-

TRIAL 1

TRIAL 2

TRIAL 3

Navigation
Concerning the navigation capabilities, DOMUS contributed to validate the expected accuracy of GNSS
receivers. In this regard, the performance of a typical Ublox NEO-M8 GNSS receiver was reviewed.
Performance evaluation results confirmed a mean accuracy for drone positioning of 2.5 m CEP 50%
(equivalent to 5.2 m, 95%).
Surveillance
Tracking service fuses drone telemetry data provided by the USPs, network e-ID information and drone
position calculated by the RPS. RPS is a cooperative independent surveillance system that calculates
drone positioning based on received 4G signal strengths. During DOMUS demonstration, both
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telemetry and Network e-ID provided a very high positioning accuracy. However, their dependency of
GNSS malfunctioning is a factor to consider. RPS showed worse accuracy results, especially in rural
environments because of the lack of 4G coverage.

Spanish Civil Aviation Authority
MOD1036/2017 [69] establishes that, for UAS operations close to airports/heliports that require
coordination with ATC, ATS can request use of transponder or alternative ID system and voice
communications with GCS.
MOD2012/923 [73] states that manned aircraft operating in airspace designated by the competent
authority as a U-space airspace, and not provided with an air traffic control service by the ANSP, shall
continuously make themselves electronically conspicuous to the U-space service providers.

AIRPASS [87]
The project determined that the following data should be provided by the U-space system for the onboard system concept to work:
•
•
•
•

Timing signal (commonality for UAS operations)
Meteorological (weather information updates)
Geofencing (airspace volume and applicable timeframe)
Geofencing updates (dynamic geofencing) Route change requests (both regular and
emergency)

Moreover, the project concluded the following:
•

•

•

•

•

Communication: the use of ADS-B and related technology seemed to be the choice at that
moment, since this technology was available and standardised. However, ADS-B components
were far too heavy-weight and power consuming for most of the drones in operation. Issues
concerning available bandwidth for ADS-B with a considerably additional amount of new ADSB users would need to be solved. The same applies for Mode-S transponders. Thus, AIRPASS
concluded that it is more likely that all communication – including sub-system
implementations like geofencing and DAA – would be implemented on top of data link
technology. For this the datalink would need to have enough capacity and reliability.
Flight management and autopilot: for reliable detect and avoid and for geofencing, the
navigational task needs to be reliable itself. Reliability in navigation is typically provided in
terms of integrity, which implies that the on-board GNSS needs to be RAIM capable, and that
redundancy of GNSS and at least for the AHRS task of the INS is provided.
Surveillance: a compatibility with aviation standards like ADS-B and Mode-S is desirable.
However, this would pose major issues in terms of weight, power consumption and costs. It
was thus concluded that it is more likely that surveillance will be built based on data link and
cloud technology, with all the implications on latency, integrity and reliability that apply in that
case.
DAA: there were various sensor solutions available, which could provide enough detection
capability, including Mode-S and ADS-B, but these are generally too large, heavy, or expensive.
Several parties were performing experiments with DAA-solutions, but none of the solutions
were mature enough at the moment.
Geofencing: the overall capacity of the communication link might not be sufficient to share
dynamical geofencing information in time. This depends largely on the format, content and
latency requirements of the data to be exchanged. Further, the reliability of geofencing is
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depending on the software quality of the on-board implementation. It was determined that it
might be necessary to establish means of quality for such safety-relevant software.
Further, the project consortium made the subsequent recommendations:
•

•

Facilitating ground-based drone surveillance through the 4G/LTE network would circumvent
the spectrum saturation of thousands of additional ADS-B users. The drone positions detected
by the 4G/LTE could also be shared with TIS-B, so that manned aircraft with ADS-B IN could
receive these in addition to aircraft detected by radar coverage. Alternatively, the U-space
tracking service could be assigned a separate frequency using ADS-B, FLARM or a new protocol.
In VLL, a drone could encounter other airspace users which are non-cooperative (such as
gliders, paragliders, and balloons). It is therefore important that the drone is also equipped
with non-cooperative sensors. The systems at the moment were either too bulky and heavy or
have too limited range and resolution to be used on small drones. These technologies should
be further developed so that these have a higher performance with respect to their size. There
is currently no full-fledged DAA resolution available off the shelf (see point on SoC solutions).
Processor hardware is available to perform on-board processing of sensor input like EO sensors
for the purpose of intruder avoidance.
AIRPASS identified a gap with respect to the identification of a communication back-bone
suitable for all the tasks identified in AIRPASS: Surveillance, DAA, Geofencing, and C2. It was
evident that existing solutions from manned aviation like ADS-B, ACAS/TCAS, Mode-S, etc.
were too heavy-weight and power consuming to be used in the drone sector. On the other
side, solutions from telecommunications might be better suited in terms of weight, size and
power consumption, but do not guarantee safety in terms of accuracy, latency and availability.
AIRPASS recommended to investigate these aspects in the context of massive scenarios with
tens, hundreds or even thousands of participating drones, utilizing either simulations, mockup drone builds, even real drones or combinations thereof.

EASA Concept for Regulation of UAS [45]
The provision of the C2 Link service during operation is likely to be dependent on local conditions
(topography, EMI, weather). Potential operational limitations to the C2 link should be evaluated under
the UAS design approval. The C2 link might also be dependent on systems and equipment (e.g. satellite
networks) that cannot be specified in detail as part of the type design nor be subject to traditional
aviation configuration control and surveillance. The quality of service provided by these systems and
equipment should be compatible with the C2 link specifications established by the UAS
designer/manufacturer.
Due to these challenges UAS operators and Control Unit approval holders have to conclude service
level agreements with a C2 Link service provider to ensure that the required link performance is
achieved.
A service level agreement shall contain specifications on frequencies and the quality of C2 Link service
provision (latency, continuity, availability, C2 link loss or interruption etc.) in accordance with those
established by the UAS manufacturer.
The C2 Link service providers is not an aviation approved organisation under the future Regulation on
certified UAS air operations. The reason being that the performance requirements for the C2 link will
depend on the level of autonomy of the UA and the operations being performed and this cannot be
harmonised for the purpose of aviation for all UAS and all UA type of operations.
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Other CNS requirements associated to IFR cargo operations are the following (see also Appendix C
Appendix F). UAS is assumed to comply with all CNS requirements (datalink over FL295, ATC radio
COMs, appropriate PBN requirements, Mode-S transponders and ADS-B out as applicable), be able to
follow arrival and departure procedures with similar behaviour (speed and climb, descent and turnrates) to those for manned aircraft, have automatic take-off and landing capabilities and to be able to
fly go-round procedures when required. On top of that, if the UA MTOM is larger than 5.7 tons, it shall
be equipped with TCAS II 7.1 coupled with the autopilot.
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Key Performance Indicators
Work towards the vision outlined in SESAR JU ATM Master Plan will give an unprecedented impetus to
the digitalisation and automation of the European ATM network. These are integral enablers to the
SESAR vision to allow the efficient and safe operation of both manned and unmanned systems in a
shared airspace. In doing so, the performance ambition of the Master Plan (with KPAs including
capacity, safety, environment, cost efficiency, operational efficiency and security), in line with the
Single European Sky High-Level Goals, will not only be reached but may even be exceeded through the
successful implementation of disruptive technologies.
This appendix contains an initial list of key areas and indicators proposed to measure the overall
performance of the UAM environment, as well as those used by existing projects to evaluate their UTM
demonstration activities.

I.1 Indicators for UAM performance
Urban Air Traffic Management CONOPS v1 provides a detailed description of the UATM Services. The
Performance Expectations/Benefits (In ICAO KPA Terms) are included for every service and are
presented as following aspects which includes safety, environment, capacity, flight efficiency,
flexibility, predictability, access and equity, participation and collaboration, and global interoperability.
Besides, an initial list presented in Australia UATM with regard to the indicators and metrics that will
be essential for assessing the overall performance of the UAM environment as well as the effectiveness
of technologies and procedures that are used to implement the services. Monitoring these indicators
and metrics will be important after implementation to ensure UAM operations and the airspace remain
optimised.
The following list combines the above indicators and metrics to provide an overview of the UAM
indicators.
Table 18 Initial list of KPAs/KPIs for UAM performance

KPA

KPI

Safety

Strategic segregation and/or separation of UAM
aircraft from other types of aircraft, other
eVTOLs and on-ground obstacles
Pre-tactical deconfliction of UAM vehicle
movements near vertiports and along routes/
corridors
Pre-tactically deconflicts traffic arriving at and
departing vertiports and reduces the amount of
time in the air through ground-based holding
Minimises airspace safety risk by controlling
airspace access
Real-time and systemic awareness of operations
that could impact the safety of the low-level
airspace environment.
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Safety occurrences near vertiports
Safety occurrences in controlled airspace
Safety occurrences outside controlled airspace
Vertical and horizontal separation
Flight 4D compliance/non-compliance
Environment

The ability to position routes over less noisesensitive areas (e.g. highways, train tracks,
rivers)
Adherence to environmental or noise obligations
regarding vertiport and route/ corridor usage
Reduces airborne holding and decreases flight
noise,
Flow Management minimises the amount of
energy that needs to be consumed
Provides a mechanism for noise sharing through
the use of alternative routes/corridors
Compliance with environmental obligations

Capacity

Vertiport airspace design and procedures, which
will maximise the capacity of the vertiport while
maintaining appropriate levels of safety, noise,
privacy and other risks or impacts.
Planned use of vertiport FATO resources
ensuring the greatest use of the limited
resources to maximise capacity.
Ensures that the greatest capacity is achieved
from the available vertiport infrastructure and
airspace structure.
Enables additional routes/corridors and airspace
to be made available to increase capacity.
Vertiport capacity
Airspace capacity
Route/corridor capacity

Demand

Vertiport demand
Airspace demand
Route/corridor demand

Flight efficiency

Increased efficiency due to the reduced
likelihood of conflicting traffic.
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Timed use of vertiport FATO resources and use
of routes/corridors minimising the airborne
holding of UAM vehicles.
Minimises the time required to be airborne, thus
ensuring that flight efficiency is not impacted by
other UAM vehicle movements.
Ensures that the most efficient routes/corridors
can be made available where possible, even if
not in an ongoing manner.
Known historical use of airspace provides
information to assist in improving future use.
Flight route efficiency
Flight route throughput
Flexibility

Provision of flexibility when traffic loads need to
be dissipated to ensure operational continuity
and/or efficiency of traffic flow.
The ability to plan in advance, request on
demand and make changes to flight
requirements.
Enables flight plans to be updated as required
due to changes in the operational environment.
Allows airspace that otherwise would have to
remain reserved if it could not be made available
dynamically to be used periodically.

Predictability

Knowledge of where UAM vehicles can fly and
increased likelihood of airspace access.
Assurance of vertiport FATO accessibility for
departure and arrival and route/ corridor
availability.
Ensures that a flight plan can be reliably
implemented without impact from other UAM
vehicle movements.
Provides a system for identifying what airspace
is available at what time. Supports business
continuity for vertiports, fleet operators and
their customers, despite airspace changes.

Access and equity

Greater access to controlled airspace through
the use of dedicated airspace structures and
routes
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Assurance that all airspace users can gain access
to the low-level environment.
Ensures that pilots and fleet operators can gain
access in a transparent manner to the shared
resources of vertiports and airspace.
Ensures the greatest possible availability of
airspace whilst enabling prioritisation of airspace
access.
Airspace access authorisation approval rate
Participation and collaboration

Provision of a structured means by which new
vertiport infrastructure can be considered.

Global interoperability

Standardised structures and procedures for the
UAM industry used in different countries.

Infrastructure

Vertiport utilisation
Vertiport distribution

Data

Timely and accurate information is the basis of
all performance management. Effective
Information Exchange enables UAM operations
to achieve benefits across all performance areas.
Importantly, information security assurance will
be fundamentally based upon the approach
used for Information Exchange.

I.2 Indicators for UTM demonstration
In order to assess the maturity of the technologies provided or developed, a scenario-based approach
has been set up in CLASS [88] project, leading to the design of draft key performance indicators. This
set of KPIs ensure that a wide range of operation related aspects are taken into account, which assess
the performance from a more macro perspective.
All groups have identified and produced many performance indicators. Those KPIs have been grouped
by similarities. Each group is a candidate for a Key Performance Area. After merging the KPIs of all the
workshop groups, 50 KPIs have been produced, belonging to 17 KPAs.
Table 19 KPAs and KPIs for UTM flight demonstration [88]

KPA

KPI

Accuracy

altitude accuracy (NCSS; CSS; data fusion)
position accuracy (NCSS; CSS; data fusion)
reference system for altitude and position

Reliability

data integrity (communication link, data fusion...)
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packet error rate from the CSS
system redundancy (servers, electrical power...)
robustness to GPS failure (tracker, data fusion)
Availability

time to recover from U-Space system failure

Classification

discriminate drone from GA, bird, ...
time needed to retrain the Aveillant NCSS (new
obstacle in the coverage zone)

Interoperability

interoperability with exterior systems (manned
aviation systems, police, ...)
content of data exchange with each stakeholder
coordination with exterior stakeholders (pilots,
ATM, police, ...)
interfaces allowing new services
standardization
reference system for altitude and position

Detection

detection exhaustiveness
capability to discriminate
two drones flying close to each other (angular
resolution, data fusion, ...)

Identification

capacity of CSS to broadcast ID
access to registration database
identification exhaustivity (drone parameters,
owner, ...)

Failure mode

"kill the drone" ability (crash it as wanted)
deterministic failure mode
frangibility, lethality

Security / cyber security

cyber vulnerability
virtual drones (inexistent drones used for
malicious purposes)
data sharing
resilience
non-alteration of data

Performances

operational capacity (spatial coverage, number of
drones tracked, ...)

Deconfliction

conflict detection
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conflict detection time
separation margin (time or distance)
conflict resolution (by human or machine)
zone trespassing prediction
number of false conflict alarms
Scalability

detection range
number of drones
modularity
evolution & maintenance
time needed to implement/extend system

Real time capability

Latency
data frequency (positioning data, ...)
real time agility

Communication (all types)

data integrity
resilience
bandwidth

Automation

reduce cognitive loads of Air Traffic
Controller/drone pilot/...

IHM

reduce cognitive loads of UAV controller/Air
Traffic Controller/drone pilot/...

Cost

cost of the tracker
cost of the antennas (tracker)
cost of the radar

In addition to the above set of KPIs which take into account a wide range of UTM operational aspects,
the following metrics further evaluate some key aspects of the UTM flight tests.
The NASA UTM Project defined twenty Measures of Performance (MOPs) to aid in quantifying the UTM
System as designed and tested in TCL4 [49]. The approach to defining MOPs is driven by NASA’s “NASA
Systems Engineering Processes and Requirements”. Requirements for a system are supported by
Measures of Effectiveness (MOEs) which are qualitative in nature [89].
Each UTM high-level requirement, originally presented in the NASA UTM CONOPS document, has an
associated Measure of Effectiveness (MOE). Each MOE is supported by multiple MOPs, which are
quantitative in nature. This approach and these terms are detailed in the NASA Systems Engineering
Handbook, and a depiction is shown in Figure 42 below.
The twenty key Measures of Performance (MOPs) for TCL4 are categorized into one or more of four
categories as shown in Figure I.43, which are data and architecture; sense and avoid; communications
and navigation; and concepts. [89].
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Figure 42 Relationship of high-level requirements, MOEs, and MOPs [49]

Figure I.43 Summary of Measures of Performance, organized by research focus [49]

The Concept MOPs focus on assessing pilot perspectives on the UTM System and validating the ability
of the system to handle high-density, BVLOS operations. The Architecture MOPs investigate strategic
deconfliction of operations, re-planning in the presence of dynamic restrictions, security of USS data
exchanges, and latency of communications between USSs. The Communications and Navigation MOPs
measure the rate of safe landings and various aspects of communications, control, and navigation
losses. The Sense and Avoid MOPs focus on the containment of flights within operational volumes,
vehicle to vehicle reception, operator alerting of conflicts, the duration of conflicts within UTM, and
the frequency of loss of well-clear. There are also MOPs that cross the concept and architecture groups
involving contingency responses, priority operations, and remote identification.
The U-space Initial Services (USIS) project aims to validate the initial core services that will be provided
by the UAV Traffic Management. It presents the results of the live trials conducted in France and
Hungary, which explored current UAV operations and future UAV operations respectively. The KPIs
were measured in terms of fulfilment of success criterions.
The following lists provide respectively some of the key MOPs defined in the NASA UTM TCL 4
demonstrations and the summary of USIS flight trial objectives and success criteria. Both sets of
indicators are used to evaluate the results obtained from the UTM flight tests.
Table 20 Summary of MOPs in TCL 4 flight demonstration [49]

MOP theme

Title

Description

Strategic Deconfliction
Performance

Strategic
deconfliction rate

Percentage of nominal (i.e. non-emergency, nonpriority) ACTIVE UTM Operations that have 4D
disjoint Operation Plans OR have a Negotiation
Agreement to allow intersection with each other
Operation that intersects with it.
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Replan rate in
Calculate the percentage of operations affected
response to priority by a pop-up priority operation that are able to
operation
replan to deconflict with that priority operation
prior to departure of the pop-up priority
operation.

Communications and
Navigation Performance

UAS Service Supplier
Network Performance

Human factors

Deconfliction rate
for priority
operations

Percentage of public safety operations with a
given lead time that have strategically
deconflicted plans, i.e., public safety operations
that have no conflicts (prior to departure) with
existing operations.

Rate of loss of
Command and
Control (C2)

This MOP calculates the percentage of time
across all operations that an operation was
without complete C2.

Rate of C2 loss
during a Conflict

This MOP calculates the percentage of operations
in a conflict that experienced a loss of C2 during
the conflict.

Rate of Navigation
Degradation during
a Conflict

This MOP measures the rate of navigation
performance degradation per airborne time
during conflicts.

Rate of Safe
Landing

This MOP measures the percentage of a safe
landing.

Successful
response rate by
USSs to
unauthorized data
exchanges

The NASA USS submits intermittent requests to
other USSs during TCL4 with bad access tokens.

USS latency within
USS Network

Calculate the average latency of USS exchanges,
broken down by various categories.

Successful HighDensity Operations

This MOP measures the number of (live and
simulated) aircraft per defined 0.2 nmi2 of UTM
operations.

Crew Assessment
of UTM
Information
Properties

Gathering data related to user interactions with
UTM components

Table 21 U-space USIS flight trail objectives and success criteria [83]

Objectives

Criteria

Operational acceptability of U-space services
and capabilities

The roles and responsibilities of the involved
actors are clear and acceptable
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The tasks and procedures of the involved actors
are clear and acceptable
The technical systems proposed are usable and
acceptable to end users
The technical systems proposed support the end
users’ performance in order to achieve their tasks
in an efficient, accurate and timely manner
U-space services and capabilities safety

Demonstrate the safe integration of drones from
pre-flight to post flights, through increased
awareness to all airspace users
Demonstrate that the U-space services and
capabilities contribute to the limitation of ground
risk
Demonstrate that the U-space services and
capabilities contribute to the limitation excursion
into no-drone zones nearby to the VLL airspace

U-space services and capabilities security

Demonstrate that the resilience of all U-space
services and capabilities is in line with the
business and safety requirements

U-space system performance assessment

The UTM system provides the information
required for U-space services as it is needed and
when it is needed
For all U-space services and capabilities, the UTM
system performs as expected even when used to
supervise simultaneously multiple drones
The various systems are interoperable enough for
the end users to benefit from all U-space services
and capabilities

U-space standard and regulations

The impact of all U-space services and capabilities
on operational or technical standards is
documented
The impact of all U-space services and capabilities
on regulations is documented
Demonstrate that the U-space services and
capabilities improve the cost effectiveness of
flight preparation in reducing the associated
time/effort/cost
Demonstrate that the U-space services and
capabilities contribute to increasing the capacity
in drone’s airspace through enabling more
simultaneous flights
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Gap Analysis
Due to the relative novelty of U-space and UAM, the technologies and systems that support them are
not mature enough to achieve the level of safety, efficiency, and complexity required. This appendix
focuses mainly on outlining the finding of the projects DREAMS [80], IMPETUS [90], DACUS [81],
TERRA [61] and AIRPASS [87] about the existing gaps in U-space technologies. This appendix also gives
and overview of the gap analysis and literature review performed in the NATA UAM whitepaper, and
highlights the relationship with other relevant appendixes.
The project DEAMS [80] analysed the information gap between manned aviation and existing and
future unmanned aviation and outlined a comprehensive set of solutions in order to bridge the gap,
meant as recommendations for SESARJU and CORUS by the DREAMS consortium. The following Figure
represents the methodology followed to conduct the Gap analysis.

Figure 44 DREAMS Gap Analysis Methodology [80]

The gap analysis is a result of the merged findings from the drone operator/user requirements from
an extensive survey analysis, a comprehensive reference scenario analysis and the consortium’s
expertise on the subject matter.
The two main and most important findings of the gap analysis were the lack of information provision
about real time manned traffic and the gap in data services required to achieve capacity
management of high-density traffic. The former gap comes from the need of ensuring safe separation
between unmanned and manned traffic is critical with respect to safe integration. This is even more
evident in an urban environment, especially at VLL in uncontrolled airspace. In this situation, it would
be challenging to capture in real-time the position of manned traffic, especially helicopters which are
not fitted with ADS-B transmitters. The solution proposed by the DREAMS consortium was mandating
all aircraft flying in VLL to be equipped with ADS-B transmitters. Regarding the latter gap, geovectoring
was identified as a solution. As geofencing and geocaging tells a drone “where to fly”, geovectoring
tells a drone “how to fly”. The data protocols for geovectoring will urgently need to be addressed for
information exchange in order for geovectoring to be implemented as a mandatory service for drone
flights. This protocol would be similar to the geofencing/geocaging, albeit with additional information
on speed vectors.
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The overall conclusion was that a significant gap in the desired and available information services
required for safe drone operations in low altitude airspace does indeed exist.
The IMPETUS [56] [103] [90] consortium performed a bottom-up domain analysis to better understand
the scope of requirements for drone information management. The analysis was conducted through a
stakeholders’ survey, the evaluation of outlook studies, a description of existing UTM concepts and
current information services for manned as well as unmanned aviation. The consortium used the
results of the IMPETUS analysis to show the needed types of information for drone operations and
compare them with existing data services in manned aviation, currently available unmanned aviation
services, the description of U-Space services taken from the recently released ATM Master Plan and
the particular users demand identified in the survey.
The main findings of the analysis are described below:
•

Aeronautical and Geospatial data were missing the necessary geospatial level of detail to
facilitate drone operations. The solutions proposed were to (1) improve availability of high
resolution and multi-purpose geospatial data; and (2) certify credibility of aeronautical drone
information, e.g., by a central authority.

•

The information that exists for describing flights in manned aviation (FIXM data exchange
format) should be facilitated for drone operations, as it guarantees a safe integration and
deconfliction with unmanned aviation. Solutions found for this gap were to implement (1)
interoperable exchange of flight/flight management information with manned aviation; and
(2) digital reprocessing of information needed to enable safety critical U-Space services

•

Need for assurance of a communication link between the drone and the ground control
station, as communications infrastructure is not yet in place. To solve this, IMPETUS proposed
the provision of dedicated, scalable and protected aviation spectrum for communications and
the development of internationally harmonised communication standards.

•

The consortium found that the availability and accuracy levels in terms of navigation needed
improvement, especially in environments that are not covered by the services of manned
aviation deserve special attention, e.g., in urban or isolated areas. The solutions found by the
project were to (1) elaborate concepts and information provision appropriate to enable drone
navigation; and (2) determine transferability and applicability of existing structures from
manned aviation.

•

IMPETUS determined that certain operational aspects required an exchange with a central
authority. To answer this issue, the consortium proposed to discuss the adequate level of
centralised information for operational intentions and to evaluate the potential to increase
the quality of service in other information categories by processing operational information.

•

The project found that surveillance in general was insufficient. To resolve this, tracking
information efforts should be centralised, information transfer should be supervised, and the
different levels of tracking accuracy should be determined depending on operation
parameters.

•

Compared to manned aviation, UAS are more vulnerable to the effects of weather but also
more flexible in their flight execution. The project determined that such information needs to
be reliably available, especially in-flight levels that are commonly used by drones and areas
not covered by data from manned aviation. To ensure that this information is available,
existing weather data should be reprocessed for drone purposes, weather information should
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be secured, manageable, and reconditioned for the dedicated user. Also, the weather details
should be given in different levels depending on operation parameters.
•

IMPETUS identified that most information is not yet practically implemented because Uspace lacked a central authority and harmonisation with all European states. To solve this,
administrative information should be allocated and distributed, and relevant information for
exchange with manned aviation should be determined.

The SESAR project DACUS [81] identified several gaps and challenges during the elaboration of the
document “D1.1 Drone DCB Concept and Process”, specially looking at the effect of urban
infrastructure on Communication, Navigation and Surveillance system.
Regarding communications, the project determined that these could be affected between the drone
and the Remote Pilot Station, the U-Space service Provider, other aircraft and other third parties like
ATC. An increase in the coverage of the urban areas with antennas dedicated to each type of
communication could solve these issues, since it would improve the quality, range, and capacity of the
solution. With respect to surveillance, DACUS found that the needed position broadcasting might not
reach a receiver, or arrived with a delay. More information on the communication and surveillance
gap found in the project DACUS is available in Appendix G.
Concerning C2 Link, the project found that the main constraint for its use C2 was that in case of failure
the pilot would be unable to control the drone. The various failure modes of any typical radiocommunication 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. 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 Uspace). Upper than VLL, cellular network coverage decreases dramatically, because network antennas
are tilted down
In the project TERRA, [50] [102] current and future CNS technologies were analysed in function of
requirements exposed in Appendix H (CNS requirements). TERRA performed the evaluation of
technologies in a qualitative way, assigning a performance level from poor (0) to extremely good (5)
to each technology in each parameter. Although the analysis is qualitative, there were certain
quantitative values that were used as rationale for the allocation of each technology to a certain
performance level. The description of the parameter’s scales defined to evaluate the performances of
each Ground Systems Technology, as well as to translate the functional requirements to do the gap
analysis, are included in Appendix A of TERRA D5.1 “Report on Technologies Analysis” [50].
CNS technologies were sorted into 3 groups: A/G communications, Navigation technologies, and
Surveillance technologies. Each group was analysed by the means of business cases related to
agriculture, infrastructure inspection and delivery scenarios. The technologies analysed were:
•

In the case of A/G Communications, the existing technologies proposed were C2 link, VDL,
SATCOM, DVL/HFDL, Direct R/T, FIS-B, LTE (3G/4G), RTLS, LoRAWAN, and WiMAX. 5G LTE,
LoRA, EAN, V2X, WIMAX/AEROMACS and L-DACS were also analysed as new technologies.

•

The assessment of Navigation technologies addressed GPS SPS, GPS SPS + RAIM, EGNOS
V2.4.2, Navaids, TOA, AOA, RSSI, AGNSS, RTK and PPP. Furthermore, Galileo, EGNOS V3, APNT, IRIDIUM & LEO, eLoran and 5G were also analysed as new technologies.
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•

For Surveillance technologies, MLAT, SSR (mode S), ADS-B, and PSR were proposed for the
assessment. Moreover, Drone Radar, Direction Finder/RF, EO/IR Acoustic, 5G Tracking and
Telemetry reporting / detecting were included as new technologies.

The main conclusions of the gap analysis between technologies and requirements for each CORUS
airspace type (X, Y or Z) and business case (see Appendix C) were:
•

Related to A/G communication technologies, the most compliant existing technology for each
parameter identified in all operational scenarios is WIMAX. However, LTE technology is
preferred because of its availability in low frequency band and its level of coverage and
deployment. In case of the new technologies, L-DACS, AeroMACS, 5G and LoRA are potentially
capable to satisfy the requirements from business cases.

•

Regarding Navigation technologies, EGNOS was in full compliance with the defined
operational scenarios (Agriculture and Infrastructure Inspection). Concerning the Agriculture
scenario, the future GNSS+EGNOSV3 combination was meant to be compliant. In case of
Delivery and Infrastructure Inspection scenarios, GNSS + EGNOS V3 might require support
from 5G, LEO and on-board inertial systems under urban canyon conditions.

•

Moving on to Surveillance technologies, all of the studied existing surveillance technologies
seemed to be able to meet the specified requirements for the Agriculture scenario. However,
the new potential candidate technologies were needed to provide surveillance capabilities in
U-space for the rest of scenarios. Telemetry reporting using the cellular networks (3G/4G or,
in the future, 5G) would meet most of the functional requirements (accuracy, update rate,
continuity of service and availability) and it is currently accessible.

Considering the gap analysis performed, the project proposed an architecture of technologies (see
Appendix H) in the case of urban environments (type Z airspace). However, even for this architecture,
TERRA identified as remaining challenges:
•

Communication:
o

o

o

•

Tracking data is required to provide not only situational awareness but for real time
deconfliction. LTE networks are the most feasible option nowadays, as they are
already deployed. However, they present some drawbacks regarding integrity, data
security, and even latency if they have to be used instead of the C2 link in some
emergency cases.
To provide the required level of robustness, two independent LTE service providers
will have to be used simultaneously by every drone operator/ traffic manager. Latency
and integrity will still be a concern.
5G will solve most of the limitations of LTE, especially the URLLC (ultra-reliable low
latency communications) mode, if deployed. Anyhow, two independent 5G providers
will still be required.

Navigation:
o

Most drones use GNSS multi-constellation receivers, but very few of them include
integrity monitoring algorithms to detect gross errors. Accordingly, the combined use
of GPS and EGNOS is essential to assure the integrity of the navigation data; otherwise,
the users could be following a trajectory different to the approved flight plan without
notice. However, the accuracy and continuity of service will be limited for the most
stringent BVLOS applications in a high-density drone airspace volume.
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o

o

o

•

Additionally, flying in urban canyons will introduce high masking angles and high
multipath conditions which will worsen the accuracy of GNSS. Flying BVLOS operations
between buildings cannot be considered safe nowadays, so these operations should
be developed over the highest buildings.
In the future, Multi-constellation GNSS (GPS + Galileo + etc.) and EGNOS V3 will be
required to assure the integrity of the navigation data and the robustness of the
service, solving some of the problems of the existing technologies and being more
robust in urban canyons.
Other navigation technologies, such as automatic visual navigation, 5G, LEO
communication constellations and even (on-board) inertial systems, integrated with
GNSS, will be essential to be able to develop the most complex drone operations in
urban environments.

Surveillance:
o

o

o

o

Considering that certain airspaces tracking data will be the basis for tactical
deconfliction, telemetry reporting using LTE must be supplemented with an
independent drone position calculation (e.g., 4G tracking) to confirm the integrity of
the position reported by the drones.
However, as the accuracy of existing independent tracking solutions based on LTE is
very poor, and considering also the limitations of LTE regarding data security and
latency (to provide drone command and control in emergency situations), the
maximum number of simultaneous drones should not be very high to keep the ground
risk at an acceptable level. If manned operations coexist in that airspace (e.g.,
helicopters) the maximum acceptable drone density should be even lower, to assure
also an acceptable air risk.
Additionally, in safety critical areas (airports, high density population streets, etc.)
non-cooperative sensors will be essential to protect against attacks or drones which
have lost their LTE links.
In future scenarios, telemetry reporting will be supplemented with 5G tracking, which
will provide much better accuracy than existing independent tracking solutions,
reducing the uncertainty on the real drones’ positions and making feasible the raise of
the number of simultaneous drone operations.

The AIRPASS [87] project performed a GAP analysis on the currently available and required
technologies to support the concept architecture of the project. The project considered
Communication, Flight Management System, Geofencing, Detect and Avoid, Autopilot and
Surveillance. The mains outcomes of the GAP analysis were:
•

•

For communication systems, it was identified that the main gap is the lack of sufficient
infrastructure to support the required bandwidth for U3 and U4 deployment. It was
recommended to define guidelines for the market in terms of bands of frequencies to be used,
latencies, protocols to be used on the network, qualification procedures for H/W and S/W,
etc., and to perform analysis in urban areas to determine areas of poor communication
coverage in order to enforce infra-structure communication wise.
For surveillance functions, it was identified that the limited availability of ICAO addresses
used to identify ADS-B broadcasting equipment was a gap. These addresses are unique and
increasing the number of ADS-B equipment cannot be done beyond the limit of the available
addresses. Furthermore, the spectrum usage on 1090MHz for Extended Squitter presents an
issue. The same frequencies are used for SSR replies, which are the basis for ATC
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multilateration tracking and TCAS interrogation replies. The standards contain different
solutions to limit the use of this flight critical spectrum, but the introduction of numerous new
users is likely to affect the availability of the timeslots and garbling and FRUIT is likely to
increase when the spectrum is becoming more saturated. With these issues in mind, even
though miniaturized Extended Squitter solutions exist, it is not recommended to use this as
the long-term solution when the drone traffic density is increased.
The NATA UAM whitepaper [148] identified the following regulation gaps:
Table 22 NATA gap analysis

Subject Area

Existing Regulations* / Policy
Guidance

Best Practices / Industry Solutions
NATA Safety 1st Training Program

Passenger Facilitation

N/A

Ground Handling

FAA Advisory Circulars 00-34A, Audit
Standard:
International
00-65A,
150/5210-5D, Standard for Business Aircraft
150/5210-20A
Handling

Security

49 CFR 1550.7, as applicable

Signage, Marking, Lighting

Advisory Circular 150/5340-1M, N/A
150/5340-30J, 150/5210-5D,
150/5345-53D, 150/5345-12F

Design and Planning

Advisory Circular 150/5390-2C

First Response

Advisory Circular 150/5200- NFPA 418 – Standard for Heliports.
31C, 150/5210-17C, 150/5220- GAMA & FAA First Responder Safety
10E, 150/5210-14B, 150/5210- at a Small Aircraft or Helicopter
6D
Accident

CrewID® (NATACS)

AAMS Heliport Risk Assessment
Tool and Liability Toolkit. NEMSPA
Hospital Helipad Safety.

*In general, FAA Advisory Circular guidance is only compulsory at public-use facilities
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Safety Assess. Methodology
This appendix contains a compendia of safety assessment methodologies applicable to the UAM
scenario which involves both aircrafts and U-space services.
In general, safety assessment methodologies are systematic evaluations of a system whose objective
is to demonstrate the compliance of this system with safety requirements.
While the safety assessment methodologies and related standards are under development for the
main systems involved in UAM, especially UAS and U-space services, there is a body of standards
compliant with ICAO SRM models for development of manned aviation systems covering airborne
avionics, CNS (Communication, Navigation and Surveillance) and ATM (Air Traffic Management)
systems.
The following chapters first introduce safety assessment methodologies used in traditional manned
aviation as they are commonly used to derive the methodologies for unmanned aviation including
unmanned aircrafts and U-space services.

K.1 Safety Assessment in manned aviation
Common safety assessment approaches are detailed in EUROCAE/SAE recommended practices in ED79A/ARP4754A [149] for aircraft system development and ARP 4761 for safety methods. These
processes are intended to be performed supported by other standards such as DO254/ED-80 or DO178C/ED-12C. In addition, the ARP 5150 standard is used for aircraft safety assessment in operation.
ARP4761 and ARP5150 (or ARP5151) encompass the safety assessment process for the entire life cycle
of the civil aircraft and its systems and items from conceptual design to obsolescence.
The ARP4761 presents “guidelines for conducting an industry accepted safety assessment consisting
of Functional Hazard Assessment (FHA), Preliminary System Safety Assessment (PSSA), and System
Safety Assessment (SSA)”.
It also presents safety analysis methods needed to conduct the safety assessment which include the
Fault Tree Analysis (FTA), Dependence Diagram (DD), Markov Analysis (MA), Failure Modes and Effect
Analysis (FMEA), Failure Modes and Effects Summary (FMES) and Common Cause Analysis (CCA).
In the scope of ATM, the European Safety Regulatory Requirements (ESARR) contain clearly identified
mandatory (safety regulatory requirements) and non-mandatory provisions providing rationale,
clarification and support material.
This mechanism established a Safety Regulation Commission (SRC) as an independent body to the
EUROCONTROL Agency. Its purpose is to provide advice and support the achievement of consistent
high levels of safety in air traffic management (ATM) within the European Civil Aviation Conference
(ECAC) area.
ESARR 3 “Use of Safety Management System by ATM Service Providers” mandates the implementation
and use of Safety Management Systems (SMS) by providers of ATM services. Its purpose is to ensure
that safety issues and risks within the provision of the ATM service have been addressed in a
satisfactory manner, and to a satisfactory conclusion.
ESARR 4 is the EUROCONTROL Safety Regulatory Requirement (ESARR) “Risk Assessment and
Mitigation in ATM” (Air Traffic Management) which concerns the use of risk assessment and
mitigation, including hazard identification, in Air Traffic Management when introducing and/or
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planning changes to the ATM System. It applies to all providers of ATM services in respect of those
parts of the ATM/CNS System and supporting services for which they have managerial control.
ESARR 4 develops further ESARR3 requirements on risk assessment and mitigation and documentation
of the process, its results and conclusions.
There are several Acceptable Means of Compliance (AMC) for ESARR 4 such as the EUROCONTROL
Safety Assessment Methodology (SAM) or ED-78A “Guidelines for approval of the provision and use of
Air Traffic Services supported by data communications”.
SAM describes a generic process for the safety assessment of changes to functional systems of the Air
Navigation Service Providers (ANSP) and presents a general overview of Air Navigation Systems safety
assessment from an engineering perspective.
The objective of the methodology is to define a means for providing assurance that an Air Navigation
System is safe for operational use. It is an iterative process conducted throughout the system
development life cycle, from initial system definition, through design, implementation, integration,
transfer to operations, to operations and maintenance. The iterative process consists of an FHA, PSSA
and SSA. However, although SAM was originally based on ARP4754/ARP4761, it now consists of wellestablished, dedicated, and best practices for safety assessment in ANS added since early editions.
Therefore, both in the aircraft and in the ATM segments the accepted safety assessment
methodologies implies well known processes starting with FHA to identify potential functional failures
and classify the hazards associated with specific failure conditions and continuing with an iterative
safety assessment to derive safety requirements and demonstrate the system meets these safety
requirements.

K.2 Safety Assessment in UAM
UAM is a novel and complex scenario that involves several different types of systems such as
unmanned aircrafts with and without passengers onboard, U-space services and occasionally
interaction with manned aircrafts (i.e., police helicopters) and ATC.
The safety in this scenario for UAS and U-space has been tackled in several projects and studies from
different angles using methodologies such as questionnaires, traditional safety assessments and risk
assessments following the SORA developed by JARUS.
In USIS [83] safety was measured through questionnaires. The assessment collected evidence which
showed that safety, security, and human performance were not negatively affected although no
dedicated safety assessment report was provided.
The safety in UAS operations were assessed during the Galician SkyWay [63] [145] project where a
detailed CONOPS for the test flights was produced, with a focus on the SORA methodology developed
by JARUS. In addition, several experts’ meetings were held thorough the project, involving
communication experts, autonomy engineers, air traffic controllers and manned and unmanned
aircraft pilots, among others, focusing on the Operational Impact Analysis of the project. As a result, a
detailed safety assessment was produced in the form of a Functional Hazard Analysis, studying the
implications of all the contingencies studied in the project (Loss of Link, GNSS, Ownership, Separation,
Engine and Power), with a focus on a Loss of Link contingency and a Loss of GNSS contingency
(separately and concurrently) within a mission involving RPAs in a non-segregated, controlled airspace,
including a CTR. Several contingency procedures were developed.
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A detailed risk assessment of the security implications, following the SESAR SecRAM 2.0 risk
assessment methodology, was performed within the SECOPS project [146] [82], where the security
risk and the adequate controls were identified, and security requirements were derived.
SAFEDRONE [75] evaluated the safety of the U-space services and capabilities. Within SAFEDRONE
several questions were proposed to the participants of the different trials. Questions were the
following:
•
•
•
•
•
•
•

Q2.1. There has been a low level of safety due to the tested U-space services (e.g., many
conflicts, incidents.).
Q2.2. There has been a high rate of human errors due to the tested U-space services.
Q2.3. The integration of drones from pre-flight to post-flight has been made in a safe manner.
Q2.4. I had an adequate situational awareness during the demo, which produced a positive
impact on the safe integration of drones.
Q2.5. The workload level was adequate to my role’s responsibilities.
Q2.6. The tested U-space services provide an acceptable level of air risk.
Q2.7. The tested U-space services provide an acceptable level of ground risk.

The following comments were collected:
•

•

•

In general, most of the answers related to safety are positive. For example, the questions Q2.1
and Q2.2 show a positive opinion about the level of safety of the tested U-space services and
about the rate of human errors due to the U-space implementations. Answers for Q2.3 to Q2.5
are all of them very positive (AGREE and STRONGLY AGREE). Just in the air and ground risk, it
is found that most of the operators answer with a Neutral score.
The most positive comments were obtained for the situational awareness that the U-space
services offer to the users and for the increase of the safety on the integration of the drones
and in the preparation and execution of the flight plans. During the trials, the operators had
access to information about the manned aircraft’s traffic and also about drones and flight plans
close to their missions in those cases where proximity could jeopardize the security of their
aerial platform. To have available this kind of data generated an excellent opinion from this
actor and made them feel more comfortable during their flights. However, it is recommended
to implement these functionalities directly in the GCS. To have more than one device or
application running at the same time during flight increases the workload and can lead to
human errors (for example if an alert is missed because the pilot is following the operation
from the GCS and the window of the U-space APP is closed.)
For both air and ground risk, some of the participants in this questionnaire did not have the
knowledge for answering these questions (they do not are involved in the use of the SORA
methodology). This is because they scored this question as Neutral.

EUROCONTROL in [71] provides a basis for discussion on airspace assessment for integrating UAS into
air- traffic management (ATM), following a workshop and a series of webinars organised by
EUROCONTROL in collaboration with the European Aviation Safety Agency (EASA).
An airspace assessment involves taking a critical look at a certain airspace volume (including the CTR)
to identify the types of operation that will be conducted in that airspace and examining the associated
air and ground risks.
There are several elements in an overall airspace assessment, including a possible re-design of the
airspace, CNS requirements, geofencing requirements, and possibly re-assigning a different airspace
classification. The outcome will define the areas and levels of air and ground risk as mentioned in the
JARUS Specific Operational Risk Assessment (SORA).
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The UAS airspace assessment recommended here has many similarities with the existing methodology
for airspace design. It will be used in the first assessment that will be conducted in the CTR of RIGA.
The outcome of this will be used to further fine tune the initial approach and provide input for the
development of a UAS Airspace Assessment manual.
In Universidade da Beira Interior [1] the authors proposed that operations should be subject to rules
that are proportional to the risk of the particular operation or type of operations regardless of aircraft
mass. National authorities have the responsibility to implement a risk-based approach while ensuring
an adequate level of safety.
Table 23 Relation of probability with severity of failure condition
Effect on aircraft

No effect on
operational
capabilities or
safety

Slight reduction
in functional
capabilities or
safety margins

Significant
reduction in
functional
capabilities or
safety margins

Large reduction
in functional
capabilities or
safety margins

Normally with
hull loss

Effect on
occupants
excluding flight
crew

Inconvenience

Physical
discomfort

Physical distress,
possibly including
injuries

Serious or fatal
injury to a small
number of
passengers or
cabin crew

Multiple

Effect on flight
crew

No effect on
flight crew

Slight increase in
workload

Physical
discomfort or a
significant
increase in
workload

Physical distress
or excessive
workload impairs
ability to perform
tasks

Fatalities or
incapacitation

Allowable
qualitative
probability

No
probability
requirement

Probable

Remote

Extremely
remote

Extremely
improbable

Allowable
quantitative
probability:
average
probability per
flight hour on the
order of:

No
probability
requirement

10-3

10-5

10-7

10-9

Classification of
failure conditions

No safety effect

Minor

Major

Hazardous

Catastrophic

fatalities

Some of these studies have contributed to the rulemaking and standardization effort which is still
undergoing. While the U-space regulation in Europe is expected to be issued during 2021, the EU
Regulation 2019/947 for UAS came into force on 2021 January 1st. However, some companion
materials are to be released yet.
The following chapters introduce the safety assessment methodologies that have been included in
regulation, standards and more relevant projects for UAS and U-space.
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K.3 Safety Assessment for UAS in the Specific Category (EU)
The EU Regulation 2019/247 [150] defined three operational categories whose safety requirements
are proportional to their operational risk: Open, Specific and Certified. The Open and Specific
categories are the less demanding ones while the Certified category, which is applied to higher risks
operations such as flying over assemblies of people or transporting passengers, imposes requirements
closed to manned aviation.
In order to get an authorisation to fly in Specific Category, UAS operator must carry out a safety
assessment to evaluate the risks. The AMC 2019/947 [151] regulates that this assessment must be
done following SORA methodology and sent to the corresponding Authority to get a fly permit. Also, it
specifies how to collect and report safety information.

K.3.1 SORA Methodology
Before starting the SORA process, the applicant should verify that the proposed operation is feasible
(i.e., not subject to specific exclusions from the competent authority or subject to a standard
scenario.) Things to verify before beginning the SORA process are:
1.
2.
3.
4.
5.

If the operation falls under the “open” category
If the operation is covered by a “standard scenario” recognized by the competent authority
If the operation falls under the “certified” category
If the operation is subject to specific NO-GO from competent authority
If the competent authority has determined that the UAS is “harmless” for the ground risk.

If none of the above cases applies, the SORA process should be applied.
The SORA methodology provides a logical process to analyse the proposed CONOPS and establish an
adequate level of confidence that the operation can be conducted with an acceptable level of risk.
There are ten steps supporting the SORA methodology and each of these steps is described in the
following paragraphs and further detailed, when necessary, in the relevant annexes.
The SORA focuses on the assessment of ground and air risk. In addition to air and ground risks, an
additional risk assessment of critical infrastructure should also be performed. This should be done in
cooperation with the organization responsible for the infrastructure, as they are most knowledgeable
of those threats.
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Figure 45 SORA Process Outline

As a result of the process, SORA provides a Specific Assurance and Integrity Level (SAIL) determining
the necessary mitigation actions to achieve an acceptable level of risk. SORA provides a table called
Operational Safety Objectives (OSOs), which defines the objectives to be met by the operation
depending on the estimated SAIL.
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K.3.2 ED-280 Guidelines for UAS safety analysis for the Specific
category (low and medium levels of robustness)
The Acceptable Means of Compliance for these OSOs are under development in EUROCAE Working
Group 105 which has already published ED-280 [152] which contains guidelines that supports UAS
operator and/or manufacturers in order to obtain the evidences that the UAS is design considering
system safety and reliability and perform the required safety analysis to fulfil part of OSO#5 (UAS is
designed considering system safety and reliability) requirements, for low and medium level of
robustness, as part of the SORA risk assessment (AMC1 to Article 11 Rules for conducting an
operational risk assessment in Acceptable Means of Compliance and Guidance Material to Commission
Implementing Regulation (EU) No 2019/947) under the Specific category of EASA drone regulation.
No details are provided with regards to high level of robustness, but the general guidelines presented
in this document are also suggested to be followed.
The Safety Objectives proposed for fulfilling OSO#5 in low and medium level of robustness, are:
•
•

No probable failure results in catastrophic or hazardous failure condition(s), and
The number of probable failures resulting in major failure condition(s) is reduced. This
reduction should be performed as far as possible (e.g., if the technology available on the
market at reasonable price).

The document outlines the following steps to perform the safety analysis for low level of robustness:
1.
2.
3.
4.
5.

Define CONOPS.
Describe UAS Architecture: functions, systems and implementation.
Identify and classify failure conditions.
Complete probable failure analysis (FMEA-like).
Check if safety objectives are fulfilled.

The document also outlines the following steps to perform the safety analysis for medium level of
robustness:
1. Define CONOPS.
2. Perform FHA at UAS level. Guidance material can be found in ED-279 and NASA/TM-2005214539.
3. Describe UAS Architecture: functions, systems and implementation.
4. Complete quantitative Fault Tree Analysis (FTA) related to Major, Hazardous and Catastrophic
events at UAS level in order to describe the interrelation between failures of the UAS and
subsystems functions. (Examples of FHA and FTA at aircraft level can be found in ED-135/ARP
4761 [153])
5. Check if safety objectives are fulfilled.
Finally, it is important to point out that in order to perform the required safety analysis in OSO#5 (at
any level of robustness) it will be required that operators get access to detailed design information of
the UAS from the UAS manufacturer. It is for this reason that it is anticipated manufacturers may
instead choose to perform part of these analysis themselves and provide evidences as part of the total
system deliverables.

227

D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT

K.3.3 ED-279 - Generic Functional Hazard Assessment (FHA) for
UAS and RPAS
ED-279 [114] aims at generating a Basic Functional Hazard Assessment (FHA) to cover the widest
possible number of UAS configurations in the Certified Category to prepare a detailed FHA
subsequently adapted to specific UAS configurations and applications.
The approach taken in deriving the UAS level Basic FHA is:
•
•
•
•
•
•

Failure Condition Classifications (taken from JARUS AMC RPAS 1309 Issue 2).
Derivation of UAS level functions (tailored from the functions list in draft ED-135/ARP4761A).
Derivation of flight phases (derived from NTSB).
Derivation of functional failure modes.
Determine functional failure mode applicability against UAS level functions.
Generation of FHA table.

This Basic FHA is intended to be as generic as possible and independent from specific UAS
configurations and the way the UAS functions may be implemented. This has been done to ensure it
can be tailored to many different implementations/configurations.
Assumptions/Considerations:
This document covers UAS configuration with no passengers or aircrew on board: casualties referred
to within the analysis are third party casualties.
With regards to the operational environment, the document considers UAS operation be developed
in a densely populated urban area in non-segregated airspace (which is the worst-case operating
scenario for a UAS of the Certified Category).

K.3.4 Operation of Unmanned Aircraft Systems Over People Final
Rule (FAA)
FAA Final rule for flying sUAS over people [147] [147] establishes 4 categories of small unmanned
aircraft for routine operations over people:
•
•

•
•

Category 1: Weight less than 0.55lb and contains no exposed rotating parts that could lacerate
human skin. No Means of Compliance or Declaration of Compliance is required.
Category 2: Does not cause injury to a human being greater than the injury caused by 11 ft-lb
of kinetic energy upon impact of a rigid object. Does not contain any exposed rotating parts
that could lacerate human skin. A Means of Compliance and Declaration of Compliance is
required.
Category 3: Same as category 2, but for 25 lb-ft kinetic energy.
Category 4: Must have an airworthiness certificate under Part 21. Must be operated as per the
operating limitations in the flight manual. Must have appropriate maintenance, preventive
maintenance, alterations, or inspections performed.

The rule also describes operating rules for operations at night, including training requirements for
pilots and anti-collision lights on the vehicle.
The rule describes under what conditions each sUAS category can be operated over open-air
assemblies.
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Conditions accounted for include: compliance with remote ID rules; whether the operation includes
sustained flight over people; whether the site of the operation has restricted access; whether the
people are notified of the operation; whether the people are directly participating or under a covered
structure.
•
•
•

Category 1, 2 and 4 sUAS can only operate sustained flight over people if they comply with
remote ID rules.
Category 3 sUAS can only operate over people if the operation is over a restricted access site,
and all people are notified. Sustained flight is only permitted if the people are directly
participating in the operation or are under a covered structure.
Category 4 sUAS be operated in accordance with its flight manual.

The rule describes the conditions under which each sUAS category can be operated over moving
vehicles.
Conditions accounted for include whether the operation includes sustained flight over the moving
vehicle; whether the operation is for transit only; whether the site of the operation has restricted
access; and whether all people in the vehicle are notified.
•

Category 1, 2 and 3 sUAS must either remain within a restricted access site with all people in
the vehicle being notified or must not operate sustained flight over moving vehicles.

Category 4 sUAS be operated in accordance with their flight manuals.

K.4 Safety Assessment for U-space
The regulations and guidance material related to U-space is under developing. For example, the
regulation for U-space and its AMC are expected to be published in 2021 and the SORA Annex H for
Unmanned Traffic Management (UTM) is also to be published.
However, safety assessment for U-space has been studied in CORUS [5] where SORA has been
investigated thoroughly in the course of CORUS and has been deployed on various drone use cases.
The derived considerations for improvement are mentioned briefly to support the further
development of the methodology.
Preserving the principle of the risk-based approach, CORUS proposes a safety assessment strategy
called MEDUSA. The MEthoDology for the U-Space Safety Assessment (MEDUSA) is a strategy to
identify and manage the hazards posed by drone traffic in the context of U-space. The main principle
of this methodology is based in the EUROCONTROL Safety Reference Material (SRM) where a broader
approach to assess safety is adopted. The broader safety approach addresses both the positive
contribution of U-space to aviation safety (success approach), as well as U-space’s negative effect on
the risk of an accident (failure approach). The success approach is required to show whether operation
under U-space is intrinsically safe, in the absence of failure.
The MEDUSA process provides a holistic approach to the U-Space safety assessment incorporating
different viewpoints, not only the operator perspective (which comes with SORA), but also the airspace
perspective of the U-Space service provision and the interoperability of these services with the
ATS/ATM. The operator’s perspective remains within MEDUSA with the reception of different SORA
assessments, and the U-space perspective with the integration of those results in a single safety
assessment. This safety assessment shall be conducted considering normal, abnormal and faulted
conditions in order to derive a complete and correct set of safety requirements/mitigations to be
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implemented at U-Space service level, at drone operators’ level and/or at non-U-space service
providers’ level, such as ATS providers.
The ultimate objective of MEDUSA is to derive a complete set of Safety Requirements for the U-Space
service implementation and associating these requirements with mitigation means that are able to
maintain the level of safety that stands today for manned aviation in both air and ground. An extended
overview of MEDUSA appears in the annex D.

K.4.1 India UTM
Civil Aviation Requirements (CAR) Section 1 - General, Series C, Part I, Issue II dated 27th July 2017
[46] provides the Regulation for Establishment of a Safety Management System (SMS) for Aviation
Organisations in India. The CAR stipulates that aviation organisations including manufacturers and
service providers shall develop, establish, maintain and adhere to a safety management system. The
guiding principles are in synchronisation with ICAO Annex 19 and DOC 9859.
This chapter describes the general procedures to be followed by organisations to conform with the
regulatory (DGCA), corporate and international (ICAO) standards and recommended practices on
safety management.

Figure 46 ICAO SMS Framework

ICAO Annex 19 contains the recommended SMS framework for aviation organisations. The framework
contains four components and 12 elements to be followed for establishing and maintaining a robust
safety management system in aviation organisations. Every organisation involved in the provisions of
UTM Service shall develop, establish, maintain and adhere to a safety management system as per the
provisions contained in the DGCA Regulations.
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Hazard Identification and risk assessment
A hazard is defined as a condition or an object with the potential to cause injuries to personnel, damage
to equipment or structures, loss of material, or reduction of ability to perform a prescribed function.
The safety risk is the projected likelihood and severity of the most credible consequence or outcome
from an existing hazard.
Safety risk management encompasses the assessment and mitigation of safety risks. The objective of
safety risk management is to assess the risks associated with identified hazards and develop and
implement effective and appropriate mitigations.
Hazard Identification is a continuous, ongoing and daily activity. The hazard can be reported from any
source. The need for hazard identification is essential in the following conditions:
•
•
•

Unexplained increase in safety-related incidents
During major operational changes
Significant organizational changes

Hazard identification shall be based on a combination of reactive, proactive and predictive methods of
safety data collection. All identified hazards should be assigned a hazard number and recorded in a
hazard log along with its consequences. Hazards may be identified through various data sources, which
can be either internal or external. Some examples of internal hazard identification data sources include
voluntary and mandatory reporting systems, safety surveys, safety auditing and follow-up reports on
accidents/incidents. Some examples of external hazard identification data sources include state
voluntary and mandatory reporting systems, state oversight audit and safety information-sharing
system.

Operational Risk Assessment as a UTM service
The categorisation of UAS accordingly to the maximum all-up weight and regulation of operation of
these categories through progressively more stringent requirements from lighter to heavier UA is
solely based on the energy calculation with the presumption that a lighter UA has less energy than a
heavier UA during operation and thus can cause comparatively less harm to persons or property in the
event of a collision.
Operational risk assessment should also consider additional factors by placing such operations in the
actual operating environment rather than conducting a general analysis much before the actual day of
operations.
It is recommended that in addition to the SMS processes UTM Service providers and other aviation
organisations are mandated to follow, UTM Service Providers may conduct an operational risk
assessment of every UA mission conducted through a UTM Service provider. The operational risk
assessment should be specific to the category of UA and the planned mission, and should broadly
follow the principles of safety management contained in ICAO Annex 19, DOC 9859 and DGCA CAR.
Such a mission-specific operational risk assessment may be offered as a UTM service by the UTMSPs.
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K.5 FAA – AC 150/5390-2C – Heliport Design
When considering the vertiport design, the following recommendations in FAA AC 150/5390-2C [77]
are indicated to ensure safety and security of operations:
•
•
•

Barriers required to ensure operational areas are kept clear of people, animals and vehicles.
(218a)
A Common Traffic Advisory Frequency radio to be used to provide arriving helicopters with
heliport and traffic advisory information, but not to control air traffic. (218c)
Automated weather observing system should measure and automatically broadcast current
weather conditions. (281d)
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Verification & Validation
This appendix introduces the recent activities encompassing verification and validation of the UTM and
UAM concepts and systems, aimed at assessing their maturity and also making recommendations
towards their future deployment. These include a variety of test cases in both real world and simulated
environments. The relevant live flight demonstrations are first introduced, followed by the simulation
capabilities that are able to provide flexible and high-fidelity animation of the realistic environment.

L.1 Flight demonstrations
DroC2om [91]
In the scope of the Drom2om project, some real experiments were performed focused on commandand-control link (C2) communication between drones, cellular LTE/LTE-A, 5G network infrastructure,
and a satellite network, for drones operating in Very Low Level (VLL) airspace. Three scenarios have
been defined: “Infrastructure Monitoring for Long Endurance Drone”, “Delivery Service by Drone”, and
“Urban Fast-Delivery Service by Drone”. Four different objectives were pursued as part of these real
experiments: 1) static characterization of the large-scale path loss and interference environment, 2)
dynamic characterization of the large-scale path loss, 3) validation of dynamic effects by site-specific
modelling and prediction, and 4) (dynamic) characterization of radio mobility based on real device
measurements.

SAFIR [92]
To safely integrate drones into the airspace, the U-space SAFIR consortium conducted a series of
demonstrations to show how technology can support the safe deployment of a multitude of drones in
a challenging airspace environment. The test scenarios included parcel delivery flights, aerial survey,
medical inter-hospital flights and emergency prioritization. The use cases were first successfully tested
at DronePort in Sint-Truiden, Belgium, a secure test environment for manned and unmanned aircraft,
before transferring to Antwerp City (urban area), Antwerp Airport terminal area and the Port of
Antwerp to test the viability of the use cases in a realistic environment. SAFIR demonstrated full
availability of the following services: e-identification; pre- tactical, tactical and dynamic geofencing;
strategic and tactical deconfliction; tracking and monitoring. The project successfully tested initial,
advanced and full U-space services and made recommendations for further research.

GEOSAFE [92]
The GEOSAFE research set out to establish state-of-the-art geofencing U-space solutions and to
propose improvements and recommendations for future geofencing system definition. The project
was based on a one-year long flight-test campaign, including 280 flight tests in France, Germany and
Latvia. The research tested representative situations that a drone will face in urban and rural areas.
They covered a range of missions including agricultural operations, inspections, emergency events and
deliveries. The flights tested foundational and advanced geofencing services with reference to pretactical flight (a core competency required for entry level U-space, U1); tactical operations (required
for slightly more advanced U-space U2); and dynamic situations (necessary for U3). Project partners
considered issues such as technology performance, pilot warnings, communication failure, weak
satellite positioning signals, restricted area updates during flights, tracking and drone navigation
system performance.
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Australian UAM CONOPS [8]
The Australian CONOPS for UAM has been validated by ways of real-time human in the loop analysis
and fast simulation. For the former, a high-fidelity simulation of Essendon tower traffic tested the
degree to which the current ATC system could accommodate a growing number of UAM operations
between the CBD and Melbourne Airport. The simulator provided a realistic out-the-window view of
the Essendon traffic so that the controllers could scan, coordinate and manage traffic in a naturalistic
manner. It measured ATC workload, communication demands and situation awareness.

Figure 47 The Airservices High-Fidelity Tower Simulator

For the latter, the key objectives of the fast-time simulation were to establish the limitations of the
current system and identify the benefits of introducing UATM services, including dedicated UAM
corridors and Flow Management Services. A busy four-hour period was simulated across three
scenarios by using TAAM (Total Airspace and Airport Modeller). The simulation included historic
Melbourne basin traffic and a UAM traffic schedule with operations transiting between three
vertiports in a UAM network across the Melbourne area: Melbourne Airport, the Melbourne CBD, and
Geelong.
Twelve UAM vehicles operated under VFR in the UAM network where the frequency of the operations
varied between vertiport pairs. Each hour, there were approximately 7 return trips between the
Melbourne Airport and the Melbourne CBD, 1.5 return trips between Melbourne Airport and Geelong
and 1 return trip between Melbourne CBD and Geelong. The schedule was designed to simulate highvolume operations based on the number of stands available within the network. The simulation
assessed three scenarios (1- using existing helicopter routes, 2- using dedicated UAM corridors and 3same as 2 with Flow Management service with 1NM separation holding eVTOLs on ground if needed)
and provided results in terms of flight time, delay and conflict analysis. Scenario 3 and 3 showed similar
results in terms of efficiency (reduced conflicts rate, increased predictability and UAM movements per
hour). However, in Scenario 3, the flow management-imposed ground delays led to a lower average
flight time.

DREAMS [80]
In order to test the efficiency and completeness of the U-AIM models, the models were developed and
integrated to the consortium’s simulation platforms: BlueSky and DREAMS. The aeronautical
information exchanged was validated by drone operators in order to fine-tune the U-AIM for actual
drone operations. The validation of the U-AIM models was performed by getting actual drone
operators to interact with the U-AIM models and gaining their feedback via a comprehensive
questionnaire. The outcome of the questionnaire is the basis of the validation results for the project
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application, was the main interface for the drone operators while the BlueSky platform acted as a
drone traffic simulator since real-world drones were not used for the validation test.

TERRA [102]
The TERRA project set out to identify relevant ground technologies and to propose a technical ground
architecture to support drone operations. The research considered different sizes and types of drones
operating visual and beyond visual line of sight, in urban and rural environments. In terms of the
applicability of technologies, the research examined continuity of service, coverage, data security,
bandwidth, latency, update rate, integrity and availability. The simulation platform used in TERRA
project including: 1. ATC Simulator, 2. SVC (Simulation and Validation of Communication), 3. Synthetic
Environment SYENA, 4. Tracks Simulators, and 5. UTM module for RPAS management. Test cases have
been performed for RPAS tracking and monitoring system capability, load testing and coverage for
each of the technologies analysed.

IMPETUS [103]
Experiments to test specific U-space services in a micro-service-based architecture were performed.
Individual U-space services were explored through several experiments by balancing the interests of
the consortium members and the relevance of information management challenges that were
previously identified. The services which were addressed are: weather information service, drone
operational plan preparation assistance and drone operation plan processing services, monitoring and
traffic information services and dynamic capacity management service in combination with a tactical
de-confliction service. The experiments addressed the requirements and challenges of the previously
detailed U-space services and also transversally explored the benefits of a U-space implementation
based on microservices.

DACUS [81]
DACUS is an on-going project which will try to address gaps and challenges identified through their
validation activities, which include the design of advanced models for the assessment of demand and
the most relevant influence factors on capacity such as the level of risk, environmental impact or social
acceptability, the development of new functionalities of the U-space services to be able to support the
defined Demand and Capacity Balance (DCB) processes, and the execution of fast-time simulations to
assess the evolution of Key Performance Areas when implementing specific DCB measures or when
unexpected events happen and change the overall demand or capacity view during the day of
operations.
Fast-time modelling tools will be used to perform validation scenarios which can evaluate the
effectiveness and performance of the various DACUS concepts and tools. In particular, it should focus
on how the Demand-Capacity Balancing process will operate when subject to diverse operating
conditions, how services being proposed can be integrated along with airborne operating rules and
policies and to evaluate the requirements and performance needs of the various CNS services, in
particular relating to dynamic separation minima. The validation scenarios designed in the validation
phase will also address the effectiveness of the proposed separator component.

METROPOLIS [95]
In the scope of the project Metropolis 1, the Traffic Manager (TMX) software, developed by the
National Aerospace Laboratory of the Netherlands (NLR), was used as the simulation platform. TMX is
a medium fidelity desktop simulation application designed for the investigation of novel ATM concepts.
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It is capable of simulating up to 5000 aircraft simultaneously and has a wide range of features including
several CD&R algorithms, 4D Flight Management System (FMS) guidance, and extensive data logging
functions.
To model PAV and UAV dynamics, parameters of existing BADA models in TMX were adapted to match
the performance specifications available for several current PAVs and UAVs. Additionally, VTOL aircraft
were simulated using helicopter dynamics for take-off and landing, while fixed-wing models were used
for cruising, climbing and descending flight phases. A total of three VTOL aircraft types, two PAVs and
one UAV, and a conventional PAV were used in traffic simulations. Demonstrations of rogue drone
detection, conflict detection, illegal geofence crossing and counter-UAS action were done as part of
the SECOPS project.

L.2 Simulation capabilities
AgentFLY [97]
AgentFLY is a software prototype of a multi-agent simulator of unmanned aerial vehicles air traffic
control. It provides a distributed model of flight simulation and control, time-constrained way-point
flight planning algorithm avoiding specified no-flight zones and terrain obstacles, flexible collision
avoidance architecture – cooperative and non-cooperative, connectors to external data sources
(Landsat images, airports monitors, no-flight zones, cities), 2D/3D visualization including a web-client
access component, and a multi access operator - a component facilitating real-time control of selected
assets.

Matrus [98]
The MATRUS (Multi-agent Air Traffic and Resource Usage Simulation) Platform is an integrated
environment created by Syracuse University aiming for air traffic simulation, communication resource
estimation, data analysis and traffic animation specifically designed to address sUAS traffic in low level
altitude airspace. There are three major components: a multi-agent event-driven simulation engine, a
traffic animation tool, and a data analysis tool suite. The platform contains modules which carry out
tasks such as sUAS flight scheduling, trajectory planning and mission specification, and it also supports
various methods to evaluate the signal strength transmitted between UAV and cellular base station.
In addition, the data processing module generates statistical information of the flight and resource
usage for scenarios.

Figure 48 MATRUS Framework Major Components [98]
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POLARIS [99]
POLARIS is an end-to-end simulation for Unmanned Traffic Management (UTM) simulator developed
by Simlat and commercially available. It is based on AgentFly technologies and is capable of providing
simulated UAS traffic at scale, simulating the behaviour of a “rogue” or malfunctioning UAS while also
generating the clutter made by thousands of automated flights. POLARIS includes integration to UTM
frameworks and solutions, autopilots, radars and ADS-Bs. It is used mainly for training purposes.

MACS [93]
MACS (Multi Aircraft Control System) simulator, developed by NASA's Ames Research Centre, was used
as an ATC simulator in which human actors play an essential. It was currently developed into a client
that helps generate custom, map-aided flight profiles and operational volumes that can be submitted
to the UTM research. Any number of flights is able to be operated in autonomous and manual modes.
Controls provide the user the ability to perform specific manoeuvres during flight, which is particularly
helpful in simulating and testing off-nominal or contingency cases.

Figure 49 MACS operator station and UTM client interface [93]

RAMS PLUS [101]
RAMS PLUS is a gate-to-gate ATM/Airport fast-time simulator. It allows simulation of full 4D movement
of each aircraft through time, and each airplane’s dynamic interaction with other aircraft, airspace
structures, airspace procedures and rules. This integrated system is composed of data preparation and
display system, simulation engine and graphic simulation animation tools whose interface is quite
similar to the interface available to air traffic controllers. For that reason, this tool, in addition to be
used to test new concepts or systems in air traffic control and carry out traffic analysis in hypothetical
scenarios, it is conceived also for training purposes. RAMS Plus allows the simulation of the entire
aircraft trajectory including taxiing on the airport surface.

BlueSKY [100]
BlueSKY is an ATC traffic simulator that has been implemented following a fully open-data and opensource policy. The main idea focuses on achieving high-fidelity simulations without using proprietary
data while keeping the tool easy to use and modify. BlueSKY contains simulations of aircraft
performance, flight management system (LNAV, VNAV under construction), autopilot, conflict
detection and resolution and airborne separation assurance systems. It also includes open-source data
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on Navaids, performance data of aircraft, geography and airport data. It is compatible with BADA 3.x
data. The traffic could be controlled via user inputs in a console window or by playing scenario files.

Figure 50 Global airport data is provided by BlueSky [100]

SkyWaySIM [79]
SkyWaySIM is an agent-based simulator, initially conceived to simulate scenarios in the ATM domain,
in particular for performing Detect and Avoid (DAA) analyses. It later evolved within the SkyWay
project to consider 3d terrain modelling and visualization, connections with ground control stations
including full RPAS support and connections with ATC via Asterix protocols. The agents may be
modelled as 3-dof or 6-dof depending upon the dynamic fidelity that is needed. It allows simulations
in the UTM domain as heterogeneous traffic may be modelled, and geofencing and geocaging are
supported together with airspace classes recognition. It allows simulating different various types of
operations and performs useful analyses for operators, regulators and service providers. A limited
selection of onboard sensors is available, and individual, onboard intelligence may be modelled though
this must be provided additionally.

TITE [154]
TITE is an end-to-end integrated laboratory environment for research and development and
operational integration testing. Trajectory Based Operations (TBO) is an Air Traffic Management (ATM)
method for strategically planning, managing, and optimizing flights throughout the National Airspace
System (NAS) by using Time-Based Management, information exchange between air and ground
systems, and the aircraft’s ability to fly precise paths in time and space. TBO leverages significant
investments already made in Performance-Based Navigation, surveillance, communications, and
automation systems for decision support, flight data management, and information sharing.
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Drone Watch and Rescue (DWR) [155]
DWR is a low-cost and easily distributable simulator, focused on simulating missions carried out by
multiple UAVs and extracting data from them. The main goal of DWR is to collect easily big amounts
of data from the interactions made by UAV operators (regardless of their level of expertise) during the
execution of a Multiple Unmanned Aerial Vehicles (multi-UAV) mission. DWR has been developed
using modern web development technologies which leads to the advantages including portability of
the developed application between both desktop and mobile systems, and high accessibility. It is
composed by 5 modules: simulation module, data entry module, visualization module, control module
and data storage module.

NASA Fe3 [94]
Fe3 (Fast-time evaluation of Flight environments) is an evaluation tool for low altitude air traffic
operations, which is composed of two main functions: trajectory generation and collision avoidance.
Fe3 provides the capability of statistically analysing high density, high fidelity, and low altitude traffic
system without conducting infeasible and cost-prohibitive flight tests that involve a large volume of
aerial vehicles. With this simulation capability, stakeholders can study the impacts of critical factors,
define requirements, policies, and protocols needed to support a safe yet efficient traffic system,
assess operational risks, and optimize flight schedules.
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Standards & regulation
The global nature of aviation requires that countries work together on common principles to be
followed if they are to respect the aviation activities of another country. This work is performed by the
International Civil Aviation Organisation (ICAO) [105] which is responsible for compiling and
disseminating information concerning standards and recommended practices. These minimum
Standards and Recommended Practices (SARPS) are therefore defined at an international level and
from Annexes to the Chicago Convention. The regulatory framework consists of 19 sections, each
detailed within a separate Annex dealing with a particular subject area.
ICAO mandate for Remotely Piloted Aircraft (RPA) can be traced to foundational articles on the Chicago
Convention namely
•
•

•

Article 1 articulates the sovereignty of each Member State over the airspace above/around it.
Article 8 which provides a general mandate that no pilotless aircraft shall be flown without the
specific permission of a state and further must be flown in a manner which does not endanger
other aircraft.
Article 29 states the documents that must be carried by aircraft e.g., crew licences, aircraft
registration and certificate of airworthiness.

The Annexes to the Chicago Convention, in particular Annex 2, provide further logical links between
the existing regulatory framework agreed by member states and the operation of remotely piloted
vehicles. Annex 2 articulates that operation of these vehicles is to be in accordance with National
regulations in a manner which is consistent with the different Annexes. For example, Airworthiness
certification issued in accordance with national regulations to be consistent with Annex 8, operator
certification is in accordance with national regulations and Annex 6 and so on.
These articles and related annexes result in the common safety principles that unmanned aircraft shall
be operated in a manner to minimize hazards to persons, property and other aircraft. Note that existing
regulatory principles allow piloted operations as proposed for initial UAM operations but the increased
safety risks of pilotless UAM operations requires extra provisioning for safe integration and the special
authorisation of the state. ICAO’s layered approach for safe integration of unmanned vehicles is
articulated by the following graphic which illustrates some of the requisites for drone integration.

Figure 51 ICAO’s layered approach for safe integration of unmanned vehicles
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At the ICAO level, the RPA standards work is managed by the RPAS Panel which brings together
regulators and industry from around the world to ensure geographical representation and diversity.
This work is documented in the Manual on Remotely Piloted Aircraft Systems Doc 10019 which
describes the ICAO mandate and the regulatory framework relevant to certified category operations
of RPAS for international IFR operations, controlled airspace and aerodromes operations and global
interoperability. This information will allow states to harmonise national regulations particular at the
regional level such as the European Union. Once the regulatory standards are agreed at ICAO level,
countries are obligated to implement the rules. The current timeline for a range of provisions from
the RPAS panel are to become applicable by 2026 with a range of effective dates in between.
Table 24 timeline for implementing rules

Area

Provision Review

Registration

Date Effective

Date Applicable

Annex 7

Safety
Management

2024

20

Licensing

Annex 1

Airworthiness

Annex 8, Parts 1, 8, 9, 10

2021

2026

C2 Link

Annex 10, Vol 5 and 6

2021

2026

Operations

Annex 6, Part 4

2024

2026

and Annex 10 Vol 4 Part 2

2025

2026

Detect
Avoid
Other
provisions

2022

Meteorology, charts, accident investigation, aerodrome, AIM, security, dangerous
goods etc,

For the international convention to be effective requires each of its signatory states to implement its
provisions. The Europe Union legislated to form EASA to manage the safety of aviation within Europe
and empowered it to do so through treaties signed by its members. In the UK, a similar empowerment
is through the UK Civil Aviation Act and the Air Navigation Order to give the UK CAA the powers and
legal framework. The same legal basis allows countries such as USA, Australia and Canada to adopt
ICAO regulatory framework into their laws.

M.1 European Union Regulations
The Europe Union legislated to form EASA to manage the safety of civil aviation within Europe and it
is empowered to do so through treaties signed by its members. The regulation EU 2018/1139
[2018_1139], known as “Basic Regulation", sets common requirements for UAS operation as well as
defined the role of EASA regarding UAS and u-space. Among other, it specifies the essential
requirements needed to operate an UAS safely, set the organizations involved in UAS operations and
the basic requisites for people involved in the operation of UAS. While this regulation is not specific
for the UAS sector, it contains the basics requirements for the design, production, maintenance and
operation of unmanned aircraft, including airworthiness requirements, as well as the need to obtain a
certificate to perform these actions in some cases. Also, it sets the role of EASA in UAS ecosystem. The
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European Union [EC SRIA] expects drones to bring disruptive innovation in rulemaking. Drones and
their integration can be regarded test and learning environments for the making of new regulation
that is based on services instead of technologies.
In recognition of this, the current EU UAS Regulation consists of two separate, but interlinked
regulations. These regulations have had amendments made to them to amendments in relation to UAS
classes, operations and adoption dates due to the Covid-19 Pandemic.
1.

Commission Implementing Regulation (EU) 2019/947 on the procedures and rules for the
operation of unmanned aircraft.
a. Commission Implementing Regulation (EU) 2020/639
b. Commission Implementing Regulation (EU) 2020/746 delays the applicability of
2019/947 due to the Covid-19 pandemic therefore does not have longer term
implications
2. Commission Delegated Regulation (EU) 2019/945 on unmanned aircraft and on third country
operators of unmanned aircraft systems.
a. Commission Delegated Regulation (EU) 2020/1058

M.1.1 EU Regulation 2019/947
The EU Regulations 2019/947 [151] and their amendments define three possible operations categories
depending on the risk of the operation.
1. Open Category - UAS intended to be sold in Europe and the UK market, primarily for use within
the Open category are subject to a set of product standards, which are intended to assure that
that a particular UAS is safe to be used within a designated subcategory of the Open category.
There are 5 classes labelled C0 to C4 with the lowest number posing the lowest risk.
2. Specific Category - UAS used in the Specific category are not subject to any classification. Their
technical standards are dependent on the proposed type of operation and its associated risk
assessment e.g., BVLOS operations, flights above 120m, drones > 25kg, urban operations or
operations over people.
3. Certified Category - The design, production and maintenance of a UAS must be certified if the
aircraft characteristic dimension is greater than 3m, it is designed to be operated over
assemblies of people, it is designed for transporting people or it is designed for the purpose of
transporting dangerous goods and requires a high level of robustness to mitigate the risks for
third parties in case of an accident.
The amendment 2020/639 [22] to 2019/947 regulations includes two Standard Scenarios (STS) that
can be flown without requesting an operational authorization. However, the UAS operators must
submit a declaration of operation following the requirements included in [2020_639] Annex Part B.
The two STS are the following:
•
•

Standard scenario 1 (‘STS-01’) - VLOS over a controlled ground area in a populated
environment. The flight is carried out in visual line of sight (‘VLOS’). Max height of 120m over
a ground controlled and populated area. A C5 UAS must be used.
Standard scenario 2 (‘STS-02’) - BVLOS with Airspace Observers over a controlled ground area
in a sparsely populated environment. The flight is carried out beyond visual line of sight
(‘BVLOS’). Max distance of 2km from the remote pilot. Observers must be placed. Max height
of 120m over a controlled ground area in a sparsely populated environment. A C6 UAS must
be used.
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It also includes training requirements for the remote pilots and legal provisions regarding training
entities, additional specifications for flights during night and cross-border operations.
•

EASA has elaborated in the Guidance Material and Acceptable Means of compliance 2019/947
[21] to clarify and homogenize the application of the regulation EU 2019/947. The AMC
includes SORA methodology as methodology to carry out the safety assessments needed to
request an operational authorization for the Specific Category. In addition, it includes predefined risk assessments and provide further details regarding the standards scenarios
included in 2020/639. [22]

M.1.2 EU Regulation 2019/945
The regulation 2019/945 [23] defines the types of drones that can fly in Open Category operations and
how manufacturers should label the drones to identify their type (C0 to C6). Drones are classified and
named from C0 to C4 according to their characteristics and the training needed, impact on human
severity, max speed, max attainable height (technical requirement or software cap), stability, control,
communication, type of edges, noise, power source, registration, the existence of remote
identification, data communication during the flight, lights and u-space services.
•

The text also includes rules to be complied by manufacturers and Authorities about UAS
fabrication and distribution.

•

Local broadcast remote-id is necessary for C1 (<900 g), C2 (4 kg) and C3 (25 kg) category
drones.
The amended regulation 2020/1058 [24] includes two new drone categories C5 (for STS-01)
and C6 (for STS-02) to be used in the Standards Scenarios defined in 2020/639 [22]. The text
also included several articles regulating the use of accessories kits and remote identification
add-ons and how they affect the category that a drone equipped with that accessories can fly.
Each UAV intended to be operated in the specific category and at a height below 120m shall
be equipped with a remote identification system that enables a proper data exchange
including serial number, operator registration, time stamp, geographical position and height,
route, position of the remote pilot and indication of the emergency status of the UAS.

•

A key provision of 2019/945 is that all drones operating in the open and specific category below 120m
i.e., drones with CE class mark C1, C2, C3, C5 and C6 should be equipped with a remote identification
capability providing wireless digital access to the operator’s registration. Countries can define
geographical zone where only UAS with remote-id can operate. However, for U-space airspaces, the
requirement is for network Remote identification.

M.1.3 EASA Concept for Certified Category UAS
The EASA concept paper for the regulation of UAS [45] (still under review) addresses different aspects
of the certified category, which covers operations conducted over assemblies of people with a UAS
with dimensions of more than 3m, involving the transport of people or dangerous goods and,
generally, when the competent authority determines that the risk of the operation cannot be
adequately mitigated without the certification of the UAS and of the UAS operator and, where
applicable, without the licensing of the remote pilot.
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The first NPA to be released by EASA on the certified category will cover all impacted areas including
Initial Airworthiness (IAW), Continuing Airworthiness (CAW), Operations (OPS), Aerodromes,
ATM/ANS-SERA and Remote Pilot Licensing (RPL)
The NPA applies to three initial types of operations namely IFR cargo, UAM using predefined routes
within and outside U-Space airspace. These are described in A.5. A later Advance Notice of Proposed
Amendment (A-NPA) will also cover aspects of UAM operations using non-predefined routes. A second
NPA will also cover “CAT-Pax” like remotely piloted Large Aeroplane operations with passengers.
Links with other relevant RMTs are given:
•
•

RMT.0648 “Aircraft cybersecurity” with NPA 2019-01 (will create new AMC 20-42
Airworthiness Information Security Risk Assessment),
RMT.0720 “Part – AISS - Management of information security risks” with NPA 2019-07

Figure 52 Scope of NPA#1 on ‘certified’ category operations of UAS, and UAM operations.

M.1.4 Spanish Regulations
Regulation 1036/2017 [69] established the basis for the approval and authorization of drone
operations subject to certain limitations in Spain. For example, the operation of BVLOS flights for
aircraft over 2kgs is allowed as long as it is not done over population and it is restricted to segregated
airspace. Flying over population is also allowed but only for aircraft under 10kgs, in line of sight and at
a safe distance of more than 50m from buildings and people. Flights within controlled airspace are also
allowed as long as there is a safety study and prior coordination with ATS.
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MOD1036/2017 proposes changes to national regulation to adopt European regulations 2019/945
[23] and 2019/947 [21]. In particular, it regulates those activities not covered by EASA such as
operations of public interest (military, patrol, search and rescue, firefighting, surveillance, etc.) and
low risk (MTOW<1Kg) aircraft.
As we have defined previously, there are periods of implementation of the new European regulatory
framework. Therefore, all the above changes will be implemented progressively in response to the
need for adaptation in the sector.
Until that time, Royal Decree 1036/2017, which regulates the use of drones in Spain, will remain in
force. Also, national regulations will be applied in the transition periods contemplated in the new
European Regulation and operational situations not covered by it.
EU748/2012
21.A.701 Scope
(a) Permits to fly shall be issued in accordance with this Subpart to aircraft that do not meet, or have
not been shown to meet, applicable airworthiness requirements but are capable of safe flight
under defined conditions and for a number of purposes including new aircraft development, flight
tests of production aircraft and research.
(b) This Subpart establishes the procedure for issuing permits to fly and approving associated flight
conditions, and establishes the rights and obligations of the applicants for, and holders of, those
permits and approvals of flight conditions

M.1.5 UK Regulations
The current UK legal framework for aviation is provided in the Air Navigation Order 2016 (amended in
2020) [ANO-2016]. The UK upon Brexit adopted the afore-mentioned EU UAS regulations 2019/947
and 2019/945 which are two separate, but interlinked regulations as follows:
•

Commission Implementing Regulation (EU) 2019/947 on the procedures and rules for the
operation of unmanned aircraft.

•

Commission Delegated Regulation (EU) 2019/945 on unmanned aircraft and on third country
operators of unmanned aircraft systems.

As a result of the UK’s exit from the European Union, both regulations have been further amended by
the “Unmanned aircraft (Amendment) (EU Exit) Regulations 2020.
The Air Navigation Order supports the ability for most aircraft to be operated, however, the
information, processes and expectations on how this can be achieved for Beyond Visual Line of Sight
(BVLOS) are not well documented and is covered by exemptions and permissions granted to the
regulator. This is through a process of applying for specific authorisation on a case-by-case basis. Much
of this guidance for UAS operations is captured in CAP722 series of publications. CAP 722 was updated
recently in line with the EU UAS regulations package (2019/947 and 2019/945) which brings the UK in
alignment with the rest of Europe. There are subtle differences that exist e.g. the UK CAA does not
accept SORA for operational risk assessments.
At a policy level, the UK government and the regulatory body, the CAA, are working in partnership with
industry on a two key UAS challenges via the UK CAA Sandbox Challenge [20]
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1. Non-Segregated BVLOS Sandbox
2. Future Air Mobility Sandbox
The Future Air Mobility Sandbox is highly relevant to AMU-LED as it can provide the consortium with
invaluable regulatory support to get approval for the demonstrations in the UK. The intention is to
work with industry to develop details of regulatory framework including how it meets existing safety
standards, manage new risks and provide consumers with choice and value for money. To assist with
the challenge, the CAA has set out a non-exhaustive list of questions regarding the requirements for
the aircraft, ground infrastructure (airport, vertiport, etc), airspace and ATM, security, licenses,
training, human performance, consumer rights, environment, and societal impact.

M.1.6 Regulations in Netherlands
Aviation matters including drones falls to the Ministry of Infrastructure and Water Management with
safety, approvals and enforcement delegated to the Human Environment and Transport Inspectorate
(ILT). The Human Environment and Transport Inspectorate (ILT) issues permits for drone operations
in accordance with the EASA regulations package of 31 Dec 2020. These rules distinguish between 3
different risk levels:
1. Low risk flights (OPEN category).
2. Medium risk flights (SPECIFIC category).
3. High risk flights (CERTIFIED category).
The Human Environment and Transport Inspectorate (ILT) issues permits for the categories SPECIFIC
and CERTIFIED. The ILT also supervises correct use and enforces it if necessary.
Rules for flights with a high risk (certified category)
Until there are European rules, the national aviation authority issues a license. This applies to drones
that weigh less than 150 kilograms when they take off.

M.1.7 Regulations in the USA
Under the FAA Modernization and Reform Act of 2012, the US Congress tasked the FAA with
integrating drones into the National Airspace System (NAS). In order to comply, the FAA established a
sUAS rule (14 CFR Part 107), allowing small UAS to operate in visual line of sight. Since then, the scope
for UAS operations has been expanded to include
•
•
•
•

Recreational flyers
Certificated Remote pilots including commercial operators.
Public safety and Government users
Educational users

Many of these operations can be conducted under the Small UAS Rule (14 CFR Part 107, W < 55lbs)
however more complex operations may need additional certification or approval. This includes
1. Section 44807 – Special authorization on a case-by-case basis using a risk-based approach to
approve specific operations.
2. Certification – This process is a risk-based approach to safety assurance and is available for a
broad class of vehicles. Package delivery by Drones is a specific example which uses Part 135
air carrier certification as a means to approve drone delivery applications. The FAA has
approved many operators since 2019.
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3. Emergency services are eligible for expedited approval through our Special Governmental
Interest (SGI) process.

Figure 53 Possible paths to UAS Operations in the USA

Operations over people
Operations of small UAS near and over people is subject to a number of requirements relating to the
drone weight, risk of injury due to rotating parts, carriage or lack of the Remote-ID capability. [147]
Remote ID pilots must show compliance by:
•
•
•

Having their remote pilot certificate in their physical possession, and presenting it if requested.
Making any document required in regulation available to the FAA.
Allow the FAA to test or inspect the sUAS, remote pilot, or visual observers.

Certification
The FAAs recently published a policy clarification to use the "special class" category under §21.17(b)
to issue type certificates for certain UAS. The FAA has developed a "durability and reliability" (D&R)
process to establish criteria as an element of the proposed certification basis for these aircraft. This
special class process establishes a defined path to type certification of UAS, and is the first of its kind
developed worldwide. Through the D&R process, applicants demonstrate that their UAS are reliable,
controllable, and safe, and provide the FAA basic assurance that the aircraft will operate as intended.
The FAA has determined that some UAS may be type certificated as a ‘‘special class’’ of aircraft under
§ 21.17(b). The FAA will issue type certificates for UAS with no occupants onboard under the process
in § 21.17(b). However, the FAA may still issue type certificates under § 21.17(a) for airplane and
rotorcraft UAS designs where the airworthiness standards in part 23, 25, 27 or 29, respectively, are
appropriate for the certification basis. This policy applies only to the procedures for the type
certification of UAS, and is not intended to establish policy impacting other FAA rules pertaining to
unmanned aircraft, such as operations, pilot certification, or maintenance.”
The FAA published airworthiness criteria for the proposed certification of 10 different Unmanned
Aircraft Systems (UAS) as special class aircraft. This is a crucial step to enabling more complex drone
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operations beyond what is allowed under the small unmanned aircraft rule (Part 107), including
package delivery.
The airworthiness criteria provide a level of safety equivalent to that provided by existing airworthiness
standards applicable to other categories of aircraft, and establish a defined path to type certification
for specific drones. Each applicant seeking a type certificate must follow FAA’s requirements and safety
objectives.
On November 20, 2020 the following airworthiness criteria posted in the Federal Register:
1. Special Class Airworthiness Criteria for the Airobotics Inc. OPTIMUS 1-EX (Docket No. FAA2020-1092)
2. Special Class Airworthiness Criteria for the Amazon Logistics, Inc. MK27 (Docket No. FAA-20201086)
3. Special Class Airworthiness Criteria for the Matternet, Inc. M2 (Docket No. FAA-2020-1085)
4. Special Class Airworthiness Criteria for the TELEGRID Technologies, Inc. DE2020 (Docket No.
FAA-2020-1088)
5. Special Class Airworthiness Criteria for the Wingcopter GmbH 198 US (Docket No. FAA-20201087)
6. Special Class Airworthiness Criteria for the Zipline International Inc. Zip UAS Sparrow (Docket
No. FAA-2020-1084)
7. Special Class Airworthiness Criteria for the Flytrex, Inc. FTX-M600P (Docket No. FAA-20201090)
8. Special Class Airworthiness Criteria for the Percepto Robotics, Ltd. Percepto System 2.4
(Docket No. FAA-2020-1089)
9. Special Class Airworthiness Criteria for the 3DRobotics Government Services 3DR-GS H520-G
(Docket No. FAA-2020-1083)
10. Special Class Airworthiness Criteria for the Flirtey Inc. Flirtey F4.5 (Docket No. FAA-2020-1091

LAANC
The FAA implemented the Low Altitude Authorization and Notification Capability (LAANC) at
participating airports as a means to provide drone operators with access to controlled airspace below
400ft and as a means of air traffic services with the awareness and visibility of drone operations. The
system is digitally available and functions on the basis of automated approval for those who want to
operate in the predefined rules. It is currently available at 726 airports for pilots operating under Part
107 or recreational users.

Remote Identification
Remote ID is the ability of a drone in flight to provide identification and location information that can
be received by other parties. Remote ID helps the FAA, law enforcement, and other federal agencies
find the control station when a drone appears to be flying in an unsafe manner or where it is not
allowed to fly.

UAM Initiative
The FAA is collaborating with NASA on UAM through the Advanced Air Mobility (AAM) Campaign. It
developed and published the UAM Concept of Operations version 1 in June 2020.
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M.2 Unmanned Traffic Management
UTM is a system designed to enable the integration of drones into airspace, including that used by
other aircraft. There are numerous opinions and models of UTM, but such a system could help realise
many benefits including:
•
•
•

awareness of other airspace users and ground infrastructure
conflict detection and resolution between drones and other aircraft
handle requests for permission to enter or transit through controlled airspace.

It is seen as an important step in realising the full potential of drones, including routinely and safely
flying BVLOS.
There is also a need to develop communication solutions to enable UTM service providers to
communicate data, flight plans and so on. For these different systems to communicate with each other
three integration items need to solved: •
•
•

physical integration using interface definitions and message protocols
functional integration provided by the architecture to enable UTMSPs to integrate with ease
semantic integration to ensure that systems are able to use and interpret the data.

These integration challenges will need to be addressed by developing a communications framework
based on Open standards, systems interoperability and data consistency.

Interoperability
Technical interoperability is the ability of hardware, software components, systems and platforms to
communicate seamlessly. Achieving it requires adoption of common communication protocols and
supporting infrastructure for the protocols to operate effectively.
It is important to develop open standards and open API definitions as part of a framework of
specification(s) whose data and functions are made visible to interested community. The approach
should be evidence-led i.e., use data and learnings from trials and evaluations. Today there are a
number of approaches that are in development such as the System-Wide Information Management
(SWIM) framework and ASTM’s UTM activities.

Security Considerations
There is a consensus on the security requirements needed to support communications. These can be
traced to the ISO/IEC 27001:2013 and NIST SP 800-53. A key application is the creation and exchange
of electronic data e.g., flight plans.
•
•
•
•

Identification & Authentication: Verifying the identity of a stakeholder IT system, using a
standardised authentication method (e.g., token), before data can be exchanged or access to
information given.
Authorisation: Depending on the type of stakeholder, the regulatory approval will determine
their rights and capabilities within UTM. IT systems will be required to grant access based on
the regulatory approvals.
Data Integrity: Data flows within the system should be protected from unauthorised
modification.
Confidentiality: All approved systems and processes need to ensure that information is not
accessible or disclosed to unauthorised parties or systems.
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•
•
•

Data protection: Systems will be required to maintain the integrity and confidentiality of
information.
Records: Each stakeholder will be required to maintain records of system activity and ensure
that critical events (security-related, safety-related) are recorded for analysis and audit.
Reliability: This requirement is focussed on ensuring traffic services remain available, fault
tolerant and recoverable.

M.2.1 ICAO UTM Framework
This ICAO document is designed to provide a framework and a starting point for states who want to
trial UTM systems. The framework considers UTM a separate but complementary system to current
ATM systems and defines a range of services e.g., Activity reporting, Airspace Authorisation, Discovery,
Mapping, Registration, Separation Service, Conflict advisory and so on.

M.2.2 High-level regulatory framework for the U-space
EASA published the Opinion No 01/2020 on March 13, 2020 [7]. The objective of this Opinion is to
create and harmonise the necessary conditions for manned and unmanned aircraft to operate safely
in the U-space airspace, to prevent collisions between aircraft and to mitigate the air and ground risks.
Therefore, the U-space regulatory framework, supported by clear and simple rules, should permit safe
aircraft operations in all areas and for all types of unmanned operations.
This Opinion contains a draft regulation and is submitted to the European Commission, which will use
it as a technical basis in order to prepare an EU regulation. EASA published the draft text for the related
EASA decision that contains acceptable means of compliance (AMC) and guidance material (GM). The
final decision that issues the AMC & GM will be published by EASA once the European Commission has
adopted the regulation and once the necessary consultation with the affected stakeholders has been
performed.
The geographical designation of each U-space airspace will be conducted by the given member state
within its territory. It may be set up in either controlled or uncontrolled airspace. When establishing
the U-space within controlled airspace, all existing principles maintained by Air Traffic Control (ATC)
must be respected.
This Opinion establishes two entities that will manage U-space airspace.
•
•

the Common Information Service (CIS) provider
the U-space Service Providers (USSP).

Each U-space airspace will have only one CIS provider while there can be several USSPs. Both entities
will have to be certificated to operate. Drone operators will communicate with USSPs and the CIS will
ensure that there is a fair access to the airspace and a proper coordination between USSPs and other
stakeholders such as ATCs. The document does not specify if each of the many CIS systems are
connected for data sharing nor does it specify a logical architecture that connects the different entities.
This Opinion introduces seven services to be provided by U-space Service Providers (USSPs) operating
in a U-space airspace: Network identification, Geo-awareness, Flight authorization, Traffic information,
Tracking, Weather information and, Conformance monitoring.
In addition, the Opinion requires operators of manned aircraft to make their position available to the
USSPs at regular intervals when flying within the U-space.
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The Opinion is a first regulatory step that must be first accepted by the European Commission to enter
into force. It is expected that there will be a final and accepted version of this Opinion by July 2021.

M.2.3 Single European Sky Regulatory Update
The SES draft regulation [141] expands on the definition of CIS given in the Opinion 01/2020. It provides
definitions for the following concepts.

Designation of U-space airspace
The Opinion gives Member States the possibility to designate one or more volumes of airspace as USpace airspace which must be made publicly available. These airspaces can be called UAS geographical
zones or Geozones in accordance with Article 15(3) of Regulation (EU) 2019/947.

Common Information Services
The Opinion groups a set of static and dynamics data which are centralized services, under the
umbrella term Common Information, for the purposes of dissemination. It proposes to regulate the
pricing of such services so as to contain the cost of traffic management of unmanned aircraft. Common
Information Services will support the safe handling of unmanned air traffic, using the same data as for
manned traffic.

U-space Service Providers (USSP)
USSPs are the organisations involved in unmanned aircraft operations that will provide services
necessary for the intended operations.
As far as operations in specific volumes of airspace designated by the Member States for unmanned
aircraft operations are concerned, relevant operational data shall be made available in real-time by air
navigation service providers. Common information service providers shall use those data only for
operational purposes of the services they provide. Access to relevant operational data shall be granted
to common information service providers, on a non-discriminatory basis, without prejudice to security
or defence policy interests.

M.2.4 Standards Landscape
Given the research nature of UTM, there are very few technical standards to help with closing the
physical and semantic integration challenges of connecting different UTM systems.
Globally, there are numerous Standards Development Organisations (SDO) whose members include
governments, regulators, industry and academia and many of which are actively working on UAS
specifications. This initial review has focussed on the efforts of EUROCAE, ASTM, EUROCAE,
EUROCONTROL, SAE International, RTCA and ISO.
At the European level, the EUSCG is a joint coordination and advisory group formed in 2017 to
coordinate the UAS-related standardisation activities across Europe. It aims to provide a link to bridge
European activities to those at international level. The main deliverable of the EUSCG is the European
UAS standardisation Rolling Development Plan which collates all relevant regulatory and
standardisation activities and is updated regularly in order to maintain visibility and awareness of the
progress. This plan can be found at its website (euscg.eu/rdp).
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AW Drones, a Horizon2020 funded project (Jan 2019 – Dec 2021), is building a repository of technical
standards and best practices which now available to the public and industry (https://standards.awdrones.eu/). This database has added an extra source on drones’ standards landscape in addition to
the work of the EUSCG.

ASTM
The ASTM F38 UTM Committee was created to build industry consensus on UTM with a view to
converting this into standards. The standards activities build on a distributed UTM architecture
together with learnings from the NASA and FAA UTM trials programme. ASTM has published a standard
on Remote-ID and is in the advanced stages of drafting a UTM standard [78].
ASTM F3411 - 19 Standard Specification for Remote ID and Tracking
This published specification covers the performance requirements for remote identification (Remote
ID) of unmanned aircraft systems (UAS) to enable the identification of UAS for safety, security, and
compliance purposes. The objective is to increase UAS remote pilot accountability by removing
anonymity while preserving operational privacy for remote pilots, businesses, and their customers.
Remote ID is an enabler of enhanced operations such as beyond visual line of sight (BVLOS) operations
as well as operations over people.
The standard defines message formats and transmission methods for broadcast and network remote
identification.
•

Broadcast Remote-Id is based on the transmission of radio signals directly from the drone to
the receivers in its vicinity.

•

Network Remote-Id is based on the communication of the information from the drone to a
network Remote-Id service provider who transmits the information to the end-user over the
internet.

The standard assumes that UTM services in a given region are provided by one or more USSPs and that
USSPs are interoperable, sharing data as necessary to support various UTM services.
ASTM WK63418 New Specification for UAS Traffic Management (UTM) UAS Service Supplier (USS)
Interoperability
This draft specification addresses the performance and interoperability requirements, including
associated APIs, for a set of Unmanned Aircraft Systems (UAS) Traffic Management (UTM) roles
performed by UAS Service Suppliers (USSs) for UAS operators. The roles defined in this specification
are:
•

Strategic Coordination, comprising the Strategic Conflict Detection and Conformance
Monitoring services.

•

Constraint Management, comprising the Constraint Management service.

•

Constraint Processing, comprising the Constraint Processing service.

A single USS is not required by this specification to perform all roles and is able to support other UTM
roles such as Remote ID and airspace access (e.g., the FAA’s LAANC).
The standard assumes that UTM services in a given region are provided by one or more USSPs and
that USSPs are interoperable, sharing data as necessary to support various UTM services. The
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interoperability paradigm described in this standard was first introduced in the ASTM's Remote ID and
Tr7acking standard (F3411-19).
Discovery and Synchronization Service
The Discovery and Synchronization Service (DSS) is a concept for facilitating the discovery of relevant
airspace data and synchronization between multiple participants when updating airspace data. DSS
was originally introduced in the Network Remote-ID standard and has also been open-sourced by the
Linux Foundation.
The standards draw on the Federated approach in which multiple USSPs can be active in a given region
with each responsible for delivering several services. Participating USSPs are then required to be able
to share data on a peer-2-peer basis. The necessary peer-2-peer collaborations are to be achieved
using the Discovery and Synchronization Service (DSS).
The interoperability solution is made up of two parts:
1. A Standard-based Discovery Mechanism referred to as the Discovery and Synchronization
service which has 2 functions:
a. To be able to identify USSPs who are active and with which to data-exchange is
required; and
b. To ensure that each USSP has accounted for existing flight entities belonging to other
providers when necessary.
2. Service specific data exchange models used together with the DSS services.
SWIM (System-Wide Information Management)
The international community and in Europe, Eurocontrol, has been developing the SWIM concept for
over a decade as part of ATM modernisation as a means to provide a systematic, global approach for
digitally managing, accessing and exchanging ATM information such as Flight Data, Aeronautical
Information, weather or surveillance data. The concept consists of standards, infrastructure and
governance for the exchange and management of air traffic information between approved parties.
SWIM based information models have been used in the NASA UTM and SESAR U-Space research
projects as well as by dozens of UTM software developers to research UTM communications and
information exchange. Some examples of the information exchanged via SWIM:
1. Flight data – The Flight Information Exchange Model is designed for representing and
exchanging flight data. It lacks support for UTM and requires extension and modification to
capture information such as flight status (planned, filed, completed) or operation type (VLOS,
BVLOS, etc)
1. Aeronautical Information (AI) – AIXM is the data standard for exchanging aeronautical
information and many authoritative AIP providers are currently in progress or have already
implemented it. However, it does not fully incorporate u-space requirements. In the UK, DfT
and NATS investigated and then implemented the use of AIXM for Flight Restriction Zones
around UK airports. There is a growing interest in the expression of AI data using GeoJSON,
having published EUROCAE a draft standard for Geofencing using GeoJSON.
2. NOTAM – The Digital NOTAM [Ref. 18] format is part of the AIXM standard and has the same
capability to express complex geometric objects. Temporary Flight Restrictions and other UTM
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relevant information can already be expressed in the DNOTAM format, and there should be
little additional work to utilise this format for other UTM use cases.
3. Weather – Although standards such as the Weather Information Exchange Models (WXXM
and IWXXM) exist in ATM, they are significantly insufficient for the expression of hyper-local
weather as required by UTM. There are no clear current or developing standards for this type
of hyper-local information, and there is insufficient information available currently to decide
on a specific standard.
4. Surveillance – The ASTERIX (All Purpose Structured Eurocontrol Surveillance Information
Exchange) standard is in widely used for exchanging surveillance data across the aviation
community. It uses a binary approach for the data to enable its use when the communication
bandwidth is limited.

EUROCAE
EUROCAE has set-up UTM working groups to work on standards in the UTM domain [156] [157].
Currently their work is limited to minimum performance standards on Geofencing, Geo-Caging and
Electronic identification services. The standard addresses the geo-awareness (alerting) function for
operations of drones in the Open Category as stated by EU regulations – in essence drones do not
enter excluded areas of the airspace.
The standards work is led by its UAS working group WG-105 with 6 focus areas: Detect and Avoid,
Command, control and surveillance, UTM, Design & Airworthiness, UAS Recovery and Risk assessment
(SORA). The following UAS standards are considered from a UAS perspective.
ED-267 Detect and Avoid in Very Low-Level Operations
This is an operational service specification aimed at capturing high level operational requirements that
are derived as being necessary for candidate Detect and Avoid (DAA) capabilities to support very low
level (VLL) operations of drones. It is intended to apply to UAS in specific and certified categories for
both VLOS and BVLOS operations and considers both, the support of external services (UTM) and its
lack thereof. It requires consideration of all types of hazards including obstacles, weather and people.
ED-269 Minimum Operational Performance for Geofencing
Geofencing function is an UAS function that warns the remote pilot if the aircraft is going to enter a
restricted or unauthorised area. In the EU regulation, states are required to provide the digital data
describing airspace restrictions. This standard specifies the minimum performance expected from the
Geofencing Function aimed at ensuring that equipment (the UAS or hardware and/or software
components) implementing the function are compliant to it.
ED-270 Minimum Operational Performance for Geo-Caging
Geo-Caging is intended to be used to restrict a UAS from exiting an authorised area / volume such as
its planned flight volume.
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Figure 54 Representation of flight and operational volumes

Draft ED-282 Minimum Operational Performance Standard for UAS E-Identification
This standard specifies the minimum performance expected from electronic Identification solutions
for UAS and focuses on the e-Identification function meant to provide surveillance information
generated by a UAS to support situational awareness, conflict management, geo-fencing etc. It
considers data such as flight condition data (longitude, latitude, altitude, velocity, identification data
and flight intent data.

ASD-STAN
2019/945 imposes that all drones operating in the open and specific category below 120 m are
equipped with a remote identification function providing wireless digital access to the operator’s
registration. This standard provides information in support of direct remote identification.

Others
RTCA
The Special Committee SC-228 for Minimum Performance Standards for Unmanned Aircraft Systems
was setup in 2013 is working to develop a number of performance Standards relating to DAA
equipment and a Command and Control (C2) Data Link considering civil UAS operating in different
classes of airspace. The RTCA collaborate joint activities with EUROCAE when appropriate. There is
limited specific information relevant to UAM.
ISO
The UTM committee is currently working on developing and defining generic UTM framework and
underlying principles. This work is on-going.

M.3 Vertiports
ICAO Annex 14
Annex 14 vol 2 provides heliport design guidance and recommended practices. It only covers licenced
heliports and it is left to each country to define its rules for heliports beyond the Annex e.g. helipad on
a building or hospital. The guidance applies equally to ground level, roof-top or a raised platform.
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It covers broad areas such as details of switch-over times for secondary power supply; from civil
engineering to illumination engineering; from provision of sophisticated rescue and fire-fighting
equipment to simple requirements for keeping airports clear of birds.

EASA
EASA established a Vertiport Task Force (VTF) to develop a Vertiport Design Manual (under Rule
Making Task 0230) to provide guidance material to European Union Member States on the approval
of the design of vertiports. EASA is using ICAO Annex 14 as a foundation for the Manual, deviating
where there is proven value and the performance of the vehicles can justify it. Furthermore, a number
of working groups is “under preparation”.

UK CAA
The UK applies ICAO Annex 14 standards through CAP 168 Aerodrome Licensing to all of commercial
helipads and heliports in operation across the country. To set a vertiport within a congested area or
close to an open-air assembly of 1000 people or more would require CAA approval else the operators
only need the land owner's permission. There are clear requirements of the vehicles for normal
operation as well as performance capability in case of engine failure.

FAA
FAA considers vertiports similar to heliports, AC 150/5390-2C, Heliport Design, 24 April 2012 (faa.gov).
Currently, a vertiport is legally exactly the same as a heliport—but no refuelling, maintenance, repair
or storage of helicopters is permitted, see Vertiport Infrastructure: New Tech, Old Regulations - Inside
Unmanned Systems
AC 150 Heliport Design
This document [77] describes heliport design specifications covering general aviation heliports,
transport heliports, hospital heliports, and heliport facilities at airports.
In each case, specifications cover site selection, layout, touchdown and lift-off areas, final approach
and take-off areas, VFR approach/departure paths, safety area, wind cones, taxiways, parking,
markers, lighting, safety considerations, security, visual glideslope indicators, and zoning.
Planning and airspace associated with instrument operations are also described.
Surface gradients and pavement design is described.
This document is specific to heliports serving helicopters with single rotors, but the basic concepts can
apply to other types of helicopters.
It is only mandatory to follow the standards described in this document for projects funded by US
government.
Key vertiport design ideas:
•

The basic elements of all heliports are as follows: clear approach/departure paths, a clear area
for ground manoeuvres, final approach and take-off area (FATO), touchdown and lift-off area
(TLOF), safety area, and a wind cone. (103)

•

To the extent possible, heliports to be designed for two approach/departure paths, selected
based on wind, obstructions and environmental impacts. (109) (210a)
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•

As an option, one curve can be included in VFR approach/departure paths so as to use public
lands. Minimum radius specified and it must follow a 1000 ft straight section. (210c)

•

Hazards must be identified and reviewed by the FAA per FAA Part 77 and removed, altered, or
marked/lit if appropriate. (111)

•

Each TLOF must have its own FATO. (202)

•

Site selection must consider turbulence around buildings, terrains etc. (205c)

•

Site selection must consider electromagnetic effects on Nav systems etc. (205d)

•

Heliport Protection Zone recommended under approach/departure surface, in which there
aren’t residences or places of public assembly. (211)

•

Helicopter parking should not be under an approach/departure surface. (2014a)

•

Use of visual glideslope indicators described. (219)

•

Refer to the latest revision of FAA 8260-series orders for information on developing helicopter
instrument approach/departure/missed approach procedures. (603)

EUROCAE
EUROCAE WG112 (VTOL) SG5 develops standards for VTOL-specific aspects of ground infrastructure
and airports. Three documents are under development for 1) charging infrastructure, 2) vertiports and
3) eVTOL charging. The groups are producing draft versions of standards at the moment.

ISO
[ISO TC 20/SC17] ISO sets up ISO/TC 20/SC 17, ISO - ISO/AWI 5491 - Vertiports — Infrastructure and
equipment for Vertical Take-Off and Landing (VTOL) of electrically powered cargo Unmanned Aircraft
System (UAS).

ASTM
ASTM committee F38 (Unmanned Aircraft Systems), sub-committee F38.01 (Flight Operations)
concerns the design of vertiports for manned and unmanned operations, WK59317 New Specification
for Vertiport Design (astm.org).
This specification defines the requirements for the planning, design, and establishment of vertiports
intended to service small vertical-take-off and landing (VTOL) aircraft. These aircraft include, but are
not limited to, standard category aircraft 7000 lbs or less and nine passengers or less, optionally piloted
aircraft, and unmanned aircraft design.

M.4 Airworthiness
Special Conditions VTOL
The Special Condition VTOL for small-category VTOL aircraft [EASA – SC VTOL and proposed MOC] was
published by EASA on 2 July 2019. On 25 May 2020, EASA published the proposed Means of Compliance
with this SC.
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This SC has been established to prescribe the technical specifications for the type certification of a
person-carrying vertical take-off and landing (VTOL) heavier-than-air aircraft in the small category,
with lift/thrust units used to generate powered lift and control.
The scope of the SC VTOL is limited to passenger seating configuration of 9 or less and a maximum
certified take-off mass of 3 175 kg (7 000 lbs) or less.
There are two certification categories in the SC linked to the intended type of operations:
•
•

Basic: the aircraft is capable of a controlled emergency landing and meets all applicable
requirements.
Enhanced: the aircraft is capable of continued safe flight and landing and meets all applicable
requirements. Aircraft intended for operations over congested areas or for Commercial Air
Transport operations of passengers must be certified in this category.

This SC is intended to be compatible with a remote piloting capability or different levels of
autonomy, however these aspects are not currently addressed by this special condition.
The safety objectives for each failure condition are:

Figure 55 safety objectives for each failure condition

As explained by EASA, this SC was developed because new VTOL were not clearly classified either as
conventional aeroplane or rotorcraft as covered by the existing certification specification. The
distinction from conventional aeroplanes is based on the VTOL capability of the aircraft while the
distinction from conventional rotorcraft is based on the use of distributed propulsion, specifically when
more than two lift/thrust units are used to provide lift during vertical take-off or landing.
The SC establishes a common set of conditions for the certification of these new concepts. It is based
on CS-23 Amendment 5 integrating elements of CS-27 and new elements.

Special Condition Light UAS
EASA published the Special Condition for Light Unmanned Aircraft Systems – Medium Risk on 17
December 2020.
This Special Condition addresses airworthiness specifications for UA operated in the specific category
which will be applied in accordance with point 21. B.80.
This SC is applicable to UAS:
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•

Not intended to transport humans.

•

Operated with intervention of the remote pilot or autonomous.

•

With MTOM up to 600 Kg.

•

Operated in the specific category of operations, medium risk (operations classified at SAIL III
and IV).

A voluntary certification for operation in SAIL III and IV is always possible. Additionally, as explained by
the EASA AMC and GM, the Competent Authority may still require an EASA validation of the
compliance of the UAS and/or its components with the design related OSOs (Operational Safety
Objectives) and mitigation means, in accordance with point (2) (17) of Article 40 of Regulation (EU)
2019/947. Such validation should be requested in all cases in which the Competent Authority decides
to not relay on the Operator’s declaration for OSOs and mitigation means linked to design. In this case
EASA will validate the achievement of the design integrity and mitigation means and will issue a type
certificate (or restricted type certificate) which will provide evidence that all design related OSOs,
design related mitigation means, and containment requirement are complied with.
EASA plans to adopt a Special Condition for SAIL V and VI in the course of 2021.
The SC is considered to be applicable to various designs, but additional SC may have to be prescribed
in accordance with point 21.B.75, e.g., in those cases in which the product includes specific technology
novelties or design and operation may be considered unconventional (e.g., autonomous operations,
lighter-then-air).
EASA intends to organize the future CS as presented in Figure below.

Figure 56 EASA plans to adopt a Special Condition for SAIL V and VI
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M.5 CNS
EUROCAE
ED-266 [158]
[ED-266_UAS_C2_SpectMgmt] The means of compliance will be constrained by compatibility
requirements: for the spectrum management the need to coexist with other systems and services
operating in the same spectrum band is the most important compatibility requirement.
•

The concept of Required Performance for ATC Communications, Navigation and Surveillance
is mature but the corresponding types and parameters, and their values, for the C2 Link (RPL)
are still being studied.

The likely RLP parameters will be Availability, latency, completion within a defined transaction
time, continuity, and integrity.
•

Availability, the ability to use the spectrum when needed, and integrity, the likelihood that a
transaction contains undetected errors, have the most impact on spectrum management and
use.

•

The performance target for availability is likely to be extremely high for UAS Classes that
require ATC communications.

ED-271 [159]
The document contains Minimum Aviation System Performance Standards (MASPS) for the Detect &
Avoid (traffic) function for Remotely Piloted Aircraft Systems (RPAS) in airspace classes A, B and C
under Instrumental Flight Rules (IFR). In airspaces D, E, F or G, the remote pilot will respond to the
collision avoidance guidance provided and manoeuvre to avoid the collision.
This document is limited to airborne traffic hazards, other hazards like, wake vortices, turbulences,
severe weather, traffic during surface operation, terrain obstacles and others, will be considered in
later phases, and details provided either as new editions of this document or in dedicated documents.
The document is based in the TAACAS and AACAS systems, or the RPAS are equipped with TAACAS &
AACAS capabilities as means to comply with the Detect and Avoid requirement.
The document outlines:
•

Operational Services and Environment Definition (OSED).

•

System Performance Requirements.

•

Interoperability Requirements (INTEROP).

•

System Safety Requirements.

•

Performance Verification.

The DAA (Traffic) function compromises a number of traffic surveillance and de-confliction assistance
capabilities that provide RPA with traffic information as well as different levels of alerts and guidance
for avoiding mid-air-collisions. These capabilities are:
•

Support Traffic Awareness.

•

Provide Collision Avoidance
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M.6 Operations
DroC2om [91] Project partners have submitted several 3GPP technical contributions in the Technical
Specification Group of Radio Access Networks corresponding to the layers: WG1 (Radio Layer 1 spec)
and WG2 (Radio Layer 2 spec and Radio Layer 3 RR spec) and related to Enhanced support of Aerial
Vehicles. The 3rd Generation Partnership Project (3GPP) unites telecommunications standard
development organizations (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC) and provides a stable
environment to produce the Reports and Specifications that define 3GPP technologies.
For instance, Nokia Bell Labs activities within the project were used as input to the3GPP Study Item for
5G NR Release15-16 on Non-Terrestrial Networks:
•

3GPP Technical Specification Group Radio Network, “TR38.811 -Enhanced Study on New radio
(NR) to support non-terrestrial networks (Release 15),” 2018

Other specific contributions can be looked up in [DroC2om [3] Mid-Term Report on Standardization,
Dissemination and Exploitation Activities]
USIS [83] lists a dedicated reporting to U2 services. It is concluded that a standards and regulation
framework is NOT sufficient for the following services: Services providers, Overall need for standards,
Tracking (trackers/transponders), standards for data exchanges, Flight planning Management, Drone
AIM, Emergency management, Strategic conflict management, Post flight management, Occurrence
reporting.
Procedural interface with ATC and Authorisation process does not necessarily require a regulation or
a standard according to USIS.
No standard is needed for Weather information according to USIS.
DREAMS [80] The project concludes a set of recommendations and requirements on regulation and
standardisation which are summarized on the pages 81-84 of [11] and Appendix B of the document
(p115ff)
IMPETUS [90]: Recommendations and requirements on regulation and standardisation initiatives are
given for the investigated services like weather information service, monitoring services, information
service and for tactical de-confliction and dynamic capacity management services. The complete
findings are reported in deliverable “D6.3 Final Project Results Report”
BUBBLES [160] is an on-going project which has not issued any deliverable yet. The Standardization
goals are listed below:
•

Draft RxP for CNS, covering operational performance, dependability and security.

•

Draft guidelines and SPR for the AI based systems issuing separation instructions.

•

Develop and validate methods for assessing the compliance with the previous requirements.

•

Draft/update SPR and INTEROP for the U-space services needed by BUBBLES.

M.7 Airspace Management
The term ‘UAS Geographical Zones’ is a collective term for airspace restrictions established within the
current airspace reservation scheme that either restrict or facilitate UAS operations. They are not a
new type of airspace. UAS Geographical Zones may be established for the purposes of Safety, Security,
Environmental or Privacy reasons, under the provisions of EU IR 2019/947.
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‘UAS Geographical Zone’ is a collective term for all airspace restrictions that are relevant to UAS
whether applicable to UA only or to both UA and manned aircraft. Any airspace restriction that either
facilitates or restricts UA is a UAS Geographical Zone. These zones may be used to
a) prohibit certain or all UAS operations, request particular conditions for certain or all UAS
operations or require a prior flight authorisation for certain or all UAS operations.
b) subject UAS operations to specified environmental standards.
c) allow access to certain UAS classes only.
d) allow access only to UAS equipped with certain technical features, in particular remote
identification systems or geo awareness systems.
An individual or organisation that wishes to establish a UAS Geographical Zone is referred to as the
Sponsor. A Sponsor may wish to establish airspace of defined dimensions within which UA operations
are restricted in accordance with certain conditions. Such a restriction could be permanent RA(P) or
temporary RA(T). Examples of permanent Restricted Areas include those established around prisons
and ports but might also include other areas. Temporary Restricted Areas may, on occasion, be
established for large sporting events, flying displays, or for specific security, privacy or safety concerns.
A Sponsor or operator may wish to facilitate UAS activity that may otherwise be dangerous to other
airspace users, by segregating a portion of airspace through the establishment of a Danger Area. UAS
Geographical Zones are promulgated by existing means including Aeronautical Information Services
and Notams.
From a U-Space perspective, Geographical zones may also be implemented by classifying the airspace
as type X, Y or Z. The U-Space rules also require UTM services to be deployed in these airspaces
together with the allowance for manned aviation to be able to operate in the airspace.
The airspace authority, typically the Civil Aviation Authority of the state, is responsible for deciding, or
revising, which volumes of their airspace have which classification. Typically, the process should
consider:
•
•
•
•
•
•
•
•
•

Ground risk – the safety of what is below
Air risk – what is likely to be flying
Social acceptability factors such as noise and privacy
Security criteria to ensure trusted and correct functioning of U-Space
The need to provide opportunities for legal drone flying to reduce the risk of illegal drone
flying
The interests and needs of specific authorities
Requests from current and potential future operators of drones
The cost of providing the services needed to operate Y or Z volumes compared to the
additional safety or capacity that they provide
European norms – the airspace subdivision into volumes should be broadly harmonised
across member states in order to produce a Single European Sky

M.8 Noise and emissions
Work package 7 of this project will further study noise and emission regulations for UAS.
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