EXPLORATORESEAR(

-

Drone DCB concept anc
pProcess

DeliverablelD: D1.1

DisseminationLevel: PU

ProjectAcronym DACUS

Grant: 893864

Call: H2020SESAR0192

Topic: SESR-ER431-2019-- U-space
ConsortiumCoordinator: CRIDAA.LE.

Edition Date: 02 March2021

Edition: 01.00.00

TemplateEdition: 02.00.03

Founding Members x»

EUROPEAN UNION  EUROCONTROL JOINT UNDERTAKING




DRONE DCB CONCEPT AND PROCESS

Authoring & Approval

DAE

SESAR

JOINT UNDERTAKING

Authors of the document

Name/Beneficiary Position/Title Date
Dominik Janisch CRIDA representative 10/07/20
PabloSanchez£scalonilla CRIDA representative 10/07/20
Enrique Iglesias CRIDA representative 10/07/20
Victor Gordo Ineco representative 10/07/20
Marina Jiménez Ineco representative 10/07/20
Andrew Hately EUROCONTROL representative 10/07/20
MichaelBuddefeld TU Darmstadt representative 10/07/20
Hugo Eduardo TU Darmstadt representative 10/07/20
EduarddGarcia Enaire representative 10/07/20
Raqtel Moldes Enaire representative 10/07/20
lan Crook ISA Software representative 10/07/20
SandrineMolton ISA Software representative 10/07/20
NielsHolger Stark Jeppesen representative 10/07/20
Annalisa Mautes Jeppesen representative 10/07/20
YannickSeprey Sopra Steria representative 10/07/20
Hans Jonsson AHA representative 10/07/20
Maron Kristofersson AHA representative 10/07/20
Reviewerdnternal to the project

NameBeneficiary Position/Title Date
Pablo SancheEscalonilla CRIDA representative 11/02/21
Yannick Seprey Sopra Steria representative 11/02/21
Approvedfor submissionto the SJU

Name/Beneficiary Position/Title Date
Pablo Sanchegscalonilld CRIDA  Company PoC 12/02/21
Maron Kristofersson / AHA Company PoC 12/02/21
Nicolas PefiAkBRTE Company PoC 12/02/21
Andrew Hately / ECTL Company PoC 12/02/21
EduardoGarcia / ENAIRE Company PoC 12/02/21

Founding Members

EUROPEAN UNION  EUROCONTROL

4



DRONE DCB CONCEPT AND PROCESS x>

DAC SESAR

JOINT UNDERTAKING

Victor Gordo / INECO Company PoC 11/02/21
Sandrine Moltorf ISA Company PoC 11/02/21
AnnalLisa Mautes / Jeppesen Company PoC 12/02/21
Yannick Seprey / SSG Company PoC 11/02/21
Rohit Kumar / TM Company PoC 12/02/21
Michael Buiddefeld / TUDA Company PoC 12/02/21

RejectedBy ¢ Representative®f beneficiariesinvolvedin the project
NameBeneficiary Position/Title Date

DocumentHigory

Edition Date Status Author Justification

Structure Proposal0/07/20 Draft Dominik Janisch Creation of the document

00.00.01 15/09/20 1stRevision  Dominik Janisch Background information on DCE
ATM and summary of literature
review (Appendix A)

00.00.02 29/10/20 2" Revision  DominikJanisch Incorporation of the results of

T1.2 Influence Factors (Appendi
B) into the document

00.00.03 04/12/20 39 Revision  Dominik Janisch Incorporation of the first
consolidated version of the DCB
concept as wellaother
contributions to thedocument
from partners

00.00.04 15/01/21 4" Revision  Dominik Janisch Refinement of the DCB concept
and incorporation of all partner
contributions

00.00.05 28/01/21 5" Revision  Dominik Janisch Incorporation of introductory
sections, comments frorpartners
and streamlining of contents

00.00.06 08/02/21 6" Revision  Dominik Janisch Final version for internal review
00.01.00 12/02/21 Final Dominik Janisch Approved version for submissior
01.00.00 02/03/21 Approved Dominik Janisch Version approved by the SIU

© ¢ 2020 ¢ DACUZonsortium. All rights reserved. Licensed to the SESAR Joint
Undertaking under conditions.

Founding Members 3

O

EUROPEAN UNION  EUROCONTROL



DRONE DCB CONCEPT AND PROCESS x>

DAC SESAR

JOINT UNDERTAKING

DACUS

DEMAND AND CAPACITY OPTIMISATIOSRNCE

Thisdeliverableis part of a projectthat hasreceivedfunding from the SESABointUndertakingunder
grant agreement No 893864 under European| Yy A 2Hbfzan 2020 research and innovation
programme.

Abstract

TKA&d R20dzYSyd RSaONAOSa (GKS /2yOSLIi 2F hLISNIdGAZ2Y
within an urban environment. This process dapported by an extensive literature study and
background information on the operational environment in which it takes pl&ieen the novel

nature of drone operations in a civilian setting, several parallels ofptioposed solution and the

existing airtraffic management environment are providelinally, the document serves gaidance

material for the DACUSoject
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1 ExecutiveSummary

The operations off Y YIF YYSR ! ANONI FG {eadSvyax O2yyz2yfteée NB
environments are expected to increase substahtialver the coming decade. This is because more
and more viable business cases for such vehicles are becoming apparent (such as pelokage d
infrastructure inspection, surveillance, public safety & security and urban air mobéity)
technological adances in the field of robotics and autonomy have made such operations .vidige
Single European Sky Air Traffic Management ResedB3ARD) program has taken a proactive step
towards facilitating such operations through the implementation e$pdce: Aservice ecosystem
designed to facilitate access to lower airspace for drones. Part of this ecosystem will be inatharge
coordinating done opeations in the planning phase as well as in i@l to ensure an orderly and

safe execution of these flight$he means to assure this, from a traffic management point of view, is
GKNRdAK | LINRPOS&aa OIFff SR a5 S YOAQUS projgcRwill/etplbde HOW G &
DCB can be provided within adgace environment, develop a Concept of Operatid@sn(s) for

drone DCB in urban airspace and develop models to test fundamental aspects of this concept.

The document you are now reading letmain point of reference to the entire project. It describes
the detailed operating method of the DACUS solution tigto the definition of aConOpsor DCB
processes in pace.This process is supported by an extensive literature study and background
information on the operational environment in which it takes place. From a purelyde@#c point

of view, drone operabns can be characterized based through the following seven characteristics: The
operational range, flight levels, timeframe and recumren, areas of deployment, payload, special
environments,and external conditions, as well as visual and noise impake-dff and landing areas

will alsoplay an important role in how drone operations will take place. Given the vastly new operating
charaderistics of drones, these areas can be highly dynamic, rarfiging existing airfieldéo small
landing pads on rooffos to mobile vehiclased lanch platforms.

Technical characteristics of the environmdaitrborne and groundased)are also consided. On
board equipage of unmanned vehicieghe protagonistn this respect, given that vehicle capabilities
will define which DCB measures can be appliBdlevant for DCB are capabilities related to
Communication, Navigation and Surveillance (CNSyePr&€NS for drone operation®quire a
communication infrastructuranetwork to be in place, which is predominately sditetbased (e.,
global navigation satellite systems) and telecommunicabased i.e.,4G/5G telecom. network).

Finally,Characterigts of the Uspace architecture are also relevantspace is based on a multitude
of individual services which work tether to provide a complete system. The DCB process
fundamentally relies orhiree U-space service® provide a solutionThe Strategic Conflict Resolution
the Dynamic Capacity Managemeandfinally the Tactical Conflict Resolutipwhose performances
will determine the need to implement DCB solutions prior to the execution phEsese do not work

in isolation butcount on information provided by the entire-tpace ecosystentorthis information
exchange to work, the ecosystem must be based on anidyhamic and interconnected service
infrastructure

The final aspect to consider, before estahiighthe DCB process, is the regulatory framework which

guides its implementation. The European Union is strongly supporting initiatives for commercial drone
operations ifthey adhere to defined rules and regulatiod$l drones are required to be categos

Fad LISNIOIFAYAYy3 (2 2yS 2F GKNBS OFGS3I2NARSaE 0a2LISy¢
and dimensions.DACUS highlights the need to updaiige existing regulatory framework to
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accommodate the envisioned high number of drone operationglyan environments. The proposed
DCB concept is defined with the assumption that this future regulation is in place.

The DCB process itself is based onreesef fundamental principles, which sees the operators as the

final decision makers, prioritizemeasures based on their impact on the fulfiiment of the drone
mission, reduces constraints on drone trajectories as much as possible, is based on thecatiantif

2F dzy OSNIFAyide FyR O2yaAiRSNE 2 LIS Nl-spdceprgcedsdfs ya | a

This process begins at strategic level (several days before operation) and continuously monitors and
updates the traffic situation until the acal moment of flight execution. Only when necessanyilt

acton the traffic itself(i.e., a potertial collision or exceeding of a capacity threshold is identifi€d)

take a decision on whether to intervene or not, the DCB process must first quantifieviel of
uncertainty of thedemand which itusespublished operation plan data and other extefafluence

factors €.g.,weather information). In paralled series of riskased and social indicators are constantly
monitored. These include the expect impact of operations on levels of safety, noise and visual
nuisance This requires the procesgjnof a series of metrics (such as expected noise levels and
populations densities) and other impact indicators, which are fundamental for the definitiolmeof t
capacity of a given airspace.

DCB measures are only applied when the level of certainty offéiatan a hotspotis high enough and

the impact of operations gragenough.When DCB measures are applied, special care is taken to
assure mission objectd can be achieved (to the greatest degree possible) and that overall equity is
maintained. The 1@t SNJ gAff €t A1Ste 0SS FILOAtAGIGSR GKNRdAAK
incentivise cooperative behaviar.

This document drawsseveralparallels betveen existingprocesses in manned aviation and those
proposed for Uspace (such as rules of the aperational phases, capacity enhancement and DCB in
air traffic management) with the aim of highlighting differences, but also commonalities. The main
differences within the kbpace environment come down to the much shorter time horizon for decision
making and planning (in many cases hours instead of daysjore pronounced effect oéxternal
influence factors (such as environmentise,and thirdparty rik, among others) and a mudtigher
focus on uncertainty quantification and prediction (rather thdaaling with deterministic metrics).

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

The DACUS project aims to develop a sewitnted Demand and Capacity Balancing (DCB) process
to facilitate dronetraffic management in urban environments. The project internd integrate
relevant demand and capacity influence factors (such as CNS performances availability), definitions
(such as airspace structure), processes (such as separation management), \@odssguch as
Strategic and Tactical Conflict Resolutiong a consistent DCB solutioiihis concept integrates the
current stateof-the-art of drone and Uspacerelated research and developmeaiongside novel
approaches to airspace demand and capatialancing into a scheme that best fits the expected
operational environment of urban drone operations.

2.1 Purposeof the document

This document outlines the concept of operationSohOp} for the DACUS solution to managing
demand and capacity within-space ThisConOpserves as the basis for further developmentthivi

the DACUS project, by defining the concept for a drone DCB process at a high level, from strategic to
tactical phase of operations, and providing relevant contextual assumptions onto thatmpel
environment in which the DCB process is situated.

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

2.2 Scope

This documentoutlines fundamental processes of the DCB concept fepate, with emphasis on
elements which willikely be required to facilitate the management of droneffi@within an urban
environment. The concept covers several important aspects of the DCB process, such as key principles,
different operational phases, a list of initialdpace DCB measures amdescription of the processes

within each operational phaséOperation Plan submission, collision risk assessment, demand
predictions,DCB indicator monitoring, DCB measure assessment and implemetation

In order to support the assumptions and conceptesented in theConOpsa highlevel overview of
the operatonal enviroment of the Uspace DCB concefs provided, which will cover operational
characteristics of drones within urban airspace (such as missions, traffic demandfftakel landing
areas airspace and traffic characteristics), applicable standarakregulations as well as technical
characteristics of the drone and its ground control station (GGS§pade service providers (USSPs) and
relevant Communication, Navigation and SurveillafiedS) infrastructures.

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

This document is oriented towards two key audiences:

1. DACUS consoutin: The concept of operations for thedpace DCB process boed in this
document is to be utilized as a baseline reference for all work packages of the DACUS project.
It should provide the fundamental elements which apply to all work packagetents to
assure coherence among them.

2. SESAR JU: TdHcument, whichs the main reference document to the work performed within
the DACUS projecshall be used as a primary reference to readers external to the consortium
It presents aconsolidated summary of the-space DCB process and provides necessary
supporting infemation to be able to orient the content presented within the largesphce
environment.

2.4 Background

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

To face this challenge, the European Commission supports the development ofsihecél highly
automated and digitalized service framework. Tailored to facilitate luighsity operationsof
automated air vehicles in vetgw-levelairspaceit will provide a large array of services to drone users
all around Europe. What makes it unique in aviation ig theill be entirely focused on general risk
and performance requirements, will behiarently dynamic to respond to changes on demand aiild
openly adopt technologies from other sectors to accelerate deployngeadt without any human in
the loop in inernal processes as much as possiblasplceis a highly complex system of systems,
which will need to be agile and readily available.

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

DACUS aims to address seveifahese challenges through the definition and validation of a concept
for DCB within kspace.This document summarizes these efforts in the form of a concept of
operations. It was developed through a series of brainstorming sessionsiraednal workshoys.
Furthermore, the assumptions wersupported by an extensive review of previous andgomg
projects for the development of 9pace, the development of Urban Air Matyil(UAM) as well as
other relevant research initiative$n overview of these initiates is provided idppendix A
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2.5 Structureof the document

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

9 Section 1: Executive Bunary.
A quick summary of the document is provided.
9 Section 2: Introduction

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

1 Section 31J-space DCB procegs:summary

This section introduces the hidlvel concept behind the DACUS DCB proceds-$pace and
defines its core principles.

9 Section 4: Operational Characteristics

It provides a detailed description of the operational environment whiwh DCB praoess is
constrained bysuch as traffic demand, tal@f and landing areas as well as daeristics of
the airspace and drone traffic

1 Section 5: UAS Capabilities

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

1 Section 6: Applicable standards and regulations

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

9 Section 7: kspace Concept of Operations and DCB

A summary of DCB guidelines from thespaceCONOPS provided. Given that the-space
CONOPS$ the main reference document for altdpace related projectst wasused as the
starting pointof the DACUSCB concept

1 Section 8: DCB process irsphce

This is the main section of the document. It introduces the DACUS DCB concegsffacd,)
summarizes important considerations regarding temporal aspects, involved services and
applicable trafft measures; and, most importantly, explains the entire DCBepsoftom start

to finish.

9 Section 9: Differences between ATM andphce DCB processes
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This section highlights key differences between DCB in ATM aspladé and briefly
summarizes the DCB mess in ATM for those who are not familiar with it

1 Section 10Roles and Responsibilities

This section defines the roles and responsibilities of actors participating in the DACUS DCB
process, covering all aspects from an operastaikeholderand systenperspective.

9 Sectionll: Conclusions

This section summarizéhe advancements and conclusions gathetbdughout the DCB
process definition, supported by the identification of a series of reseetnalengesvhich the
project aims to address.

I Sectionl2: References
A list of reference material which was used tosd®p this document.
1 Appendix A: Oigoing and previous research initiatives

A detailed analysis and summarytbirteen on-going and previous research initiatives which
are relewant to the Uspace DCB concept. This appendix provides a list of the mestardl
DCBrelated aspects of each one.

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

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

1 AppendixC DCB concepts from previoussiace projects

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

1 Appendix D: Overview of UAS capabilities

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

1 Appendix E: DCB processes in ATM

A consolidated summary of how DCB is cuilsebeing performed in ATM is provided in this
appendix. It serves to provide further backgroundommfation for readers who are not as
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familiar with the process and helps to better understand the key differences between the ATM

and Uspace DCB processes.

2.6 Glossaryof terms

Term Definition Source of the
definition
Demand and Capacity The ability to evaluate traffic flows and adjust EATMAV/12

Balancindairspace)

airspaceresourcedo allow airspaceusersto meet
the needsof their operatingschedules.

(ATMCapalbility)

Separation Provision
(airspace)

The ability to separateaircraft when airborne in
line with the separationminima defined in the
airspace design (incl. aircraft separation from
incompatible airspace activity, weather hazard
zonesandterrain-basedobstacles).

EATMAV12

(ATMCapability)

Service

A contractual provision of something (a non-
physicalobject),by one,for the useof oneor more
others.

Note: Services involve interactions between
providers and consumers, which may be
performed in a digital form (data exchanges)r
throughvoicecommunicatioror written processes
andprocedures.

SESARnNtegrated
Dictionary

Trafficdensity

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

Performance Review
Unit

Controlled ground aree

Controlled ground areas are a way to strategic:
mitigate the risk on gwund (ike flying in
segregated airspace); the assurance that there
be uninvolved persons in the area of operatior
under the full responsibility of the UAS operator

Acceptable Means o
Compliance (AMC) an
Guidance Materia
(GM) to Commissior
Implementing
Regulation

2019/947
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Acronym Definition

ACC Area ControCentre

ADSB Automatic Dependent Surveillangigroadcast
AGL Above Ground Level

AHRS Attitude and Heading Referea System
ANS Air Navigation Services

ANSP Air Navigation Service Provider

AOA Angle of Arrival

APT Airport

ARC Air Risk Class

ATC Air Traffic Control

ATFCM Air Traffic Flow and Capacity Management
ATM Air Traffic Management

ATS Air Traffic Serves

AU Airspace User

BVLOS Beyond Visual Lin®fSight

CDM Collaborative Decision Making

CDMA Code Division Multiple Access

CIS Common Information Service

CNS Communication, Navigation and Surveillance
CONOPS Concept of Operations

CPU Central Procssing Unit

CTR Controlled Traffic Region

DCB Demand and Capacity Balancing

DF Direction Finding

DSSS Direct Sequence Spread Spectrum

EASA European Aviation Safety Agency

EGNOS European Geostationary Navigation Overlay Service
EMS Emergency Medic&ervices

EO Electrooptical
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Acronym Definition

ES Emergency Services

ESC Electronic Spee@ontroller

EVLOS Extended Visual Lir@f-Sight

FC Flight Controller

FDD Frequency Division Duplex

FDMA Frequency Division Multiple Access
FHSS Frequency Hopping Spread Speatru
FIS Flight Information Services

FMP Flow Management Position

FMU Flight Management Unit

FPV FirstPerson View

GCS Ground Control Station

GDP Ground Delay Program

GEO Geostationary Orbit

GLONASS Global Navigation Satellite System
GNSS Global Naigation Satellite System
GPS Global Positioning System

GRC Ground Risk Class

GS Ground Stop

HFR Highlevel Flight Rules

HMI HumanMachine Interface

IGSO Inclined Geosynchronous Orbit
IMU Inertial Measurement Unit

INS Inertial Navigation System

IR Infrared

JARUS Joint Authorities for Rulemaking &Wnmanned Systems
LFR Lowlevel Flight Rules

LTE LongTerm Evolution

MDI Minimum Departure Interval

MEO Medium Earth Orbit

MIMO Multiple Input Multiple Output
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Acronym Definition

MINIT Minutes-in-Trail

MIT Milesin-Trall

MRO Maintenance, Repair and Overhaul
MTOM MaximumTakeOff Mass

NCC Network Consolidated Constraint
NOTAM Notice To Airmen

NM Network Manager

NMOC Network Manager OperationSentre
OSED Operational Service and Environment Definition
0SsO Operatonal Safety Objective

PAV PersonalAerial Vehicles

PBN PerformanceBased Navigation

PSR Primary Surveillance Radar

RAIM Receiver Autonomous Integrity Monitoring
RBT Reference Business Trajectory

RC Radio Control

RCS Radar Cross Section

RF Radio Fequency

RNAV AreaNavigation

RNP Required Navigation Performance
RPAS Remotely Piloted\ircraft System

RTK Real Time Kinematic

RTTA Reasonable Time To Act

SAIL Specific Assurance and Integrity Level
SBAS SatelliteBased Augmentation Systems
SBT Shared Business Trajectory

SERA Standardised European Rules of the Air
SESAR Single European Sky ATM Research
SOP Signal of Opportunity

SORA Specific Operation Risk Assessment
SPRINTEROP Safety,Performance and Interoperability
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Acronym Definition

STS Standard Scenario

SWIM SystemWide Information Management
TDD Time Division Duplex

TDOA Time Difference of Arrival

TMA TerminalManoeuvringArea

TMPR Tactical Mitigation Performance Requirement
TOLA Takeoff and Landing Area

TTA Target Time at the Arrival

TTO TargetTime Over

tTTA tactical Target Time at the Arrival
tTTO tactical Target Time Over

TV Traffic Volume

UA Unmanned Aircraft

UAM Urban Air Mobility

UAV Unmanned Aerial Vehicle

USS U-space Service

USSP U-space Service Provider

UTM UAV Traffic Managenmé, Unmanned Traffic Management
VFR Visual Flight Rules

VLL Very Lowl_evel

VLOS Visual LinéDf-Sight

VTOL Vertical Takeoff and Landing
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3 U-spaceDCBprocess A summary

The DCB process presented in tthicumentprovides atangible solutionfor addressing the need of
integrating SESAR-dpace servicdunctionalitiesto produce timely, efficient and safe decisions
regarding the management of drone traffic. It has been developed to be inherently seriéceed,
permissive of implementing increasing levels of automation into the management of unmanned air
traffic andopen to a series of novel business models and use cases.

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

It is built on aseries of principles which guide the DCB decisianithin the U-space framework. These
principles are:

1. Application d collaborative decision makingp include Drone Operators within the decision
making process.

2. Prioritizing the fdfilment of mission objectivesas a service to Drone Operators when
selecting DCB measures.

3. Allowing ford T NSz S¢ 2 LISNI G A Rajs allonk Sy SHS NI O2vy a
4. Minimization of the number of instances in which changes to drone missions are required.

5. Incorporaion of predictions and theuantification of uncertainty into the DCB procesto
increase robustness of DCB measures within a dynamic opgtivironment

6. Recognizing theperationpf 'y | & GKS & & AwhiH k8eps tdatihugus ugdbF  { NHzi K
date irformation about the situation and expected evolution of the drone operation.

Likeprocesses in air traffic management, thesplace DCB procesan be divided into five phases:
Longterm planning, strategic, preactical, tactical and postperational phaseThe major novelty of
the Uspace DCRBhaseswith respect to that of air traffic management is the inclusion of the
is entirely based on probabilistic estimations of traffic demambdich deviates from the predominantly
deterministic and rigid approach to DCB currently employed by air tratiitagenent.

Thiscould mearthat areas with high traffic uncertainty will have a geetical phase which is much
closer to the departure time of the vehicle tharogeareas in which the traffic uncertainty is very low.
Subsequently, the time given to @re Opeators to react to (and negotiate) DCB measures is greatly
reduced in highuncertainty areas. This strategy aims to incentivize proactive participation of Drone
Operators to provide DCRlevant informationearly in theprocess in order to reduce evall traffic
uncertainty, which benefits all Drone Operators aiming to fly in a specific. #&dditional incentives
include the introduction of virtue points to further promote collaborative behaviour among users.

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

Finally, the process makes use of the sergientric approach of the dpace architecture to monitor

for disturbances within the traffic picture in reéime with support of eher U-space services, such as
Navigation and Communication InfrastructureoMtoring, disruptions caused by local weather
phenomena and any emergencies identified by the Emergency §amantservice DACUS proposes

to address these distudnces through the deterministic, and therefore, predictalianagement of
contingency plans. Thwill allow Uspace to characterize the impact of the disturbance as soon as it
is reported and then, iplementDCB measures if needed.
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4 OperationalCharacteristics

The DACUSDCB solution needs to complement the operational environment in which drone
operationswill take place.Tosupportthe assumption®f the DCBprocessanoverviewof the expected
traffic demand,typesof drone missionsaswell ascharacteristic®f the departure& landingsites(i.e.,
airports),airspaceanddronetraffic is presented.

4.1 Traffic demandanddrone missions

The largevariety of businessareaswhere dronescanbe utilizedresuls in a diversenumberof drone
missionapplicationswhichin turn havespecificoperatioral modesandusecertaintechnicalsystems.
Particularlyinterestingfor the analysiof the impactof the missionson low-leve airspaceis the way
they intend to use the airspaceto accomplishtheir mission objective. Therefore,a generalized
categorizatiorof drone operationsmainlyfocusingon the different characteristic®of the typicalflight
schemesis provided here. Thisoverviewis basedon the researchperformed within the IMPETUS
project[20] and canbe summarizedasfollows:

91 Surveillanceoperations They are distinguishedby mostly larger trajectory patterns and
possiblyrepeating schemesto effectively monitor larger areasor points of interest. It is
expectedthat mostof theseoperationswill not be performedin closerangeof anystructures
and therefore will be deployedin higher altitudeswithin very low-level airspace Typical
examplesfor this type are aerial mapping,traffic monitoring or applicationsin public safety
andsecurity,

1 Inspection operations They refer to all businessmodels that practically require a close
approachto the point of interest and for the whole executionof the missiontask, e.g.,the
automatedrecognitionof structuraldamageto a surfacewith optical methods.Contrary to
surveillanceoperations, this type of missioncan be expectedto stay inside a defined and
foreseeablecontainment area that is comparablysmall and near the observedstructure.
Further examplesfor this caseare the inspectionsof solar power, cell towers or target-
oriented photography;

1 Transportoperations Theyare characterizedy a point-to-point flight schemeandthe actual
transportof goodsor persons.Thecruiseflight in this type is mostly distantto structuresbut
straight forward and optimised on efficiencyto reacha certain destination. It is likely that
loadingandunloadingrequiresanapproachto the groundand/or solidstructures Besideghe
industrial and private transportation of goods, this operation type also covers medical
transport(e.g.,medicdion or first responderequipment)or the carriageof personsn personal
air vehicles.
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Thiscategorizatiorcanbeillustratedwith typicalapplicationfieldswhere the missiontypeshavebeen
employedin the past:

Table3: Classificatiorof market sectorin relation to missiontypes.

Surveillance Inspection Transport
ESFire,Police EMS Coastguard)  Infrastructure Medical
Traffic Facaes e-Commercdretail, food)
Construction Energy(SolarPowerLinesetc)  Industrial/ Corporate
PrivateSecurityServices Telecony CellTowers PublicTransport
Meteorology Insurance PrivateTransport
Environment RealEstate
AerialMapping/ Phobgraphy Mediaand Entertainment
Mediaand Entertainment

As a starting point, operational characteristics shared in all operations have been identified and listed
in the following bullet points. Depending on the specific drone services and solutiahare to be
provided, certain operational characteristicdMae determined from the mission requirements, such

as the carried payload or specific operational timeframes. Other characteristics will have more
flexibility to be negotiated by the operat@nd Uspace system, such as different flight levels and the
deployment areas at certain stages of the mission. Relevant for the DCB procesavsithbility of

this information ahead of timeand theflexibility to modify the characteristicavithout congraining

the fulfilment of mission requirements.

1. Operational range This is mostly determined by the takdéf/landing areas and deployment
area. Knowing the operational range will set the technical requirements of the demge (
platform type, communicabn and navigation sysms).

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

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

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

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

6. Operations in special environmentand under specific external conditionsSome drone
operations will only be possible under special environments gedifc conditionsr{ight-time
operations, surveillance mission over pdgtied areas). What is important for the DCB process
is that this information is available for considering specific traffic management measures that
are different from normal operatios

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

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

Table4: Summaryof operational characteristicgper missiontype.

Mission Type/ Market sector Char. | Selecion of relevant operational characteristics
ID

Surveillance

ES(Fire, Police, EMS, Coastguard)| 6 Operations under special conditions (dangerous

environments, adverse atmospheric conditions).

Traffic 4 Deployment over restricted areas (streets).

Constrution 1, 3, 4,| Onsite flight operations usingledicated payload system
5 for surveillance and aerial Mapping techniques.

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

Meteorology 2, 3,6 | Deployment for measuring atmosphericonditions at

different vertical levels on redar basis.

Environment 3,7 Flight operations with noise impact to third parties.d.,
wildlife).

Aerial Mapping / Photography 1,4 Onsite flight operationsinside a foreseeable containmer
area.

Mediaand Entertainment 4 Operations inside foreseeable containment area.

Inspection
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Infrastructure 1, 2, 3,| Scheduled ossite flight operations close to structures fi
4 visual inspection of infrastructure as bridges etc.

Facades 1, 2, 3,| Scheduled ossite flight operations close tstructures for
4 visual inspection of outer building parts.

Energy 1, 2, 4 | Flight operations close to structures for visual inspectior|

solar panel, power lines, etc.

Telecom / Cell Towers 1, 2, 3,| Scheduled flight opations close to structures forisual
4 inspection of telecom infrastructure, cell towers, etc.

Insurance (Property Inspections) | 1, 2, 3,| Occasional ossite flight operations for risk assessmeantd

4 aftermath operations.

Real Estate 1, 2, 3,| Occasionabn-site flight operations for erial photography|
4 and filming.

Media and Entertainment 2 Close rang®perations (aerial filming) inside a foreseeal

containment area

Transport

Medical 1, 3, 4 | Flight operations over mixed urban areas on regular bas

ECommerce 1, 3, 5 | Flight operations over mixed urban areas transporting re
products, food, etc. on regular basis.

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

Public Transport 1, 3, 5 | Flight operationgransporting persons

Private Transport 1, 3, 5 | Flight operations transporting persons

in the surveillance missionsit becomes apparent that the deployment area is a common distinctive
characteristic. The areas overflown in these types of missiomaiiely restricted or private (due to

the nature of the missions) and it can be concluded that there is a low flexibility to be adjusted for DCB
purposes. But given that many operations will take placesits it could be possible to assume
foreseeable cotainment areas.

In the case oinspection mission typesmany ofthem alsotake place on place esite and on private

areas where the inspection services are required. Moreover, the flight levels can be assumed to be
very low (close to inspected structujeand also with a low flexibility to be negotiated. As many
inspection services can be scheduled ahead in time, it could prove beneficial for the DCB process to
access the operational timeframes as soon as the operators submit their operation plans.

Lastly in the case ofransport missiontypeZ A G A& SOARSY( NKYESEKSESRISINNG A
andthat the overflown areas encompass several mixed urban areas. The type of carried payload can

play a significant role when assessing the proposed pamation routes. Although it is expected to

see these types of mission on a regular basis, it might not be possible to have specific operational
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timeframes ahead of time, mainly due to their business models (service requests on short notice).
However, beeficial for the DCB process could be the establishment of route networks that not only
improve mission efficiency but could also be part of a mechanism to manage operations when demand
increasesand capacity reaches its limits.

One noteworthy applicationof drone missionsis their utility in times of crisis, suchas during the
COVIBEL9 pandemic The operational characteristicsof these exceptionaloperationsresemblethe
characteristic§rom other applicationsto a large extent, but potentially linked to a higher priority.
Giventhe nature of their missionsthat canhavealargeimpacton other operationstakingplacein the
sameairspacevolume.Anoverviewof exceptionaloperationsusedduringthe COVIEL9 pandemicis
givenin Figurel.

DRONE APPLICATIONS IN THE CORONAVIRUS CRISIS

Battling the Spread of the Virus Delivering Essential Goods and Services

i ) Medical care Use Case: Mapping Fields to Assess Crop
Use Case: Medical Drone Deliveries and support to
. help contain the Health
Industry: Healthcare and Social Assistance P
spread of the Industry: Agniculture

virus

Use Case: Situational Awareness,
Lockdown/Curfew Enforcement
Industry: Public Administration

Use Case: Surveying Temporary Hospital
@ Construction Sites
Industry: Construction

Use Case: Inspecting Infrastructure to Ensure
Energy Supplies and Communication Network
Industry: Energy, Communication

Use Case: Broadcasting Useful Information
Industry: Public Administration

Use Case: Spraying Streets With Water &
Disinfectant

Industry: Waste Management and
Remediation Services

Use Case: Delivery and Logistics Involving
Essential Goods
Industry: Transportation and Logistics

Potential Use Case: Gathenng Weather Data

Keeping critical 3
Use Case: Body Temperature Scanning infrastructure =, for Meteorologists '
Industry: Public Administration running under Industry: Professional, Scientific, and 1

lockdown Technical Services ’2

Figurel: Overviewof drone missionsapplied during the COVIB19 pandemic.

Theestimationof dronetraffic demandandquantities expectedin urbanenvironmentsisachallenge
due to the still evolvingdrone industry and the ongoing establishmentof drone applicationsin
different marketsectors TheSESARutlookStudy[25] hasprovidedan estimationfor dronedemand
in Europethrough 2050:
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Splitbetween 'certified’ and other, primarily
Evolution of drone demand — view through 2050 'specific’, drones under EASA framework

2035 2050
Specific Certified Specific Certified

Total drones in activity (K)

- ‘. s S — - o -
' B vobiy | <1 < a -0

Delivery ~ ~70 < -5 <1

PSS!  ~60 <1 ~50 <1

B Eregyr | ~10 -5 ~15 ~5

~150 - ~145 -

2025 2035 2050 Total ~390 ~5 ~400 ~15
excl. tethered ~390 ~1 ~400 ~10

1.P.5.5. is public safety & security; first response visual line of sight drones camied in vehicle and beyond line of sigh as ‘Specific with long endurance
used by govemment authorites formissions such as border securly categorised as 'Certified’, 2. Tethered drones used for wind produ«.lm alh gr al |uoos(450m: included as ‘Certified drones
while all short and long range inspection included as *Speciic”

Note: figures are rounded to the nearest 5K units; differencesin totals due to rounding

Source: Press search, exper with ders, operators, fulure users in each sector and policy makers, Eurostat. BCG analysis

Figure2: Predictedevolution of drone activities per market areathrough 2050[25].

This estimation provides a general order of magnitude for the drone demand over the next years.
Although this study does not specify which percentage of openat could takeplace in urban
environments only, by filtering the most predominant market sectors for urban drone applications
(Mobility, Delivery and Public Safety & Securjtwe can extract a total estimation of around 130.000
registered drones for urbause by 2035Another available market study with estimated quantities is
provided by NASA6]. Although this study focusses only on two market sect@slijery and
Mobility) and for only one country (US), the given quantities are wortheaoconsidered. For the
Delivery sector, 40.000 drones are estimated to be operational by 2030. These are more less the half
of those estimated by the European Outlodk& around the same time (70.000 in 2035). In the other
considered sector by the NAS#dy the expected quantities for the Mobility sector (23.000 vehicles

by 2030) look however more contrasting than those expected in Europe (less than 2.000 by 2035). No
until 2050 more than 10.000 vehicles are expected. In any ¢taseanage such a largegumber of
vehicles it will be very helpful to characterize the traffic demand and classifying the operations in terms
of:

1 Market sectors sectorslike e-commerce,delivery and transport are especiallyrelevantin
urbanareas.

1 Missionprofiles: increaseof BVLO®perationswith light loadandfor surveyingourposeswill
havea considerablémpacton missionsn urbanareas

From the studiesinalysedve conclude that estimations with a higher resolution and focused on urban
environments are still required.sgecially in urban areas the density of operations coultligh,and

the capacity could be constrained by restricted and private areas. Theestymtbvide general
quantities, that in the case of the Delivery sector could be a good starting point foD&@US
scenarios. On the other hand, for the Mobility sector it appears overly optimistic to expect similar
guantities as in the other sectors, lgast for the next 20 years. Finally, the Public Safety and Security
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sector should be further considered, d@sshows similar quantities as the Delivery sector (around
60.000 by 2035).

4.2 Takeoff andlandingareacharacteristics

In principlewe presumethat for the UrbanAir Mobility context,airportsor respectivelytake-off and
landing areas (TOLA)will exist for small drones personalair vehicles helicoptersand traditional
mannedaviation. Theycanbe either permanentor temporary sitesthat differ stronglydependingon
the characteristicof the vehiclesthey are dedicatedto.

For small drones TOLAcan be small landing pads which solely support take-off and landing
capabilities,or evenlarge drone-hubsthat offer a wider range of ground servicese.g.,for package
delivery, maintenance or surveillance for public safety and securitfpart from these static
installationssmall droneswill also launch from dynamically changingpositions dependingon the
operationtype. Asanexample |t isverylikelythat localizedmissionsuchassearchandrescue facade
inspectionor policesurveillancelepartin the vicinity of the operationareaandthe aircraftarebrought
there through ground-basedtransportationmodes.

PA\s require larger TOLAgIue to their dimensionand appropriatetechnicalequipment. The project
Metropoliselaboratedthe following classificatiorof potential PAVTOLAZ23]:

i Existingairfields;
DedicatedPAVstrips or spots
Usageof road segmentsalternatingwith roadtraffic;

Pillar mounted strips or spotson existingroad or railroadinfrastructure

= = = =

Waterways
1 Rooftopsof existingbuildings

Furthermore, dedicated sites for vertical take-off and landing (VTOL aircraft, in general called
vertispaces can be subcategorizednto vertihubs, vertiports and vertistations[21]. Vertihubs are
comparaleto smallairports,whichare basedat the periphery of urbanand suburbanareas Besides
the main purposeas boardingstation for passengersand exchangesite for cargo, it offers enough
spacefor anyfleet servicessuchasmaintenanceMRO rechargiry, parkingandother relatedservices.
Vertiports are medium-sized stations located at the primary passengerdestinations such as
shoppingmalls, businessdistricts or central stationsto other modesof transport. Their layout will
includefast refuelingfrechargingstationsand a smallterminal for passengehandling.Vertistations
howeverare the minimal configurationfor permanent,designated®PAVlandingareas,sizedto serve
1-2 vehicles at the sametime. Technicalnstallationswill dependon the localnetwork layout, but as
peripheralnodesit is possiblethat they will only offer accescontrol andwaitingareasfor passenger.
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Figure3: Overviewof different typesof TOLANfrastructuresfor VTOLaircraft [21].

Existingheliports and mannedaviation airports will be relevantfor two reasonsFirstly,they will be
integrated inside the UAM networks to be utilized as additional TOLA or intermodal exchange
points. Secondlythe airspacedesignneedsto take into accountcontrol zonesand terminal areas
that possiblyinterfere with other, prioritized air traffic, such as manned aviation or helicopters
departingfrom hospitals.

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

Table5: Predictions on quatities of stationary TOLAS per capita.

Estimated amount of
additional vetispaces for
the 15 largest
metropolitan areas in the
Vertispaces 2000/ 4000|12100000Q U.S. (NASA Study, 2018] 60500 30250| 0,00002| 0,00003
Current amount of TOLA
in metropolitan areas in
LA,Boston and Dallas
(Analysis by Parker D.

Heliports Vascik, 2020) 32821| 20179| 0,00003| 0,00005
- Los Angeles MA 390 12800000 Metropolitan Area 32821 0,00003
- Boston MA 223 4500000 Metropolitan Area 20179 0,00005
- Dallas MA 313 7200000 Metropolitan Area 23003 0,00004

Currentamount of
traiditonal dispatch
depatments in whole

Transport UAV Germany (Source
Hubs 14800 83000000 Statista.de, 2020) 5608 0,00018
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TOLA type Assumed Reference Description Population per TOLASs per
- example area number of | Population TOLA capita
TOLAs
Low | High Low | High Low High

Estimation of stationary
surveillance hubs by

Surveillance UAV Police andrire

Hubs Departments 31496| 14445| 0,00003| 0,00007|
Current amount of police

- Police stations forcity areas in

Departments LA, Boston and Dallas | 190476| 59091| 0,00001| 0,00002

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

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

-- Dallas PD 7 1300000 City Area 185714 0,00001
Current amount bfire
stations for city areas in

- FireDepartments LA, Boston and Dallas 37736/ 19118| 0,00003| 0,00005

--Los Angeles Fire

Department 106 4000000 City Area 37736 0,00003

-- Boston Fire

Department 34 650000| City Area 19118 0,00005

-- Dallas Fire

Department 58 1300000 CityArea 22414 0,00004

As a test case we applied the calculation to the population that is living in the metropolitan area of

Toulouse (about 1.2 Million people). In total a number of roughly 3880 stationary TOLAs can be

expected there.

Table6: Extapolation of TOLA quantity predictions for three major cities in the European area.

TOLA Type Toulousé Frankfurt Madrid®

Low High Low High Low High
Vertispaces 22 45 12 25 109 218
Heliports 41 67 23 37 201 327
Transport UAV Hub 243 243 134 134 1177 1177
Surveillance UAV Hubs 43 94 24 52 210 457
- Police Departments 7 23 4 13 35 112

! ToulouseMetropolitan Area: 1200000 People

2 Frankfurt City Area: 750000 People

3 Madrid Metropolitan Area: 6600000 People
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- FireDepartment 36 71 20 39 175 345

Total amount of TOLAS 349 449 193 248 1697 2179

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

4.3 Airspacecharacteristics

Asit isexpectedhat mostdroneoperationswill takeplacein VLLairspace it isessentiato first identify

the boundariesof this airspace Adheringto the definition by CORUSYLLis the airspacebelow that

used by mannedaircraft flying under visualflight rules (VFR [14]. The SERAegulationdefinesthe

lower limit for VFRoperationaboveurbanareas whichis & 2 @& Ndngestedareasof cities,towns
or settlements or over an opentair assemblyof personsat a heightlessthan 300m (1 000 ft) above
the highestobstaclewithin aradius of 600 m from the aircrafté [15]. Belowthat limit is considered
VLL.

Forthe implementationof a U-spaceairspace EAS/Aenvisagedo allow the Member Statesto decide
how their airspaceis designed,accessedrestricted [17]. As U-spaceshouldbe establishedin both
controlled and uncontrolled airspacei,it is crucialto adhere to existingstructures,regulatiors and
practices Thismeansfor instancethat air traffic service(ATS)providersare designatedo provide air
traffic control (ATC)servicesin controlledairspaceand flight information servicegFISyrovidersare
providing FISand alerting servicesin manyparts of uncontrolledairspace Additionally,the principle
shallbe followed where the ANSPsrovide air navigation services(ANS)to manned aircraft while
USSPgrovide U-spaceservicesto UASoperators. Thisshallguaranteethat mannedand unmanned
traffic will not mix with eachother within controlledairspaceasthey are dynamicallysegregatedIn
uncontrolledairspacerestrictionmechanismshouldbe appliedby the Member Stateswhenmanned
aircraftoperations usethe sameairspaceasunmannedaircraft.

The CORU&onsortiumhasproposeddifferent types of volumesthat divide the whole VLLairspace
into different classeg14]. Thesevolumesincludethe & | !géographical 2 y 8ndigagedn current
regulationg16] whichare motivatedby the different numberof dronesthat areexpectedover certain
areasandthe associatediir and groundrisks.Theymainlydiffer in the followingaspects:

1 Servicebeingoffered,andhencethe typesof operationwhichare possible;and

1 Accesandentry conditions,includingdrone capabilitiesrequired
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Figure4: Overviewof U-spaceairspaceclassesasdefined by CORU$L4].

Furthermore restrictionsmaybe placedon drone operationsat short notice and with shortduration,
for exampleto protectanemergencymannedflight in VLL[14]. Giventhe higherpriority nature of the
mannedaircraftoperation,theseshortterm restrictionsmight over-ride existingvolumes.

Similarairspacestructures havebeendefinedin other researchefforts and studies. Themain goal of
designingailored airspacestructuresis generallyboth the increaseof safetyand efficiencyof dense
airspacetraffic. The Metropolis Consortiumhave studied different airspacestructure conceptswith
anincreasingevelof structure andtraffic organisationto assesshe resultingcapacity[26]. Relevant
conceptelementstakeninto considerationare separationrequirements applicableconflict detection
and resolution techniques, airspace usage restrictions and traffic flow managemen principles.
McCarthyet al. haveidentified two core elementsfor the modellingof future airspacesnamely,the
airspacearchitecture (howthe airspaces structuredandhow dronescannavigatethroughthis space)
and the traffic managementsystemsin place (especiallythe featuresrelated to deconflictionand
emergencyhanding)[34]. TheUTMBlueprintfrom Airbusalsodiscussedhe implicationsof defining
certainrouting structures[13].

Finally,the needof definedflight rulesat low levelhasbeenidentified in mog of the referenceshat

addressairspacedesignand management.The UASATM Integration OperationalConceptproposes
that two new setsof rulesarerequiredcg low-level (LFRandhigh-level (HFRjlight rules- whichwould

accompanythe currentvisualandinstrumentalflight rules[18] (more detailsare providedin section
6). Furtheroperational procedures especiallyduringthe take-off andlandingflight phase havebeen
treatedin the simulationof future airspacestructureconceptg23].

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

1 VLLairspace A defined VLL airspace including its boundaries is one of the main factors
impacting the capacity of the airspace. Although-ewel ogerations for urban environments
have been proposed so far, it is still necessary to assess how suitableeaeecinhareas with
high density of traffic, high amounts of ground infrastructure and potentially complex airspace
structures. Another important dracteristic is the type of airspace and whether it is
uncontrolled or controlled airspace. In the case of khger, it has considerable implications,
as operationsnustadhere to existing regulations and practices.

1 Short term restrictions LikeNotice © Airmen publications (NOTAMS) in manned aviation, it
can be expected to have shedrm and dynamic announceents in urban environments that
may imply flight restrictions over certain areas. Especially considering the urban
characterization€.g.,dynamis populated areas), it is reasonable to expect the activation of
short-term restrictions, potentially as geofees. Relevant for the DCB processes are the
temporal and spatial characteristics of these restrictions. The implications of restricted areas
that reach the limits of the VLL could be very significant for airspace management.

1 Volumes of airspacéwithin VIL airspace) characterized by

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

0 U-space services available/provided,;
o Certain access and entry requirements, including dronalbtifies required

These weltharacterized volumes can be very useful for the DCB process as they could be
established in urban areas where omwlgrtain type of drones could access and where only a
set of Uspace services can/should be provided. The saador this are many: high density
traffic, availability of management services and CNS infrastructure performance. In general,
these volumes ofr flexibility for airspace management and their integration in VLL airspace
is very recommended for DCB pugas.

9 Airspace structuresiIn principle, drone traffic does not necessarily need to be managed
through a specific airspace structure. For instaisogne airspace volumes proposed by the U
spaceCONOPS8o0 not consider a structure in particuland thereforedrones could operate
freely in airspace. This is certainly a good approach to keep airspace management complexity
at a low level. But recent asssents have shown that the use of airspace structures could be
very beneficial to cope with high density triafflows in very constrained airspaces. We can
also conclude that these airspace structures could offer mechanisms to further refine and
adapt aispace volumesApart from routing structures, several other aspects need to be
considered:

0 Routing strategies;

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

o Traffic flow management principles;
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0 Separation requiremets;

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

0 Airspace usage restrictions (suchnaisi./max. speeds)

1 Operational practicesPractices included in the current approach for airspace managém
are:

o Flight rules;

0 Takeoff and landing procedures;

o0 Handling of abnormal situation;

o Handling of adverse weather situations.

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

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

9 Provision of servicesDCBrelated services could become supporting services to adapt the
airspace volumes in VLL airspace. In any case, thereraetbat could be almost considered
mandatory if airspace structures and high densities are expected in urban environments:

o Air traffic control (ATC) services in accordance with the airspace classifjcation
o Flight information and alerting services

o Conflictresdution services

4.4 Trafficcharacteristics

There is a wide range of air vehicleswhich are suitable for carryingout commercialoperations
Generallythesehavebeenclassifiedasedupontheir characteristicssuchassize weight, flight range,
propulsionsystemand capabilitieq19]. Afurther classificatiorthat will becomerelevantin the future
isthe one createdby EASAor the regulationof drone operations[16]. Here,the air vehicleswill need
to meetcertaintechnicalandperformancerequirements,andthey canbe mainlydistinguishedoy the
following characteristics:

1 MaximumTakeOff Mass(MTOM),includingpayload;

1 Maximumspeedsn levelflight;

Founding Members 37

EUROPEAN UNION  EUROCONTROL



DRONE DCB CONCEPT AND PROCESS xb

DAC SESAR

JOINT UNDERTAKING

91 Definedstability, manoeuvrabilityand datalink performances;
1 Equippedwith certaintechnicalsystemgqsuchasan geoc-awarenessystem)
1 Maximumallowedrangeundercertainoperationconditions(VLOSBVLOS).

Whatisalsoimportantto considerwhenmultiple dronesoccupythe sameairspacevolumeis not only
the flight geographythey will occupyin the nominaloperation,but alsoa potential further volumein
caseof contingenciesin the scopeof the RiskAssessmeniodel for UASoperations,the European
Regulationdefines the operational volume as the composition of the flight trajectory and the
contingencyvolume [16]. Theflight trajectory meansthe volume(s)of airspacedefinedspatiallyand
temporallyin which the UASoperator plansto conductthe operationunder normal proceduresand
the contingencywolumemeansthe volumeof airspaceoutsidethe flight trajectory where contingency
proceduresdescribedare applied.Furthermore the operationalvolumeshallbe characterizedy the
positionkeepingcapabilitiesof the UASn 4Dspace(latitude, longitude, heightandtime), in particular:

9 Accuracyof the navigationsolution;

1 Flighttechnicalerror (the flight technicalerror is the error betweenthe actualtrack andthe
desiredtrack)of the UAS;

9 Pathdefinitionerror (e.g.,maperrors);
1 Latencies.

After analysingthe types of missions and identifying relevant expected application fields in the
previous sections, we can assume that mdtor type drones are most likely to be found operating

in urban areas. They are suitalfta all three types of mission due tbeir stability,manoeuvrability

and ability to takeoff and land vertically (VTOL capability). Fiadg hybrid VTOL drones could also

be found in urban environments, as they aspeciallysuitable for transport ad surveillance missions.
Operators mightuse them when it comes to achieve long range operations and achieve high flight
efficiency. Due to itdesignthey could still land vertically and with high accuracy. Furthermore, drones

of fixedwing type seem tdind a low use for the type of operatisrnin urban environments. As they
require larger takeoff and landing areas and have a lower degree of freedom and closed spaces,
operators might decide one of the other platforms. Finally, considering that techneliggllow the
integration of advanced SOKy 2t 23ASa Ayid2 (GKS RNRyYySQa LI I dF2NY
drones will be of small and medium size. Surveillance and inspection mission types mostly do not
require to carry heavy payload. Howey#or transport missions the size andigiet of the payload will

be a limiting factor, dependingn goods to be carried. As it was noticed in the market studies available,

a highnumber ofoperations in the urban air mobility sector are not likely to tgiace, therefore
reducing the number dfrgersized drones.
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5 UAS Capabillities

This section describes the technical characteristics and capabilities of elements essential to providing
the DACUS DCB solution as well as technical limitations that are imptotaansider. It will detail
capabilites of the drone platforng more specifically the Unmanned Aircrafehicle(UAV) ¢ and its
supporting Ground Control Station (GCS) as well as the capabilitiespaidd Services and Air Traffic
Services.

A summary bthe UAS main components can be found\ppendix DThose components of a generic
drone (UAS) which can affect to the Demand and Capacity Balancing process are:

1 Aerial Platform:The UAV configuration (fixed wing, multi roteimgle rotor, fixedwing hybrid
VTOL otethered droneswill affect the level of manoeuvrability of the aircraft and, thus, the
capacity and structure of the airspace, as well as the solutions proposdelsirategic and
tactical conflict resolution seices.In particular, in the case dixedwing platforms,flight
control surfacesdilerons, rudder and elevatowill affect the level of manoeuvrability and the
actions the aircraft could take when a cbeiff is detected
The size of the drone also afts the impact in case of accident, as the kinetic energy depends
on the weight. Therefore, it has an effect on the maximum acceptable capacity.

1 Motor: Most of the drones use electric motors which spedifiaracteristics in terms of noise
and environmentaimpact. In addition, the engine kinetic energy output affects the speed of
the vehicle, which in turn affects capacity.

9 Battery: Battery capacity will limit the flight time of a drone and, thereforesgits a maximum
time within the airspace for whicthe demand is to be estimated.

Battery capacity will also determine thguitable contingency plans when an emergency
happers, which in turn is impacting the DCB processes during the execution difghe

1 FirstPerson View (FPV) cameri canincrease suational awareness reducing the reaction
time in case of conflict, increasing therefore the capacity of the airspace.

1 Payload: As part of the payload, drone could carry on board systems to enh#mee
capabilities of the drone (network remote identificai, etc) and, thus, increase capacity.

In addition, the most relevant drone components related to its remote control and positioning
capabilities as well as navigation, communications and sumedla@ata provisiortan also have an
impact on thecapacitythresholds in a certain area and on the DCB process itself.

5.1 Flight Controller

The flight controller determines the ability to follow the intended trajectory accurately and the stability
of the flight. The better the ability of the flight controller to folwv accurately the trajectory, the lower
the number ofpotentialunexpected conflictsAdditionally, in structured airspaces, the lower the path
steering error, the lower the number ebnflicts and therefore, the higher the capacity.

Given that he flight controller stability impact the position estimation errqrit could be considered
as part of theglobal navigation errowhich will include errors related to signals in space, ressiv
and flight controller. This navigation errizrone of the key facors which should be taken on board to
determine themaximum number of drones in a certain artbaough the assessment of collision risks.
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5.2 Communication

The command and contr¢C2)is the main communication linketween the drone and the piland

it depends on the communication capability of the drorl@ addition, it is possible to use other
technologies for drone communication, like cellular networks. The performances Gzfiak and the
cellular networks will have an impact on the DCB process,raparticular, on the capacity thresholds
in a certain area.

Thecommand and control (C2)nk connects the GCS (usually the pilot's radio control) and the drone

to manage the flight. The C2 receiver, located on the drone, will receive the pilot's comarahdend

them to the flight controller (FC), which makes the drone move accordinglyre than 90% of all

drones communicate over the unlicensed bands; usually 2.4GHz and 5.8GHz in some cases (normally,
it is used only for video link). On 2.4GHz band ntaximum range is typically 1komOn 5.8GHz band,

this value will be lower (higher frequoey).

By far the most commonly used (>80%) radio technologies for remote drone control are proprietary
implementations of Frequency Hopping Spread Spectrum (FHSS) issadd Bequence Spread
Spectrum (DSSS)increase immunity to interference, both methsdise a broader spectrum than is
actually required to transmit the desired signBHSS and DSSS methods, which are sometimes also
used in combination, are perfect fone heavily used unlicensed bands, where many user and radio
technologies must coexisThe combination otwo methods of transmitting radio signakdlows
increasing the capacity of an airspace, as they increase immunity to interference, allowing a greate
number of simultaneous operations.

The main constraint of using the C2 link is thatase of failure the pilot would be unable to control

the drone. The various failure modes of any typical radioymunication link includeutage due to

limited size oftoverage area (Lkmdyutage due to rain attenuation (significant for frequencies higher
than 67 GHz)outage due to equipment or ground infrastructure failuoeitage due to unintentional
interference outage due to malicious interferencand maliciousspoofing/link takeoverlt is difficult

to quantify the size of safety buffers requirdde to C2ink performance limitations as well as these
interferences because they depend on the technical characteristics of the C2 link, so it has to be
defined caseby case. In case of high demand environments, the C2 link robustness and the C2 link
spectrum saturation will have to be assured specifying minimum technical requirements. In any case,
given that theNR 6 dza Gty Sda 2F OdaNNBy(d RNRvye§ dntedvaddrReasiyd / H
jammed, they require large separation buffer&inyhow, inthe case of autonomous operatiossich

as those expected in urban environmensost drones will not be controlled by RF C2 link.

Command and Control over cellular netwasks an alternative solution for drone communication. The
drone (Flight Controller)an also be connected to th@obile network usng mobile connectivity for
command and controlThis solution improves safety because all the -temk information from the
drone can be sent over the network to the GCS (and alsedpade).

This also allow increasing the maximum operation range from 1km to the entire cellular network,
enabling Beyond Visual Li@-Sight (BVLOS) operations in a simple way into VLL (Merydvel) air
spaceUpper than VLL, cellular network coverage decreases dramatichdgause network antennas

are tilted down. If operations close to 500ft or even up to 1000 ft are expected, specific cellular
network performance studies will be requiréd check the provided coverage. DCB solutions which
are increasing the available giece for drones when demand is highould take into consideration
this reduction in the cellular network coverage as a limiting factor.
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In addition, it is very difficulio interfere with the operation of the link (intentionally or not), since the
cellula networks use very stringent encryption protocols and they operate in several bands depending
on the technology (3G, 4G and 5G in the future). Therefore, in the evamteoference, it would only

be necessary to switch to another available band (evearimther operator).

In summary, it is assumed that in future operation environments most drones will be autonomous
and flying BVLOS operations controlled via cellular netks. Accordingly, existing C2 links would not

be used and therefore they will not ielevant to quantify the maximum number of drones which are
manageable in an area taking into consideration the communication errors.

5.3 Navigation

Whether the vehicles arguided autonomously, or guided by pilots, GNSS in drones plays an important
role. If sufficient satellite signals can be accessed during the entire drone mission, GNSS navigation
techniques can offer consistent accuracy. Often, &Mused in conjunctiowith INS (seéppendix

D), to provide more robust drone navigation solutiohs.any caseleaving INS aside, the navigation
capability of the drone depends on the Global Navigation Satellite Systems (GN&Spsid the GNSS
NEOSAOBSNDA LISNF2NXI yOS

Similarlyto the Flight Controller (F@he navigation accuradg also impactinghe ability to follow the
intended trajectoryaccurately and the stability of the flight. Therefore, it can impact on the number

of potential conflicts (if there has been a previous strategic deconfliction). Additionally, in structured
airspaces, the lower the path steering error, the lower the nundfeconflicts/collisions and therefore,

the higher the capacity. Therefore, the pepperformance of the navigation systems is essential to
assure safe drone operations, as the capacity of an airspace is limited by the maximum acceptable level
of risk (gound risk + air risk), which depends on the collision rate.

Lower accuracy of navigen systems would imply that higher separation between drones and
manned aircraft will be required, which would imply a lower capacity

The SESAR ER Project THB&Analysed the impact of navigation performances on thesioh risk
as the reference model to calculate the maximum number of dronescertain areaThe document
G! NOKAGSOGdzNE 9 LyGSaNI dAazy 2F {eaidisSvya 5SaONALI
injuries due to a drone collision with another amérwill occur if these events happen at the same
time:
9 There is a Navigatn Integrity failure;

9 The trajectory of the drone converges with another drone/manned aircraft causing a collision;
9 The drones/aircraft fall over people on the ground;
1

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

The data presented in TERRA project suggested that the navigation integrity failure risk-in non
segregated airspace should be lower3 Rer flight hour This figure cannot be achieved without an
integrity monitoring GNSSaugmentation €.g, RAIM or EGNOS/SBASh segregated airspace,
receivers including integrity monitoring techniques were also considered recommendable in urban
areas.
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Drones can still be flown VLOS, without GNSS integrity monitoring, providedyitiay are geecaged
to protect the rest of the users from potential deviationsTherefore, it is envisioned the need of
defining geecages in high density environments to allow such VLOS operations.

5.4 Qrveillance

It is very important that both the pilot and the-spacesystem know the location of the drone at all
times. This is critical in environments where there is high drone traffic demand and, especially, close
to ATM airspace.

Surveillance and magation systems can be seen as two elements whose perforesawdl affect to

the maximum number of drones which can be safely managed in an area. In case of navigation outages,
an independent surveillance system would reduce the collision rate and trereincrease the
capacity.

The SESAR ER ProjeRRA, analysed the impact of independent surveillance on the collision risk. The

R2O0dzYSyid da! NOKAGSOGdzZNE 9 LyGiSaNIGAz2zy 2F {e&aitsSvya

when a navigation failur@ccurs, an independent surveillange.g., ADSB, Mode-S and cellular

network triangulationsystem reduces the probability of collision. Fatal injuries duedimae collision

with another drone will occur if:

There is a Navigation service failure;

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

The drones fall over people on the ground;

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

factor;

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

)l
)l
)l
)l

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

In summary, to keep beyond an achievable navigation system availability level, -segmyated
airspacean independent tracking systa to supplement surveillance by telemetry reportinghould

be mandatory in urban airspacer where the presence of manned aircratft is likely. This independent
tracking system could beased on cellular networks or any other cooperative technoldgyg., ACS

B, ModeS) to make it affordable

5.5 GCS capabilities

The GCH fluencesthe situational awareness and therefore, in the reaction time in case of conflict.
The GCS HMI will have to thesigned to maximize situational awareness, not affecting therefore th
maximum capacity
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The GCS can be the main source to provide #t&phlce system with drone position data, to feed the
Trackingand Position Reportingervice. The update rate, accuracy and continuity of service of the data
provided impacts on the abilitgnd time to detect conflicts by theSpace system, as well as on the
number of false alarms, affecting therefore to the capacity.
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6 Applicablestandardsandregulations

Thissectionprovidesthe regulatorybaselinefor the DACU®CBconcept.lt lists the mod relevant
aspectof publishedaswell asenvisionedEuiopeanstandardson drone operationsaswell aspending
regulations

6.1 European regulations for drone operations in
populated/urban environment

The CommissionimplementingRegulation(EU)2019/947 estalished three different categoriesof
operationsbasedon the riskinvolvedby the operationitself [31]. Thesethree categoriesare coperg,
ospecifi€ and ccertifiede.

Operationgn the opencategorypresentthe lower risk andshould not require UAShat are subjectto

standardaeronauticacomplianceprocedures bushouldbe conductedusingthe UASclasseghat are
definedin the annexof the delegatedact 2019/945. Theseoperationsare limited to VLOSand for

dronesnot heavierthan 25kg.Operationsunderthe & 2 LJ®afegjorywill be of minimum relevance
to the DACUBCBconcept giventhe restrictionsimposedon thesevehicles.

The ospecifi€é category coversother types of operationspresentinga higher risk and for which a
thoroughriskassessmenshouldbe conductedto indicatewhichrequirementsare necessaryo keep
the operation safe. A widely known risk assessmentnethodologyis the SpecificOperation Risk
Assessmen{SORA)developedby JARU$2]. But other methodologiescouldbe used.Thiscategory
coversoperationsin VLOSndBVLOSSpecifiecategorydroneoperationsare expectedio be the most
frequent actor within the DACUSramework.

Thea OS NI A T A Shwodld,aeprinSpi bdsBbictto ruleson certification of the operator, and
the licensingof remote pilots, in addition to the certification of the aircraft pursuantto a regulation
whichis beingestablishedlt isimportant to note that the EuropeanAviation SafetyAgencydoesnot
makedistinctionbetweenprofessionabndrecreationalusageof a drone.

6.1.1 Generalstatementsfor drone operationsin an urban environment

First and foremost, it isiecessary to define theharacteristics of thail SNXY G dzZNB 'y Sy @A NE
regardingdrone operations. This is by no meaosnsolidated as each member state may apply their

own definition for this term. To provide an example, the Spanish definition is @dvisiccording to

recently published Spanish legislation on drof®g, the following environments are considered as

QdzNDB | Yy €Y

1 Population nuclei with areas consolieatby building;

9 Areaswith vehicular access, paved public roadsgedestrian access, water evacuation and
public lighting

9 Parks or gardensupervisedy local authorities

I Embassies, consulates and international organizations within a radius of 200 m.
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To operate in the areas mentioned above, the Royal Decree prescribes the need of prior authorization
and a flight altitude300m / 1000ft above the highdsobstacle In this particular case the operation
would be well above VLL airspace.

At a European levelhe executionact (EU) 2019/947dated on 24 May 2019bringswith articles(21)
and (22) someimportant information for drone operationin urban and/or populatedenvironment,
providedthat the conditionsdescribedbelow are usuallymet in that kind of areas.

(21) Someareas, such as hospitals, gatherings of people, installations and facilities like penal
institutions or industrial plants, top-level and higher-level government authorities, nature
conservationareasor certain items of transport infrastructure, canbe particularlysensitiveto some
or all typesof UASoperations.Thisshouldbe without prejudiceto the possibilityfor Member States
to laydown national rulesto makesubjectto certainconditionsthe operationsof unmannedaircraft
for reasonsfalling outside the scopeof this regulation includingenvironmentalprotection, public
securityor protection of privacyand personaldatain accordancewith the unionlaw.

As an examplen the case of Spanish legislation, dramgerationsover the following facilities and
infrastructures require previous authorization, are subject to additional restrictions and must be
executed above 300m1000ft over the highest obstacleithin a 600m radius:

1 Power plants, petrochemical or chemical industries, refineries, supply services and fuet depots

I Port and railway infrastructures, roads and other transport infrastructures, except
aerodromes

Infrastructuresof water, gas and electricity supply and distribution seryices
Information and communication technology infrastructures

Police stations, warehouses and premises of the Security Forces

= = = =2

Public and private hospitals and public health cest

(22) Unmannal aircraft noise and emissionsshould be minimized as far as possible taking into

accountthe operatingconditionsandvariousspecificcharacteristicef individualmember statessuch

asthe population density, where noiseandemissionsare of concern.In orderto facilitatethe societal
acceptanceof UASoperations,RegulationEU)2019/945 parts 13,14 and 15 includesmaximumlevel

of noise for unmannedaircraft operated closeto peoplein the & 2 LI&afegory.Inthe @ & LISOA T A O
categorythere isarequirementfor the operatorto developguidelinesfor its remote pilots sothat all
operationsare flown in amannerthat minimizesnuisancedo peopleandanimals.

Taking into account the articl@1, City councils and local entitieshould have a role in the
determination of those noise or emissions thresholds which are acceptable in specific avgam
the urban VLL airspace. Consequently, they should participate in the overall DCB processaed will
mechanisms to interact with {9pace.

On the other had, article 22 shows the need of promoting those operations that minimize the noise
and emissions, and in general the population acceptability. This article sets the naaritize those
operations, not onlyindividually, but also a part of the overdllCB process. Thus, if the total number
of drone operations in a certain urban area has to be reduced, tbpseations which are reducing
their noise and environmental impact should haioritized.
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It is also important to consider operational restricticios drones around public aerodromes, as they
are generally located near or within urban areasgémneral,the controlled traffic regions around
airports which provide air navigation services arasidered Nefly Zones for drones unless explicitly
authorized and coordinated with authorities. Similar restrictions apply to public or restricsed
aerodromes which do neprovide air navigation services, as is exemplified in the case of Spanish
legisldion presented below.The blank area indicates dimensioims which drone flights are not
permitted unless coordinated with the aerodrome. The striped area indicates where drone operations
are allowed up to 45 meters AGL,; flights at higher altitudes requioedination with the aerodrome

10 km 5km

;//// JJJI';
J 7, o 6 km /’K’/I/é’é 3 km //
7,5km | AL
i

Figure5: Graphical representation of restrictions of drone operations around public (left) and restrietese
(right) airports in Spairf47].
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It is apparent that such restrictions need to be adapted as the capabilitidsedf}space concept
mature, in order to permit drone operations in lower altitudes in proximity to urban infuasure and
airports.

6.1.2 Operationsin the dopen¢ category

Onlyoperationswheredronesareflown in VisualLineOf Sightcanbe part of this category.In addition,
the R NP yw8ightnhustbe equalto or lessthan 25kg. Thiscategoryof operationis dividedinto three
subcategoriesvhichencompassive classef drone. All the dronesfrom the classe<C0to C2could
be flown in urban or populated environment.

Thetable belowprovidessomeof the characteristicsequiredfor the droneandin whichenvironment
it couldbe used.Onlythe characteristicavhich could haveanimpact on the DCBprocesshavebeen
selected.

Table7: Owerview of DCBrelevantdrone regulations ofthe "open" class

Drone Operation
Class MTOM | Subcategory Restrictions Max height
Privatelybuilt fMay fly over uninvolved
0 people or assemblies of
<250
Legacy g people. 120m above ground

level

drones(art.20) Maximumspeed:19m/s

Al(canalsofly in +15m over obstacles

fNo flights over uninvolved

subcategonA3 _ taller than 105m (on
peopleor assemblie®f people request of
1 900g Maximumspeed:19m/s responsibleentity)
IMaximumsoundpower level:
81dB
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Drone Operation

Class MTOM | Subcategory Restrictions Max height
fNo flights over uninvolved
people and 30m horizontal

5 <4kg A2(canalsofly in | distance (5m with low-speed

subcategonA3) | function)

IMaximumsoundpower level:
81+18,59gm/900dB

3 Fly away from people and

4 outside urban area (from

Privatelybuilt | <25kg | A3 residental, commercial,

Legacy industrial or  recreational

drone(art.20) areas) (150m)

6.1.3 Operationsin the dspecifi& category

Thiscategoryof operationallowsoperatorsto fly dronesin VLOSnd BVLOSwhichnaturallyincludes
most of the delivery and surveillanceoperations but alsoVLOSperationsabovepopulatedareas
whichare forbiddenin the opencategoryof operation.

In orderto fly in the dspecifi€ category,an operator:

1. shallprovidethe competentauthority with an operational risk assessmentor the intended
operationaccordingo article 11 of (UE)2019/947.

2. Orshallprovidea statementthat the operationsatisfiesthe operationalrequirementset out
in point (1) of UASSPEC.026f (EU)2019/94 &nd a standardscenaio asdefinedin Appendix
1 to the Annexof (EU)2019947;

3. Orholdsalight UASoperator certificate (LUC)with the appropriateprivileges An LUCholder
is grantedthe privilegeto authorizeits own operations.

4. Shallprovide the commitment of the UASoperator to complywith the relevant mitigation
measuresequiredfor the safetyof the operation,includingthe associatednstructionsfor the
operation,for the designof the unmannedaircraftandthe competencyof involvedpersonnel.

Unlessanoperatorholdsa LightUASoperator Certificate(LUCputhorizinghim to fly the drone above
the maximumheight, operatiors in the specificcategoryshould fly at a maximum ofl20m above
groundlevel.

Theseare important considerationsas they will imply different sets of mission constraints and
requirementsthat the DCBprocessmust accommodate

Standardscenari®

Standardscenariosrefer to drone operatiors of the éspecifi€ categoryfor which a preciselist of
mitigating measureshas already been identified [31]. The aim of these scenariosis to provide a
guideline for drone operators and facilitate the mission approval processwith the competent
authority.
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Twostandardscenariohavebeencurrentlydefinedandthe followinggeneralprovisonsarecommon
for both:

1 Maximum120mabovethe groundand 15maboveanobstacleof 105mhighwith a horizontal
distanceof 50m;

1 Theoperationalvolumeshallnot exceed30m abovethe maximumheightallowed;
1 Dangerougjoodsare forbiddenfor transportation

STPD1: VLOSveracontrolledgroundareain a populatedenvironment

Thefirst standardscenariog(STS1) describeshow VLOSnissionanaybe performedovera populated
area Thefollowingkey pointswhichare relevantfor the DACUSolution

9 Foruntethered aircraft
o TheGroundmustbe controlled

o0 Acontingencyareaof 10mbeyondthe flight geographyareaanda groundrisk buffer
up to 60m. The dimensionsof the buffer vary with flight altitude (detailsin (EU)
2019/947appendixl UAS.STF81.020UASoperaionsin STS1),

0 Amaximumspeedof 5m/s.
i Fortetheredaircraft:

o0 Aradiusequalto the tether lengthplus5m andcentredon the point wherethe tether
isfixed overthe surfaceof the earth.

ST2: BVLOSwith AirspaceObserversover a controlled ground area in a sparselypopulated
environment;

Thesecondstandardscenario(STS2) describeshow BVLO$nissionsover a controlled groundarea
in a sparselypopulatedenvironmentcanbe performed. Thistype of standardscenariowill not apply
to anurbanenvironment, howevergiventhat it isthe only BVLOScenaricavailableat the time of this
writing, it doesprovide someinitial insightson how BVLO$nissionsare expectedto operatefrom a
regulatorystandpoint.

1 Thecontrolledgroundareaincludes:
o Theflight geographyarea;

o The contingencyarea of which the externallimit(s) shall be located at least10 m
beyondthe limit(s) of the flight geographyarea;

o0 Agroundriskbuffer coveringadistancethat isat leastequalto the distancemostlikely
to betravelled by the UAafter activationof the meansto terminatethe flight specified
by the UASmanufacturerin Y | y dzF | OristdziNighsl@@sideringthe operational
conditionswithin the limitations specifiedby the UASmanufacturer

1 Theoperationmusthavethe followingrequirement:
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0 Theflight visibilitymustbe at least5km;

o Dronein VLOSt leastduringthe launchandrecovery exceptfor anemergencylight
termination. Also,in VLOSIuringthe flight or at a maximumdistanceof 1kmwithout
an observerandfollowing a pre-programmedtrajectory;

o With an observer(which distanceis no more than 1km from the remote pilot), the
distancecouldbe 2kmfrom the remote pilot, but at a maximumdistanceof 1kmfrom
the observer(there couldbe several);

0 TheUASmust be operatedwith an active systemto preventit from breachingthe
flight geographyandbe operatedwith activeandupdateddirectremoteidentification
system.

Thestandardscenariogntroducetwo new classe®f dronewhosecharacteristicavhich couldimpact
the DCBprocessare listed in the table below:

Table8: Additional drone classeslefinedin the EASAstandardscenarios.

Class| Scenario| Requirements

C5 ST1 | Rotorcraftor atetheredaircraftother than a fixed-wingaircraft

C6 STE2 | Havea maximumgroundspeedin levelflight of not more than 50 m/s

However, for the time being it hasot been possible to quantify the impact of these standard
scenarioson the DCB procesanvisioned for DACUS, given that only two scenareswailable.

6.1.4 Operationsin the ccertifiede category

Adrone of the certified categoryof operationmayonly fly whenthe following requirementsare met:

w The UASIs certified pursuantto points (a), (b) and (c) of paragraphl of Article 40 of
RegulationNUE)2019/945EJand

W The operationis conductedin any of the following conditions:
o0 Overassemblie®f people;
0 Involvesthe transportof people;

o Involvesthe carriageof dangerougyoods,that mayresultin highriskfor third parties
in caseof accident.

In addition, drone operationsshallbe classifiedasd O S N&whérekth® Bompetentauthority, based
on the riskassessmentor the mission considerghat the risk of the operationcannotbe adequately
mitigated without the certification of the UASand its operator and, where applicable,without the
licensingof the remote pilot.
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6.1.5 EASAOpinion01/2020

EASAublishedanopinionin early2020introducinga high-levelregulatoryframeworkof U-space17].
Thefollowingmajorideasare exposed:

1 A Commoninformation Service(CIS)hat will enablethe exchangeof essentialinformation
betweenthe U-spaceserviceproviders(USSPsjhe UASoperators,the air navigationservice
providers(ANSPsyndall other participantsin U-spaceairspace. Therecouldbe severalCler
countrybut only one ClSer U-spaceairspace

1 Until newsystemssuchasDetectand-Avoidor Senseand-Avoidare availabé, all UASshallbe
cooperative

1 U-space airspace will bdynamically segregatedrom airspace wherair navigation services
are provided, so that manned and unmanned air traffic do not mix. This will likely be achieved
through the use of permanent and dynamic geofences

1 Mannedaircraft aimingto fly in a U-spaceairspacein anuncontolled airspaceneedto make
their position availablesothat the UAScanavoidit;

1 The followingservice$ are mandatory: e-Registration, e-Identification, Geo-awareness,
Drone Operation Plan processing andaffic Information. Three other servicesmay be
requiredto providethe four above:Tracking,WeatherInformationand Monitoring.

Theseaspectsare consideredn the DACU®CBsolution.However,giventhat DACU$s consideringa

time horizon that is further ahead than that describedin the EASAOpinion, several additional
requirementsfor the U-spaceregulatoryframeworkwill likely be defined Assuming that most of the
operations will take face in Zairspace according to the classification proposed in CORUS and explained
in 4.2, the followingU1 and U2sevices should be available in: Drone aeronautical information
publication, Geefencing provision, Incident/Accident reporting, Position report submission service,
Emergency management, Procedural interface with ATC, Strategic conflict imsoligtgal recording,
Digital logbookAlso,the following U3serviceswill be mandated in Z airspad€ollaborative interface

with ATC, Dynamic Capacity Managemand &actical Conflict resolution.

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

The following table from CORUS shows the type of operations whichlawneedlin each category of
airspace:

4 Using Uspace CONOPS nomenclature.
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Operation X Y z
VLOS Yes Yes Yes
D Open Yes Yes, provided access requirements are met
r
o Specific Yes Yes
n
e Certified Yes. However, the Yes Yes
— risk of unknown
BVLOS drone operations Yes Yes
must be considered, .
Automated As for X Yes in Zu
evaluated and
mitigated
C approsriately Yes, but the use of U-space
; VFR services by VFR flights is Yes. However, type Za is controlled
" strongly recommended airspace. Crewed flights in Za will
e need to behave as such.
d IFR No No

Figure6: Overview of permitted operation types per 4dpace airspace category.

6.1.6 TheSpecificOperationRiskAssessmenmethodology(SORA

TheSpecifiOperationRiskAssessmeniSORAl a concept aimedat droneoperationsofthed & LIS OA T A O¢
category,with the goalof facilitatingaccesgo airspaceof non-certified UASoperatingmore complex
missionghanthoseof the & 2 LJ8agegory[32].

Themethodologyconsistsof determining:

1 Anintrinsic GroundRiskClasshumber (GRCWwhich dependson the environmentoverflown
andsomephysicalcharacteristicof the drone;

1 Afinal GroundRiskClassfter mitigation (e.g.,emergencyresponseplanin place)

1 Aninitial Air RiskClas number(ARCyhichdependson the air environmentwherethe drone
intendsto fly (e.g.,controlledairspace uncontrolledairspace);

1 Determinationof the TacticaMitigation PerformanceRequiremen{TMPR)

1 TheSpecift Assuranceand Integrity Level(SAl). number, which defineshow dangerousthe
operationis;

9 Identificationof OperationalSafetyObjectiveq OSOWwith regardsto the SAllnumber.

Forthe current SORAthe air and ground risksinvolved by severalUASflights are not considered
Thisis animportant aspectwhich the DACU®CBsolution needsto address giventhat knowledge
of the cumulative risks of all operations within an areais a prerequisite of identifying capacity
constraints.

Both ARGand GRGire impactedby the urbanand/or populatedenvironment.
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ForARCthe mainreasonisthat alot of citiesarelocated within or closeto a ControlledTrafficRegion
(CTR) Similarly, there is the potential of collision risk with low-flying manned aircraft, such as
helicopteroperatiors from hospitalsor urbanheliports.

For GRC the table below showsclearly (in red), that the higher risk levek occur in populated
environmens andfurther increasewith increasingzehicledimensions.

Table9: Overviewof groundrisk classificatons of the SORAmethodology, highlightingthe differencesin risk
causedby operationsin urban environments.

IntrinsicUASGroundRiskClass

Max UAScharacteristicg
dimension

1 m/ approx.
3ft

3 m / approx.
10ft

8 m / approx.
25ft

>8 m / approx.
25ft

Typical kinetic energy| < 700 J| <34KJ(approx.| < 1084 KJ|> 1084 KJ

expected (approx.529Ft | 25000FtLb) (approx.800000| (approx.800000
Lb) FtLb) FtLb)

Operationalscenarios

VLOS/BVLOS  over| 1 2 3 4

controlledgroundarea

VLOS in sparsely| 2 3 4 5

populatedenvironment

BVLOS in sparsely| 3 4 5 6

populatedenvironment

VLOS in populated| 4 5 6 8

environment

BVLOS in populated| 5 6 8 10

environment

VLOSover gatheringof | 7

people

BVLOS®ver gatheringof | 8

people

6.1.7 Gapsidentified in the Europeanframework

As expected,given the relatively young nature of the Europeanregulatory framework for drone
operationsthere arestill severalgapswhichneedto be addressedApartfrom the gapsmentionedin

previouschapters(concerningthe lack of urban BM.OSstandardscenariosand lack of a cumulative
groundriskdefinition), this sectionhighlightssomeadditionalshortcomingsn the existingregulations,
whichwould needto be addressed.
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Thefirst gapidentified is the lack of regulation for operationsin the specificand certified categories
related to the minimum distancebetweenthe UASandindividual personsor anassemblyof people,
whereasit is definedin the dopere category.Evenif the operator, the UASand the remote pilot are
certifiedwhenoperatingaboveurbanor populatedenvironment,there shouldbe minimumdistances,
verticaland horizontal,set betweenthe UASand any obstacle,individualpersonsand assemblieof
people.

Anothergapisthe lack of a unified definition of what is considerel a populated area€. An example

of the Spanish point of view was provided which provides some reference guidelines, however the
strict operational limitations make this casmfeasible for the DACUS DCB solutibmaddressthis
shortcoming EASAlansto developa mapto identify the populationdensityby launcting a dedicated

study.

And finally, SORAdoes not considerthe air risk with other drone flights, but only with manned
aircraft. JARUSVorkingGroup 6 is alreadyworkingto expandthe scopeof SORA0 addresghe riskof
collisionwhenmoredronesareflyingin the sameairspacde.g.,urban),but EASAonsiderghat in the
first phase,the number of drone operationswill not be too high, so this lackis not anissuefor the
moment. This hypothesis however,is not compatiblewith DACUSvhichwill considerseveraldrone
flightsfor assessinthe demandandthe capacity.

6.2 Europeanregulation for mannedaircraft operationsin urban
areas

Althoughnot directlyapplicableto U-spacethis sectioncoversgeneralregulationsfor mannedaircraft
operatingin urbanareas whichserveasaboundarycondition to the DACU®CBconcept giventhat
low-levelmannedaircraftoperationswill needto be considered.

Generalrulesare definedin the Standardizeduropean Rulesof the Air (SERAB3]. Rulesspecifically
dependon whether the aircraft flies in InstrumentFlight Rules(IFR or VisualFlight Rules(VFR and
whetherthe aircraftflies at dayor night.

6.2.1 Minimum operatingaltitudes

This section focuseson the minimum operating altitudes of manned aircraft from a European
regulationpoint of view, aswell asprovidingan examplefrom a Europearmemberstate (France).

EuropearRules

Theaircraftflieswith InstrumentFlightRules

Exceptwhen necessaryfor take-off or landing, or except when specificallyauthorized by the
competentauthority, an IFRflight shallbe flown at a level which is not below the minimum flight
altitude establishedby the state whose territory is overflown, or, where no such minimum flight
altitude hasbeenestablishedat a levelwhichis at least 300m (1 000ft) abovethe highestobstacle
locatedwithin 8 km of the estimatedpositionof the aircraft.

RPASying in controlled airspaceare consideredas flying in IFR Theseaircraft are usuallystate
aircraft (military) and their flight in civil controlled airspacerequires coordination between the

Founding Members 53

EUROPEAN UNION  EUROCONTROL



DRONE DCB CONCEPT AND PROCESS xb

DAC SESAR

JOINT UNDERTAKING

operator (usuallythe military) andthe air traffic control. Hence,asconsideredflyingin IFR |FRapply
to RPAS.

From the DACUS point of viewR RPAS may be regarded #aameas manned IFR aircrafior nominal

operations. The main differee is in the case of an RPAS contingency. Yet, RPAS contingency
procedures are usually prgrogrammed and thus predictable.g., Q2 link loss procedures are the

alYS kNI RAYZ LINRPOSRdAZNBA AY YIYYSR FT@AFGA2YT | a
project on the Integration of IFR RPAS in controlled airspace). Nevertheless, it could be imagined that

the IFR RPAS pilots maydmmnected to space, even if they are not actively participating in it.

Theaircraftflieswith VisualFlightRules

At night-time: exceptwhen necessanyfor take-off or landing,or exceptwhen specificallyauthorized
by the competentauthority, a VFRflight at night shall be flown at a level which is not below the
minimum flight altitude establishedby the State whoseterritory is overflown, or, where no such
minimum flight altitude hasbeenestablishedat a levelwhichis at least300m (1 000ft) abovethe
highestobstaclelocatedwithin 8 km of the estimatedpositionof the aircraft.

In caseof a helicopter, the minimum height is 300m above the highest obstaclewhich is the one
situatedat a flying distanceof 1 minute aroundthe aircraft.

However,exemptions which allow manned aircraft to fly below the established minimum altitudes

may be authoried by the competent authorities. For instance, medical helicopters may have a
GLISNXYIF ySyilié OGSNEAZY 2F adzOK SESYLI A 2aff dsdch asKA a4 6 2
medical helicopters) to participate in the-dpace environment, as defined in théA&A Opinion

01/2020 [17], and may be subjected to -tpace constraintsi.e., landing/takeoff procedure

restrictions).

At daytime: except when necessaryfor take-off or landing, or except by permissionfrom the
competentauthority, a VFRflight shall not be flown over the congestedareasof cities, towns or
settlementsor overan openair assemblyof personsat a heightlessthan 300m (1 000ft) abovethe
highestobstaclewithin aradiusof 600m from the aircraft.

In controlledairspace

Usually the airportshavebeenbuilt quite far from the cities,for instancefor economicreasonsor to
reducethe noiseimpact on populationin an era where the aircraft were significantlynoisier than
today.

Butduringthe lastdecadeghe citiesexpandedandit isnot raretodayto havesomepartsof a city or
eventhe whole urbanareawithin aCTR.

Hence,parts of the city in the CTRmay seeairaaft authorizedto fly below the establishedminima
duringthe take-off andfirst part of the climb phase final approachandlandingof an aircraft. Aircraft
in the aerodromecircuit (e.g.,downwind)will alsofly below theseminima. Thisconcernsmainlythe
partsof the city closeto the runwayanddepartureandarrivaltrajectories.

In uncontrolledairspace

If the urban areais not situatedin a controlled airspaceand without aerodromein the vicinity, the
minimaarethosedefinein SERAor the transi aboveurbanareas.
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Sometimeghere is an aerodromecloseto a city, but the airspaceis not controlled. Theminimaare
those defined in SERAexceptwhen necessaryor take-off or landing,aerodromecircuit, or except
when specificallyauthorizedby the competentauthority.

Specifimationalregulation(caseof France)

SERAre essentiallyguidelinesfor other competentauthoritiesto establishtheir own regulations.In
orderto providefor a concreteexample the specificregulationsof an EUmember state (Francehave
beenfurther detailed.

For VFRoperations

Somecountriesimposeadditionalrestrictionsto SERAOneof them for instancein Francejsto forbid
anaircraftin VFRo overflya populatedareabelowa certainaltitude. Thisminimum altitude depends
on the sizeof the populated areaoverflown. Minimum heightsare asper the table below:

Tablel0: Overviewof minimum flight altitudes for VFRaircraft

Sizeof urban area

Minimum altitude

Small built-up areas used for navigation landmarks (e.g., isolated
manufacturingplant, industrialbuilding,hospital)

1000 feet for single
enginepistonaircraft

3300feet for other types

Smallbuilt-up areaslessthan 1200 m mean wide and assemblyof
people or animals (e.g., beaches, stadium, public meetings,
hippodromes)

1700feet for singlepiston
engineaircraft

3300feet for other types

Medium built-up areasbetween1200m and 3600m meanwide and
assemblyof at least10000people

3300 feet for all aircraft
excepthelicopter

Largebuilt-up areasmorethan 3600m andassemblyof at least100000
people

5000 feet for all aircraft
excepthelicopter

Thecity of Paris

6600feet

Thesemore stringent regulationsfor manned aircraft could provide opportunities to expand the
operating areasof low-flying droneswithin U-spaceto higheraltitudes.

For helicopteis

Whateverthe providedauthorizationallowsthe helicopterto descenl, the operator shallalwaysbe
surethat the helicopterwill be able,in caseof urgency,to leavethe urbanarea, or reacha landing
areain the urban area, without endangeringoeople and propertieson ground. Thus,to overfly an
urbanarea,dependingon the aircraft, its technicalcharacteristicsthe operator will define minimum
heightsfor eachportion of the trajectory allowingthe aircraftto land outsidethe urbanareaor ona
publicarea/aerodromein caseof enginefailure.
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