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Abstract

This documentietailsa set of operational scenarios which will allow the teanpésform a series of
validation experiments aimed at testing the suitability and performancehefvarious prototype
algorithms under nominal and strimminal operating conditions, as well as to support the analysis of
separation intelligence balance andfirement of CNS requirements linked to separation minima
criteria.
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1 ExecutiveSummary

Due to thesubstantial increase expected of drone operatianger the next yearsn Euope, the
European Commission supports the development of thgplice highly automated and digitalized
service framework, which will need to guarantee the safe manageroémiie high-volume drone
traffic.

U-space should also ensuairspace accesavailabiity to multiple drone operatorsmaximizing the
number ofdrones flying at the same time in a certain areapecially in urban environment§o do
that, U-space shall adequately balance between system capacity and demand & dpenations,
consideringhe dynamic nature of the drone mission trajectories.

Taking into accountas the main point of referengehe work started in DACUS WP1 through the
definition of the first ConOps for DCB processes-gpate[l], DACUS projectill develop different
prototypes to support the DCB process decigimaking, which will bearry outin WP2 andVP3.

These prototypes will be part of the mains services inwbimeDCB process such@perational Plan
Preparation serviceQperational PlarProcessing service, Strategic Conflict Resolution service and
Dynamic Capacity Management serviceaddition, DACUS will perform simulations through FHaest
Time SimulatiofF T S)echnique producingresultsthat will allow the evaluation of diverse garation
approaches in terms of drone performance indicators to optimise decision making betwesraomn
capabilities and k$pace separation services, among others.

Prototypesand Fast Time Simulations wifovide answes to some of the Research Chaligrs
identified during the elaboration of the DACUS DCB Cor@psand they will addr@da 5! /| { Q
objectives 2 and 4 as w¢H].

TheLINE { 2 furkctialds & address the generation mbminal and cotingencybasedprobabilistic

4D trajectoriesthe calculation of foreseen demand based on Al, the calculation of demand prediction

and uncertainty, the monitoring of collision and social risk indicators, and the identification -of hot
spots.Thus, the mairb ! / |dévBlopments willbe composediy the AlDemandPrediction model,

the Collision Risk model, the Societal Impact model, andPheneZzon® I RF LIl GA2Yy 2F (K¢
fasttime simulation modeto support drone simulation.

To addresshe functionsmentioned abovefour validation experiments will be performeagdressing
strategic, pretactical and tacticaphases Each validation experiment will be focused on one or
multiple functionalities within DACUS architecture, defining its own soolgiectives, and scenaas.

In addition each one will propose different metrics to support the DCB process denisiking.

Finally, this document also presents four operational scenadogrovide abetter understanihg
about the DCB workflow information. Thes@earational scearios consideboth nominal and sub
nominal conditions.

Founding Members 9

O

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

2 Introduction

2.1 Purposeof the document

This documentletailsthe validation experimentthat will be carried out by the prototypes developed

in DACUS project in order to support the D@8cess decision making. Each validation experiment
presents its objectives and describes timaole range of scenarios to be tested, as well as the
architecture, assumptiongnd metrics.

Furthermore this document presents a wide variety of operationatrarios to provide a better
understandingon the DCB workflow informationn different real situatios andnot only in nominal
conditions but alsén contingency conditionsuchas navigation disturbances or drone emergency.

The document follows the strugte of the Validation Plan (VAL#)d Uspace Study Plasiocuments

which are common to SESAR projects to maintain a high level of similarity to other projects within the
SESAR doain. Nevertheless, some sections have been updated and adjusted to fit fiheratory
nature of the DACUS project.

2.2 Scope

This is the Validation Plan for the DACUS projdtth aims to develop a servicgiented Demand

and Capacity Balancing (DCB) predesfacilitate drone traffic management in urban environments.

The project itends to integrate relevant demand and capacity influence factors (such as CNS
performances availability), definitions (such as airspace structure), processes (such as separation
management), and services (such as Strategic and Tactical Conflict Re}atti@consistent DCB
solution.

This documenestablishes the baste perform a series of validation experiments aimed at testing the
suitability and performance of the varts prototype algorithms under nominal and sobminal
operating conditions, asvell as to support the analysis of separation intelligence balance and
refinement of CNS requirements linked to separation minima criteria.

2.3 Intendedreadership

This document isriented towards two key audiences:

1. DACUS consortium: Teeperiments definedn this document should provide theseline for
designing and performing all validation experimeiitds documentvill support the definition
and planning of other taskas wel.

2. SESAR JU: This documanolvidesthe first validation experiments to be parmedin thefield
of U-space DCBVioreover, this documenpresents the DCB workflow information through a
set of operational scenarios that shall be used as a primefgrence to readers external to
the consortium.
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3. Other Uspace projects that consider lagh volume of drone traffic such us Vdrgrge
Demonstration (VLDs) projects or develofspace services.

2.4 Background

As DACUS project is a pioneer in the definitiod aalidation of a concept for DCB withinspace,
there is no previous work in the fatlof validation DCB experiments that can be identified as
background. Nevertheless, theork conductedduring DACUS WP1 through the elaboration of the
deliverable D1.11] is the basis for the validation experiments definition.

2.5 Structureof the document

This document is structured ingevensections briefly described here:
I Sectionl: Executive Summary
A quick summary of the document is provided.
1 Section 2: Introduction

Information concerning the purpose of the document as iz means to orient the content
presented within theDACUS validation experimengsprovided.

I Section 3Validation Scope

A brief description of the overall aim of this document as well as the architecture overview is
provided.

9 Section 4: Validation Hig_evel Plan.

This section captures a summary of the validation experiments detailsetiion 6, including
validation approach, objectives, and assumptions, among others.

I Section 5: Operational Scenarios.

A wide variety of operational scenarios to pravia better understandingnthe DCB workflow
information underdifferent real situatiosis provided.

1 Section 6: Validation Experiments.

This section is the main section of the document. It describes the validation experimdsets to
cariied out by the probtypes developed in DACUS project in order to support the DCB process
decision makingpicluding scope, objectives and metrics of each one.

9 Section7: References

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

Term

Definition

Source of the

definition

Demand and Capacity
Balancindairspace)

The ability to evaluate traffic flows and adjust
airspaceresourcedo allow airspaceusersto meet
the needsof their operatingschedules.

EATMAV12

(ATMCapability)

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-
physicabbject),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)or
throughvoicecommunicatioror written processes
andprocedues.

SESARtegrated
Dictionary

Trafficdensity

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

Performance Review
Unit

Controlled ground aga

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

Acceptible Means of
Compliance (AMC) an
Guidance Materia
(GM) to Commission
Implementing
Regulation

2019/947

(EU

Tablel: Glossaryof terms

2.7 Listof Acronyms

Acronym Definition

AEMET Spanish State Meteorological Agency
AESA Spanish wiation Safety and Security Agency
Al Artificial Intelligence
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Acronym Definition

AMC Acceptable Means of Compliance

ATC Air Traffic Control

ATM Air Traffic Management

ATS Air Traffic Services

BADA Base of aircraft data

BLOS Beyond Visual Line of Site

CISP Common Infomation Service Provider

CNS Communication, Navigation and Surveillance
COM Communication

ConOps Concept of Operations

CORUS Concept of Operations for EuURopean UTM Systems
DAA Detect and Avoid

DACUS Demand and Capacity Optimisation irSigace
DCB Demand and Capacitigalancing

DCM Dynamic Capacity Management

DOP Drone Operator Plan

EATMA European Air Traffic Management Architecture
EGNOS European Geostationary Navigation Overlay Service
ER Exploratory Research

ETA Estimated Time of Arrival ?¢,?¢,?

EVLOS Extended Visual Lin@f-Sight

EXP ValidationExperiment

FP Flight Plan

FTS Fast Time Simulation

GM Guidance Material

GNSS Global Navigation Satellite System

GPS Global Positioning System

HMI HumanMachine Interface

INE Spanish Nationdhstitute of Statistics
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Acronym Definition

KPA Key Performance Area

KPI Key Performance Indicators

MS Microsoft

NAV Navigation

NCAR National Centre for Atmospheric Research
NOTAM Notice To Airmen

OoBJ Objective

(O Operational Scenario

PAV Personal Aerid¥ehicles

PIC Piot-in-commandor Drone Pilot

RC Research Challenges

RNP Required Navigation Performance
RPAS Remotely Piloted Aircraft System
RTTA Reasonable Time to Act

SBAS SatelliteBased Augmentation Systems
SESAR Single European Sky ARésearch
SJu SESAR jJuwiUndertaking

SORA Specific Operation Risk Assessment
SUR Surveillance

TLS Target Level of Safety

UAS Unmanned Aerial System

USSP U-space Service Provider

VALP Validation Plan

VLD VeryLarge Demonstration

VLL VeryLowLevel

VLOS Visual LineDf-Sght

WP Work Package

Table2: Listof acronyms
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3 Validation Scope

3.1 Validation Purpose

Following the work carried out by DACUS WPACUS will develop algorithms and prototypes to
address the DCBinctionalities within Uspace servies.

In order to show these functionalities and takyorithms and prototypeperformancesthe aim of this
document is presena wide range of validation experiments to be executed by these algorithms and
prototypes, aswell as a validation experiment toebperformed through a Fast Time Simulation
technique

The following list presents a brief description dietmain algorithms, prototypes, and simulation
platform to be used in the validation activities:

1 Al demand prediction model generate drone operationsconsidering assumptions on
demand and weather analysis

T Collision Risk modelcalculates the expected ground fatality risk and estimate the maximum
capacity during a time period.

1 Societal Impact modelevaluatethe noise and visual impact of drone flighdver populated
areas (urban environments).

1 DroneZondast-time simulationplatform: extension of the commerciatyvailable RAMS Plus
ATM gateto-gate fasttime simulation model that provides miciscale functioality for drone
performance conflict detection and zonebased functional behaviour.

3.2 Architecture overview

The CORUS Con(B$ proposals are extended in DACUS to consider a continuous aractive
process which starts working before the RTTA. As in ATdpatke DCBrpcess aims at practively
monitoring the trafficsituation to identify and manage imbalance situations as soon as they are
detected with enough certainty.

The following paragraphs provide an overview of the main DCB flow and-$pad¢ services which
participate in it. Those t$pace services which haga active role in the identification of contingencies

in the tactical phase are not included. The following section will provide a detailed description of the
main and secondary processes which are pathefUspace DCB in all operational phases.

1. Operaton Plan Preparation service facilitates the preparation and submission of the operation
plans. It shall allow indicating those parameters which are critical for the fulfilment of the
mission. Operation ples, which are closely linked to the business neefighe drone
operators, include contingency considerations for the declared flights.

Founding Members 15
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2. Operation Plan Processing Service verifies the consistency of the information submitted with
the operation plans and gemates probabilistic 4D trajectories. It shallalsave capabilities
for the storage of operation plans and make them available before and during the flight. The
service should probably generate wHatF ¢ LINPOFOAEAAGADO n5 (NI <
considerdion contingency volumes or contingency plans whiwill be included in the
operation plans.

3. Strategic Conflict Resolution Service compares the submitted operation plan with the already
approved ones and propose solutions if the risk of a conflict is hitjtza a certain limit. It
must consider missionljectives to propose suitable solutions for the Drone operator.

4. Dynamic Capacity Management Service is key throughout the whole DCB process. It provides
a prediction of the demand by combining available td&jectories with predictions of new
ones, quantijing its level of uncertainty and characterizing them. This Demand Prediction
model will take on board factors that might impact the declared demand, such as weather
forecast.

Moreover, the Dynamic Capacitanagement Service calculates and monitors inmica
related to safety and social impact and assesses how the proposed DCB measures will affect
those indicators and the missions also. Two models will allow quantifying the collision risk and
the social inpact of the demand in each airspace. The Colliftek model will consider all
factors influencing the miair collision probability and severity, including contingency
measures associated with the declared demand, as well as other influence factorgiimgpac

the capacity such as the population densityréattime. The Social Impact model will input in

the picture environmental biases and social concerns related to noise, visual impact, or
perceived safety, among others. The applicable airspace struangeairban rules are taken

into consideration as handary conditions in the models.

Finally, the Dynamic Capacity Management service evaluates if demand can be executed safely
and efficiently taking into consideration the existing performance thresholéadh airspace
volume. In case of imbalances, DC&sures need to be proposed and sent to the Operation
Plan Processing service.
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The following figure provides a hidével overview of the DCB process

Collision risk
- Identification of
Demand prediction . B
. Social impact mode| imbalances and
and characterizatiol ) . _
solutions .| Tactical Conflict

Resolution service

Other Key \ ,
Performance Areas Dynamic Capacity

Management
service
| 'I Weather
information service
Operation plan  |sssssp  Operation plan Drone aeronautical
preparation service processing service| inf. mgmt. service
Geospatial
information service

Strategic conflict
resolution service

Figurel: Highlevel oveniew of the DCB processes indpace

Tactical ConflicResolution Service compares existing operation plans in flightientify potential
conflicts with other flights and propose pair wise solutions in the tactical phase. Although this is not a
service vith an active role in the DCB process, its perforogmwill determine the maximum number

of drones that can be safely managed in each airspace.

Ly O2y iGN} ad (2 !'!¢az GKAA fTAYAOG gAfft y20 0SS O2yai
separate aircraft. The t$pace capacity will be limitdaly the ability of the tactical conflict resolution

process to manage the density of aircraft to keep the risk of conflict acceptably low. Drone components
related to its remote control and positioning Eabilities as well as navigation, communication and
surveillance data provision will have an influence on this risk of conflict.

3.3 DCB processes and involveddgace services

Like processes in air traffic management, thepace DCB process can be divided five phases:

Longterm planning, strategic, preactical, tactical, and posiperational phase. The major novelty of

the Uspace DCB phases with respect to that of aéffit management is the inclusion of the
ad02yaz2f ARl SR RSY!I osBparaik tiesuatedciphakedronh the i ticsl phasié.

The time in which the demand picture is considered stable enough to take decisions on the
implementation of DCB easures affecting some drone operationsisnamed S 42yl 6t S ¢ AYS
(RTTA This metric is entirely based on probabilistic estimations of traffic demand, which deviates

from the predominantly deterministic and rigid approach to DCB currently @yapl by air traffic
management.
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Pretactical
phase

Longterm

planning Strategic phasé

Tactical phas%

/

Figure2: Overview of DCBhmses and DACUS scope (in blue)

Longterm planning starts monther even years prior to the execution of operations. It is focused on
the early identification of major daand and capacity imbalances. For example, air shows, major sport
events, demonstratins, political rallies, military exercises are major events affe¢tiaglemandand

the capacity. Planned inauguration of large droiased distribution centres in a specific area is an
example of events impacting the capacity. We are assuming that thisepis not managed through
the U-space services whickere defined within the CORUS Con@gjsand it is considered out of the
scope of DACUS project.

The following sections provide a detailed description of the main and secgmulocesses which are
part of the U-space DCB in different stages of the operational phases which are within the DACUS scope
- strategic, pretactical and tactical.

3.3.1 Strategic phase

It starts days or eveweeks prior to the execution of operations, g®n as a certain amount of dne
operation plans have been submitted by the Drone Operators, and the demand can be predicted with
a minimum level of confidence. The main objectives of this phase are twofold:

I Toimplement those DCB measures which are npbising critical constraints tive fulfilment

2F GKS YAaarzy FOO0O2NRAyYy3a (2 (GKS 5NRYS hLISNI (:
I To predefine those DCB measures which impose restrictions which could put the fulfilment of

the mission at risk. These types of measures wilkaely for their implementatiomn the next

phase, assuming that it is necessary to increase the level of confidence in the demand prior to

the implementation of such type of measures.

The number of operation plans that will exist in a specific timeframar ppoi day of operations willd
determined by the diversity of business models. As an example, operation plans fmillaslkelivery

will only be available on short notice, however drones supporting recurrent operations, such as for
instance in support ovaste management in Smart €#, could have periodical Operation Plans which
are available longer time in advance.

The detailed processes are included in the following diagram. They will take place before the
GwSlFaz2ylrotsS ¢AYS (2 1 0G¢ owee! 0
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(&
Management

[Qperation Plan
Processing

Preparation
service

Figure3: Detdled DCB processes in the strategic phase

3.3.2 Pretactical phase

It starts hours or even minutes prior to the execution of operations, at a certain time in which
predictions on traffic are stable enough (based on traffic datatheraground risk, etc.) andhe level

of confidence in them is high enough to ensure the effectiveness of the DCB measures to be
implemented.

The main objective of this p#actical phase is to consolidate the global traffic picture and implement
the appopriate DCB measures if theyere not implemented in the previous phase.

Starting time will depend on the traeeff between the soonest that the Drone Operators can provide
operation plans according to their business characteristics, and the latest thelyb®m made aware of

the DCB reasure, in order to implement it before tatadf. Thus, the start of the pr&actical phase is
linked to the point in which the demand picture is consolidated enough thanks to the fact that most
of the operation plans have baesubmitted. However, in orddo be effective, the start of this phase
must be far enough in advance to allow for the communication (and potential negotiation) of DCB
values with the affected drone operators.

Operation plans submitted after RTTA for tliligght are the first candidate to be proposed a plan
change. Although there is no advantage to early operation plan submission, there is a limit in the

Founding Members 19

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

AyiSNBadta 2F IAGAY3I 20KSNJ 2LISNF G2NAR a2YS adl oAt
corsidered as being in its Tadlgphase. The following diagram represents a certain time after the

RTTA, so that DCB measures have been already implemented. New submitted operation plans will
need to comply with the constraints associated to the implemerid&B measures.
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Figure4: DCB processes in the ptactical phase

3.3.3 Tactical phase

It takes place during the execution of the operations. It involves considering thosénmeatvents

that affect the overall traffic picture and malg the necessarynodifications to it to restore the

stability. The need to adjust the original traffic picture may result from disturbances such as significant
meteorological phenomena, crises and special events, unexpected limitations related to groaind o
infrastructtNB 2 RNRYS&aQ O2yiAy3dSyOrASazr SO0 ¢KS YIAy 2
traffic picture and to minimise the impact of any disruption.

(o))

The following diagram represents the case in which the Navigation Infrastructuredvingiservice
isreporting a degradation of navigation performances. This degradation is impacting to drones which
are already in the air. The degradation is declared for a long period of time. This implies that additional
Operation Plans, which have nio¢en activated, Wi also be impacted. Contingency plans need to be
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activated for those drones which are already in the air and cannot fly in the area due to the loss of
navigation capabilities.
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Figure5: DCB processes in the tézal phase
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4 Validation high level Plan

4.1 Validation Approach

The validation approach is focused tesing the processes which are part of thedgace DCB in
different stages of the operational phases which are within the DACUS :sstogiegic, pretactical
and tactcal.

In order to validate themodels capabilitiesand prototypes developed in DACU®e following
validation experiments are envisioned

9 Validation Experiment #01This validation experiment will be focused on the strategic and
pre-tactical phaes, withthe main focus being on the application of the DCB services related
to the management of noise and social impact due to drone operations in urban environments.
Thus, the main objective of this experiment is to test the feasibility and the rihabf the
use of noise and visual impact metrics for the DCM service.

9 Validation Experiment #02During the second validation experiment the nominal processes
of flight plan processing, contingency planning and the resulting demand and uncertainty
predictions wll be validated. Furthermore, the influence of the demand and uncertainty
predictions on the collision risk and efficiency will be tested, as well as the feedback loop of
additional information such as collision risk and efficiency indicators timoflight plan
processing.

9 Validation Experiment #03The third validation experiment will apply the collision risk model
in the strategic phase in order to test the effect of considering different CNS performances and
defining different airspace structas on tle maximum acceptable capacity in a certain
scenario.

9 Validation Experiment #04This validation experiment will use a fdashe simulator to
validate the DCB process in diverse scenarios and conditions. Thus, it will be focused on tactical
phaseand the nain objective is to analyse the effect on DCB process when a perturbation is
activated, as well as the effectiveness of different DCB meastines, each DCB measure will
be assessed by considering the performance areas included in the DACOSn&ece
Framework([4].

Each validation experiment is designedést a key part of the DCB process, as well astterstand
the functionalities of the models involvedependingon the validation experiment, on®r more
develgomentsare involved in it.

Thus, each validation experiments have designed its own scenarios, and have definedas-tave!
objectives, assumptions, and limitations. With the aim of monitor the results, a set of metrics has been
definedaswelltakid | & NBFSNBYyOS GKS 5! [4.{Q t SNF2NXIyOS
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The following table shows the relationship between the developments, main functions, involvement

in the validation experiments and the-§pace services concerned

Developmernt Main Functions Involved in U-space service

Al demand Calculation of foreseen Validation Dynamic Capacity
prediction demandprediction and Experiment #01 M):Zma emen?
model uncertaintybased on Al and #02 9
Monitoring collision risk -
Collision Risk indicators Vallda_tlon Dynamic Capacity
del Experiment #02 M ¢
anelels Identification of hotspots and and #03 At AE
airspace status
Monitoring social risk
Societal Impact [isE2CIE Validation DynamicCapacity
model Identification of hotspots and Experiment #01 Management
airspace status
Trajegtory Generation of 4D probabilistic Validation Operatlo_nal Pl
Planning . . . . . Preparation &

" trajectorieswith uncertainty ~ Experiment #02 .
capability Processing
Contingency Generation of contingeney L Operational Plan

. e Validation :
Planning based 4D probailstic Experiment #02 Preparation &
capability trajectorieswith uncertainty P Processing
Micro-Weather U0 f_u T 9T g Validation .

number of simultaneous . Feeder service
prototype Experiment #02

operations

Table3: Link betweendevelopments functions, validation experimentaind Uspace services

Furthermore, & it is indicated previously, the Validation Experiment #04 will use a commercial ATM
fasttime simulator to test a wide range of scenarios feed on tactical phase. In order to tackle the
micro-scale functionality for drone performance and conflict deiee, the model DroneZone will be
usedas an extension of the simulator. Its main functi@ns 4D profile calculation and insertion,
separationpriorities, and 4D conflict detection and resolution.
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The following figure shows a summary of thainfiguresof the5 ! / |vdlidation experiments:

4

Validation
Experiments

-

High-Level
Objectives

25

Low-Level
Objectives

Scenarios

§)

Developments

1

Simulation

Platform

15

Designed

Figure6. Main figures of the validation experiments.

A2{ 0F1SK2f RS &
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Stakeholder KPA affected Why it matters to stakeholder
Droneoperator Capacity Drone operator will be the first one to be impacted by &
; - DCB measure(s) applied to his operation. They wil
Predictability  ajlowed or not to fly dpending on the traffic conditions

Environment

Safety

Founding Members

O

EUROPEAN UNION  EUROCONTROL

exclusive areas, preferencd$B & G NA Ol A 2 y &

Drone Operator Plans (DOPs) will be able to
automatically accepted and authorised for execution w
litle or no risk of encountering separation issut
provided that the ercution conforms with the propose
plan-some flexibility is builinto the authorised trajectory
which can account for a limited variability durit
execution (e.g. due to navigational accuracy, sli
weather effects, etc:)
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Stakeholder KPA affected Why it matters to stakeholder

In the event of unexpected sses during the executio
phase, sufficient available contingenoptions will be
shown to allow operators to perform contingency acti
in a safe and efficient manner. These unexpected ew
could result in a loss of predictability impacting t
effectiveness of the operation, in particular for operatc
that have mui A Lt S Wt Ay 1 SRQ YA
vehicles.

Additionally, operators will plan to specifically avoid ar¢
where constraints (such as noise or visual constrains,
LIS NF 2 NXY | y @&t )and couBdagt iNgir plar
to flight over other regions here the issues are les
constrained. Furthermore, based on recurring 43pbts
location identification, drone operator could try to avo
them by changing the filed Drone Operator Plan (D
before submitting.

U-space Service Efficiency 51 /!'{Q Y2RSta @Attt I|ff2
Provider (USSP) - required demandin line with the available capacityn

Resilience order to reduce the risk of separation issues and poss
collisionsbhetween vehicles during the execution phase,
that operations are able to conform closely to ti
proposed/authorised operational profiles, calculating a
monitoring at any time the appropriate metrics related
capacity, efficiency or resilience, anwpathers.

Safety

In addition, identification of hespots am appropriate
DCB measures related to its nature may increase [
efficiency through the choice of appropriate measul
that help to mitigate noise/visual impact.

Also the fact that some drone operatarsdify their plan
to avoid being impacted by DCB mseges is likely tc
increase the capacity, as the operators would use ot
volumes where the traffic density is lower, releasing sp
in the hotspot areas.

On the other hand, contingency plans includedhe pre

tactical planning phase are able to beaiated to confirm
that vehicles are able to respond safely to unanticipa
issues (e.g. CNS degradation/loss, vehicle techi
FIEAfdINBAX0 RdzZNAy3a GKS SE
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Why it matters to stakeholder

USSP should guarantee that sufficiennhimagency has
been built into the pretactical planmg and missior
authorisation phase to ensure that all vehicles that
operating in the region have multiple options available
response to an unforeseen critical event.

9YSNHSyYy O& Wi largiRclugled Q) thd pathin
to offer sufficient locations that are within the operatin
range of each vehicle as well as alternatives that car
used in the case that any of those locations are
available (e.g. are closed due to high wind issues).

In closerelation with USSP to foster drone market, t
regulator may propose some specific regulation(s) (e
airspace structures) provided that the identification
hot-spots reveals that some changings could make
traffic flow smoother and increase the mber of drone
operations.

Specific regulatory constraints may be introduced to h
protect regions of high noise sensitivity (e.g. hospiti
schools, residential areas at night etc.).

Theresults of the experiment may providi#e citizens
with an assessment of drone operations impact in 1
future. It is likely that such results push citizens
influence the regulators (positively or negatively for dra
operations).

Indicators such ashe number of inhabitants that migh
be exposed to noise/visual impact of varying levels (t
population density within noise contours) can be usec
evaluate the potential impacts.

Hot-spots identification in the field ofocial impact car
influence drone manufacturers in producing drone wi
lower noise emissions in case the issue of-$mibts
reduces the market (the demand).

{dF1SK2f RSND&a SELISOGIGAz2ya
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4.3 Validation high level Objectives

D&ZNAY 3 GKS 5! /! { LNRBLRAalIfQa LINH2IONoftHerd@bectivieA @S & LJ
4) aimsto find the optimal balance between ofboard separatiom intelligence and Lkpace

separation service intelligence in taical separationdepending on the type of airspace (with or

without conflict resolution in strategic and/or tactical phases), type of separation (ddooee or
drone-manned aviation), CNS ifermances and the separation process that applies in each @ype

airspace areaThis objective will be coverailé G KS x| ft ARFGA2Y 9ELISNAYSyia
the evaluation of diverse separation approaches in terms of drone performance intScasalefined

in DACUS Performance Framework

In addition, dumg the elaboration of the first ConOps for DCB processessipade[1] performed in
DACUS WP1, diffemt Research Challenges are identified as a next step in the DCB research activities
taking ®me of them as &/alidation ExpeJ Y SHightlZe®IObjectives In particular the following
Research Challenges will be covered by the Validation Experiments

Research Challenge -IContingency plans as part of the Collision Risk Model

The inclusion of contingency plans within the peof the Collision Risk Model for UAS operatic
which is the main model to determine the maximum number of droperations in a certain urbal
area, is subject to further research.

Drone operation plans will contain the volumes of airspaces in whichUth® operator plans t
conduct the operation under normal procedures and also those volumes of airgpasiele the
flight trajectory where contingency procedures are applied. The Collision Risk Model could us
of them, in the form of 4D trajectoriesp calculate not only the envisioned level of risk unt
nominal circumstances but also how risk caargie if contingency plans need to be implement
Research on how to deal with these multiple sets of trajectories and the impact on the level
should be conducted.

Research Challenge-Zonsistency of the Collision Risk and Societal Impact Msdel

Given the close proximity of drone operations to the general public as well as ground infrastrt
a special emphasis was placed on including bisthand social indicators as an integral part of
DCB process. The Collision Risk Model will ageateoverall flight safety and the safety of thir
parties remains acceptably high; the Societal Impact Model will assure that social impact
(such as noise, pollution and visual impact) will remain below an acceptable threshold.

Both models couldhave different spatial and temporal variability (e.g., the Societal Impact M
O2dzA R OF LI dzNB OAGAT Sy a-0r W& 08X 8 iris SwiidhGtaulBImd
particularly complex). However, the two models should be combined to determine thenmam
number of drones which are acceptable in a given airspace. This final target makes it nece:
ensure that the outcomes of both models can d@nsistently integrated both in spatial and tin
domains.
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Research Challenge 3Consolidation of metics to determine the maximum number of UA

operations

Several challenges related to the need of evolving from traditional capacity indicators ands
societal indicators are subject to further research.

Indicators that reflect how citizens aadfected by drone operations should be investigated. -
YSSR 2F RSFAYAYy3I oKIG A& O2yaARSNBR & |
This notion should not be simplified to indicators such as population density. An exampletitigs
this idea: Urban areas such as residential suburbs could have high population densities, but re
are not very impacted by the drone operations heyt stay most of the time inside buildings.

Additionally, tradeoff between acceptable risk and@etal thresholds and other indicators relate
to how mission efficiency is impacted by the increase in the number of operations needs
further investigaed. Previous research projects showed that there is a threshold in whict
average mission effiency starts to decrease as the number of drone flights are increased wit
defined area. Thus, some drone operations would no longer be feasible bas#dsodrop in
efficiency.

Research Challenge-Applicable DCB measures and their effectiveness

This Uspace DCB concept redefines the set of DCB measures which are applicable ir
environments. Although previous research initiatives have analgsete of these measures ar
their expected benefits, there is a need of assessing consistentlyeffectiveness not only fron
the perspective of the network performances but also by assessing how each measure will
the diverse business models thaill coexist in the cities. This needs to be tested in a conte:
g KA OK-NR @z845 & 2shd8ldNde fadiligatdias a general principle.

As an example, one of the measures consists of allowing operations above VLL airspace (ar
minimum operatng altitudes for manned aircraft) in those areas where demand exceed:
capacity. However, we ha identified that cellular network coverage decreases dramatically al
VLL because network antennas are tilted down. Thus, this could be a limiting falctch
constraints the effectiveness of the measure.

Research Challengé- Prioritization of drone operations within the DCB process

The thinking in the t$pace ConOps is that within any priority level, the selection of flights to a
for DCB or stiegic conflict resolution, and how to act on them, should be driven by mamigi
overall impact when all flights are considered. However, this raises the possibility that a par
flight is always considered the best target for change. Hence a dfaftd KS / 2 y h LJa
t2Ayiaé HKAOK g2dzZ R 0 Sse flights WaReSsRlectéc2to & Ld&idydd (
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rerouted. These points would in future be used to raise the priority of a flight. The idea was ex
further, and the proposal made #t Virtue Points should also be awarded for other actions |
maximise capdty ¢ a very controversial question.

CKA& y2GA2Yy 2F axANIdzS t 2 A yHbwewer,itdd still toAby defindd
whether or not to include this concept with the process, or another method to maintain equ
among operations need®the found. And, if this concept is considered feasible, investigate hc
manage its impact on capacity.

Research Challendg®- Operation Plan as wbo-date information for the entire DCB process

ThisUa LJ OS 5/ . 02y OSLIi NBO23yAl Sa GKS hLISNI
continuous upto-date information about the situation and expected evolution of the drc
operation. However, the document also highlighthe difficulties fo the Drone Operator tc
participate in a continuous process to keep the Operation Plan updated during the flight exec
or to receive requests to change the Operation Plan in different timeframes along the proce
address thigssue, DACUS propogesreduce up to the minimum the interactions with the drot
operator to request these updates.

¢tKS NBO2yOAfAlIGAR2Y 0SG6SSy (GKAa ARSI 27F i
operation and entirely managed by tliekone operator and thaeed to reduce the interactions u
to the minimum is subject to further research.

Research Challengk - Impact of weatherconditionsin the DCB proces's

The analysis up to what point the weather conditiamld affect the desions taken on the DC
processs subject to further research

la +Fy SEFYLX ST (GKS AYLIOG 2F 6SIFGKSNI O2y1
allow (or not)to make availablecertain takeoff and landindocations (vertiports) in urban ases.

! Research Challenge iéfied during the elaboration of this deliverable.
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The next table showthe relationship betweewalidation experiments, igh-levelobjectives, and low
level objectives, which are presentedsection 6.X.2 of each validation experiment

RC1 RC 2 RC3 RC 4 RC 7 RC 8

EXRO01 EXP10B2 EXPi0BJ1 EXPI0OBJ3

EXP20BJ4
EXP20BJ3

EXRB02 EXP20BJ1 EXP20BJ2 EXPZOBJ5
EXP20BJ6

EXP20BJY

EXP30BJ1 EXP30OB2 EXP30B2
EXR03
EXP30BJ4 EXP30OB3 EXP30B3

EXP40BJ1
EXP40BJ3
EXP40BJ6 EXP40BJS
= C0ZY EXP4OBI2 EXP40BJ4 EXP40BJ1.
EXP40BJ7 EXP40BJ1(
EXP40BJ5
EXP40BJ8

Tableb. Objectives; Validation Experiments relationship.

4.4 Validation Assumptions Limitations
Although some DACUS Validation Experiments pursue the baghéevel objectives,each me of
them isdesigned to test different functions of the DCB process. Thus, the nature afgbdathms,

prototypes, platform, and scenarios designed makes that eaelidation experiment has their own
assumptions and limitations, presented in sectioK®of each experiment.

4.5 Validation ExperimentsPlanning

¢tKS F2ft26Ay3 (FoftS aK2sa GKS I fARFGAZ2Y 9ELISNRY

JanMar 21 Apr-Jun 21 JutSep 21 | OctDec 21 | JanMar 21
Sleje(gla || 23|28 518(2(8|8
2|2|2|s|=s|=|=|=|=|=|=|=|=|=|=
Preparatory
Experimen& d@kfinition
RequirementSefinition
Models developed ’
Adaptation of platform and models
Models integrated ‘
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Execution
Exercisa @eparation (traffic & scenarios)

Experimen& €xecution
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JanMar 21
()] o —
— N N
= | = | =

PostExperiment
Output data colletion

Results analysis

Initial version D4.2 Validation test results

Final version D4.2 Validation test results
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5 Operational scenarios

5.1 Summary

In order to provide a better understanding about the DCB workflow information presented in section
3.2, this section presents four operational scenarios in whidnkilow information and actors could
be identified easily on different real situation.

The operational scenarios consider both nominal andrsoiiminal conditions. A summary of each one
is follows:

I OS #01- Navigation disturbances reported by the Navigatidmfrastructure Monitoring
service Describe how disturbances in navigation integrity might affect DCB processes.

I OS #02 Drone emergency reported by the Emergency Management senvidescribe how
to deal with a drone emergency reported by the Emergencand@ement service,
distinguishing between the situations in which a contingency plan exists and those cases in
which the emergency is declared, and it is so severe that no contingency plan exists.

T OS #03 DCB workflow information under nominatonditions Describe how information
flow between services and functions under nominal condition for both strategic and pre
tactical phases.

1 OS #04 Weather impacting vertiports capacityDescribe how risks can be mitigated paed
in-flight using servies that anicipate offnominal conditions in the traffic system, taking as
use case a future drone operation related with air transportation service for passengers using
semtautonomous vehicles.

The common actors involved in the operational scenariostadollowing:

1 End userthe end user is the person who receives the service from the drone operator. For
instance, in operational scenario #0Bet enduser is the customer that has instigated the
request for deliverythus i KS RSt A @S NE stndigh belkbvenyiQaivargdldS OA T A O
operational scenario #04e end users are the passengers, who choose to travel by air taxi
inside a poirtto-point station network

9 Pilot-in-command: Drone Pilot or Pilein-command (PIC) is in charge of managing the
operation of at least one vehicle in the fleet on behalf of the operator. He/she is personally
monitoring if the vehicle is operating nominally or is in an abnormal stgperétion plan
deviations, unforeseen events), which cannot be handled by the-aatonomaus systems
on-board. The PIC is tasked in resolving such abnormal situations and notifyingsreecd)
Service Provider (which subsequently informs @I&Rn the city) if need be and to confirm
safety critical decisions made by the-board systems

91 Drone Operators the drone operators are certified-Epace Operators and operates a fleet of
UAS for different types of missiorfsor instance, in operational scenario ##% commercial
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companies that are certified to fly passengers in seatbnomous vehicle to a setof pre-
defined destinations in urban and swithan environments. For theuppose of this scenario
the non-control related vehicle logic will be considered part of the operator for simplicity.

I Base OperatorOne or more companies that maintainperate andadminister the safe and
efficient utilization of available takeff and landing sites under the guidance of the local
authorities.

I U-space Service Provide(USSP)the USSRrelicensed entiteswhich gathers data from the
CISP and the subscribed droneeogtors and provides dpace services to drone operators
(including assistance for flight planning as well as additional DTM supporting services) to
ensure a safe, efficient, and secure condudUAS operations.

1 Common Information Service Provide€CISPmsures that the airspace users have an equitable
access to space information. It assumes a centralized role, as it provides the same-safety
relevant information to all users, such as gmmareress, traffic information and conformance
monitoring.

1 U-spaceAuthority: Authority gives the operators their permissions to operate and use a
specific category of aerial vehicles for a specific business. It has centralized registries about all
actors involed.

5.2 OS#01 - Navigation disturbances reported by the Navityan
Infrastructure Monitoring service

5.2.1 Scope of the scenario

The aim of this scenario is to describe how disturbances in navigation performances might affect DCB
processes.

The scenario considers two drones flying within-8Sphce designated airspace wihhigh level of
navigation performance requirement. Both dres use GNSS as their primary source of navigation.
However, a GNSS jammer from an unknown source is inhibiting proper GNSS signal reception by the
drones (a very likely scenario) and as suchytheed to rely on secondary navigation sources to
navigate.

This navigation disturbance is identified by Navigation Infrastructure Monitoring service, which detects
a GNSS performance degradation below an admissible threshold in the area in questioarvidee s
subsequently sends an alert to the Operation Plan &sing service.
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\ Airspace requirement:
RNP-high

\

ANP-high

!
.
N

Figure7. Operational Scenario #01.

The DCB workflow information would be: (1) generation of contingérasged 4D trajectories, (2)
calculation of demad prediction, (3) monitoring of riskased and social indicators, (4) assessment of
predefined DCB measures and |pBipritisation of operaion plans.

5.2.2 Assumptions

I Both drones use GNSS as their primary source of navigation.

I Secondary navigation sourcesikely be utilized as well, which include technologies such as
visual navigation, signals of opportunity and infrared.

9 In order to be tebnology agnostic with regard to-§pace, it would make sense to apply
Required Navigation Performance (RNP) stansléod specific routes or sections of airspace.

f TKS aofdzS RNRyS¢ Aa OFLIotS 2F FrLettAay3a ol O
which is able to maintain the RNfgh requirement.

T ¢KS GNBR RNRYS¢é R2Sa y2i KI @hSneaasialedablé andis LI 6 f S
2yteée +totS G2 YFAYGIAY  YSRAdAZYSREDGOE 2F yI OA:

5.2.3 Pre-conditions

1 All operations of flighvehicles are nominal.
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1 The meteorological conditions (forecast/observed as appropriate) are within the specified
operational limits of the drones.

5.2.4 Trigger

The use case starts with a degradation in CNS performance due to a GNSS jammer from an unknown
soure which inhibits proper GNSS signal reception by drones.

5.2.5 Postconditions

5.2.5.1 Success endtate
A success end state ihen:

9 Drones in flight are rerouted safely.

9 Drones on ground are successfully rerouted or delayed so that they can achieve their
operations efficiently and safely.

5.2.5.2 Failed endstate
A failed end state is when:

1 Drones in the affected area collide as a conssge of inadequate or lack of rerouting; or

9 Drones on ground take off in the affected area putting themselves and other agatfisk
(they may collide); or

1 Drones on ground cannot be rerouted or delayed safely so they cannot achieve their
operations @ time.

5.2.6 Scenario description

This scenario is divided in six steps:

CGeneration of 4D trajectories

The Operation Plan Procesng servicereceives the alert reported by the Navigation Infrastructure
Monitoring service and identifies that the red and blumes are affected by it. The Operation Plan
Processing service requests an update on the status of the operation plans of the red euddadoies.
The red drone informs the service that it is no longer capable of maintainindghigNRnd has resorted
to RNRmed for the time being. The Operation Plan Processing service recalcuteesid trajectory
for the red drone based on its the reded navigation capability

Calculation of demand prediction

This process igerformed by the Dynamic Capacity Managenieservice It receives the updated 4D
trajectory of the red drone as well as other Operation Plan updates caused by DCB actions to resolve

the imbalance.
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The outcome of the process will be:

9 Prediction of the overall demand; based on existing operationgns and the contingeney
based 4D trajectoryassociated to predefined volumes of the airspace

1 Characterization of the demand; The outcome will not be only the number of drone
operations but also those characteristics which are relevant to understamdemand picture
such as drone type (fixed wing, rotary), level of autonomy (from fully autonomous to human
controlled drones), type of aggration (VLOS, EVLOS, BLOS), % of flights witipringity
missions and % of manned aviation operating in proximity.

Monitoring of riskbased and social indicators

This process igerformed by the Dynamic Capacity Management servidée demand provideby

the previous process will be used for the calculation and monitoring several indicators which will allow
understanding the safety and social impact of the envisioned demand. The indicators will be calculated
in pre-defined volumes of the airspace.

The monitorization of indicators will be done by comparing their value with certain safety and social
thresholds for eake pre-defined volume of airspace. This process identifies volumes of the airspace
where acceptable safety and social thresholds are exegetihe city councils or other representative
entities will be able to set the admissible thresholds in each area.

Asgssment of predefined DCB measures

This process is performed bye Dynamic Capacity Management servidarst, it will assess whether

the airspace requirements can be reduced to RN to continue accommodating planned
operations. If this is not possélthe capacity in the affected area must be reduced. As a consequence,
drones that will enter this aigace will likely be subject to DCB measures such as rerouting or delays
on ground. The assessment of adequate measures is up ythamic Capacity Mamgement service.

Drones that are already captured within the affected area (in this case the red aaditiine) might
need to be rerouted in order to maintain safe separation due to the larger uncertainty area of the red
drone. This process is performbg the Tactical Conflict Resolution service.

Priortisation of Operation Plans

This process iperformed bythe Dynamic Capacity Management servige combination with the

assessment of preefined DCB measures and will identify which drones to apply tiresesures on.

Drones are selected regardless of their RNP capabilities, but rather basedioflighe priority and

& @ A NIrdm® ©perators with behaviour that increases the efficiency of the overall process, such as
submitting the operational planiRdzS GAYS FyR FT2N¥I G oAttt 0SS | 6 NF

The concerned operation plans widke part in a process that proposes changes to those with the least
virtue until the problem is solved. The operations are examined to find those with higipact on
the airspace in question.
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Towards the implementation

At this stage, as in the previopbases, two approaches are envisioned which are characterised by:

I Option A: Drone Operators will provide new Operation Plans complying with thauting.
The® Operation Plans will be verified by the Operation Plan Processing service and slight
horizontal/vertical changes could be proposed by the Tactical Conflict Resolution service.

I Option B: The Operation Plan Processing service integrates the constramtthfdynamic
Capacity Management service and the Tactical Conflict Resolution service armbgmop
alternative Operation Plans to the Drone Operators.

5.2.6.1 Main flow of events

Actor(s)
Involved

Step Actor(s) Action System Response

The Operation Plan Processin
service receives the aler
U-space |Navigation Infrastructure Monitoring servic({reported by the Navigatiol
1 |Service |sends an alert regarding the degradation|Infrastructure Monitoring
Provider |signal GNSS service and identifies that th
red and blue drones are
affected by it.

Operator The Operation Plan Processil
The red droneinforms the service that it is n service recalculates a newtD
2 |U-Space |longer capable of maintaining RMRJh and has trajectory for the red droe

Serv?ce resorted to RNfned for the time being. based on its the reduce

Provider navigation capability.
Dynamic Capacit

U-Space Management servicereceives

Service |Operation Plan Processing servisends update
3 | Provider |4D trajectory to Dynamic Capacity Managem
service.

the updated 4D trajectory c
the red drone as well as othe
Operation Plan updates caus:
by DCB actions to resolve tl
imbalance.

U-Space |Dynamic Capacity Management servi
4 |Service |predicts the overall demand and tf
Provider |characteristis

Dynamic Capacity Management serviogill
U-Sace |calculate and monitor several indicators wh
5 |Service |will allow understanding the safety and soc
Provider |impact of the envisioned demand in pdefined
volumes of the airspace bgomparing their
value with certain safety and social threshold
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Step I'i; 33:/(;3 Actor(s) Action System Response
Dynamic Capacity Management servi| -
U—Sp_ace assesses whether the airspace requirements
6 Serv!ce be reduced to RNPed to continue
Provider accommodating planned operations. If this
not possible, capacityill be reduced.
U-Space |Dynamic Capacity Management servi -
7 |Service |assesses adequate DCB measures suc
Providers | rerouting or delays on ground.
U-Space |Tactical Conflict Resolution servicapplies -
8 |Service |adequate measures suchsouting. to droneg
Providers | already capturedvithin the affected area.
U-Space |Dynamic Capacity Management service appl -
9 |Service |DCB measures to drones regardless of their
Provider |capabilities, but rather based on their flig
LINA2NRGE | yR & @A NI dz§
At this stage, two approaches are envisioned which are characterised by:
Operators| Drone Operators will provide new Operatiof Operation  Plan  Processin
Plans complying with the suting. service verifies the new
10a | U-Space Operati Plans.
Service Tactical Conflict Resolutio
Provider service could propose sligh
horizontal/vertical changes.
Operators| Operation Plan Processing servidetegrates
the constraints from theDynamic Capacit
10b | U-Space | Management serviceand the Tacical Conflict
Service | Resolution serviceand proposes alternativ
Providers

Operation Plans to the Drone Operators.

Table7: OS #01 Main flow of events.

5.3 OS 82 - Drone emergency reported by the Emergency
Management

5.3.1 Scope of the scenario

This operéional scenario is focused on how drone emergency reported by the Emergency
Managementservice could affect the DCB process, and which actions might be performed to deal
with, distinguishing between the situations in which a contingency plan existshasée tases in which
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the emergency isleclared and it is so severe that no contingency plan exists. Thus, it is focused on
tactical phase.

The main services involved in this DCB process are the Operational Plan Processing, the Strategic
Conflict Resolutiomnd the Dynamic Capacity Managemerite DCB workflow information consist of

(1) generation of 4D trajectories and contingefiiased trajectories, (2) calculation of demand
prediction, (3) monitoring of riskased and social indicators, and (4) submissibralternative
operation plans.

5.3.2 Assunptions

The following assumptions about the DCB workflow information apply to this operational scenario:
1 DCB functionalities/services are established and accessible.

1 The flow of information has little or no time latendetween requesting and receiving
information.

9 Drone operators have an intuitive and friendly HMI connected to thepate Service
Providers, where they can receive any information such as alerts or proposal of changes for
their flight plans.

1 DCB measuresapre-defined and can be calculatedthin a reasonable time.

1 CISP is responsible to provide the Tactical Conflict Resolution service. The detection and
resolution of the conflicts areentto the USSP.

I U-space autonomy and decisianaking capabilities ar also considered high, which will
automatically plan (and replan) drone routes using pptAnning to avoid conflicts among
vehicles and adhere to clearances.

T ¢KS ANBLIOS Aa O2yaARSNBR a2LSyé F2NJ Fff RN

requirements.
1 Drones have the ability to guest, receive and use gdencing data.

5.3.3 Pre-conditions

1 All operations of flight vehicles are nominal.

1 The meteorological conditions (forecast/observed as appropriate) are within the specified
operational limits of the tbnes.

5.3.4 Trigger

The use casstarts with a drone emergency, specifically when the Operation Plan Processing service
receives the alert reported by the Emergency Management service.
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5.3.5 Postconditions

5.3.5.1 Success endtate
A success enstate is when:

1 Drone reroutings are implemented in arffecient and safe manner.

91 Drones avoid the area where the emergency has been declared.

5.3.5.2 Failed endstate
A failed endstate is when:

91 Drone contingency plan has not been activated.
91 Drone endangers other airspace users, persorenimals, airborne or othe ground.

91 Drone causes damage to property or itself.

5.3.6 Scenario description

This scenario is divided in four steps:

Generation of 4D trajectories and contingerzysed trajectories

As an example, the 4D trajectory will be calculatgking into consideratin the starting point of the
emergency and the dedicated landing area in case of an emergency of that specific drone operation.
The process is similar to the one performed in the-fa&tical phase, i.e., uncertainties are considere

as negligible.

Destination

Emergency

Declaration Alternativelandingarea

Departure
Areafor emergencyprotection

Figue 8: Visualization of the activation of an emergency with contingency plan to land in an alternative
drone port.

If contingency plan cannot be implemented due to external circumstances, it is mandatory the
declaration of a ndly zone in the area impacted by the emergency. The following figure shows the
visualization of a new flight airspace restriction and four airborne drones within this region exiting the
restricted zone:
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Figure9: New flight airspace estriction and drones within this region exiting the restricted zone

Calculation of demand prediction

This process is performed by the Dynamic Capacity Management service. The outcome is the update
of the following information:

9 Predction of the overall dmand ¢ based on existing operation plans and the contingency
based 4D trajectoryassociated to predefined volumes of the airspace

1 Characterization of the demand the outcome will not be only the number of drone
operations but ao thosecharacteristics which are relevant to understand the demand picture
such as drone type (fixed wing, rotary), level of autonomy (from fully autonomous to human
controlled drones), type of operation (VLOS, EVLOS, BLOS), % of flights wghohigh
missians and % of manned aviation operating in proximity.

Monitoring of riskbased and social indicators

This process is performed by the Dynamic Capacity Management servigaoiteringof indicators
will be done by comparing their value with certagafetyand social thresholds for each pdefined
volume of airspace.

The city councils or other representative entities will be able to set the admissible thresholds in each
area.Different thresholds can be declared in an area where an emergency f@ane Ths implies
that airspace volumes with an active emergency could see their capacity reduced.

Submission of alternative operation plans

This step is composed of the assessment ofdened DCB measures, the prioritizations of Operation
Plans throghtheaw NRSR ¢A G K G@ANILdzS LRAyiGaéds yR GKS A YL
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outlines the proposed content of the information contained in the infotima flow.

Step I'i; 33:/(;3 Actor(s) Action System Response
The Operation Plan Processi
The Operation Plan Processing service recg servicerecalculates the new 41
U-space .
1 | Sewice the alert report(_ad by the Emergen trajecf[or_y based on he
. Management service and acknowledges |description of the contingency
Provider |. ... . . .
initiation of the contingency plan. plan which was part of the
approved operation plan.
If contingency plan cannot be implementq Affected Operation Plans a
U-space |Geofence Prowsion service declares a +ily | updated taking intc
1 bis| Service |zone inthe area impacted by tleenergency an¢ consideration this nev
Provider |facilitates adhoc geefence changes to be se| constraint.
to drones immediately.
5 Drone Other drone operations in the surroundir
Operators| should avoid the area famergency protection
Dynamic Capacity Management service rece Calculation of demanc
the contingencybased 4D trajectory from th| prediction: prediction of the
Operation Plan Preparation service or the ne| overall demand an(
U-space adivated nofly zone. characerization of the demanc
3 |Semwice | The rest of the operations plariscluding those
Provider | atfacted by the emergency area around {
contingencybased trajectory or by the nfly
zone, are received in the form of 4D trajector,
in a continuous process.
DCM service calculates (in pdefined volumeg Monitoring of risk-based and
U-space |of the airspace) and monitors of seve| social indicators identification
4 | Service |indicators which will allow understanding t} of volumes of the airspac
Provider |safety and sdal impact of the envisionewhere acceptable  safet
demand. thresholds are exceeded.
Assessment of prdefined DCE
DCM service assesses if the previously ident measures.
U-spgce sdety and social hotspots could be solyv o )
5 |Semvice | rough some bthe predefined DCB measurg ~ Prioritization process will b
Provider launched.

As most of the drones are already flying,
most probable DCB measure to be appliec

Founding Members

O

EUROPEAN UNION  EUROCONTROL

42

)



SCENARIOS FOR VALIDATION EXPERIMENTS

)

DAC SESAR

JOINT UNDERTAKING

Actor(s) .
Step Involved Actor(s) Action System Response
this phase is the reouting away from the
affected volumes of the airspace.
Ddays on ground is the other measure that ¢
be implemeited for those flights whos
operations cannot take place due to the n
restrictions.
DCM service proposes chang
to the operation plans of th
Drone Operatos with the least
virtue points until the problen
Drone Operators with behaviour that increas is solved.
U-space the efficiency of the overall process, such : :
6 |Service bmit g _ : P q . The operations are examined
Provider |SY mlttln? t e ope,ra}'flon plan in uel. tll,‘nf alfind those with higher impac
FZNX¥EUZ oAttt 05 gt N on safety and social indicator
hence whose removal woul
cause the largest overe
reduction in risk or socie
impact.
At this stagetwo approaches are envisioned which are cheedsed by:
Operation Plan Processil
service verifies the ne\
Option A: Drone Operators provide ng operations plans.
7 a Drone operation plans complying with the m@uting. | gjight horizontal/veical
Operators changes to solve potenti
encounters should be solved |
the Strategic Conflic
Resolution service
Option B: The Operation Plan Processing se| Operation Plan Preparation
U-space |. . . .
. integrates the constraints from the Dynan| service confirms acceptance
7.b | Service . . .
. Capacity Management sece and the Strategithe opeation plans anc
Provider . ' .
Conflict Resolution serviée proposals.

2 Further discussin about which service should address this function is needed
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Actor(s)

Step Involved

Actor(s) Action System Response

Operation Plan Processing service propd
alternative operation plans to the Dror
Operators.

Table8: OS #0Main flow of events.

5.4 OS #03 DCB workflow information under nominal conditions

5.4.1 Scope of the scenario

This operational scenario focusea ®CB workflow under nominal conditiong., no anomalous
conditions such as emergeps,adverse weather or prioritized delivery are includétescribes the
information flow between services and functions under nominal condétfonthe strategic phae.

This operational scenario considers drone \dly services in an urban environment. The drone
deliveries can include both packages and fod@ite delivery region is made up of a combination of
urban and nearby suburban areas. Package delivaigsismed to originate in one or more distribution
centresand the delivery schedule is well known in advance of the operation. Food delivery, however,
is assumed to have a much shorter planning time, since typically food orders would be received and
procesgd in a very short time period prior to being delivetedhe consumer location.

A commercial compank providesfood deliverieausing semautonomous vehicleslhe food delivery
company receives a food order which should be delivered in 45 minutgdaitsing software makes

an estimation for the preparatioof the package of around 30 minutes. Company A has a contract with
one of the Uspace service providers in the area, USSP1, which facilitates the access tspghecU
airspace by managing Operati®tans authorisations.

The pretactical phase in the agestarts in a frozen time horizon which is 10 mindtesfore the
execution. Then, the preactical phase has not yet started at the time of requesting the authorisation
of the new food delivery.

High density of operations in western area of the downtowrekpected at the foreseen time of
execution. The disibution of the collision risk and social impact in the area is visualized by all USSPs
through the Aeronautical Information Management service. DCB measures should be implemented
when Reasonable TimetAct(RTTAill be reached i.e., 10 minutes beforeet execution. However,

% Note that the starting time of the préactical phase is under discussion in DACUS. It should be a time
before the execubn in which the demand is stable enough to be able to implement &fe®©CB
measures.
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foreseen measures can be visualized prior to the implementation through the Aeronautical
Information Management service.

The U-space services involved amiCB workflow informatiorfor the strategic phasés described
according to the=igure3.

5.4.2 Assumptions

The most relevant assumptions for the flow of DCB information are presented in the following list
9 Protocols for the flow of information are ediished ad accessible

1 The flow of information has little or no time latency between requesting and receiving
information;

1 Reactive latency, to respond to information or a situation whether it is a human or decision
support response, is negligible. Cenlgi the time to react is relevant for safety, risk,
conformance monitoring, etc. however this is not the focus of the scenario

1 The review of the types and domains of available information, or information that should be
available, is not the focus of thesenario

I The architecture and platform performing the flow of information exists and can handle the
flow and magnitude of informatign

9 All services identified ib-space U1l and other specific @dad U3serviceswhich are part of
the DCB processsee Figure 3 -, are available This includes eattime distribution of
information to drone operatorasgeofencechanges, collision risk and social impact evolution
or existing airspace situation;

1 Those space services that imply to take decisdnased on overall demand or capacity
figures and affecting to operation plans of diverse USSPs are provided by a unique entity in the
airspace. In particular, we are assumirmatt Dynamic Capacity Management service and
Strategic Conflict Resolutibwill be provided by the CISP;

I DCB measures are pdefined and can be calculated within a reasonable time, however the
DCB measures are defined elsewhere within the DACUS projectfore not specifically
identified here for purposes of this scenario.

4 Although Strategic Conflict Resolution service could be easitedealized and provided by each
USSP, for the sake of simplicity, we are assuming that it igpetstded by the CISP as one of the
services involved in the processdLJS NI G A2y LI I yQa I LILINR JI f ®

Founding Members 45

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

5.4.3 Pre-conditions

1 U-space Authority

o Provides centralized registries about UAVs, drone owners, drone operators, drone
pilots, Uspace authorized service providers

o Provides specific céralized registries that will depend on the agreed Spanish
operating methods (@. list of authorized landing pads in urban areas).

1 CISP:
0 Has direct access to all registry information managed byutspaceAuthority.

0 Manages centralized drone aeronauticahformation databases (including
geographical information) for drone operatigns

o Provides the status of the collision risk and social impact distribution in the city
according to the existing demand as part of the Aeronautical Information
Management sercie;

0 Provides the foreseen DCB measures to be implemented when starting ttaqgtieal
phase;

0 ltis responsible of the interface with ATC

o Providesthe uniqguedynamic capacity managemeand strategic conflict resolution
servicein the city;

0o Approves? LIS NI ( A glestsdettrgnically
1 Drone delivery company A:
0 Providedood ddiveryservices with dronedor customers
0 OLISNI GS&a SAUGKAY 2NJ YySENJI GKS OAG@Qa dzaNDbIly ¢
0 Has a contract with USSP1 to be able to accegsade airspace;

o0 Defines itsmission goabased orrequests bythe End Customer and in line with the
topical corditions and regulations.

0 Has a defined origination point, for example a distribution centre or
restaurant/supermarket location

0 Has a valid operating license registered by thgpaceAuthority as an Operator

0 Has vehiclsthat arecapable of fulfilling te mission goal andreavailable at the time
the service is requested.
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1 USSP1:

0 Has a valid ¥pace service provision license tbe provision of services within the
city boundary and its immediate surroundings

o Provides select Uand U3services to its ciaemers,
o0 Has direct connection to CISP

0 Can calculate tentativ@peration plansbased on the mission plan requirements
completed by the Drone Operator and the registry information provided by the
Authority (drone, drone operator and drone pilot databases)

o Has information about the capabilities, equipment, optimal operating method and
specific emergency procedures of all of the desrof the Drone Operator

o Provides optimizedperation plangn matter of seconds for any given mission within
its area of effet;

0 Is connected toother supplementaryservices provided by other USSPs such as
weather service

0 Has all the relevant Aeronaatl Information updategincluding the collision risk and
social impact distribution, and the foreseen DCB measures which coeld
implemented in the tactical phase.

T Endcustomer

o Endusers have basic understanding, acceptance, and expectation of dronergel
services in terms of safety, risk, delays, receiving goods, theft, etc.

o Endusers have a protocol to request and pay foods and accept the delivery terms
and conditions.

5.4.4 Triggers

The operational scenario starts when thadCustomer makes an ordésr food delivery with the APP
of Company A, and it is waiting for the acceptance of the order. The planning software ofrtharco
A sends to USSH& mission goabased orthe food delivery requested kthe EndCustomer Mission
requirements includehe need of departing in 30 minutes.

5.4.5 Postconditions

5.4.5.1 Success endtate
A success enstate is when:

1 Enduserreceivesconfirmation of acceptance of his food delivery request and the expected
delivery time.
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5.4.5.2 Failed endstate
A failed endstate is:

1 Enduser receives an alert from Company A informing that its request cannot be satisfied.

5.4.6 Scenario description

5.4.6.1 Main flow of events

For worklow information, the flow of events follows the trigger events described above. This section

outlines the proposedantent of the information contained in the information flow.

Step

Actor(s)
Involved

Actor(s) Action

System Response

End
Customer

Compary A

EndCustomemakes arequest for fooddelivery
to Company Ato be delivered to a give
address/location.

Company A makes an estimation of the time
prepare the food to determine the departu
time of the drone. Its planning softwa
performs an intemal processto select the
vehicle in its fleein order tocarty the missiorn
taking into accounteparture time, weight o
the package, etc.

Company A assimilats
delivery requests based c
their operating procedure:
and fleet, and forwardhem
in the form of mission
requirementsto the USSP1

USSP1

CISP

Mission requirements are received by t
Operation Plan Preparation service of US
which details an Operation Plans fulfilling thg
requirements.

Two operation plar’s from the distribution
centre to the enduser location and return t
base, are senta the CISP for validation a
F LILINB @ f @ hLISNI GA2Y
contingency plans are part of the informati
included in the operation plans. The risk of {
operations is also quantified byaking into
consideration the population density.

USSP1 assimilates missi
requirements based on th
aeronautical, geospatial ar
weather information, anc
forward the information in
the form of operations plan
to the CISP.

® Other internal processes such as the coordination with the base operators at origin and destination

are not described in this scenario for the sake of simplicity. They can be found in Scenario 4.
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Actor(s)

Step Involved

Actor(s) Action

System Response

2 |CISP

CISP acknowledges theeception of the
operation plans and check consistgn with
registry information and aeronautical an
geospatial information.

CISP launches two internal processes:
assessment of paivise collision risk and th
assessment of overall remaining risk ihe
airspace.

CISP activates the strate(
conflict resolution servic
and the dynamic capaci
management service.

3 |CISP

Strategic conflict resolution service identifi
two potential conflicts with preexisting
operation plans, one in the suburban aread
other in the western area of the dowoivn.

The service checks for slight changes in
horizontal and vertical profile to solve these ty
conflicts. Different alternative are found for th
conflict in the suburban area. However, t
alternatives to slve the conflict in the wester
area arevery limited as possible alternatives &
generating new conflicts with other operatig
plans.

Strategic Conflict Resolutic
service informs Dynam
Capacity Managemer
service about the difficultie
to find altermatives to
resolve conflicts in the
westernarea.

4 CISP

Dynamic Conflict Resolution service
monitoring the potential hotspot in the
western area due to the high collision r
associated to the foreseen demand.

It receives the alert from the Strateg@onflict
Resolution service and activatem advisory
about the potential implementation of one (¢
the pre-defined DCB measures in the wests
area, the organization of flows per layers

CISP sends advisories to 1
USSPs about the potenti
organization & flows per
layers in the western area.

5 USSP1

USSP1 checks how its operation plans
affected by the DCB measure. In particula
checks that the two operation plans of Compg
A should fly on specific flight levels if the O
measure is implementedFlight levels are ng
rigid mission regirements for Company A :
they are interested in flying the shorte
distance at maximum speed.
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Step I'i; 33:/(;3 Actor(s) Action System Response
USSP1 refines the operation plans maintair
the trajectory over the western area but flyir
USSP1 at a fliht level which is fulfilling the prg
6 desgned DCB measure.
CISP

USSP1 sends the new Operation Plans whic
approved by the CISP.

USSP1 Operation plan preparation service has fyUSSPYas®s this result to

7 defined the operations plans in line with missithe Company A plannin
Company A requirements software.
Company A Company A sends the
8 Company A does a final validation of the misg relevant details to the clien
End andsends confirmation to the ErGustomer. | app.
Customer

Table9: OS #03 Main flow of events.

5.5 OS #04 Weather impacting vertiports capacity

5.5.1 Scope of the scenario

A commercial company provides an air transportation service for passengers usirgusenumous
vehicles, able to carry up to 4 ®ns with ngilot on-board. The possible routes span inside an urban
and suburban environment, connecting the nodes of a vertiport network.

The vertiports are situated in locations that naturally attract a high demand for quick, safe and
uncomplicatedtravel: airpats, intermodal hubs, city centres, public and governmental facilities and
mercantile clusters.

The use case demonstrates the interaction between the drone operator, the respoipsitden-
command the USSPand CISRnd thebaseoperators(aka takeoff and landing site management).
Furthermore, a tspace service provider enables flight planning, processing of hyperlocal weather
information, risk assessment and contingency management.

The envisioned operational scenario is expédcte take place betwee2025 and 2030, either in a
model like sand box environment or as part of the regular development of urban air mobility in greater
Europe. Advanced -space services (U3) allow for dynamic capacity management, tactical conflict
resolution and provide the caborative interfaces with ATC that enable regular operation close to or
inside of traditional airspaces.
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The objective of this usease is to show ho®CB processes will benefit from additiosalvices that
anticipate offnominal conditions in the trdic system, such as nadeal weather, availability of
landing sites (final destination and contingency) and/or kdghsity operations.

In the case of drones used for human transport, a secondary objective of predictingroiiial
conditions in order toavoid them is to increase the comfort and perceived safeness. Avoiding
turbulence and varying high winds, even areas that would not pose any real danger, could accelerate
public acceptance and the early adoption of these technologies

The operational scem® introducesa sudden change in the predicted weather. This is not to say that
such a change is necessary for the weather prediction to have an impact on the DCBgy @reb#
is simply a resource to hitight some ofthese praesses.

The scenario d&ribes a situation in the strategic phase, in the sense that it happens before RTTA i.e.
time wise starts 30 minutes before taikdf and pretactical phase is assumed to start 10 minutes
before the execution. Weather predictions shd be mostly settled Y this time.

5.5.2 Actors involved

In addition to the actors mentioned in sectidnl, the following actors are alsoinvolved in the
operational senario #04:

I U-space Service Provider This is a implementation of the Operation PlaRreparation
Service USSP provides assistance for mission planning and flight authorizations as well as
additional DTM supporting services to ensure a safe, effi@ed secure conduct of drone
operations. These supporting services include the risksassent as well as the planning of
contingency management. It also includes a module for the computation of effimp@nation
plans given two ending pointsehiclecharacteristics and mission parameters

I U-space Service Provider ISP 2 provides hypéwcal weather data fothe strategic & pre
tacticalphaseswith an accuracy of about 2 x 2 meters to be utilized by the flight plannifg US
1.

5.5.3 Assumptions

Themost relevant assumptions for drone operationghin the timeframe 2025030are included in
the followinglist:

1 PAVs and UA\&e operating in Beyond Visual Line of Site (BVLOS).

1 Although PAVs are required to have collaborative detect & avoid syste#beard, the BVLOS
flights rely heavily on the operational plan created priorthe execution ofthe mission,
includingdetailedflight management procedures, for both nominal and affominal
circumstances.

1 All services identified i-space Ul and othespecific U2and U3serviceswhich are part of
the DCB processeeFigure3 -, are available, witlieaktime distribution of information to

drone operators and/or drongilotsincluding traffic advisories, geofence change advisories
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and emergency alertdn particular, theCollaborative Interface with ATC serviseavailable
and it is usedvhen the vertiports are inside / in the vicinity of airports,venenthe PAVsire
operatingin controlled airspace.

1 Those Wspace services that imply to take decisions based on overall demand or capacity
figures and affecting to operatiorigns of diverse USSPs are provided by a unique entity in the
airspace. In particular, we are assing that Dynamic Capacity Management service and
Strategic Conflict Resolutibwill be provided by the CISP.

1 The uncertainty associated to the initial opaoat plan varies from low to medium. It is
assumed thaprimarilya pre-defined route networkisestablishedby the taxi operator to
make its operations simpler and more predictable, even while traversing free route airspace.
This will lead to low uncertaiies during the execution of the operatioms general. However,
it will be alsoassumed that some users are able to request unscheduled flights, leading to
requests sent at short notice and therefore a medium uncertainty.

1 The scenario focuses on 30 minsifgrior to takeoff and mostly on the steps and interactions
that are impacted byveather information

5.5.4 Pre-conditions

9 DroneOperator:
o Provides an air transportation service for private customers.
0 Has a local operation centre which serves a hub and main@nalatform.

o Defines itanission goabased on agreements with the End Custorard in line with
the topical conditions and regulations.

0 Has a valid operating license registered by the Authority as an Operator.

0 Has a vehicle that is capable of fulfillitge mission goal and is available at the time
the service is requested.

1 End User
o Private customers.

0 Requesting adhoc or preplanned air transportation from A to B.

6 Although Strategic Confli®esolution service could besily decentralized and provided by each
USSP, for the sake of simplicity, we are assuming that it is also provided by the CISP as one of the
ASNIDAOSAE Ay@2t SR Ay GKS LINRPOS&aa 2F 2LISNI GA2y LI
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0 Expects a safe and timely carriage.

0 Uses a mobile app to order, negotiate and purchaseflight.
9 Personal Air Vehicles:

0 Multirotor Aircratft.

0 Up to four passengers cagdy.

0 Semiautonomous: abnormal situations need human interventions as well as safety
critical decisions need to be confirmed.

0 Specifications and limitations are well knowndaavailable in k$pace information
systems.

0 Vehicles need to be available at thirting point 30 minutes after the order has been
placed by the customer.

9 Base Operator:
o Owns/ manages network or single talf and landing areas.
o Provides Information oavailability of those areas at request.
0 Has direct connection to 38 1 and USP2.

1 U-space Authority

o Provides centralized registries about UAVs, drone owners, drone operators, drone
pilots, Uspace authorized service providers

o Providesspecific registes that will depend on the agreed Spanish operating methods
(e.qg. list of authorized landing pads in urban areas).

T Common Information Service Provider:
0 Has direct access to all registry information managed by the Authority.

0 Manages centrized drone aeronatical information databases (including
geographical information) for drone operations.

o Provides the status of the collision risk and social impact distribution in the city
according to the existing demand as part of the Aeronautical rimédion
Managementservice.

0 Managesoperationplan receptions and approvals electronically.

0 Manages services related to gawareness and tactical geofencing as a mechanism
to define geecages.
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o0 ltis responsible of the interface with ATC.

o During the execubn of the flight,captures position reports submitted by theS8Ps
to monitor geecages and manage unexpected events during the execution of flight
that might impact ATS provision.

o Provides the foreseen DCB measures to be implemented when startipgetactical
phase.

o Providesthe uniquedynamic capacity managemeand strategic conflict resolution
servicein the area.

T USSP L

o0 Has a valid ipace service provision license for the provision of services within the
city boundary and its immediate surrodings.

o Provides selet U2 services to its customers.
o Has direct connection to CISP.

o Can calculate tentativ@peration plans based on the mission plan requirements
completed by the Drone Operator and the registry information provided by the
Authority (drore, drone operator androne pilot databases).

o0 Has information about the capabilities, equipment, optimal operating method and
specific emergency procedures of all of the drones of the Drone Operator.

o0 Provides optimizedperation plansn matter of second$or any given missiowithin
its area of effect.

0 Is connected to the hyperlocal weather service.
0 Has all the relevant Aeronautical Information updated.

0 Receives any regulation or information published by thspace Athority that can
impact drone operatins and uses them tcompute the trajectories requested.

T uUsP2:

0 Has a valid ¥pace service provision license for the provision of supportive services
within the concerned operating area.

o Provides sophisticated, hyperlocal weather information to its aonrs e.g. other
USSR, Ecosystem Management, Base Operators or private customers.

o Information includes posprocessed observation and prediction of local conditions
relevant for safe flights in the VLL airspace.

Founding Members 54

O

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

5.5.5 Trigger

The trigger of thescenario was selected before the aat events that affect the DCB process to provide
context which helps understand the scenario.

The operational scenario starts when the end customer requests the transportation service via the
mobile app provided by theperator. This can either be plann@dadvance e.g., as a connecting flight
after landing on a regional airport, or dmbc, which means the time between order and takéis less

than 30 minutes.

As this scenario involves weather information distributisome of its steps are triggered bhynew
update to the weather predictions being published by the weather serVice distribution of weather
information is asynchronous with the rest of the flow of events so the actions they trigger might
happen at mag different moments.

5.5.6 Postconditions

5.5.6.1 Success endtate
The operational scenario is considered a success when the following conditions apply:

Efficient and safe conduction of the mission.
Transport of the passengers from point A to point B.

Possible contingncies have been handled as predebémed.

= == =4 =2

Rerouting, even not leading to destination B, is considered as inevitable if it leads to the
following prioritized goals:

0 Risk levels throughout the flight within tolerable limits.

o0 Perceived comfort and safetyeawithin acceptable margins.

o0 No other airspace users or persons on the ground have been endangered.

0 The air vehicle has not caused damage to property, itself or passengers onboard.
9 Successful return of vehicle to its hub and availability foiptfeparation of the next operation.

1 TheClShas kept track of all relevant events for safety, flow & DCB porpoises, making sure all
relevant information in the system was properly updated and distributed.

1 In case of requiring adaptation to changes, sucl abange in weather prediction, involved
actors have been given the chance to adapt to them as early as possible.

1 Relevant information (tracking, pilot, drone operator, etc.) of the mission is properly recorded
for any future legal purpose.
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5.5.6.2 Failed endstate
The operational scenario is consideredddiwhen one or more of the following scenarios apply:

Aerial vehicle unable to reach mission goal or abort of operation.

Drone endangers other airspace users, persons or animals, airborne or on the ground.
Drore causes damage to property, itself or thespangers onboard.

Drone contingency provisions fail.

Perceived comfort and safety are insufficient.

Risk levels exceed given limits.

Relevant information was not properly recorded.

= =2 =4 a4 =4 -4 -a -

Unfair decisions were made accommodate changeand actors were not givethe option
to participate in the decisiomaking process as much as possible.

5.5.7 Scenario description

The next scenario starts with a user requesting a taxi servioaidfmn an app, indicating at least number
of people, desired takeff and landing spots andesired takeoff time.

5.5.7.1 Main flow of events

Actor(s) : .
Step Involved Actor(s) Action System Response (optiona
End User
1 Client requess service through mobile app
Operator
5 Operator Operator does quick estimation based O::‘_erhls ser;t to the End Us
: - which agrees.
End User Machine Learning ®del
Now there is an internal process at t
Operator operator sy_stems: Selectlng f[he vghlc!e in
fleet that will carry the missiomaking into
3 account user preference, number
passengers, schedul plan of each tail i
USSP1 the fleet, etc. The Human to monitor tk
operation and the emergency pilot (could
the same person of different one
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Actor(s)

Step Involved

Actor(s) Action System Response (optiona

depending on fleet size and business mo
are also preallocated internally.

Operator ask Operation Plan Prepation
serviceto plan the first leg (empty cab t
closest possible takeff spot to wuser
preference).

Operation Plan Preparation servimguess
for the expectedstatus of the requeste
landing spot for pickup and alternati
landing spots that are close. It sends the ty
of vehicle and mission, including details s
as the cab being empty during the landing

usP1

Base Operator

Base operator usethe latest information Base operator informsto
coming from the micrewveather service USSP1that the requested
subscriptionrwith USSPAn particular it use| vertiport is exgcted to be
the predictions about high wind areas alclose due to weather an
high turbulence intensity areas around t| provide three alternatives il
different vertiports. It uses its own intern| the area.

Base Operator . . .

5 modelling to asign the maximum rate ¢
USSP 2 movements to each of them for ea
operation type. Sme of them might be eve
close due to weather conditions.

The Base operator keeps on monitoring
variables to set the planned capacity of t
vertiport accordingly and allocatrequests.

UusP1 Operation Plan Preparation serviselects Return selection to Bas
6 one vertiport and now has all details {operator.
Base Operator | calculate the first leg of the service.

Operation Plan Preparation servidakes| Operation plan preparatiol
into account weather information comir servicehas fully defined the
from its subscriptiondo USSP2 servic® | first leg of the mission

UsP 1 calculate the optimal trajectory. As tf
7 vehicle is empty in this leg, it is instructed
USSP 2 not avoid turbulence and varying later,

wind areas due to comfort reasons.
Base Operator

Operation Plan Preparation servioses ar|
internal contingency planning tool to ac
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Actor(s)

Step Involved

Actor(s) Action System Response (optiona

contingency information to theOperation
Plan One of the things to add is tk
emergency landing sp® for each segmer
of the Operation Plan with informatio
provided bythe Base Operator.

The operator now knows the takeff spot
Operator for the second leg of he mission (with
8 passengers) and with all parameters asks
USP 1 Operation Plan Preparation service
generate it.

Operation Plan Preparation service requs
Uusr 1 for the expected status of the requests
9 landing spot for destination of he
Base Operator | passengers and alternative landing spots
specifies thahumans are inside the vehicl

Base operator informs that the requesttUSSP1  Operation Pla
Base Operator |Vertiport is expected to be operative an Preparation servicehas now

10 have no turbulence nor high winds abovg all the information needed tc
USSP2 thanks to he weather subscription t(compute the second leg.
USSP2

Operation Plan Preparation servidakes| Operation plan preparatiol
into account weather information comir servicehas fully deihed the
from its subscriptions to calculate th secondeg of the mission

optimal trajectory As the vehicle is ng

USSP 1 empty in this leg, it is instructed to avo
turbulence and varying lateral wind are
USSP 2 due to comfort reasons.

11
Base Operator | Operation Plan Preparation servioges ar
internal contingency planing tool to adg
contingency information to theOperaion
Plan One of the things to add is tk
emergency landing spots for each segm
of the Operation Plan with informatio
provided by the Base Operator.

Operation Plans includin
12 |USSP1 USSPfiles the twooperation plans, dding| uncertainty and contingenc
some time uncertainty based on adhine plans aresent to the CISP.
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Actor(s)

Involved Actor(s) Action System Response (optiona

Step

Learningand past data (in the order of sing
digit minutes).

CISReceives theDperation Plans and che
for validity of information and again
13 |CISP existing restrictions through the Strateg
Conflict Resolution and the Dynan
Capacity Management services.

Dynamic Capacitjvlanagement service [A proposal for a slight
CISP guantifying low collision risk and socij horizontal change in th
USSP1 impact in the area where the PAV |semnd Operation Plan is se

14 operating. to the USSP1.

Strategic Conflict Resolution identifies
potential conflict with the Operation Plan
a small drone doing a package delivery.

USSP1 acknowledges the proposal and c
USSP1 GKS @JIFtftARAGES F 3 A
15 requirements. The proposal is accepted ¢
Operator the results are sent to theperator planning
software.

The operator does a final validation of t
mission and sends the relevant details to
Erd User client app, giving the user a cancellat
deadline (with only a partial cost).

Operator
16

Table10. OS#@ Main flow of events
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6 Validation Experiments

6.1 Validation Experiment #01 Plan

6.1.1 Description andscope

The initial scope of Validation Experiment #01 will focus on the strategic ardgireal phases, with

the main focus being on the pttactical applicatio of the DCB serviceslated to the management of
noise and social impact due to Drone operations in urban environments. Prediction and analysis
methods will be slightly different in each phase.

At the strategic level, predictions will be based on estgdacapacity and theotential numbers of
Drone operations in various cefshis would be used to estimate when and where hotspots may occur
but not based on trajectory information.

In the PreTactical phase, initial trajectories will be included byphediction model to generate more
realistic demand profiles. In particular, the analysis will consider how these services may perform at
different time steps ahead of the proposed aptons, and with the reliability or uncertainty of the
information usedo support demand prediction at different stages of tA€Mprocess

The main objective of this experiment is to test the feasibility and the reliability of the use of noise and
visual impact metrics for the DCM service. This objective is subdividedtvitmtoexperimental
objectives. Objective EXfIBJ1 is to determine if the noise and visual impact of drone operations
metrics are able to detect hotspots. In this context, objextisXPAOBJ2 is to assess the reliability of

this detection, regarding timefram length and portion of airspace size. Another objective is to
measure the effectiveness of DCB measures to reduce the noise and visual impact. Moreover, objective
EXPA0BJ3 isd identify which of the DCB measures are more effective from the perspedtitréso
reduction. The selection of these measures are also consider in the effectiveness study.

Regarding the scope of the experiment, it will use the capacity and demand poedicodel at the
strategic phase to predict hotspots, based on the social shpaeasures (noise and visual impacts).

This prediction will feed the contingency scenarios used in thetigmical phase to take early DCB
measures in order to avoid hotspot$he DCM service, during ptactical phase, will calculate
hotspots each time new operation plan is submitted. When a new operation plan raise one or more
hotspots, a DCB measure is taken to remove the hotspots. For cells (areas) where hotspots has been
predicted during strategic phase, those DCB measures will be taken befohetdpmot appearance,
referring to a threshold on the social impact.
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6.1.2 Validation Objectives

Validation Objective Id W={GEO]=NEE

Assess the feasibility of usimgetrics related to the noise and visue
impact of drone operationdo determine the uban areas in which the
Description demand should be limited, i.e. metrics for the identification of so
impact hotspots

Proposed metrics (parameters selected) allow the identification of
(localisation and measures) hspots based on the 4Ddjectories,
Succes<Criteria 1 where the identification of any one heipot encompasses:

T LGQa t20FtAalGA2y® LGIQa Rdz
1 A measure oftie impact.

Validation Objective |d M=4zEeI=Nr

Assess theonsistency of the process to identify social impact keyots
Description and riskrelated hot-spots in terms of consistent timeframes an
portions of airspace.

The size of cells for noise and visual imgdiciwsus to propose DCB

Success Criteria 1 . . "
measures with regards to the hgpots identified.

Cacknce of measurements is relavato capture all the hospots (e.g.,
every minute, every 5 minutes).

Success Criteria 2

Validation Objective Id B=04EO]I2RK;

Identify those DCB measures which are more effective from tl
perspective of the reduction of noise andisual impact of drone
operations, i.e. assess the applicability of DCB measures fol
resolution of social impact hegpots.

Description

Application of different DCB measures (e.g., drone flight height, che

Success Criteria £ of trajectory reduces the number dibt-spots ormoves them.

To be able to propose a ranking in the DCB measures efficiency. Al

S G term, the chosen DCB measure always reduce the number of hotsp

" This objective wilbe addressed by Validatiorxeriments #01 and #02: EXPBJ2 will address the
social impact hespots, and the EXPQBJ6 will address the ris&lated hotspots.
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6.1.3 Validation Scenarios

For this experiment, a single operatimmvironment will be chosen which will be the Toulouse
metropole region. This environment scenario has been determined to specifically analyse noise and
visual impacts from the social aspect.

From this scenario, two levels Bfone mission demands will b@wesiderea:
1 Nominal traffic load
9 High traffic load

Traffic will include all types of RPAS vehicle including a variety of rotorcraft and fixed wing aircraft with
varying size, performance and equipage. The scenario is limited howeverdolibetof misson types
proposed earlier in this section.

For each of the projected traffic demand levels, scenarios in both optimal andirbal conditions
will be considered.

This will result in a set of four distinct analysis scenarios.

6.1.3.1 Scenario #1
As indicated peviousy, the chosen region will be the Toulouse, metropole region.

The scenario includes two types of traffic samples as described below:

1 Nominal traffic loadc defined as the predicted daily traffic taking into account the various
demand predictions fodifferent types of Drone service .Ge medical, package delivery, food
delivery, other types of delivery mission). Under these levels of traffic load some hotspots are
expected, in particular during the busier periods of the day (e.g. when many foodsaaice
made) and in certain parts of the citjjoweverthe frequency, severity and duration of these
hotspots are still expected to be low.

9 High traffic load the levels of traffic will be increased compared to the nominal scenario to
produce periods whe the cemand is significantly higher that the predicted capacity in order
to support the evaluation of how severe hotspots with potentially long durations can be
addressed using the available noise and social impact services.

In addition, two types of opating mndition will be assessed:

T Nominal operation scenarios assume that all of the available airspace is open for operations,
that weather conditions are favourable and that no other event or situation will be
encountered that might affect the levels sérviceavailable to support the proposed Drone
missions.
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I Sunrnominal including will include constraints or events that may result in a reduction in the
levels of service such as:

o Bad weather conditions in some parts of the region

o Degraded CNS performasmeequiting a reduction in the number of operating vehicles
in a given part or parts of the regions

0 Social or sporting events which may result in reduced access to parts of the airspace
of prohibited areas for Drone missians

o Unanticipated emergency evesnfe.ga police, fire or security related issue

6.1.4 Description of the architecture

In this version of the document, the architecture and platform that will be used to support the
scenarios are still beimgviewed andchave not been decided/developed.

Theworkflow diagrams are shown below along with a short description of the models/functions we
may use in the experiments for strategic and for{aetical scenarios.

The DCM service for the strategic phase consists of (1) the prediction/creation of trerffiand
forecasts, (2) use of this demand forecast to assess DCB indicators for risk and efficiesmytd)ot
and (3) reporting hospot forecasted situations such that either additional capacity could be planned
or the demand can be adjusted such thatBlibtspd measures are reduced.

TheValidation Experiment #0&ill be focusedn the red boXor the strategic phase

This box is composed of the capacity/demand predictor, the social impact model and the hotspots
identifier. Thecapacity/demand predictor wipprovide capacity prediction of every cell, every minute,

to the social impact model. From these previsions, social impact model can compute social impact
measures (noise and visual impacts). Finally, the hotspot identifier thee predicted hotspots to be

used during preactical phase.

The DCM service for the ptactical phase is mostly the same as the strategic phase.

TheValidation Experiment #0&ill be focusen the green boXor the pretactical phase

Founding Members 63

O

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

Dynamic
Capacity

Management

This boxd composed of the 4D trajectopalculator, the social impact model, the hotspots identifier

and the DCB measure selector. During-faretical phase, real world flight plans start to be submitted.

The 4D trajectory calculator will compute the trajectorysbd on these plans. Then, thethpots
identifier trigger the DCB measure selector if at least one hotspot is identified from the social impact
model. The DCB measure selector will simulate DCB measures on one or more flight and verify that it
avoid hotspa. If all hotspots are avoidedhe DCM service can finally propose the measure to the
drone operator. In the case where a hotspot has been predicted during strategic phase, the DCB
measure selector can have an early trigger, in order to have time to dakesion, find the best
measureand smoother traffic flow.

6.1.5 Validation Assumptions & Limitations

In the current planning for the proposed experiments, the following assumptions have been made:
I Mission types will be limited to those supporting deliveries

1 Some other types of mission.¢e inspection or aerial photography) may be included, but these
will not usually be included in the DCB services related to noise and social impact due to their
limited operational zone and short operating times.

1 Modelling d subnominal operating conditins will be captured through abstracted models
(e.g. the definition of zones/areas where restriction apply to proposed operatiQn®)
specific modelling of such operations is planned (i.e. a police/fire/medical/securnity V8
be represented by a régn with restricted or no access, but the detail of those missions will
not form a part of the scenario).

1 Suitable noise models are available or can be adapted for each of the vehicle types used in the
scenarios

1 Access to ppulation information is availde to support the noise/social impact services. A
possible limitation is that the data that will be used is a statistical estimation coming from the
local telecomsetwork butis not empirical counts.

1 Anacceptable measureRS TA YA G A2y 2hAs bead Agiedd by thetedmdr Ol & Q
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616/ K2AO0S 2F SELISNAYSyidQa YSGNRO&
An initial set of metrics for both the strategic and geetical phases will include

T Number, location and distribution of hotspots for each type of metriagaovisual) and the
relationshp between the occurrence of hotspots for different levels of traffic load.

Hotspot severity and duration of those hotspots.
b2A4S RA&UNROdziAZ2YykO2y(i2dz2NE | YR SELR&dINE 2y |
Visual inpact exposure on population/'wifdA ¥S w{ h/ pX {h/cX {h/ T {hl/

Sliding Demand/Occupancy counts for a user specified time period and slider

== =44 | =4 =2

Number and type of impacted operations (including average, maximum per specific time
period and zone) [EFFA,CCH X 9CCoX 9CCn X8 o®

9 Additional impactsesulting from suknominal or unanticipated reduction in available services.

Other metrics are currently being considered and will be included in this section at a later date.

6.2 Validation Experiment #02 Plan

6.2.1 Description and scope

The focus oValidation Egeriment #02lies on the pretactical phase. The nominal processes of flight
plan processing, contingency planning and the resulting demand and uncertainty predictions are
validated. Furthermore, the influeecof the demand and uncertainty predictions dretcollision risk

and efficiency is tested. Lastly the feedback loop of additional information like collision risk and
efficiency indicators into the flight plan processing is tested.

This is done through 5alidation objectives (EXP2_0OBJX). EXBZ22 isd identify the influence of
uncertainty in the planning phase on the demand and capacity modelling-@RPR is similarly to
analyse the influence of contingency situations on the demand and capacity mgdé&XP2BJ3
aims to analyse the effect of nawtion accuracy and communication update rate on the DCB process.
EXP20BJ4 is to identify the influence the weather impacts on infrastructure in urban environments
and EXPDBJS is to analyse the effecttafbulences on especially light weight drones.

8 References tACUSdrformance Framework gtrics[4] are inclded in brackets.
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As scenario location the city of Frankfurt am Main, Germany was chosen. Based on that location 4
scenarios will be validated where parameters like mission type, airspace, weather or demand (number
of processedlight plans) are varied.

6.2.2 Validation Objectives

Validation Objective I1d M=~ 0]=NkE

Analyse up to what point thimclusion ofcontingencies in the planning
Description processexould change the overall demand versus capacity situatiol
and theexisting hot spots in the preactical phase.

The changes in the demand vs. capacity situation can be quantitatiy
measured based on the activation of contingencies per hazard type

1 (partial) loss of autonomy level due to degradatiorCNS
Success Qdria 1 infrastructure performance;

9 loss of landing locatim(meaning zero capacity) due to weatht
events and using dedicated emergency vertiports;

9 reduction in nominal vertiport capacity due to weather event
Success Criteria 2 The w_npact of thénclusion of contmgt_anmes in the planning processe
on existinghot spots can be quantitatively measured.

\VEUTENlo s MOl Sla\-R Il EXP20BJ2

Analyse up to what point thencertainty or lack of informatiorprovided
by the droneoperator in the initial submission of the Operation Ple
could change the ovall demand versus capacity situation, and t
existing hot spots.

o Definition of baseline demand & capacity situation for the experimel
Success Criteria 1 scenario

Implementation of uncertainties to the experiment and definition of
Success Criteria 2 the minimum required information input needed by the operator to k
able to create a reliable DCB analysis

Description
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Validation Objective I1d M=~ 0]=NE]

Analysethe effects ofCNS performances such as navigation accurac
and communication update rat@ the risk (both in air and ground) for
the given scenariconsidering the 4D nominal trajectories provided k
the demand model

Description

Estimate the collision risker the givenscenario(considering 4D
Success Criteria 1 nominal trajectories from demand modelgpending on Navigation
accuracy and communications update rate.

Estimate the effect on false conflict alert rate of the safieigrgin to
Success Criteria 2 minimise the collisions risk, which would be set based on navigatior
accuracy.

Validation Objetive Id E=4z~.0]2N%!

Analyse up to what point weather conditions affect the infrastructure
Description urban environmentsnd therefore the capacity. Especially, the impact
of weather forecasts will bassessed

The quality of the wether forecast allows to characterize the
Success Criteria 1 availabilityof the takeoff and landing locations (vertiports) in urban
areas.

o The impact of weather conditions can be assessed in relation to
Success Criteria 2 : .
different vehicle types and performances.

VEUE[osNOl[Ien\V-Rs M EXP20BJ5

Analyse up to what point high turbulences / high winds affect low
Description weight drones, in order to identify the areas to be avoidedtby type
of drones

o The weather forecast allows to mark high tuténces / high wind area:
Success Criteria 1 : . . :
for allrelevant airspace levels in low weight drone operations.

Availability to plan the avoidance of high wind areas without
Success Criteria 2 overloading the neighbouring areas / zones. Here, the residual aree
will be used dequately to distribute the load.

Founding Members 67

O

EUROPEAN UNION  EUROCONTROL



SCENARIOS FOR VALIDATION EXPERIMENTS x>

DAC SESAR

JOINT UNDERTAKING

Validation Objective |d M=4Z01=1 N

Assess theonsistency of the process to identify social impact keytots
Description and riskrelated hot-spots in terms of consistent timeframes an
portions of airspace.

SuccesEriteria 1 The size of cells faisk-related hotspotsallows us to propose DCB
measures with regards to the hspots identified.

Success Criteria 2 CadenC(_a ofneasuremen';s is relevant to capture all the fsptots (e.g.,
every minute, every 5 minutes).

\EUsEulelaNeldSlaiHel EXP-OBJY

Assess theelevance of weather information as part of the DCB proce
in terms of its impact onoperations and planning of capacitselated
measures e.g., scarcity of TOLAs and contingency sites, emerge
new hot spots or weatherelated delays, which offsetting demand.

Success Criteria 1 Quantify _the |mpr.ovement of demand forecasts by takimtg iaccount
weather information.

Identify the general uncertainty of operations, caudsdweather
Success Criteria 2 information, depending on the different operational phases before tl
actual flight.

Description

6.2.3 Validation Scenarios

For the experiment thdocation of Frankfurt am Main, Germany was chosen. It is a city with a large
international airport in close proxiity and thus complex airspace structure and a distinct skyline
significantly influencing weather factors. Based on this location differemtas@®s are defined where
parameters like capacity, airspace, flight restrictions, weather or mission types #&d:var

1 Urban area

9 Location: Frankfurt am Main, Germany
1 Airspace: E, D as layers
1

Proximity <20km of EDDF, Frankfurt international airport

® This objective will be addressed by Validation Experiments #01 and #02C0BJR Will address the
social impact hespots, and the EXPQBJ6 will address the ris&lated hotspots.
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I Small and large rotary wing (delivery, agriculturig.
I Combined highres/low-resweather model

1 Airspace restrictios: NOTAM/TFR, UAV specific restrictions (large crowd of people, concerts,
etc.) restricted airspace.D

Mission
types

Scenario 1 Mixed Nominal  Normal No 1st iteration: introducing time
restrictions uncertainty with a satial
deterministic trajectory
2nd iteration introducing time
uncertainty and vertica
uncertainty with a 2D (lateral
deterministic trajectory
Optional: 3rd iteration
introducing uncertainty in al
spatial and time dimensions

Scenario 2 Mixed Off- High No Deterministic trajectory
nominal restrictions _ _ _
Optional: 1st iteration
Scenario 3 Mixed Nominal High Restrictions Deterministic trajectory
Optional: Fiteration

Scenario 4 Sngle Off- High Restrictions Deterministic trajectory
nominal

Weather Demand  Airspace Uncertainty

Optional: Fiteration

Tablell Summary of the Validation Experiment #02 scenarios.

6.2.4 Description of the architecture

The technical framework that shall facilitate this experiment integrates the implementation of models
as presented in D3.1 and R3as well as the prototype of service functionalities to be developed in
the remaining coursef the project. Specifically, the Al Demand Prediction Md8gWwill help to
calculate the demand prediction and Capacity Modelstipport of DCBO] will allow to estimate the
collision risk. The generation of both nominal and contingdvarsed 4D trajectories are part of the
Drone trajectory Management Framewojs] and the wedher service prototype together with risk
map and the population density map are the expected functionalities from the development of
supportive functions for large number of simatteous operationg7]. The interaction of the
aforementioned componentsis shown in the following highevel architecture diagram. The
architecture is aligned withhe defined DCB processes (s@e28
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Generation of
4D
(probabilistic)

Weather
trajectories

Mission types, vehicle
information, uncertainty

Monitoring

4D (prob) trajectories

collision risk
indicators

Generation of
contingency-
based 4D
(prob)
trajectories

40 (prob) trajectories + [ENTETT R
contingency trajectories demand

prediction &

Optional: pop
density, grid
(airfsolid)

Identification

of Hot Spots

uncertainty

Monitoring

efficiency
indicators

FigurelO. Highlevel serviceand capability component architecture for thexperimerts

The sequence order of the data can be understood as the followiith the support of weather
information, static population density map and a derived risk map, nominal 4D trajectories will be
modelled. In the scope of the experiments, different levaisincertainty will be explored and tested.
After this modelling, contingency trajectories will complement the drone trajectory modelling. To
ensure that the same boundary conditions apply for thatomyency trajectories as for the nominal
trajectories, the supportive functions also feed this part of the process. Next, both datasets are
forwarded to the calculation of demand prediction part, which adds information related to the
technical charactertgs of drone in order to generate an enhanced repreaéinh of the trajectories.
Consequently, this data is passed to the monitoring functionalities which serve to the estimation of
indicators for the dynamic capacity management. Finally, it is intetoldéeed the estimation of risk

and efficiency indicatorack to the flight planning process with the objective to improve this process
and identify relevant hot spots. ThHeablel2 summarize the data types and formats treae hardled

by the service functionalities.

Regarding the Collision and Conflicts Risk Modekltulates the fatality ground risk derived from
collisions and failures, as well as the false alarm rate (conflicts detected which would not derive into a
collision) On the one hand, collisions between drones will depend on number and performance of
drones, time to react, capability of detection, CNS performances, etc. On the other hand, failures while
flying will only depend on flight time. From collisions and fas probability of fatality on the ground

can be calculated. It will also depend on tiwesf the drones, population density and sheltering factor

(if people are protected by buildings, trees or anything that could reduce the lethality).

To estimate ftality ground risk, simulations are carried out considering the 4D nominal trajectories
provided by the demand model. The trajectories defined by the demand model are deterministic,
however, the real execution will present uncertainties both in time (delagdvance with regard to

the nominal case) and in position/heading (navigation systerorgi.e., difference between the
position calculated and the real position of the drone); therefore, different uncertainties in terms of
time, position and headingswust be introduced to assess the real ground risk associated with the
foreseen operationslo that end, given the scheduled trajectories in a period of time (t_initial,t_final),
N different iterations introducing errors are generated for each t_i and ik of each of these
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iterations is calculated and then averaged, to obtain the expectedryt risk, in the considered time
period.

INPUTS: ASSUMPTIONS:
* No. of steps & scenarios * Ajrcraft characteristics (sUAS)
* Timestep & time slot * Freefall
*  Pickle file (trajectories) * Characteristic times
* Number of iterations * CNs performances
l * Elastic collisions
LooP1 -
STEP 1 Far t=ti STEP 2 STEP 3: STEP 4
+ Drone positions (nominal) _ Introduction Introduction uncertainties . .
= o == . . = Trajectory evolution
* Speeds uncertainty in time in position and headings prediction
* Headings F::;?Li {t:) 1 {xi': }'1'“» Zf, v, 9;. ¢:) |—
scenarlas
tetiel INPUT:
New scenario Europe .gectiff files
Allocate | STEP 5
STEP 7 S_TEP 6 . Population density & Sheltering Factor Number of conflicts and
Average ground | Ground risk of scenario || x collisions
risk for t=ti (collision+failures) Number of failures
v
STEP 8 STEP 9
Advance time & Reach end Mean and Max STEP 10 L
repeat of time slot Ground Risk | Graphs & results
t=ti+l (time slot)

Figurell Overview of the Collision and Conflicts risk model process

For more details, please s@32 [9] where collision risk model is described.

SeTV'Ce. Data type Data Format Details Provided to
Functionality
Generation of 4C 4D trajectory with GeoJson Generation of
trajectories uncertainty contingeng-
based 4D
trajectories
Generation of 4D trajectories GeoJson The output is Calculation of
contingency (nominal A merely an demand
based 4D contingency) with expansion of the prediction
trajectories uncertainty nominal input
trajectory
Weather Weather dda Raw data Option of providing Generation of
(xyzt, wind uncertainty of nominal and
@S O 2 N. scenario contingency
based 4D
trajectories
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Risk Map data GeoJson? (X
Y, Z, Wx

related Risk?)

Static  population
density map data

Nominal input GeoJson

trajectory from (note we

prev processes would

including probably

contingency extend the

components and data  from

potential prev steps to

uncertainty (time include

and /or pacsitional) additional
~Json felds if

Drone  vehicle required)

YYsSual

indicating vehicle

type and preferred

operation (e.g.

flight level, direct,

structured  route

etc.)

Collision risk Array of data

Performance/effici Array of data

ency?

DAC

The update Json
profiles  including
enhanced vertica
performance,

vehicle types,
capabilities and
range plus (1..n
contingencies

Centre (ad size) of
each cell, providing
the mean and
maximum collision
risk and fatality risk
for the time period

Centre (and size)
each cell, providing
the unjustified
manoeuvres  pel
flight hour (due to
conflicts which
would not cause &
collision)
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Generation of
nominal and
contingency
based 4D
trajectories

Generation of 4C
trajectories

Monitoring of
Collision Risk an
Efficiency
Indicators

Generation of 4C
trajectories

Generation of 4C
trajectories
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Identification of A number of hot Array of data Further DCE
Hot Spots spots and their processes
duration

Tablel12: Summary of the data types and formatf EXP#02.
6.2.5 Validation Assumptions & Limitations

9 All vehicles being considered in the scenario are rataft only to limit the complexity of
models validated ithe experiment.

1 Vehicles may have different atacteristics (large, small) and different performance
capabilities (operating range, preferréight levels, nominal cruise speeds, RoCD etc).

9 Vehicles are not passenger carryjtlyus, only ground risk will be considered.

T No DAA solution on board
6.26 ChoiS§ 2F SELWINGsSYSyidQa

In the PreTactical planning phase, it is expected that the coltisisk model will focus on two main
performance areas, one being the level of collision risk across a set of airspace cellsg@lts3und

the other focusingn the probability that the occurrence of a collision would result in a fatality on the
grourd. The second measure assumes that the vehicles involved in such an incident are not carrying
passengers of course.

Hence the metrics that will be considered witation to the collision risk service include:

1 Collision Risk Level by analysis cell fgivan time period (e.g. fifteen minute) across the set
of analysis cells. Mean and maximum values for the time period

1 Number of Hotspots and their duration foréhsame set of analysis cells and range of time
periods (i.e. cells where the max collisioskrexceeds the acceptable risk threshold and the
contiguous period that each cell remains at or above the max permitted threshold)

1 Mean, and Max collision riskifa set of cells over a specified time perioehfinutes)
1 Risk of fatality on the ground péight hour, by cell

1 Success criteria can be measure using a comparison (by cell/time period) of the risk compared
to the agreed Target Level of Safety for aiweg scenario.

In relation to the contingency plans that are provided as part of theTRwdcal mission plans, and the
response of specific vehicles to unanticipated issues (e.g. bad weather, degraded CNS etc.) metrics
proposed may include:
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