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grant agreement No 101017702 ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ 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-of-
the-art review on U-space and Urban Air Mobility (UAM). An extensive review of completed and on-
going 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.   



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 12 

 

 

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 
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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 ŘŜǾŜƭƻǇ ŀ ŎƻƴǎƻƭƛŘŀǘŜŘ ǎŜǘ ƻŦ ŎƻƴŎƭǳǎƛƻƴǎ ŀǘ ŀ άǇǊƻƎǊŀƳƳŜέ ƭŜǾŜƭΦ 

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. UAM Characterisation 
2. Roles and responsibilities 
3. Airspace types and structure 
4. UAM services 
5. Separation and conflict resolution 
6. Integration with manned aviation 
7. Contingency and emergency management 
8. CNS requirements 
9. Key Performance Indicators 
10. Gap analysis 
11. Safety assessment methodology  
12. Verification and validation 
13. Standards and regulation  
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Table 1 Reference Matrix gives an overview of how references were mapped against the specific key 
aspectsΣ ƳŀǊƪƛƴƎ ǿƛǘƘ ŀƴ ά·έ ǘƘŜ ƪŜȅ ŀǎǇŜŎǘǎ ŀŘŘǊŜǎǎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘ ŀƴŘ ǊŜŦƭŜŎǘŜŘ ƻƴ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜΦ 
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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SkyWay     X X X X   X X  

USIS  X X X   X X X  X X X 

DOMUS  X  X X  X X      

GOF X X  X  X      X  

SAFIR    X  X  X    X  

VUTURA    X    X      

GeoSAFE    X        X  

PODIUM  X  X X X X X      

SAFEDRONE    X X X X X   X   

CORUS   X X X X  X X   X   

TERRA   X  X  X X  X  X X 

AIRPASS        X  X    

SECOPS    X   X   X X X  
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DREAMS   X X X X X X   X X X X 

IMPETUS  X  X X   X  X  X X 

DEMORPAS      X      X  

EUROCONTROL     X X     X   

AMAZON X  X           

UBER X       X      

Google X             

eHang X             

Tecnalia X             

Volocopter X             

Metropolis   X  X         

euroDRONE   X X X X      X X 

DroC2om        X    X X 

Uni. da  BI X  X    X    X   

PercEvite     X   X      

O
n
g
o

in
g
 p

ro
je

ct
s Metropolis 2 X             

Asprid              

FACT        X      

DACUS X X X  X X X X X   X X 

BUBBLES   X  X   X    X X 
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ICARUS     X         

GOF2.0    X X X  X X X  X X 

CORUSX UAM              

Drone4safety (D4S)          X X   

Labyrinth     X         

SafeLand  X         X X  

Flying Forward              

TINDAiR     X         

Uspace4UAM              

Open-Access UTM Build & 
Test 

X X X X X X X X   X  X 

P
o

lic
y
/v
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io

n
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o
cu

m
e
n

ts 

FAA UTM CONOPS X X X X X  X       

FAA UAM CONOPS X X X X X X X X      

Indian UTM X X  X  X     X   

EC SRIA              

Australia UAM X X X X  X X X X   X  

Airbus X  X   X X       

Sesar U-Space              

CAA UTM  X X X X  X X X  X    

CPC / UK Dept for Transport X X X X 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 X 

S
im
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la
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 t
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MATRUS            X  

AgentFLY            X  

POLARIS            X  

MACS            X  

RAMS PLUS            X  

BlueSKY            X  

SkyWay SIM     X X X X    X  

TBO Integrated Test 
Environment  

           X  

R
e

g
u

la
tio

n
 s

ta
n
d
a

rd
s  

ALTRAN UTM Blueprint X  X           

SES2+   X  X          

EASA regulations  X         X  X 

European Union regulations X X X X    X     X 

Tecnalia             X 

JARUS SORA Guidelines           X  X 

MOSAIC ATM X            X 

ASTM Standards X X           X 
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ICAO Regulations X X X X X X     X  X 

EUROCAE Standards              

UK National Regulations X X X  X X X X  X  X X 

Spanish National Regulations X X X X  X  X     X 

NL National Regulations             X 

USA National Regulations  X X  X X X      X 

SAE Standards             X 

ISO Standards             X 

ASD-STAN Standards             X 

V
e

rt
ip

o
rt

s 

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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s 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 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 23 

 

 

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 ς 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 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 28 

 

 

RF Radio Frequency 

RID Remote Identification 

RMT Rule Making Task 

RNAV Required Navigation Performance 

RNAV-AR Required Navigation Performance ς 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 ǘƘŜ άǎŜŜ ŀƴŘ ŀǾƻƛŘέ ǇǊƛƴŎƛǇƭŜ 
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 (three-
dimensional 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 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. 

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 ς 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 ς 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 ς 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. Autonomyς 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 ς 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 ς 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.  



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 34 

 

 

7. Regulation and standards ς 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 ς 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 ς 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 ς 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 άwithinέ, άonέ or άoverέ 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-ƻŦŦ ŀƴŘ ƭŀƴŘƛƴƎ ŀǘ ŀŜǊƻŘǊƻƳŜǎ ǳƴŘŜǊ 9!{!Ωǎ ǎŎƻǇŜΦ CƻǊ 
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. 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 36 

 

 

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 ς 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 pre-
defined 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 ς 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: take-

off, 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. Authorities and regulators 
2. Air Navigation Service Providers 
3. UAM Service Provider 
4. U-space Service Provider 
5. UAM Operators 
6. Drone Operators 
7. Drone Pilots 
8. Infrastructure providers 
9. Drone Manufacturers 
10. Maintenance companies 
11. UAM users 
12. Communities and citizens 
13. Data providers 
14. 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 ducted-
fan 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.  

! ƎǊŜŀǘ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘ ƛƴ ǾŜǊǘƛǇƻǊǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƛǎ ōŜƛƴƎ ŎƻƴŘǳŎǘŜŘ ōȅ b!{!Ωǎ 
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 ς 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 ς 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 ς functions that can also fall under 
the responsibility of the operator.  

The EASA concept paper for certification defined the role of Control Unit ό/¦ύΣ ǿƘƛŎƘ ŎƻƴǘǊŀǊȅ ǘƻ L/!hΩǎ 
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 fƛǘǘƛƴƎ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ŦƻǊ ¦!a ƻǇŜǊŀǘƛƻƴǎ ƛǎ ǘƘŜ ά½ƻƴŜǎέ ŎƻƴŎŜǇǘ ƻǳǘƭƛƴŜŘ ƛƴ 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. 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 46 

 

 

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-ŦƭƛƎƘǘ όάǎǘǊŀǘŜƎƛŎέύ Ŏonflict resolution and in-flight 

όάǘŀŎǘƛŎŀƭέύ ŎƻƴŦƭƛŎǘ ǊŜǎƻƭǳǘƛƻƴ. 

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].  

²ƛǘƘƛƴ ǘƘƛǎ CǊŜŜ wƻǳǘŜ ƎǊƻǳǇΣ ǘƘŜ άCǳƭƭ aƛȄέ ŀƛǊǎǇŀŎŜ ŎƻƴŎŜǇǘ ŦǊƻƳ 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, U-

space 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 over-
constrained 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 
ŀǎ ά/hw¦{ CONOPSέ [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 
ƻŦ {ŜǊǾƛŎŜ ŦƻǊ ¦!a όt{¦ύΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǿŜǊŜ ǎǳƳƳŀǊƛǎŜŘ ƛƴ ǘƘŜ 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 
vehiclesτa 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. 
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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 
ŀƛǊŎǊŀŦǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ Ǉƻǎǎƛōƭȅ t{¦ ǎŜǊǾƛŎŜǎΣ Ƴŀƛƴǘŀƛƴǎ ǎŜǇŀǊŀǘƛƻƴ ŦǊƻƳ ƻǘƘŜǊ ƻǇŜǊŀǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ 
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-ǎǇŀŎŜ ǘƘŜ Ŏƻƭƭƛǎƛƻƴ ŀǾƻƛŘŀƴŎŜ ƭŀȅŜǊ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ά5ŜǘŜŎǘ ŀƴŘ 
!ǾƻƛŘέ ǎȅǎǘŜƳǎΦ 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 U-
space. 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 9!{!Ωǎ ǇǊƻǇƻǎŜŘ ƳƛǘƛƎŀǘƛƻƴǎΣ if an UAS is flying within an urban environment where U-

space 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 ƭƛƪŜ ǘƻŘŀȅΩǎ ƳŀƴƴŜŘ ƘŜƭƛŎƻǇǘŜǊ ƻǇŜǊŀǘƛƻƴǎ ƛƴ ǳǊōŀƴ 

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] 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 55 

 

 

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, ŘǊƻƴŜǎΧύ ƛƴ ŎŀǎŜ ƻŦ ŀƴ ŜƳŜǊƎŜƴŎȅΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŀ ǎŜǘ 
of generic procedures was developed in the case of off-nominal procedures (loss of link, DAA failures, 
ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ƴŀǾƛƎŀǘƛƻƴΧύΦ ¢ƘŜ ǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǎƻƳŜ -off-
nominal 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.  



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 57 

 

 

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 ƻƴŜ ŦƻǊ ¦!{Ω ŀƛǊ-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 
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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 ƻǊ wt{ όάRadio Positioning SystemέύΦ 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 

Availability 

¶ Time to recover from U-space system 
failure 

Classification 

¶ Discriminate drone from GA, bird, etc. 

¶ Time needed to retrain the Aveillant 
NCSS (new obstacle in the coverage 
zone) 

Interoperability 

¶ Interoperability with exterior systems 

¶ Coordination with exterior stakeholders 
(pilots, ATM, police, ...) 

Detection 

¶ Detection exhaustiveness 

¶ Capability to discriminate 

Identification 

¶ Access to registration database 

¶ Identification exhaustivity (drone 
parameters, owner, etc.) 

Failure mode 

¶ Deterministic failure mode 

¶ Frangibility, lethality 

Security / cyber security 

¶ Cyber vulnerability 

¶ Data sharing 

Performance 

¶ Operational capacity 

Deconfliction  

¶ Conflict detection 

¶ Separation margin 

Scalability 

¶ Detection range 

¶ Number of drones 

Real time capability 

¶ Latency 

¶ Real time agility 

Communication (all types) 

¶ Data integrity 

¶ Bandwidth 

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

¶ Reduce cognitive loads of UAV 
controller/ Air Traffic Controller/ Drone 
pilot, etc. 

Cost 

¶ Cost of tracker, antennas, radar 

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, geo-
vectoring 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, 
ŎƭŀǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘ ƳŀǘŜǊƛŀƭΦ 9{!ww о ά¦ǎŜ ƻŦ {ŀŦŜǘȅ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ ōȅ !¢a {ŜǊǾƛŎŜ 
tǊƻǾƛŘŜǊǎέ ƳŀƴŘŀǘŜǎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ǳǎe of Safety Management Systems (SMS) by providers 
of ATM services. ESARR 4 άwƛǎƪ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ aƛǘƛƎŀǘƛƻƴ ƛƴ !¢aέ ŎƻƴŎŜǊƴǎ ǘƘŜ ǳǎŜ ƻŦ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ 
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 ED-
279 [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 operatorsΩ 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-{ǇŀŎŜ ǎŜǊǾƛŎŜ ƭŜǾŜƭΣ ŀǘ ŘǊƻƴŜ ƻǇŜǊŀǘƻǊǎΩ ƭŜǾŜƭ ŀƴŘκƻǊ ŀǘ ƴƻƴ-U-space service 
ǇǊƻǾƛŘŜǊǎΩ ƭŜǾŜƭ, 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 multi-
faceted 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, map-
aided 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 
ƻŦ ŀ άǊƻƎǳŜέ ƻǊ ƳŀƭŦǳƴŎǘƛƻƴƛƴƎ ¦!{ ǿƘƛƭŜ ŀƭǎƻ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ŎƭǳǘǘŜǊ ƳŀŘŜ ōȅ ǘƘƻǳǎŀƴŘǎ ƻŦ ŀǳǘƻƳŀǘŜŘ 
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 ǘƛƳŜΣ ŀƴŘ ŜŀŎƘ ŀƛǊǇƭŀƴŜΩǎ ŘȅƴŀƳƛŎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ƻǘƘŜǊ 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  Date Effective   Date Applicable  

Registration  Annex 7      

Safety 
Management  

  2024  2026  

Licensing  Annex 1    2022  

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  

Detect and 
Avoid  

Annex 10 Vol 4 Part 2  2025  2026  

Other 
provisions  

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. 

https://www.easa.europa.eu/the-agency/faqs/drones-uas
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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. 

¢ƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ƛǎ 9!{!Ωǎ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪ [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 ς 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-²ƛŘŜ LƴŦƻǊƳŀǘƛƻƴ aŀƴŀƎŜƳŜƴǘ ό{²Laύ ŦǊŀƳŜǿƻǊƪ ŀƴŘ !{¢aΩǎ ¦¢a ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘ 

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 ς Dec 2021), is building a repository of technical 

standards and best practices which now available to the public and industry (https://standards.aw-

ŘǊƻƴŜǎΦŜǳκύΦ ¢Ƙƛǎ ŘŀǘŀōŀǎŜ Ƙŀǎ ŀŘŘŜŘ ŀƴ ŜȄǘǊŀ ǎƻǳǊŎŜ ƻƴ ŘǊƻƴŜǎΩ ǎǘŀƴŘŀǊŘǎ ƭŀƴŘǎŎŀǇŜ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 

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: 

http://euscg.eu/rdp
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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 functƛƻƴ ǇǊƻǾƛŘƛƴƎ ǿƛǊŜƭŜǎǎ ŘƛƎƛǘŀƭ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ 
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.  



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 76 

 

 

14.7  Airspace Management 

The UAS regulations 2019/947 enables UAS Geographical Zones which may be established by the 

ά{ǇƻƴǎƻǊέ ǊƻƭŜ for the purposes of Safety, Security, Environmental or Privacy reasons. ¢ƘŜ ǘŜǊƳ ΨUAS 

Geographical ZonesΩ ƛǎ ŀ ŎƻƭƭŜŎǘƛǾŜ ǘŜǊƳ ŦƻǊ 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 ς 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. TƘŜ ǊƻƭŜ ƻŦ ǘƘŜ άƘǳƳŀƴ ƛƴ ǘƘŜ ƭƻƻǇέ 
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 ƳŀƪŜǎ ǘƘŜ άǎŜŜ ŀƴŘ ŀǾƻƛŘέ ǇǊƛƴŎƛǇƭŜ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘƻ ƪŜŜǇ ŀƴ ŀŘŜǉǳŀǘŜ ƭŜǾŜƭ ƻŦ ǎŀŦŜǘȅΦ 
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 ς 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-ōŀǎŜŘ ŀǇǇǊƻŀŎƘ ŦƻǊΥ ƛύ άimproving the effectiveness of the 
day-to-Řŀȅ ŜŎƻƴƻƳƛŎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜƛǊ ώƻǊƎŀƴƛǎŀǘƛƻƴǎΩϐ ōǳǎƛƴŜǎǎΣ ƛƛύ channelling efforts towards 
meeting stakeholder expectations and improving customer satisfaction, and iii) managing change in a 
dynamic environmentΦέ  

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 άhigh priorityέ 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 
ƛŦ ǘƘŜ ŎƻƴŦƭƛŎǘ ƻŎŎǳǊǊŜŘ ǇǊƛƻǊ ǘƻ ŘŜǇŀǊǘǳǊŜ ƻǊ ōȅ ǘƘŜ ά¦{t ǎǳǇŜǊǾƛǎƻǊέ ǿƘƻ ƘŀŘ 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 
¦!{ ǘƻ άǊemain well clearέ 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. ¢Ƙƛǎ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ άC!! aŜǎǎŀƎƛƴƎέ ŀƴŘ άhǇŜǊŀǘƻǊ 
Messagingέ services that are meant to provide on-demand, periodic, or event-driven message 
exchange capabilities with FAA systems to satisfy applicable regulatory/policy requirementsΤ ŀƴŘ ά¦{{ 
bŜǘǿƻǊƪ 5ƛǎŎƻǾŜǊȅέ ǎŜǊǾƛŎŜǎ ŜƴŀōƭƛƴƎ ŀǳǘƘƻǊƛȊŜŘ ¦¢a ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŘƛǎŎƻǾŜǊ ǊŜƭŜǾŀƴǘ ŀŎǘƛǾŜ ¦{{ 
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 ǳǘƛƭƛȊŜǎ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ŎǊŜŀǘŜΣ 
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 



D2.1 OPERATIONAL SAFETY ANALYSIS AND CONCEPT 

 

 

  

 

 

 95 

 

 

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 
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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-ŎŀƭƭŜŘ άUAM CONOPS 1.0έ 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 
ƛƴ ǇƛƭƻǘΩǎ ŦƭȅƛƴƎ ǎƪƛƭƭǎύ. 

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 ǾŜƘƛŎƭŜΩǎ 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 






































































































































































































































































































































