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Abstract

Engage is the SESAR 2020 Knowledge Transfer Network (KTN). It is managed by a consortium of
academia and industry, with the support of the SESAR Joint Undertaking. This report highlights future
research opportunities for ATM. The baemeworkis structured around three research pillars. Each

research pillahasa RSRA OF 6SR a4SOGA2Y Ay GKAA&A NBLER2NI® {9{!
Agenda, Digital European Sky is a focal point of comparison. Much of the work is underpinned by th
building and successful launch of the Engage wiki, which comprises an interactive researeim map,

ATM concepts roadmap araresearch repository. Extensive lessons learned are presented. Detailed
proposals for future research, plus research enablers@atlorms are suggested for SESAR 3.
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1 Introduction

Engage is the SESAR 2020 Knowlédgasfer Network (KTN). It is managed by a consortium of
academia and industry, with the support of the SESAR Joint Undertaking, to promote and facilitate the
development of air trafficmanagement research in Europe. Its focus is-feld: inspiring new
researchers and helping to align exploratory and industrial research, through a wide range of activities
and financial support actions.

This report highlights future research opportunititm ATM. The basic framework of this work is
structured around three research pillars assummarised inTable 1-1. The pillarsare formulated
NBfIdAGS 1 ic Re3darchaafdinndvitidtl Agefda, Digital Europeaf6B(RIA), which
describes the research agenda for the SESARJ The key objectiveof this deliverableis
complementing this Agenda witidditionalresearch opportunities, notwithstanding the fact thihe
SRIAwvas published some way through the lifecyafahe KTN.

Much of the workhereinis underpinned by the building and successful launch of the Engédge
which comprises aimteractive research mamn ATM concepts roadmap aralresearch repository
(as describedh Section?). Eachresearchpillar also hasa dedicated section in this report.

Tablel-1. Three research pillars

Research pillar Summary of pillar Section of report
A two-phase approach, firstly using a datdven analysis
of SESAR projextin the repository of the Engageiki,
using machine learning and muitimensional vectors tc
Gap analysis identify gaps in the existing research corpagative to the Section2.3
SRIA. The second phase deploys expert judgemer
interpret and comment on the datdriven phase, to filter
and focus on key findings.

The goal of Engage thematic challenges was to adc
research topics not currently (sufficiently) addressed
the SESAR research programme. The Call for ther
challenges was open to the research community on
Engage website from January 20T8ispredated the SRIA
Four challenges were devised amgatured during the
lifetime of the KTN using a series of dedicated worksh
and catalyst fund projects.

Theseset out to advance the definition of future researt
concepts beyond whas LJdzo f A a KSR Ay
reflects the familiar concept of horizon scanning
rese NOKZ ARSYGATEAyYy3 Q% dgédiad
' O02YLX SYSy Gl NB GSNXY G2
These ideas were conceived and developed by
consortium experts. The conceptsare futuristic in the
sense that theyravenot already been (fully) researched
the ATM domain, either through omission and/or becat
the underpinning principlearestill at a very low TRL.

Thematic challenges Section2.4

Horizonflagships Section2.5
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These activities were carried out at different times during the work of the Engage KTN. The thematic
challenges were launched itme first month of the KTNThe gap analysis and horizon flagship
develppment during the later stages of the KTN. Since these substantial work efforts were
implemented largely independently and asynchronously, it is not surprising dbate overlaps
between the outputs should arise. Indeedwiould be surprising had they nothis complementarity

and the next stages of taking these pillars forward, is discussed in Séction

In the wider context, this reportariously draws orand relates toother keyEngagealeliverables, in
particular:

1 D3.9: The Engage wikan update on the KT8 knowledge hub functionality, research maps
and repository[1];

1 D2.7: Annual combined thematic workshops progress report (serig¢2]3))

Notwithstanding drawingcross several foundation works, this report generates a large volume of fully

new material, which, it is hoped, will help to inspire future research in ATM. Combined with the

referencedocument for the Engage wiki (D3.9), this deliverable compripadraf legacy deliverables

that the consortium considers will be of particular use and importance for any KTN launched within
the SESAR 3 Exploratory Research programme.

This report isalsoan update to the forerunner deliverable, D3.5 (Opportunities for watove ATM
research (interim report)3]). Core recommendations cited in this report related (9:building
researchcommunities (ii) transfering results of successful research projgcfii) improving the
availability and use of standard scenarios and datasetd, (v) insising on the use of established
scientific methodsWhilst this deliverable (DB0) takesthese recommendationforward, the reader

is invited to consult D3.5 as a companion document. In particilanvas taken forward by the SESAR
Scientific Committee and used to develofficial SESABuidelines now published in theSTELLAR
programme library and reproduced he (as Appendix A due to its relevance and for ease of
reference.

Ten PhDs weréunded throughthe Engage KTN. These projects aligned with our goal of fostering

the growth of a community of eadgtage researchers in Europe in the air traffic management domain,
as well as supporting better collaboration with industry and researchers early in the concept
development stages. Through theeactivities, we can better facilitate the transfer to higher maturity
levels through financing and access to industrial collaboration environmariger reporting on the

PhD programméi.e. onthe 2021 smmer schoo[4] andthe PhDconsolidatedorogresseporting[5])

will be wupdated in 2022 Details of the PhDs are published on the Engage website
(https://engagektn.com/phdabstracts).
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2 ldentifying and disseminating research and
future opportunities

2.1 Overviewof the approach

Section2 is dedicated to detailing the methodology and results of each of the research pillar
investigations, asdescribed in theintroduction, together with thefull results and supporting
discussions thereof. We stathowever,with some insights into the broader work of the KTNtlas
relates to the dissemination and accessibility of SESAR research in partieularthe wide context.

This idargelyfocused through the activities of the Engage wiki, which supports the work of two of the
research pillars in particulaas will be explained.

2.2 Active dissemination of resealc¢ SESAR ER and beyond

2.2.1 Reprise ofEngage disseminatioambitions

Much of this work stems from Task 2.2 in Engage, which is complementary to that of Task 3.4, i.e. the
observatory hosting ATM research and knowledge, the Endéagaviedge hu which was formally
launched at the SESAR Innovation Days 2020=2& tigageWilkWhilst part of these objectives were

to support the dissemination of SESAR ER results and activities, Engage has gone further than this. The
wiki, as described in D3[®], not only provides a platform and consolidated repository with novel user
functionality, but also hosts an interactive research map of ATM, which allows researchers to
investigate, in various interactive modes, a ftdkpus of SESAR Exploratory Researchindustrial
Research results in one place, thus delivering far more than a simple, passive dissemination platform.
This thus meets the ambition of mapping ER and IR, withdhel Yy yidbistrialdesearclcoordination

map¢ included in the same tool, thus servingdoreak down barriers between these research gilos
(both as cited in the Engage proposal). Furthermore, as we also highlight and expand upon in the rest
of this report, these efforts are broughbgether synergistically in thenapping and datalriven
identification of future research opportunitieander the corresponding research pillansotably
through the functionality of, and activities associated with, the Engage ATM concepts roadmap
(another feature of the wiki). These research pillars, variouslgemtifying research gaps and
opportunities from the various perspectives of the gap analysis (examining previous research), the
Engage thematic challenges (building on the workshop series) antldhizortilagships (conjectures
beyond 2040), are all discussed below. Bisthesis of reportingin this reportthus draws together
outcomes and research mapping from the ER and IR programmes and proposes additional research
elements, beyond the currérnevelof the SRIA, for future consideration in terms of impawtgheER
programme (in particular) and on the longerm evolution of the European ATM system.

Notwithstanding the ambition of fostering new partnerships and developing a more intercaguhect
and collaborative ATMommunity, the discussion fora of the wi{lseeAppendix Bor links and D3.9
[1] for full details)have not gathered the hopefbr momentum at the time of producing this
deliverable.lt is to be hoped, that through further agtties and promotion such as thoséaborated

in D3.9, that these fora may gather sufficiémpetusto become hubs for various communications and
discussions in SESAR
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On approval by the SJU, the two Eng8ggacyieliverables (D3.9 and OR), will be emaileddirectly

to all the Engage industry partners (who may not be party to some other lines of communication), in
addition to being published on the Engage website and wiki, and direct promotion will be requested
of the SJU via the SES&Rews Feedback will be invited on these reports, and such feedback will be
shared with the coordinator of any new KTN launched as part of the SESAR 3 ER programme.

Full reportingcommunication analisseminatioractivities is to be founth deliverable D2.216].

2.2.2 Up-to-date mapping and accessibility by the SESAR JU

The SESAR JU maintains a regularly updated mapping of the current projects, such as that shown in
Figure2-2x &aK2gAy3d GKS LINE 2 S @dsearchoicaténériSed imté tiSeSstrads:i NI y R
exploratory research, industrial research and validation and very Jsugle demonstrations. These

strands have been designed as an innovation pipeline through which ideas are transformed into
tangible solutions for industrialisati@rj7]) and¥ A @S Ww{ S& I NBIl aqQy

1 Highperforming airport operations including total airport management, remote towers,
runway throughput capabilities, navigation and routing tools, airport safety alerts for
controller and pilots

1 Optimised network operationsincluding dynamic collaborative tools to manage ATC airspace
configuration (sectors), and chvililitary collaboration for greater predictability and
management of operations and airspace use

I Advanced air traffic servicesncluding timebased separation and European wake vortex re
categorisation (RECAU), better sequencing of traffic, automation support tools, integration
of all vehicles

1 Enabling infrastructure including CNS integration to facilitate economies of scalé an
seamless service delivery; and systeside information management governance,
architecture and technology solutions and services for information exchange

I U-space drone integration, covering technologies and service solutions to support complex
drone operations with a high degree of automation in all types of airspace, including urban
areas

Dedicated pages correspondifgLINE 2 SOl a | y R offeluitlt infaination $det. dach S &
AGNI YRI Ay BHSRR lanbaton RipeEnd stifmadsed inTable2-1. These variously

contain new stories and video materi&@lach as a search function with filters (exemplifiedrigure
2-),3SYSNF GAy3 FdzZNIKSNJ LINP2SOG tAyla gAGK NBfI GSR
applicableaffording the user ugio-date access to a full range of project deliverables.
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Table2-1.{ 9{!w W' WLINR2SOia IyR NBadzZ 6aQ ¢SolLJ 3ISa

Text extract from webpage Webpageresearch heading and link

SESAR Innovation Pipeline SESAR projects a
categorised by an innovation pipeline through whi
promising ideas are explored and then moved out SESAR Innovation Pipeline
GKS WilFoQ Ayid2 GFy3Arots
real operations. The pipeline consists of three distir https://www.sesarjueu/innovationpipeline
strands [...] Exploratory Research [...] Industr
Research [...] Very Largeale Demonstrations

Through its Exploratory Research, the SESAR JU
beyond the current R&D and what is already identif
in the European ATM Master Plaithe aim is to
investigate new ideas, concepts, and technologies,
also to challenge preonceived notions about air traffi
management and the aviation value chaiBy
advancing promising research ideas and embedc
them in a broader programme of work, the SESAR .
helping to futureLINR2 2 ¥ 9 dzNR LISQa |
to maintain its gloll competitive edgé...]

Within the context of SESAR 2020, the SJU an
members have been working on two wavesnafustrial
research projects, aiming to deliver more digi
azfdziAzya G2 GNIFyaTR RO,
the first wave of SESAR 2020 industrial resee
projects came to a close, delivering a number
solutions (as part of Release 9) to the nexary level of
maturity to make them available for pre
industrialisation (Technology readiness level 6 or M3
2020, the second wave of industrial projects we
kicked off, aiming to take forward the results from tl
first wave and focus on solutionsahcan bring the
most benefits in terms of environment, capacity, safe
and cost efficiency...]

Exploratory Research

https://www.sesarju.eu/exploratoryresearcl

Industrial Research

https://www.sesarju.eu/node/3776

As with many things, ATM stakeholders need to
before investing in new technologies, which is w
SESAR members and partners carry out flight trials
other demonstrations in redlfe environments

involving a wide range of operational experts, frc Very Large Scale Demonstrations
airports, air traffic control centres, airlines, finess _
aviation and general aviatioithe fact that so many https://www.sesarju.eu/node/3777

ATM actors are eager to participate is provi
invaluable for accelerating the operational acceptar
and the subsequent industrialisation of SESAR Solu

[.]
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2.2.3 Interactive mayping and repository fromthe Engage KTN

Partly to support themapping of ATM research concepts, and with a goal of building powerful
interactive maps (o#line) that are easy to use and embrace both ER and IR activities, the Engage
research mapping task focused anbottom-up discovey of themes and clusters of resedr. Key

information was extracted from previous SESAR projects, and this was used to create research themes
(clusters).This contributes to the mapping of the landscape of research directions for SESAR 3.
Deliverable D3.9[1] discussesn this detail. The Engage repository and its search and filtering
functionalities are also detaile@ogetherwith CORD|$> | YR (G KS AYRA@GARdzZ & {9{!
these provide a range of sources for accessing data regarding SESAR pgrofeetsiord.2, below,

we reflect on the different sources of project data and their recency.

2.3 Gap analysi ¢ examining previous research

2.3.1 Methodology

The processto identify potential research gap&dentifying futureresearch directionsdeployed a
phasedcombination of quantitative and qualitative analystss we detail, hirough an auto-encoder
model (a special type of neural network) and using rmaliltiensional vectorskey statistical
information (e.g. keyword analysis, semantic similarity indices, outlier detectionYivedly extracted
from SESAR deliverable textsorder to identify areapotentially poorly covered in the SRIA and yet
with remaining potential interest to the research communiBgecondlythese results were interpreted

by ATM experts in the Engage consortidrhe data acquisition process underpinning this is described
next.

2.3.1.1 Acquiring and cleaning the sourdata

As described in detaih Engage D3.9 on the wiKi], data required by the interactive research map,

ATM concepts roadmap and research repositary the EngageWiki (see the live wiki at
https://wikiengagektn.com/EngageWikind Appendix Bor a summary tableandspecifidinks) consist

primarily of SESAR project deliverables, Solution data packs and conference papers. The sourcing of
this material started in May 2019 dncontinued to November 2021, feeding the updated wiki
functionality. In addition to sourcing material, metadati@scribing each project, deliverable and
conference paper were also requirgahis proved to be a challenging task, with a large amount of
manual pocessing carried out for older materidflaterial has been acquired from the SESAR 1 and
SESAR 2020 programmes:

1 SESAR 1 projects and activities 20086 (sed-igure2-3);

1 SESAR 2020 projects and activities 20084 (sed-igure2-4).
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Figure2-3. WP activities of the SESAR 1 Programme 22086
Source{13] (Figure 3)
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':_I‘l’::rr";:';':;ﬁd b q sl &award | IR-VLD WAVE 3 PROJECTS
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* To be confirmed
* Launch

Figure2-4. Call activities of the SESAR 2020 Programme 28022, as of 2021
Source{14] (Figure 10)

At the launchof the first public version of the wiki (December 2020), the interactive research map and

ATM concepts roadmap had been developed using deliverables from 338 SESAR 1 and SESAR 2020

projects, along with papers from the annual SESAR Innovation Days caeferelowever, there were

gaps in the coverage of projects from SESAR 2020 Calls, missing SESAR 1 metadata and unfortunately

no deliverables were GDRRBady for publication in the repository.

Further material hassincebeen sourced and corresponding metadadrepared by the Engage team.

Of the 456 SESAR 1 and SESAR 2020 projects identified to date, material has been obtained for 426
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(i.e. 88 projects added since tHaunch).Table2-2 lists the SESAR Calls and projects from which
material has been sourced (1873 deliverahles

Table2-2. SESAR materiah the EngageWiki

SESAR programme Calls Projects Deliverables
SESAR1 IR 226 775
IRAIRE Il 7 7
IRDemo 8 8
IRLSD 14 15
IRRPAS 9 9
WPRE 43 157
SESAR 2020 IR Wave 1 24 224
IR Wave 2 2 10
ER1 28 242
ER2 28 242
ER3 16 172
ER4 40 155
Total 12 426 1873

SESARdeliverables were made available to Engage by the SJU from various SESAR libraries, covering
AYRAzZZOGNARLFE NBaSINOK /lffta ow.Sad FyR CAYylLFf hFFSN
(Exploratory Research Calls). Whilst restricted materialdcbal analysed for use by the interactive

research mamnd ATM concepts roadmapnly public material could be published in the research
repositoryafter being anonymise¢see Appendix Bfor summary descriptions of, and links to, these
components of the wili The Engageonsortiumis grateful for the help given by the SJU with the task

of anonymising these deliverables, to conform to GDPR requirements.

In contrast, published SESAR 2020 deliverables and Solution data packs were sourced frof®9GORDIS
including industrial research waves 1 and 2, and four exploratory research Calls. Note that each
Solution data pack could consist of multiple deliverables. All SESAR 2020 material could be analysed
for the wiki tools, with the research repository linking back to the original material in CORDIS.

A total of 1873 deliverables have been sourced to date. Note tieat material continues to be
published by orgoing SESAR 2020 projects.

In parallel to the sourcing of SESAR deliverables, conference papers presented at the SESAR Innovation
Days (SIDs) and the USA/Europe ATM Research and Development Seminars (ATM Senioegn have
collated with the assistance of EUROCONTROI ébée2-3 and Table2-4). A total of 310 SIDs papers
(2011-2020) and 343 ATM Seminar papers (22019) are now available in the wiki.

Known associations with SESAR projects have been identified, e.g. of the 34 papers presented at the
2018 edition of the SIDs, 9 pays were associated with ER1 projects, and 1 each for ER2 and ER3
projects. Note that the anonymisation of published conference papers is neither required nor
desirable.
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Table2-3 SIDs papers sourced amdatched with SESAR projedisr the EngageWiki

SIDs Total Papers Papers associated with projects
2011 28 17 WRE

2012 27 14 WRE;11IR

2013 28 13WRE;1IR

2014 30 19 WPRE; 2 IR

2015 28 17 WRE; 1 IR

2016 32 3WRE;2IR; 6 ER1

2017 35 20ER1

2018 34 9ER1;1ER2;1ER3

2019 38 1ERI1;4ERS3;6IRWavel
2020 30 10ER3

* SIDs papers determined to be associated with SESAR projects; SESAR projects in scope (i.e. papeSE®AR
projects have also been identified, but are not in scdee); possible for more than one paper per project to
accepted at each SIDs

Table2-4 ATM Seminar papers sourcddr the EngageWik{associated projects to be determined)

ATM seminars Total papers

2011 69
2013 67
2015 69
2017 72
2019 66

As already summarised in Sectipr2.3 extensive initial work was undertaken to process the SESAR
ER and IR textual data (deliverables) of the various projects, to be used in the followirdyidata
analysis.

2.3.1.2 Engage clusters anfRIA flagship activities mapping the landscape
(a) Introducing the SRIA

Mapping the ATM research landscape is a dynamic process. During the developmentAdihe

concepts roadmap in Engage, the Strategic Research and Innovation Agenda, Digital Eskgf@an
OKSYOST2NIK &AYLI & pesdatth@thg agdndador tBBESAR 1UH7Bhe goal KfS R >

the SRIA is0 support the delivery of the Digital European Sky, describing the scope of research and
20KSNJ FOlA2ya FAYSR |G FdzNI KSNJ Y2 RSpsdéASkdteqid 2y 2 F
research and innovation roadmaps for the years 2021 to 2027 are mieeas actions needed to

deliver the implementation of th&uropean ATM Master Plan 2020 editidime SRIA identifies nine

flagship activities/roadmaps in the 202D27 period, listed inTable 2-5, below. Many
interdependencies can be found between the flagships, and there are three horizontal topics that
should cover the entire programmé&he R&I in the flagships covers the three funding instruments that

will be usedn the new SESARpartnershipg Exploratory Research, Industrial Research and Digital Sky
demonstrators. The Engage consortium decided to use the SRIA as a keystone for its ATM concepts
NRI RYF LI LJ NI AOdzZ I NI @ ¢ A dpproadhs this deRioniiahd tiEKNSS GISTNEENTACH N
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cluster analysisf Section2.5. The nine SRIA flagship activities (3edle2-5) form a core reference
point of the roadmap.

Table2-5. The nine SRIA flagship activities (horizontal activities in bold font)

N° SRIA flagshipctivity

Connected and automated ATM

Air-ground integration and autonomy

Capacityon-demand and dynamic airspace

U-space and urban air mobility

Virtualisation and cybesecure data sharing

Multimodality and passenger experience

Aviation Green Deal

O N OO B~ W|DN|PF

Artificial intelligence (Al) for aviation

9 Civil/military interoperability and coordination

The overall forward mapping in treadmap is simply represented as:
projectsA Engage clusterg SRIA

We next unpack this.

(b) The Engage clusters

The first steps along the pathway of mapping the research landscape wasttioen-up building of

research clusterdrom the project outputs.The research clustering aimed toap the cleaned up
outputs, using the plain texd extracted. Using amnsupervised machine learning algorithni4

clusters were identified, based on the similarities in project keywdsee D3.91] for details and
Appendix Dfor a simple output list A mult-dimensional map of these outputs was generatadd

then@A adzZl t AASR Ay (GKS WAyY({SNI Ol AppéhdixNgSrahs linkhamokl] Y I LIQ
(Section 45) for details onthe dynamic functionality of the mapn Sectiord.2, we reflect on the
different sources of project data and their recency.

(c) Mapping on to the SRIA

Next,semantic similarity analysi§SSA), an unsupervisbBiiLP techniqugallowed us to see how all ¢h
research previusly performedas described abovdijs with the proposed ninGRIAlagshipactivities

for 2030.1t provides a single view dfow it links to future research concepts, both in the SRIA, and
even beyond (see Secti@b). This identifies future research directions to be expth In order to be

able to link past and future research concepts, the objective was to find for each project in our current
database, to which of the flagshazxtivitiesit most related.As can be seen iRigure2-5 (NB. 2022
clusters showj the result of this process results in the mapping that can be seen in thbdefi half

of the ATM concepts roadmag he (initial) research clustering work has allowed us toateeand
visualise the temporal evolution of how the different projects from the various SESAR Calls are grouped
into the 14 identified research clusters.
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Thesubsequent emantic similarity analysiscores the similarity of two texts based on how similar

their words are, even if they are not exact matches. The objective of the selected algorithm was to

rank the similarity of the projects with the SRIA flagstuifivities. To achieve this, the algorithm should

be able to compare the text extracted from each of the projects with the descriptive text of the SRIA
flagship activities, obtaining a measure of their similarity. The descriptive texts of th¢ebmdgship

activiteso at N2 of SY A0l GSYSYyti8PSOUSBAONKEBR2WORFI-KAPRES A
f S@St 2dzi02YSa I yR witeNRAcel mafdfy ardl thenSprdcasges i & O

similar way to the texts extracted from the projects. A language model was constructedwsidg
embedding,which allows words with similar meanings to have a similar representations in a multi
dimensioral space.

¢ KA& O2YLX SiGSR Adak See[W tSechda 4.5dRdRtail¥ bnthisidynamic functionality
of the map.

2.3.1.3 The gapanalysis metho Wg A G KAY Q YR WoSGeSSyQ | LI
Having mapped the landscape, we come to the mechanics of the gap andgsemmpleteness of
reporting, two general types of experiment were carried out:

1. FAYRAYI (KS Wy2ad dzyEShARzSe@so? dziutsMIINGA yIQY 23 & (B AlA
2. finding the projects least connected withthe SRIA W06 S 6SSyQ |yl fedaraovo

We describe and report on both methods and their results, whilst the planned focus of attention for
follow-up expert analysis wa@), since th8 was considered the most useful for identifying future
research opportunities(Those familiar with techniques such as analysis of variance, may find the
WgAGKAYQ YR WoSigSSyQ ylt23ASa 2F dzaSd0
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(@WithinY FAYRAY3I GKS WY2a0G dzyAljdzSQ 2dzif A SNA

The first problem statement waghus to find the host uniquéoutliers in the corpus oSESAR
deliverableqon aper-projectbasig. After cleaning the textausing a similar approach to that used for
the clustering (as described abovgbhe textual transformationsvere as exemplified i able2-7.

Table2-6. Example textual transformatiorapplied to deliverables prior to gap analysis

Beforefinal processing After final processing

oproject overview the purpose of wp b.04.05 w
to develop and validate a foundation method
identify opportunities for the provision ¢
common air navigatiorservices or their relatet
functions in the context of sesar, at
subsequently to examine the strategies i
delivery, high level business and techni
architecture options for deployment

oproject foundation method identify opportunitie
provision air navigation services functions strateg
delivery level business architecture options deploygen

The texts were nextectorised This converts a text into numerical features that can be seeded into

any machine learning algorithm. TheréSar YI y& @SO02NJ aLJ OS Y2RERFQE2 NJ |
W/ . h2Q> W22NRH2SO0Q 2N W520H2S0Qd ¢KS DbgR¥edsF Ay | f f &
an extension of the Word2Veambedding. Word2Vetries to learn to projectvordsinto a latentd-

dimensional spaceDoc2Vecimsto learn how to project adocumentinto a latent ddimensional

space. Doc2Vemndomly samples words from texts and trains one neural network model internally,

which gives a numerical vector representation of the textngghe clean text and the trained Doc2Vec

model, we generated a00-dimensional vectorfor each of the projects.

An auto-encoder modelwas then used to try to identify outliers within these projects. An auto
encoder is a special type akural network: anunsupervised learningilgorithm that applies baek
propagation, setting the target values to be equal to the input. Basically, the model tries to copy input
RFGF G2 2dziLdzi RFGF® ¢KA& LINRPOS&aa Aa 1yzew & WN
the feature extraction and decoding work. At the end of all the processes, some loss is generated and

the data point that is dissimilar from others incurs more loss. We used ¢affee deep auteencoder

neural network to train the model withthel2 6 Ay 3 f F @ SNJ a4 NUzOG dzZNBY wmnn It

~

l¢ekaa AyOfdRSR GKS NBY2@It 2F G134 64dOK Fa 6&frKAYtHé | yiRopar LIHE O3 L
g2NRa 06adzOK a aftA1Séz alidézr aild2é6r aliKSéT al yRé S {dddparofdppepha SOG I+ ONJ
tagging (retaining only nouns and verbs), plus the ten most common and least common words. The least common words weperifistly

names or misspellings. Some of the most commemainingwords need further investigation in firining of future analysis, but their

retention was thought to have had little impact on the overall outcomes.
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hw,p(X)

Layer L, LayerL;

Layer L,

Figure2-6. Neural network auteencoder training

Once the output vectors were generated in order to try to identify the outlier projestsimilarity

index was produced between the output vectors and the original vectors. The idea behind these is that
those cases where the similarity is worse will be because the model has had problems to reconstruct
it correctly andhiswill be due to thefact that they are projects that are further away from the others

As similarity indexthe WdaSine similarityOmetric was usedFigure2-7 illustrates) It measures the
cosine of the angle between two vectors projected in a madiltiensional space. The cosine similarity

is useful as it inot dependent on the size of the texts'he smaller the angle between the two vectors

the higher the cosine similayi. The outlier projectarethose that have a lower cosine similarity value.
Theresults inAppendix Ghow the 200 Y 2 & (I pmyjektyj thaBddtained a lower cosine similarity
value after the auteencoder reconstruction.

(b) Between finding the projects least connected with the SRIA

The secod problem statement our greater focuswas to find theprojects with the weakest
connection to the SRIA flagship activiti€ke initial processing and cleaning stegre analogous to
those explained abovia (a).This analysis builds particular on he use of semantic similarity analysis
as usedin the development of the ATMoncepts roadmap, described above.The problem
encounteredhere with wordembedding models, however, is thtey fail to correctly model the
technical language of aeronautiasd ATM(e.g. the termTMJs mainly related to money in these
genericmodels). It was therefore decided to create a specific wemtbedding model using the text
of the projects, that of the SRIA flagshigtivities and other extracted transport projectm(total more
than 1 million sentences)The wordembedding model used waagain Word2Vec. Using this
proprietary mode] it was possible to create a similarity matrix between paif words and
subsequently transfan the projects and SRIA texts using this similarity matrix into vector
representations.In this case, the metric used was the soft cosine similavitiyich is auseful
implementation of the cosine similarity metrias it also takes into accountord simibrity (Figure2-7
further illustrates) The type of results produced are exemplified for three projaat$able2-7.
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R3 hello R3
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“Hi, world!”
world “Hello, world!” ~ Wworld “Hello, world!”

Cosine Similarity

Soft Cosine Measure

Source: hitps://github.com/RaRe-Technalagi

{gensim/blob/develop/dacs, ks/soft_cosine_tutorial.ipynb

Figure2-7. Cosine similarity and soft cosine measure

Table2-7. Example results of the semantic similarity analysisprojectsre. SRIA flagship activities

25 5. 2., gs= > .3 s, 3o g
= o G = = SR = 3 = 3
9g5 34 £33 32E LB S5z &F £ 353 Most similar
WBS Projectname 28§ 528 588 583 g8 se% 8§ 3§53 238 .
Stz 3o 2p2g 3Zea 2o 232 g2 B&E 23 topic
=Es g 83 a3g s g°% 353 =8 o
g2 23 §a7 i ge g “z =it
T a < 3 = = : £a
Virtualisation
SecureData and cyber
E.02.27 Cloud 0.23  0.09 0.20 0.20 0.19 016 018 016 022 <
ou -
sharing
Optimised Aviati
LSD.01.05 Descent 007 @ 00 017 008 017 006 011 009 0.12 gre"é?] e
Profiles
SWIM Virtualisation
. and cyber
14.02.03 techn[cgl 0.22  0.05 0.10 0.06 0.06 0.08 0.4 @ 014 0.8 secure data
supervision sharing
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Asthe final result of this process, a semantic similarity index was obtained for each of the projects in
our database with respect to the descriptions of the nine SRIA flagship activities, and the least overall

connected to the SRIA are rankedTiable2-8. The first columnsithe ranked weakest link (i.e. least

connected first), although unduienportanceshouldnot be ascribedto differences betweerspecific
rankings.As a further, crude validation exercise, three keywords were manually assigned to each of
the projects, and searched in the SRIA, to check that none of the projects had an apparently very strong

representation in the latterln most (14) of the casegprojects),the total (of three) keyword hits was

zero or one. The highest, rather counter to the ranking, was the occurrencgioNJ A Yy A y 3 ¢
project 1), 14 times in the SRIFhe text samplegight-hand column) wee normally talen from the

project<inal reports and are unedited. For further information them, the reader is referred to the

Engage repository (se®ppendix Band/or the links infable2-1.

Table2-8. 20 projects least connected with the SRIA

Project WBS Acronym Title Text samples
/ rank
Project 16.04 was concerned with the overall managem:
and coordination of the 16.04.0x projects that wel
responsible for the SESAR ATM Human Performe
Management SysterR&D activities. This R&D covered fo
areas:
M  16.04.01 Evolution from ATM HF Case to a
Case Methodology for SESAR
1  16.04.02 HP Tool Repository of SESAR Stan
HP Methods and Tools
1 16.04.03 Impacts of Future Systems a
Procedures on Selectiofiyaining, Competence
Human Performance and Staffing Requirements
1 16.04 - Management Systen 1  16.04.04 Social and Cultural Factors impact
R&D on SESAR Changes All these projects have
completed and have delivered their fine
deliverables.
As explained in section 3.8 of the ATM Master Plan (Edi
the human element remains pivotal to the success
SESAR, and also that the concepts being developed w
SESAR must take account of human strengths
weaknesses in their development. The deliverables of
16.04.0x projects provide the guidance ne@gsor SESAF
R&D projects to take account of the human aspects wt
developing SESAR concepts, and therefore th
deliverables are essential to facilitating the ultima
deployment of the ATM master plan roadmap.
The objectives and achievements of the project &
summarized as follows:
1  Demonstrate the added value of DRM wit
respect to static risk modelling
o Achieved and documented ir
Develop techniques DeIiver_abIe ‘D09 Dynamic Risk
2 16.01.03 - for Dynamic Risk Modeling = SESAR test —ca
U . application and lessons learned. Ttk
Modelling comprehensive report includes a
steps and results of DRM applicatio
Agentbased DRM has been shown 1
be workable and useful for ATN
applications.
M Produce a guideline fawhen and how to apply
DRM techniques in real world analysis
Page P2 EUROPEAN PARTNERSHIP

O6AYRA

Co-funded by
the European Union


https://www.sesarju.eu/

D3.10 RESEARCH AND INNOVATION INSIGHTS

Project
/ rank

WBS Acronym

Title

& sesar’

Engage JOINT UNDERTAKING

Text samples

o Achieved and document. througl
iterative approach from initial
guidelines until final The result wa
coordinated with P16.06.01 tha
addresses the SESAR  Safi
Reference  Material and  its
application.

12.07.03 -

Airport Performance
Assessment and
Management
Support Systems

The main objective of the Primary Projecirport
Performance Management Assessment and Managem
Support Systenis(APAMS) was to specify, develop al
verify the AirPort Operatin Centre (APOC) support toc
which is able to collect and evaluate information from tt
Airport Operations Plan (AOP), allowing monitoring a
management of the airport’s performance by providit
mechanisms to the APOC stakeholders to resolve
unexpeted operational disruptions in a collaborativ
manner.

12.06.07 -

AMAN, SMAN, and
DMAN fully
integrated into CDM
processes

The scope of this project was to define, develop a
validate the operational concept related to integration of ,
SMGCS, AMARNnd DMAN services in the Collaborati
Decision Making process. The objective of the integrat
was to support the controller to optimise the traffic flow ¢
the airport exploiting the following functionalities:

- managing the traffic flow at the airport,

- optimising the runway occupancy,

- minimising the taxtime,

- avoiding conflict situation

12.02.01 -

Runway
Management Tools

The technical projectRunway Management Todlsvas
focused on the specification, development and verificati
of a prototype based on the Runway Demand and Capa
Balancing operational concept. Since the beginning,
objectives of this project were to:

M  Provide in advance the optimal runwa
configuration according to the factors affectin
the runway (weather, infrastructure,
YEAYGSylFyOSXxo ]
accommodate the expected demand whil
reducing delays.

1 Monitor and manage the configuration:
proposed identifying any possible imbalance
take corrective actions.

I Calculate the available capacity and provi
capacity forecasts for the following hours t
optimize runway throughput.

M  Assist the Tower Supervisor with decisic
support tools in managing and optimizing tr
runway configurations according to the arrive
and departure demand during short term an
execution phase by using whiitmode.

1 Notify any imbalance detected to externe
systems such as queue distributors (Arrival a
Departure Managers) or Airport OperationsiRl
(AOP), in order to take appropriate actions

To achieve these objectives a stepwise approach in
phases was agreed according to the maturity of t
operational concept, the stakeholders involved in tl
project were assigned to project tasks accordtogtheir
expertise.

12.06.02 -

The Airport Operations

Plan (AOP), decision
support tools and

conflict detection tools

The main objective of this project, nameihe Airport
Opeations Plan (AOP), decision support tools and cont
detection tools to be integrated in APOC for managing !
overall performance of the airpaf was to specify, develof
and verify an AOP prototype which is able to monit
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to be integrated in
APOC for managing th:
overall performance of
the Airport

aircraft and passenger prosses at the airport and displa
them to the user as an Airport Transit View (ATV), in or
to enhance the performance both at the airport and acrc
the Network.

7 12.05.04

Integrated Tower
Working Position
(CWP) Design,
Specification
Prototyping and
Test/Validation

This project has been focussed on the definitic
development and verification of an Advanced Tow
Controller Working Position (BWP) that continuously
provides an airport situation display to the towe
controllers.

The technical projectintegrated Tower Working Positiol
(A-CWP) Design, Specification Prototyping a
Test/Validatio was the main technical project in th
Airport domain for the definition, development, verificatio
and support to integrated validationsf a homogeneous
humanmachine interface (HMI) of the different concep
defined in SESARL.

8 09.05

ASAS
ASPA

ASASASPA

This document synthesises the work performed in SE:
project 09.05.00 in charge of defining, validating a
implementing two airborndunctions:

1  One allowing the aircraft to execute tirEased
spacing instructions;

1 The other providing an improved situation:
awareness to flight crews whenever operatir
visual operations.

The SESAR 09.05 AS¥PA project was in charge |
defining, implenenting and validating two airborne
functions:

M One function allowing the aircraft to execut
time-based spacing instructions given by tt
controller, with the objective to reach pre
industrial development level (TRL6)

1  The other function providing an impred
situational awareness to flight crews whenewv
they operate visual operations relatively to
traffic, with the objective to propose a firs
iteration of an avionics solution (TRL3)

9 12.03.02

Enhanced Surface
Safety Nets

In reference to the ATMAIr Traffic Management) Maste
Plan, the project 12.03.02 aimed at improving Surfe
Safety Nets functions for controllers providing better ai
safer surface traffic management and operations on t
airport. The partners focused on defining the requirenter
and prototypes for the following functionalities:

1  Runway Incursion

M  Area Intrusion

M  Conformance Monitoring Alerts for Controller

(CMAC)
1  Conflicting ATC Clearances (CATC)

10 06.03.01

The Airport in the
ATM environment

The project 06.03.01 addressed thrport Operations
Management and Surface Management domains.

For the Airport Operations Management domain, the me
objective of the project was to develop and validate tl
SESAR concept. The project was responsible for fur
validating the concept athe V2 maturity level as well a
concluding the V3 activities. Finally, the project w
responsible for the delivery of the final Airport Operatiol
Management documentation and was also responsible
a number of tasks which were performed in order

prepare the future research work.

For the Surface Management domain, the proje
performed Reallime simulations and Live trials/Shado
mode trials to assess the level of maturity reached
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validated SESAR solutions and to provide validation res
for the final production of the concept documents.
The aim of P16.04.01 was to develop a HP assessr
process for SESAR that serves to ensure HP aspect
systematically identified and considered in the SES
operational and technical concept developments for bc
Evolution from the : ground based and alvorne projects, i.e. WP-45.
The HP assessment process developed for SESAR had

11 16.04.01 - ATM HF Case to a H compatible with the validation approachdopted within
Case MethOdOIOQy SESAR as outlined HOEVM [2] and applicable to the thre

for SESAR validation phases of Research and Development covere:
SESAR (i.e. V1 to V3). Furthermore, as mentioned ea
the SESAR HP assessment process had to ensure th
findings fom different projects can be comparec
aggregated and linked back to the relevant targ
performance criteria.
The main objective of this project, nameéthtegration of
. CDM in the SWIM environmefjtwas to specify, develog
Integration of CDM  and verify an AINS prototype which is able to provide |
12 12.06.09 - in the SWIM capability to share the Airport Operations Plan (AOP) d
environment with the Network Operations Plan (NOP) and vice vers¢
achieve a consistent rolling airport slots schedule digtht
plans information, in order to enhance performance bo
at the Airport and across the Network.

Knowledge Transfer

Network proposed in

13 783287 Engage response to the

SESAIER301-2016
Call

[See commentary in main text, below]

The main achievements of the project P09.10 are 1
followings:
T hy GKS aadl yRFNR [t +¢
o The functional analysis, the
description of the possible aircraf
architectures, and the followp of
the standardization andegulation
activities and documents fol
Gadl yRFNR [t x££
1 hy GKS daF RAIFYyOSR [t ¢
o The analysis of different innovativ:
O2y OSLiia 60l asSR
final segment) and the definition o
- iKS 4l ROIYOSR [
14 09.10 - Ap_proach_wnh coordination with P05.06.03.
Vertical Guidance o The functional analysis of thi
GFr ROFYOSR [txé O
o The description of the aircraf
architectures that enable to perforn
ddz0K dat RAFyOSR |
These achievements answered the following R«
questions:
-INB GKSasS a4l Rgl y OSible filorh the
airborne side?
2 KFEG INB GKS FAND2NYS NBIJ
[t +é LINROSRdAzNB&K
- Are there constraints from the airborne side on the desi
of these procedures?
- Are there any operational requirements for flight crew 1
fly theseprocedures?
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The project has defined and developed a Surface Guide
Server that allows managing the complete Guidar
Function, composed by -DAXI (ground clearances ar
information to pilot through data link), da link for vehicle,
automatic Airfield Ground and Virtual Stop Bar (VSB)
dynamic Low Visibility Operations (LVO).
The project has been organised in three iterative phas
Each of them used operational inputs to derive techni
specifications and oner more software prototypes. The
15 12.03.04 - Enhan(.:ed Surface output of each phase has been used as input for |
Guidance following in order to gradually improve the quality of wol
and the maturity of the concept.
The project used and contributed to evolve the concej
coming from projectsprevious to SESAR (like EMMAZ
European Airport Movement Management bySMGCS
[4]) about Surface Guidance. The evolution has be
realised thanks to the definition of more mature or ne
operational concepts by the project 06.07.080SMGCS
Guidance Functic® and to technical improvements
realised in this project.
¢KS LINR2SO0iQa 2062S00A0S ¢
{9{!w az2ftdziaAzya o4&zt dAirdpacy
for RNPOF &SR hLISNI GA2y&ass |y
terminal operations with automatic RNP transition f
LI{kD[{é0 Ay NBITt tATS
. (Solutions targeting improvements in particular, but n
RNP Implementatior necessarily limited to, a sniahedium size airport) and
16 LSD.02.0¢ RISE Synchronised in  specifically addressing Precision Arrival and Depart
Europe t NBOSRdzNBa F20dza | NBE o ¢K
were numerous and adapted to each airport: impro
access to airport (for example by lowering the decisi
height), enhance safety by replacing existing circle to le
procedures and defining fully managed procedures, def
fully repeatable procedures avoiding namthorized
penetration of airspace, reduce track miles and fu
consumption.
The main objective of the primary project 10.08.(
G/ 2YLX SEAGe 1 aasSaaySyd |y
Complexity (set of) requirements ;and tobdevelog aLocal Tralffic l\lllsna
LTM) support tool to be used in several validati
17 10.08.01 . Assessme,m and activities.This tool is able to assess the traffic complexity
Resolution an ATC Centre, allowing monitoring and management
the ATC Centre complexity by providing mechanisms to
LTM manager to resolve any unexpected increase of
ATCOs workload in the next few houd®ifin. to 180min.).
The main objective of the Primary Project P12.06.
"Introduction of the UDPP and collaborative departu
sequence” was to define the technical specificatio
needed for the development and verification of a prototyy
enabling Airspace Users (AUs) to communicate their fli
. priorities to the integrated Airport Runway Demand ar
Introduction of the Capacity Balancing process developed in the Operatic
UDPP and Focus Area OFA05.01.01 (Aifp Operations
collaborative Management), while adhering to the requirements define
in the User Driven Prioritization Process (UDPP) conc
departure sequence developed separately in OFA05.03.06 (as detailed in
UDPP OSED Interim Step 1 V3 document [9]).
Project 12.06.08 has been feged on the definition of
technical requirements for the development of Demar
and Capacity Balancing (DCB) Monitoring Tools used ir
Airport Operations Centre (APOC), which combine capa
constraints detected at the airport with the principles ar

18 12.06.08 -
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rules defined in the User Driven Prioritization Proce
(UDPP) concept for flight prioritization.

The lifecycle of the project has been based in a typicat 1
Down VVmodel in one phase, starting with the definition ¢
the technical specifications according to the relate
operational requirements and following with the prototyp
development and verification before the validation.

19 09.31

Aeronautical
databases

The 09.31 project deals with Aeronautical Databases
promotes open érmat DB that can be used by Avionir
Systems. It deals with the following areas:

M  Aeronautical Data Bases data chain (applica

to all domains)

T Navigation Data Bases

1 Airport Mapping Data Bases

1  Terrain Data Bases

M  Obstacle Data Bases
The project addressedeseral subjects:
- Aeronautical databases data Chain
- Navigation databases
- Airport Mapping databases
- Terrain and Obstacle databases.
The project was divided into 4 parts associated to et
subject. For each subject standardisatiodgfinition,
prototype development and integration of database wit
application was performed as needed.

Improved

20 12.03.01 - Surveillance for

surface managemen

The 12.03.01 project aimed at improving of theSMGCS
Surveillance core function includifgono/Multi Sensors
tracking, data fusion and classification/identificatic
functionalities, and so providing the necessary surveillal
information to the other airport ATC functional block
defined in SESAR.

The scope of the project 12.03.01 is the impment of the
surveillance core function for surface management. T
project aimed to the development of the softwar
prototypes validated through the validation exercist
within the scope of Operational Focus Areas OFA01.0:
! A NLJ2 NI £4ntl GFR4i02.01dBegrated Surface
Managemeng

We next explore the results of the previous section and, specifically, the projects identifiedbie

2-8. To avoid overly cumbersome referencing, and to improve readability, the projects are referred to

by the rank numbers in the first column, and various abbreviations thereof.

The assumption of this analysis is that the weakly linked past projects mighttpdifind spots in a

work programme largely based on the SRIA. For such blind spots to be worthy of further investigation
those weakly linked projects should have been successful and left sufficient questions for further
researchopen. Or suchprojects hal not been successfubut their original question is still valid and

alternative approaches are conceivable.

It is striking that the two weakest linked past projects are safetsted. This begs the question
whether the SRIA is sufficiently safetgsiented, given the undisputed mantra in the aviation world that
safety is first and foremost. The SRIA hatallocatedsafety as an area of work in the portfolio but

rather as a horizontal performance criteria for all work areas, thereby forcing safetik to be
undertaken in each area. Whilthis might be a good approach, the contributions of the riagship

activitiesto the safety dimension iguite Y2 RS & (i

YSYyiGAz2y
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improvements). Clear)yhis fallssignificantlyshort of earlier ACARE/SES objectives of dd&hsafety
improvement.An additional focus on safety is more than justified.

Attention on modelling and measuringeems to be a more pragmatic approach than further
methodological developments, often running ahead of their validation and use. Theyretorenued

work on project 2developing techniques for dynamic risk modellinig supportedandproject 1, the
R&Dhuman performance management system, should be analysed as to its practical impact so far
before a selective followap could be recommended. One should treat projectdrifurther evolution

of human factorsequally scepticallyas its final report callence again for further guidance material

and process developmenwhile at the same time onl{vaguely mentioning a couple of initial use
cases.

Continuing down the list, it is even more striking that out of the next eight in the top ten weakest linked
projects, seven relate to airport developments. Looking at the content of the SRIA, airports only receive

I y2ilFlo6ftS YSyiGAaz2y Ay (62 FNBFray aO02yySOGSR I yR
S E LIS NJMABey iaByéyears (decades) of strategies tteed ATM towards airports (rallthe gate

to-gate strategy, the airport observatory initiativend the more recent focus on integrating network

and airport planning)the current SRIA seems to attach much less importance to the role of airports,

with onlysparsely identified work items (queuing management, runway optimisation and automation;
drone integration into lowlevel airport airspace; environmentally optimisedxiiag, climb and

descent; multimodal integration) his may be related to the SESAR focus more specifically on airports

from the ATMimpacting perspective.

Looking at those seven past projects, one cannot avoid noting the high level of mé&turiyoject 3
on airport performance assessmerroject4 on integration of A/S/D/MAN into CDMroject6 on
integrating various decision tools tite APOC leveproject7 on specifications for the tower positipn
and, project9 on enhanced surface safetgts ¢ the large majority ofheseended at TRL6 with only a
handful ending at TRL5. In fache can conclude similarly for project,Ish the integration of CDM in
SWIM. It is therefore unlikely that further upstream research in these areas is going &n qp
additional benefits, maybe with the exception of two specific work items focusingebicle driver
guidance and airport DGBemaining at V2 in project 10. Alssome selected work items from project
15 onenhanced surface guidanamight deserve fuher work as they ended only at TRIGenerally,
project 15 was the least mature in the airport domain.

Further work on project 5, othe prototyping of runway management tools, lends itsedfry wellto

ML approaches and seems adequately covered in ththpta of research papers on Mimerging
recently. In conclusion, although the SRIA seems to downgrade the importance to airports, it may be
caused by a lack of obvious avenues to explore for fupgdormance improvements We would
recommenda strong focus oideation andExploratory Researchm the airportsdomainto rebuild a
dedicated work programme in th@edium term.

For several more past projects in theenty listed asmost weakly linked to the SRIA, the maturity
argument weighs even more heavily. One could almost ask wiseted not already been more
firmly establishedn the demonstration stagéseeproject 14 on approach with vertical guidancand
directly considered ready for industrialisatiose€project 19 on aeronautical databasePRyoject 16

on synchronised implementation &NR was already a demonstration and no longer considered a
research project. Clearlyhese are not rich sources for potential future research questions.

With a view to project 8, i.eVBS09.05 W! {¢!! {{ t, Wwesuggest that ASAS atithe-basedspacing
has received significant attention and funding over the past decades and has matured tebaardn
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system that has successfully been installed (and flown) on commercial aircraft by Airbus. Likewise,
cockpit displays of traffic information and pilot sitignal awarenessnhancing displays have been
developed and matured to TRL4. For both;bmard TBtime-based separationsystems and pilot
SAenhancing displayghe achieved levels of technology readiness mean that furttewer-TRL
research is not recommended. However, the questiomafket-uptake, incentives to airspace users

(see also Section 2.2.4 of the SR and networkwide performanceassessment as a function of
system configuration and equipage levels presents a potentially interesting field for resdaxgttan
airspaceusers be incentivised to install and use airborne-E88nology? How can costs and benefits

of instaling TBS systems be aligned in an equitable fashion? Which safety and efficiency gains can be
expected adifferent equipage levels, both individually and netwavide? These questions require a
different approach than previous ASAS research, one that nvaveeconomic research and market
mechanisms as well as netwoilkevel performancesimulations

Concerning project 17, i8¢/ 2 YLJX SEA G & | & & S aWBRSHEOL)it yaRbewtSenad dzi A 2 Y
that research on traffic complexity as a cause of cotgrakorkloadg and hence a factor constraining
sector capacitg has been performed for a number of decades. One strand of research has focused on
which factors contribute to traffic complexity beyond the simple traffic count and how they can be
combined n an algorithm to compute a single measure. The Dynamic Density Index was proposed by
NASA and is @e factostandard; other measures have been and continue to be prop¢isetiiding in
Engage catalyst fund project workjowever, br different lookaheadtimes, different factorsbecome
relevant: due to the inherent uncertainty in trajectory predictjdiactors such ashe number of
climbing and descending aircrafor aircraft in physical proximifyused in reatime, become
meaningless with a loe&theadtime of 3090 minutesFurther researchaiming only at improving such
Wnalyticd ifdicators used as a proxjor controller workload/sector capacifyprobably should not

have a high priority, but there could be value tonaat assessing the potential benefits of the use of
advancedAl/ML-based techniques to predict loads and propose sector configurations

Past research also includes the display and usage of traffic complexity indicators at the traffic
YI Yyl 3SNDa toretdlddapysactotddrdiguration and staffing levels accordingly. These have
been developed to some maturity and recently been installed in operationabete control centres,

such as the Maastricht Upper Area Control Centre. Since these tools haeemilieveloped to TRL6

in SESARurther research does not appear justified.

The introduction othe UserDriven Prioritization Proces$\(BS12.06.08¢ Introduction of UDPP and
collaborative departure sequengeroject 18 has primarily focussed on slowvapping within airlines

thus avoiding that the application of UDPP by one airline impacts the operations okothérgical
extension of this concept, yet to date not matured to operational implementation, is-aiténe flight
prioritisation, i.e. tke exchange of slots between airlines. This raises a number of questions, not all of
which have yet been addressed or resolved by research:

1 Whilst different market mechanisms for intairline flight prioritsation are currently being
studied,it is not yetclearwhich(combinatior) of theseis preferable as well as practically feasible.
Concerns include the commercial sensitivity of the information underlying the flight psatidin
decisions and, consequently the reluctance of airlines and other stakaders to share them
openly.Currentresearchis exploiing the use of privacyreserving techniques such as nydtrty
computation and this may well need continued support along the TRL pipeline.

1 The networkwide effect of different marketmechanisms for inteairline flight prioritsation (as
well as UDPP implementation rates at airports) shoulduother studied in simulation exercises.
This would allovihe assessingf localcf. network-wide impacts on capacity, delay, costs and other
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performance indicators. In additigrit might be worth studying whether UDRBr similar)as a
process for allocating scarce resources can be applied to something other than ATFM slots.
9 Additional areas include theoordinationof arrivals and departures itight prioritisation, and
the extension of UDPP/flight priostition to the execution phase, i.e. when flights are airborne.
I The extension of the UDPP concept to coveraute resources, thoughonceivablepresently
meets with limited enthusiasm by opstional stakeholders, who argue that existing mechanisms
of demandcapacity balancing appear more adequate in this flight phase.

Thus,multiple components of extended UDPP researshggest themselves, andis recommended
that the extent to which the bove are sufficiently matured in egoing ER4 research is closely
monitored as targets for important followp work.Specifically regarding equity and fairness in flight
prioritisation, it is noted that:

1 The benefits of applying inteirline flight prioitisation should benefit all airspace users alike; this
requires an agreednderstanding and definition of what equity and fairness mean for all involved
actors. Equity and fairness can henceforth be studied as a performance indigatadditional
challengecomprises thalefiningof equity/fairness across different stakeholder groups.

1 Whilst interairline flight prioritsation will remain voluntary, i.eo airline is forced to trade slots
if the net benefitis not positive it may well be thatertain types of operation or stakeholders
systematically benefit less from this mechanism than ogheihilst equity/fairness can be
established as a constrairthis may lead to a suboptimal solution from a local or netwienkel
perspectiveraising thequestion of how optimality and equity/fairness should be traetet

This is addressefuirther in Sectior3.3.4

~*~

Regarding the selieferencing entry 13 (the Engage KTW)ijlst the SRIA doestate thatd{t] he vision,

objective and expected impact of the SRIA can only be achieved by coordinaticallwstakeholders

that develop, supply, operate, use and regulate the Integrated ATM services and infrastructure
supporting aviation in Europe, covering all technology readiness levetsidreferstod { y2 6t SR3S
YR AYYy20FGA2y Ochtéxy ozyirbain lm&biity and tfe imipkcd of drones/UAVs on

urban citizens, plus the need to support positive climate actibdoes not cite the need for a follow

up network to suceedthe SESAR 2020 KTN, Enghgace this correct identificatiom Table2-8. A

future KTN is, howevecpvered in some detail in theESARwltiannual work programmgLO].

Issues regarding the recency of the data analysed in this seatierdiscussed in Sectioch2.2
Challenges in obtainingroject deliverables swiftly has meant that there were currently some
inevitable gaps in thalata-driven analysis above, due to the incomplete set aftputs directly
available as inputs into the process the best extent poskie, this has been overcomay the
utilisation of experts in the Engage consortium, with domain knowledge, to produce these
commentaries. They areof course open to future updates and liese ideas are taken forward
holisticallyin Sectior.1
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2.3.3 Concluding reflections on the gap analysis and the SRIA

By definition, the research ideadiscussed irSection2.3.2are not strongly alignedavith the SRIA.
However, inTable2-9, key component research ideas for the gap analysisrmlla summarised as
variousresearchW (i K NJleRch Gasea judgement is made as to the best alignment WaRIA
flagship activies and some commentary @esented on the key relationstspetween the Engage
thread and thecorrespondingSRIA flagsh{p). Text in black relates to the Engage threadth the
corresponding names in boldext in light bluerelates to the SRIfagship(s) (names likewise in Ol

The table is intended to initially point the reader to some main points of association and
complementarity between the research directions highlighted by Bmgage threaénd one or two

key flagships in the SRIA, as a starting point for further engage

Table2-9. Research threads fahe gap analysipillar & relationships withSRIA flagships

SRIA

Thread o shirts)

Summary

Additional focus on safety performanceln the analyses presented on th
semantic similarity index for each of the projects in our database with respe
the descriptions of the nine SRIA flagship activities, it is noteworthy that the
weakestlinked past projects are safetglated. This raisethe question regardinc
the extent to which the SRIA is sufficiently safetyented, given the clearly
accepted view of the priority of this operational performance criterion.
Connected and automated ATM he SRIAas not allocated safety as an area
specificwork per se but rather as a horizontal performance criien forcing
safety evaluationsto be undertaken in each area. However, the forese
contributions of the nine flagship activities to the safety dimension seem t
1 jdzA GS Y2RSadsz FTNRY aYlAydl AyAy Faher
O short, it seemspf earlier ACARE/SESatttives of a terfold safety improvement.
ﬁ //,_: Thisflagship(connected and automated ATMjms at higher levels of automatio
Qricl) and specific tools for safety improvement in higher levels of automation. It w
be of value to stress even more the need for alsdekigned and executed safe:
assessmentas that isusually the steppingtone for faster development anc
deployment, especially for safetyitical innovations.Approaches to safety
assessmentieveloped since SESARoLI add valudere.
Developingtechniques for dynamic risk modelling he analyses presented he
flagged that modelling in some projects often ran ahead of correspon
validation and use. Therefore, developing techniques for dynamic risk mod
was supported, with,inter alia, a suggestion that R&D relating to hume
performance management systems should be analysed further before sele
follow-up could be recommended.
Connected and automated ATMAIr-ground integration and autonomyThese
two flagships propose research into safetytical areas, which require rigorot
safety assessmentk.would be of value to stress the need foell-designed and
executed safety assessments for resegpeinformed in these flagshipgléo for
other flagships, but the link to these two is more critical). Howeitas readily
acknowledgd that material onthe application of dynamic risk modelling
included in theGuidance to Apply SESAR Safety Refeidaterial*, whereas it
would be endorsed that actual safety assessments should deploy tools spec
the safety requiremergin question.

P
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Thread

SRIA
flagshig(s)

Summary

Enhanced surface/vehicle driver guidance and airport DOBe of the striking
findings of the gap analysisas that out of the eightprojectsin the top ten
weakest linked projects, seven reldtéo airport developmentsThis particular
topic would benefitfrom further development as it did not reach TRBLn all
aspectqwith some SESAR Solution exceptjons

1

=

Connected and automated ATNEheSRIAormulationaddresses airports in twc
FNBFayYy aO02yySOiGSR YR ldzi2Yl G4SR
S E LIS NAEBhatz&désdrface/vehicle driver guidance and airport Bt
further be developedparticularly under the high-level R&l need/challenge ¢
G ! A Nlfigmsion imcluding runway and surface movement assistance for n
LINERAOGI 6t S 3 dbBiney Wthirethd3oNderiflagahypa €

Ideation and ER in airports (performance) domaifhis particular area seems 1
be weakly linked, whileecent years saw varioustrategies to extend ATN
towards airports (recallthe gateto-gate strategy, the airport observator
initiative, and the more recent focus on integrating network and airpanping)
A strong focus on ideation and Exploratory Research in the airports dois
recommencbdto rebuild a dedicated work programme in the medium term

8
1O
Ol
1HOQOIO

Artificial intelligence (Al) for aviationWhilst theSRIA seems to attachtherless
importance to the role of airport this flagshipsome of the airporrelated work
lends itself very well to ML approaches. The topic covetimg airports
(performance) domain is not necessarily linked to Al, but mamplieations,
especially digitalisatigncan be achieved using Al and ML techniqteduild
innovative and more advanced performance frameworks.

Market-uptake and incentivising airspace users, with performance simulatiol
This thread addressé, inter alia, incentivisation forthe use of TB&ime-based
separatior) technology raisingquestiorson marketuptake, incentives to airspac
users and networkwide performance assessment as a function of sysi
configuration and equipage leveldow carthe costs and benefits of installing TE
systems be aligned in an equitable fashion? Which safety and efficiency gail
be expected at different equipage levels, both individually and netwade?

i

Air-groundintegration and autonomy:Market-uptake and incentivising airspac
users for example folTBStime-based separatiorgystems could loosely fit in th
flagship on air-ground integration and autonomy, developing further tl
assessments needed farBS (or dter similar) business caseSuch researct
requires deeper economic and market mechanisms investigations, as w
network-level performance simulations.

Advanced AI/ML to predict loads and propose sector configuratiofsirther
NBaSINOK:E FAYAy3d 2yfeé | § uskdyasINProxk §6
controller workload/sector capacity, probably should not have a high priority,
there could be value to aim at assessing the potential benefits of the us
advaned Al/ML-based techniques to predict loads and propose sec
configurations

8

1O
Ol
11OOIO

Artificial intelligence (Al) for aviationResearch intodvanced Al/ML technique:
to predict sector loads and propose sector configurations would seem t
potentially accommodatedn the capacityon-demand and dynamic airspac
flagship, but wouldn fact most likelyfit better in the artificial intelligence (B for

aviationflagship if the goalvereto be todevelop and use advanced Al/Ndased
techniques prediatively.

Extended UDPP researcfmultiple components)A logical extension of thi:
concept, to date not matured to operational implementation, is ingrine flight
prioritisation, i.e.the exchange of slots between airlineBhe concept shoulc
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benefit all airspace useralike This requires an agreed understanding a
definition of what equity and fairness mean for all involved actors. This furl
raises the question of how optimality and equity/fairness should be traaféd

3 Capacityon-demand and dynamic airspac&iDPP research is contained with
this flagship, aiming at extending the concept, but not mentioning explicitly-ir

/% airline slot swaps or specific indicators to exploBefinitions of equity and
fairnessacross # stakeholders, and analyses of the corresponding traifds,

O Dl:l would clearlybringimportant added value to the research in this flagship.

* SeePJ19 (Content Integration), D4.0.0%ku{dance to Apply SESAR Safety Reference Mpterlat:
https://docplayer.net/1868563685uidanceto-applysesarsafetyreferencematerial.html

2.4 Engage thematic challengec building on the catalyst fund
projects

2.4.1 Methodology

The goal of the Engage thematic challenges was to address research topics not currently (sufficiently)
addressed by the SESAR research programme. The Call for thematic challenges (TCs) was open on the
Engage website between January avidrch 2018. The selection process resulted in (as described in
detail in deliverable D3.18]) four thematic challengedo pursue:

1. Vulnerabilities and global security of the CNS/ATM system

2. Datadriven trajectory prediction

3. Efficient provision and use of meteorological information in ATM
4. Novel and more effective allocation markets in ATM.

All material from the workshops, namely pesgations, descriptions of challenges and workshop
conclusions, is public and published on the Engage website

The latest edition of workshops focused identifying future research directions under each thematic
challenge umbrella, the findings of whiake reported in detail in deliverable2.7[2].

A strong attribute of the Engage KTN is its focus on the selection of thematic challenges that requir
further research efforts, also offering paths to address them:

2 https://engagektn.com/thematiechallenges
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w Engage catalyst funding:

o Inwave 1, the Engage KTN funded ten projects, completed in 2020 (due telGovid
related delays, five projects obtained extensions of varying lengths).

o In wave?2, the Engage KTN funded a further eight projects, that started over the
summer of 2020. All the projects are now completed.

w Engage PhDghe Engage KTN is funding ten PhD students.

The aim of catalyst funding was to further promote cooperation between inglustrd academia,
between exploratory research (ER) and applied research, by funding focused projects, stimulating the
transfer of ER results towards ATM applicatmrented research. This funding has been awarded to
groups (e.g. an industry partner leadiaghematic challenge with an academic institution working in

an area bringing potential solutions to this thematic challenge) to conduct andréadt specific
activities in support of developing solutions to the challenges and moving closer towarggyngloals

and objectives, and towards higher technology readiness levels (TRLS).

As the thematic challenges are closely linked with the catalyst funding, the goal of the first round of TC
workshops was to collect conclusions to be included in the matienidahe catalyst fundingalls. The
second round of workshops presented the catalyst funding (CF) projects from wave 1, and other
appropriate research from the same thematic challenge areas. The goal of the third round of the TC
workshops was to presenhé results from both the wave 1 and wave 2 CF projects. The fourth edition
of workshops focused on identification of future research directions.

We focus herein on the results obtained from the third and fourth editionthethematic challenge
workshopsheld in 2021. Due to thpandemic, the third editions of the TC2 and TC3 workshops that
were initially scheduled to be held in 2020, were delayed to the beginning of 2021. The TC1 and TC4
workshops reached their third edition in 2021, while TC2 and TG8calith the fourth edition.

Table2-10. List ofthematic challengevorkshops held in 2021

Thematic challenge Edition Date and place held

TC1- Vulnerabilities and global security of the CNS/AT 3 15 Septembe 2021, virtual event
system

TC2- Datadriven trajectory prediction 3 25 January 2021, virtual event
TC2- Al, ML and Automation 4 03 September 2021, virtual event
TC3- Efficient provision and use of meteorological 3 27 January 2021, virtual event
information in ATM

TC3- Efficient provision and use METinformation in 4 09 September 2021, virtual event
ATM

TC4- Economic incentives for future ATM 8 21 June 2021, virtual event

implementation

Regardinghe fourth workshop of thematic challenge(@3 September 2021), thfscused on a topic
slightly different from the original one (datriven trajectory predictionyW! L> a[ |y R | dzi2Y
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i.e. the scope was broadened beyond trajectory prediction anedreded to include automationThree

previous workshops of this thematic challenge (TC2) addressed different approaches to improve
trajectory prediction and management through dadaven techniques. Whilst some of these
approaches involved probabilistic mheds and statistical signal processing, machine learning
accounted for the majority of techniques pursued in TC2. At the same time, machine learning
approaches are applied in other ATM application areas so that exploiting the synergies between these
different application areas seeed desirable. The objectives of this workshop were to bring together
researchers from different Engage and SESAR exploratory research projects, and a selection of Engage
PhDs, applying machine learning for trajectory predictiow &lso broader application areas, to
identify best practices, similarities and synergies.

As mentioneddetailed reporting on the thematic challenges and workshops, with recommendations
for further research, areeported indeliverable D2.72]. We next give a flavour of some of the key
findings from this pillar. Conclusions regarding research enablers from this pillar, emerging from the
workshops in particular, are incorporated intee dedicatedSection3.3.

2.4.2 Results

2.4.2.1 TC1 Vulnerabilities and global security of the CNS/ATM system

CNS/ATM components (e.g., ABSSWIM, datalink, Asterix) of the current and future air transport
system presen@dzft Y SN} 0 Af AGASAa (GKFG O2dz R 6S dzaSR G2 LISN
necessary to mitigate these vulnerabilities, moving towards a ecymlient system, fully
characterising ATM data, its confidentiality, integrity and availability requénts. A better
understanding of the safetgecurity tradeoff is required. Additional security assessments for legacy
systems are also needed to identify possible mitigating controls in order to improve-@dikence
without having to replace and riéf Future systems security by design is essential: a new generation of
systems architectures and applications should be explored to ensure confidentiality;regilemce,

fault tolerance, scalability, efficiency, flexibility and trust among data owr@odlaborative, security
related information exchange is essential to all actors in aviation. This is specially challenging i a multi
stakeholder, multisystem environment such as ATM, where confidentiality and trust are key.

Nevertheless, the ybersecuity awareness and security culture are still rather immature in ATM
research.There is however, muclinterestin addresingthistopic and creanga SESARybersecurity
community. We reflectfurther on this in Sectio®.3.3(on wider community collaboratioanabler3,

and also the importance afharing experimental scenarios/use casie need forcommondata sets
and synthetic data is feected in Sectior3.3.2(on data enablers).

The final TCIvorkshop presergdthe latest results from the Engage catalfigtd projects, advancing

the state of the art on pentesting platforms, assured telemetry feSpace and collaborative
cybersecurity management frameworkehis wagollowed by a discussion on the creationaofyber
community and its networking needs, as we look towards SESARbS8edbient discussiomas
dedicated to future cybersecurity work, from research and solutiondyfele perspectives. Thigas

primed by the recommendations on cybersecurity for SESAR 3 produced by the SESAR 2020 Scientific
Committee. The overall goal ofd¢lworkshopwas to identify what research infrastructure and future
research themesauld be proposed for SESAR 3, for example.
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Responsible disclosure mechanisms (in cybersecurity) for the research communiparicilarly
relevant. Suchmechanisms are phly bureaucratic and troublesome&nd should be improved,
perhaps evermwith incentivisation at the European levélhe area is complicatefdr researchersy
some tech companiesmakng use of ceas@and-desist orders. This is a very complex topic in
cybersecurity and data privacy in general.

To compensate for insufficient cybersecurity research in projects tisexe opportunityfor organsing
initiatives that increase knowledge and skillsEsparticipantsin particular, in the form of masterclass
sessions, that could be given through the SESAR Digital Academgewar KTN, if launched under
SESAR 3. These could cd#ecurity by desigiand address thdow maturity ofa security culture in
the general ATM communityinstructing on theexistenceof security problems, the frequency of
attacks and the ensuing effects siichattacks (hich areoften very costly). The quantification of the
problem, in terms of financial impagahight be of help to raise security awareness and culture.

Topicsflaggedfor future work related to cybersecuritgre indicated below.

w Responsible disclosurein particular,and sharing experimental scenarigsn general, are
significantchallenges in this domalisee main text, aboye

w Systematicallypromoting awarenes and ensuring that cybersecurity considerations ate
leasttaken into account from thearliest(design)stagesof any development, in all projects,
regardless of whether the focusas cybersecurity or notdee main text, aboye

w To investigate the se of ML andAlas ameans oft dzi 2 Y G Ay 3 OSNI I Ay LI NI
work ¢ what are the risks and how do you ti&r them?

w To investigate the se of ML and Apenetration testing for industrial prototypes goplying
AVML to strengthen systemsand renderthem less subject to cyber attacks. When using ML
and Al in operational applicatiomswhat are the risks and hodo you certify them?

w Considering thé&DSB vulnerabilitiesand the potential attacks it may suffer, additional effort
at higher TRLdpeyond research activities should lgdedicated todevelopingdeployable
solutions, as the need fosuchsolutions isbecaning rather urgent

w Inthe past, nost resourcefiavebeenallocated to safety developmerand security habeen
rather neglectedForfuture research developmentsylbersecurity cateverage on the strong
safety managemenexperienceand culture The SESADigital Academy, or a new KTN, could
promote knowledge transfer.

2.4.2.2 TC2 Datadriven trajectory prediction (Al, ML andutomation)

An interesting topic raised in these discussions was the fact that advisory systems change the
environment in whicladvisories are provided, especially if many users use the same advisory system.
This effect may be shoterm, in the sense that if various controllers use a similar advisory system to
solve one confligtthis specific conflict may become irrelevant, andte worst case a new conflict

may appearlt may also be longerm, in the sense that users may change their behaviour on the basis
of the advice they receive from an assistant system. Triggered by this observation the question of
retraining ML systemsvas discussed; a system trained in the lab will become less and less relevant as
the environment for which it was trained evolves and may hence need to be retrained. Criteria for
deciding when such a retraining is required are not yet established. If Ménsysre continuously

Co-funded by
Page B6 EUROPEAN PARTNERSHIP - the European Union


https://www.sesarju.eu/

D3.10 RESEARCH AND INNOVATION INSIGHTS

& sesar’

Engage JOINT UNDERTAKING

learning, such retraining is not required anymore, of course, yet dbdification process for
continuously learning systemwill be much more demanding.

Performance assessment of trajectory predictig¢e.g. on efficiency) is stitbtbematured This would

require agreement with all stakeholders, to try to find a common approach and to demonstrate the
benefits of the developments. No common approach to KPA/KPI assessment seems to exist presently
in the IR and ER projects, in this dam The possibility of holding a specific workshop dedicated to
performance measuremernn this areawas suggested-urther work on both trajectory prediction

and trajectory optimisation is still needed with regard to integration with maturing automdbtots.

Explainabilityg | & FNBIj dzSy (if €eENX Xk AFR O PR 6 RANEG y®Ps Sail of
of artificial intelligence some ML algorithms lend themselves more easily to explainability than others.

Also, whilst it is easy to clainhdt all systems should be explainable, the practical value of the
explanation for the use should be assessed, especially if thert&raslexoff between explainability

and performance for example when two different ML models are compared. The t@ffibetween
conformance and transparency (a concegposelyrelated to explainability) will be studiein the

MAHALO project.

Training ML systems on datasets whefar example human conflict resolution is observed will lead

to asystem that mimics human behawur; this leads to the question whether ML should be similar
to, or perhaps better thanhuman decision making. The way ATCOs manage traffic and resolve
conflicts depends on some constraints that are irrelevant for machines, for example memory, mental
arithmetic and workload. Only mimicking human decision making may introdiéasan favourof
present working patterngather than fully exploiting the potential of machines.

Workshogs on ML and Al wilinvariablylead to a discussion abodiata availability and quality and

these wereno different. However, two specific aspects seem notewarflgtly, the fact that the data

mostly used to train advisory systems in air traffic control, for example conflict detection and
resolution, areV i 2 2 ,réatgR2INE R { Nih ihiEHcadflicRhavelalfzady beeptimisedtand

largely removed, d#ner by pretactical or tactical tools (flight planning, slot allocation, MTCD, STCA,
etc.)¢ so the very object of CD&R systems have largely been removed from the data. Secondly, in many
casesthe data that can be recorded in experiments available irealworld observationsare not
sufficient to satisfy the@equirementsof ML systems and hengatificial training datasetsmay be an

option. Generating these, e.g. by mirroring existing scenarios or introducing hoisees at a cost

which needs to beonsideredsee also Sectiod.3.2 on data enablers).

The next steps and prerequisites of gptake by industryand application of ML systems in reabrid
applications was discussed and it was suggestelistinguishbetweensafety-critical andnon-safety-
critical applications as the latter are much more easily certifiable and deployable and allow carrying
lessons learned over to the next phase when satgiijcal applicatios will be targeted.

A collaboration/exchange bewen Engage and the OpenSky Network on preparing scientific datasets
for ATM isalsodiscussed further in Sectidh3.2(on data enablers).

2.4.2.3 TC3 Effigent provision and use of MET information in ATM

Again,in this series of workshopdata access and sharimgas cited as @roblem. Specificallyin the
MET contextisthe issuenf acquiring homogenised data for the entire European airspace (ggerc
MET data, GNSS, lightning). This again is discussed further in Se8tibfon data enablers)The
general discussiothat followsis split between future research needs and thesgarding speeding
up the time from research to implementation.
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(a) Future research neds

Climate impact mitigation and metrics.Cimate change and how it relates to aviation is a hot topic.
There are different facets of the climate, and the impact of aviation on climate that still need to be
researched, which requireurther multidisciplirary effort. In particular, foaviation climate impact,
several sources of uncertainty need to be addressedrder to measurethis properly. First, how to
measure the impact should be addressed, as so far onlyp@Ries are being used, and all other
emissiors measurements ar@ lower maturityresearch stages. Next, it is important to have a way of
representing the behaviour athe atmosphere as linked to aviation emissions, on the timescales
appropriate for ther intended useThis linksloselyto the importance of definingew environmental
indicators.TheSES I+ packagetainsthe same indicators as before (@@nd it is expectethat CQ

will thusdrive the behaviour of ANSPs, as they are bounthbgeindicators However, he clmate is
much more complicated, and requires additional metrigs indeed discussed in Sectihb.2.5

Whilst various research topiegere discussed, here we lishésemost emphasised

I There is a need teontinue tofocus on theuncertainties of both weather forecasts and
climate research especially on how to deal with them in models and metriesrther
multidisciplinary effort is required to address thimilding on solid existing ER wdskee main
text, above.

1 Forecastingf extreme weather eventssakey issue for aviation.

1 An-educational componentin both the scopin®f tool requirements and the implementation
and use of the MET tools or services is requifdte SESAR Digital Academy, or a new KTN,
could promotesuchknowledge transfer.

I Theweather impact on (small) drone operationseeds further investigation:
0 measuring wedter for drones (resolution and update rate of weather)

0o modelling the weather in the urban environment (urban weather is different
compared with open spacg)

0 communicating weather information from the sources to the usevkichneedsfirm
standards on howthis information should be communicated

o0 drone operators are less trained compared to ATCOs or pilots, so these tools need to
be extremely easy to use.

(b) From research to implementation

Several issues were shared across the needs for furgearch and on speeding up the time from
research to implementation

1 TheEuropean Green Dedlandother environmental initiativesrequire that environmental
sustainability is addressed in all sectors, aviation included. Due to the nature of the problem

8 hitps://ec.europa.eufinfo/strategy/priorities2019-2024/europeangreendeal _en

Co-funded by
Page B8 EUROPEAN PARTNERSHIP - the European Union


https://www.sesarju.eu/
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en

D3.10 RESEARCH AND INNOVATION INSIGHTS 4.

& sesar

Engage JOINT UNDERTAKING

in aviation, it is important to fincan appropriate means to addresand implementit. The
proposed mechanisms range from regulatory to ma#ased, and more research is needed
to be able to make an informed choice.

1 To best address weather impaain the air transport network a proactive approach should
be applied. Suchnapproach should involve atakeholders, irajoint effort, striving to reach
the best decisions based on available data and servicesa lpooactive approachto be
successful, edut@nal components(e.g.a common interpretation of the weather data by
stakeholders, as it relates to their operational needsgd to beanintegral pat thereof.

9 Extraction oend-user requirementdor (tailored) MET services remains an important matter,
asthisimpacts heavilyn the utility of the MET service in operations.

I The path to agree otMET regulationsglobally is steered by ICAO, which often may be
perceivedas rather slow. There are good reasons for wishing to speed up the procedure.
Conversely, it is important tharegulations are accepted globally, to avoigholly
uncoordinatedinformation provision (e.g.different types of MET services, formats, etc.),
making it impossible for endsers to have common MET information, complicatimgher
the decisiommaking processes.

2.4.2.4 TC4 Economic incentives for future ATM implementation

Prior to the workshop, which was based centrally on the RoMIAD catalyst fund project (run by Think
Research LtdseeAppendk BX ¢ KAy {1 Qa @ KA UGS *4LhitHS&Ithe dcene fBrkhe (G NA 6 dz
RA & Odza a AThe/ Airgp&é Ardhitedture Study (AAS) proposed a transition to a distributed
architecture enabling significant gfermance increases in the European Air Traffic Management

(ATM) system. Successful transition requires service providers to adopt new technologies, operational
concepts, and business models. The proposed architecture is based on three operational layers
including the notion of a new form of service provigéne ATM Data Services Provider (ADS#jich

would enable certain services currently provided within an area control centre to be provided
remotely. This white paper is a summary of the findings ofjdet RoMIiAD (Role of Markets in AAS
Deployment)¢ OF G f @ald FdzyR LINR2SOG 2F {9{!'wQa 9y3I3as
considered how ATM cost efficiency can be increased through adoption of the AAS architecture and

how the necessary transition cam lncentivisec

A clear message from these discussions was pterined changes in ATM will not only be about
technological innovation. The change will include regulatory, organisational, and service evolution. To
achieve the largest benefits for the sgat, the emphasis should be on speed of uptake, and those
stakeholders that want to move quickly should be suppottedo sa A framework that enablesarly
adopters(progressivestakeholderg to move quickly is needed. Wheme talk about positive change,

we should adopt a broader view regarding incentivdsicentives do not necessarily need to be only
economic but also look into sockerganisational/behavioural oneg:or example different social
norms, such aspeergroup performance. The behaviour of individuals can often be surprising,
sometimes counterintuitive, but caoften help in speeding up the adoption of innovations.

4 This will be posted ahttps://engagektn.com/thematiechallenges
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Liability matters should be clearly definddowliability issues impact the assurance of the @neend
provision of ATS should la@alysedn depth Furthermore, the requirements for ADSPs (iegyarding
operations and certification) should be created in such a way that they become common across the
Single European SKSE$

Thequestion ofthe certification ofdata providersmightarise in future This may precipitate questions

on what to certify, and possibly even sovereignty mattéise challenge lies in showing th#te end-

to-end solution is satisfactory for the regulatothus demonstating resilience. The main issue in this
type of integration lies in the consolidation of information for the ATCO. Does the virtualisation
provider need to be certified, or would it be enough that ANSPs confirm that the service is appropriate?
Service iappropriate when ANSPs can provide the ATS service with the appropriate ggadinyd

we be looking at the qualification, not certificatioffirthermore, m the sovereignty matter, there is

the issue of what data needs to be within a given Sta@me AISPs already found ways and means

to collaborate instituting this collaboration as a service, as a way foryerdital.

Further datarelated issues centre arourftbw to interact with data and how to use data to deliver
benefitsfrom such usage. It seemsurrently, that the fear of misusand similar issuess much higher

than the use actually requireBata availability and proprietary licencingould be significant barriers

to the creation offlexible services; i.e. whereby access to data is limitbdhind cost and disclosure
walls. Currently, almost all data in ATM are considered in need of being protected, which is not
necessarily trueAnanalysis of what data should be protected and what should be available is needed,
as this is one of the cornstiones of the airspace architecture study.

Published during the production of this deliverable, and connected to this theme, the reader may also
be interested inThink Paper #14 from EUROCONTR®@|-which poses the question: after 50 years,
is the joint parEuropean system of route charges still fit for purpose? The key findings are:

9 For 50 years, the Route Charges System has shown its flexibility to successfully adapt to an evolving air
navigation services landscape.

i Efforts should continue to focus on cesffective provision of air navigation serviogpre-pandemic,
actual and normal costs remained steady for 11 years prior to the pandemic in a period when traffic
has risen by 30%.

1 The prolonged COVID pandemic has triggered questions about the user pays principle, in particular in
view of the overall role in aviation in a crisis deep as this one. If in 2020 airlines flew around 50% of
their expected flights, they could through the spreading of unpaid 2020 costs end up paying for close to
100% of their planned flights.

1 When traffic returns, the European network will also ongaia be confronted with the prpandemic
challenges of capacity and delays and environmental considerations. Charging policies that can help
tackle these challenges should be considered when possible.

I The main challenge for the Route Charges System kee¢p a common policy while evolving and
accommodating traffic, capacity and environmental challenges.

9 Single European Sky options such as a single unit rate and/or modulation of charges should be
considered.

The reader is reminded thatider research ideagrom across Sectiah 4, are taken forwardogether
holisticallyin Sectiord.1, across the three pillars
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2.4.3 Concluding reflections on the thematic challenges and the SRIA

By definition, the research ideas discussedSection2.4.2 are not strongly aligned with the SRIA.
However, inTable 2-11, key component research ideas for thtbematic challengespillar are
adzYYIF NAASR I a @I NNredeh cadeBajubideNdniis mdlde KsNdihe Restlignment
with SRIA flagship tigities, and some commentary is presented on the key relatiorsthgpween the

Engage thread and the corresponding SRIA flagship(s). Text in black relates to the Engage thread (with
the corresponding names in bold); text in light blue relates to the S&38Hhip(s) (names likewise in

bold). The table is intended to initially point the reader to some main points of association and
complementarity between the research directions highlighted by Emgage threaénd one or two

key flagships in the SRIA, astarting point for further engagement.

Table2-11. Research threads fahe thematic challengegillar & relationships withSRIA flagships

Thread
(TCsin
bracketg

SRIA

flagshif(s) SURTEL)

Establish and develop a SESAR c$bersecurity community CNS/ATM
components (e.g., ABB, SWIM, datalink, Asterix) of the current and future
transport system present vulnerabilities that could be used to perfoyber
attacks Further investigations arnecessary to mitigate these vulnerabilitie
moving towards a cybetesilient system, fully characterising ATM data,
confidentiality, integrity and availability requirements, taking into account
fact that new and old ATM systeawill continue tooperate concurrently for year:
to come. All these issues are especially challenging in a-stal¢holder, multi
system environmentsuch as ATM, where confidentiality and trust are ke
Nevertheless, the cybersecurity awareness and security cultusgill rather
immature in ATM researchyhilst there ismuch interest in addressing this top
and creatinga SESAR 3 cybersecurity community.
Virtualisation and cybeisecure data sharingThis flagshipaddressesseveral
highlevel R&I needchallenges with that of Wder resilienc&describing the
need for monitoring and adapting to the changing threat landscape
emergence of new actors, aimingt the development of cyberresilience
guidelines and procedures tailoréd ATM. Howevera largeand positive impact
7N could be obtained throughcontinuous collaboration and updates withia
% dedicatedSESAR 3 cybersecurity community. This flagship is the place for ¢
upsuch guidelines and procedures, although not necedgdhe best place fothe
establishment andhurturing of a cyber community, which mighte developed
through the SESARIKITN orDigital Academyoverarchingthe flagship and its
corresponding work components and actors.

1(1)

Support a culture ofesponsible disclosuré& sharing experimental scenarios*
In order to improvehe cybersecurity awareness and security cultvesearchin

particular,in ATM, there isa need for common data sets and synthetic da
Responsible disclosure mechanismsriEsearchand, more importantly, for the

2(1) ATM community, are particularly relevant. Such mechanistead to be highly
bureaucratic and troublesome, complicat&dther for researchers by some tec
companies making use of ceaard-desist ordersThis is a vergomplex topic in
cybersecurityc and for data privacy in generahcross the flagships, impactir
research output validation, for example (since projects use different input da
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(TCsin ﬂaSSI?]!AS Summary
bracketg gShi(s)

Virtualisation and cybersecure data sharing:A major higHevel R&l
need/challengein this flagship where responsible disclosure and sharit
5 experimental scenariosould bringadded valug A & c’waAN.B S ¥t 2
UNHza 0 SR dza S NRA whiclON®Bsée® @ Z KISS NEKE N y =
7 interoperable platforms and, the exchange of open data between trus
partners, combined with opearchitecture policie$...J¢é. Thisadded value shoulc
be flaggedexplicity, i.e. to addresponsibledisclosure between trusted partners
Additionally, sharing experimental scenarios (and experimental data) appli
all the areas of SESAR 3 programme, each flagshipvould benefit fromthis.
Explainable Al: explore tradeffs between explainability and performance
Whilst explainable Alis now establishing itselfs a discipline of artificial
intelligence, some ML algorithms lend themselves me@dilyto explainability
3(2) than others.Whilst it is easy to claim that all systems should be explainable,
practical value of the explanation for tlwrrespondinguse shoulcbe assessed
especially if there is a tradaeff between explainability and performance, f
example when two different ML models are compared.
Artificial intelligence (Al) for aviation THs flagship focuses on research ai
developmg/ G 2F 'L F2N) F @A GA2YS | AYAY:

8 validation and certification of advanced automation that ensure transpare
Il tS3rf awsSoiasz NRodzadGySaa | yR usedlA
o] in all phases of planningnd execution. The exploration of tragdfs between

[ HOOIO  explainability and performancehould bring new knowledge to the flagshi
possibly enabling faster development and implementation of Al algorithm
certain areas (most probably non safefgtical ones).

Artificial datasets for ML: avoiding training on alreaebfeaned scenarias
Training ML systems on datasets where, for example, human conflict resolut
observed will lead to a system that mimics human behaviour. The way Al
manage traffic and resolve conflicts depends on some constraints that
irrelevant for machines, for example memory, mental arithmetic and worklc
Only mimicking human decision makingymatroduce a bias in favour of presel
working patterns rather than fully exploiting the potential of machin@ao

4(2) specific aspectsf ML datasetseem noteworthy Frstly, the fact that the data
mostly used to train advisory systems in air traffic cohtfor example conflict
RSGSOGA2Y | yR NBa2tgdiNE Ry i NI NESF AU 2R2
have already beemesolvedand largely removed so the very object of CD&l
systems have largely been removed from the data. Secondly, in maerg,dhe
(rare) data that can be recorded in experiments, or available in-weald

observations, are not sufficient to satisfy the requirements of ML systems
hence artificial training datasets may be an option.

Artificial intelligence (Al) for aviation Different aspects of Al and ML algorith
development arediscussedin the SRIA, among them ehhighlevel Ré&l
need/challenged L L YLINRGSR RIGlFasSdia ¥ 2Wwicho
mainly describes the possilities from fitting new sensors and higher volusef

8 communication between a@nd ground. Tis flagship would benefit from taking
J[®) into account the twdkeyaspects of datasets for ML identifi€¢dK N2 dz3 K
Ol investigations: aeed for data not incluichg pre-intervention by other entities anc

1HOOIO having sufficient data points for training ML algorithnesg. throughartificial
training datasets.
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Climate impact: mitigation and metrics/ariousfacets ofclimate, and the impaci
of aviationthereon,still need to be researched, requiring further multidiscipling
effort. For aviation climate impact, several sources of uncertaaiggneed to be
5(3) addressed in order to measure this properiirstly, how to fully measure the

impact, as so far only GQwroxies are being used, and all other emissic
measurements are in lower maturity research staggscondlyit is important to
have amethod for representing the behaviour of the atmospheies linked to
aviation emissions, on the timescales appropriate for their intendegdloyment

Aviation Green DealThisSRIA flagshiefersto non-CQ impacts orthe climate.
The flagship wouldhowever, benefit from further description and focus o
7 definingthe measurement for all components of aviation emissiamisichwould
help to assess the impact of netechnologies, such aaircraft with electric or
hydrogen propulsionand (on-going SESAR SolutisnThis aligns closely with
defining new environmental indicators, which would support tfevelopment of
the SESAR 3 Performance Framework.
Further modelling of uncertainty in weather forecasts and climate impac
There is a need to continue to focus on the uncertainties of both wea
6(3) forecasts and climate research, especially on how to deal with them in model
metrics. Further multidisciplinary effort is required to address this, building
solid existing=xploratory Researckwvork.

Aviation Green Deal:This flagship specifically mentions the need foe
1,7 development ofan environmental impact assessment methodology and n
metrics, to be able to take climatienpact into account properly. Inclusion ¢
Q@ uncertainty is of paramount importance in this aré€zonnected and automatec
O ATM:Improved weather forecasts are mentioned in this flagship, with theddir
ﬁ f: improving trajectory advsoriesby taking into account arious uncertainties. The
Q@) inclusion and explanation of uncertainties in the forecastsuld improve the
tools for trajectory prediction and thusetwork performance in general.

Incentivising early adopters: economic antehavioural mechanisms The
Airspace Architecture Studyl15] proposed a transition to a distributel
architecture. Successful transition requires service providers to adopt
technologies, operational concepts, and business modKIEN dscussions
indicate that planned changes in ATM will not only be about technolog
innovation, but will include regulaty, organisational, and service evolution.

7(4)

Virtualisation and cybeisecure data sharing This SRIAflagship addresses
5 virtualisation and some aspects of regulatory and service evolution needed
A flagship would benefit from theassessment of incentivisation of variol
stakeholders, linked to different business modélsat would be appropriate in
% the European ATM marketp expeditethis transition. To achieve the larges
benefits for the system, the emphasis should be on spédfediptake, and those
stakeholders that want to move quickishould be supported to do so.
Creating flexible services: ops data licencing, sovereignty and accessitiigy
question of the certification of data providersay wellarise inthe nearfuture,
and which datato certify. A main issue in this type of integration lies in ti
consolidation of information for the ATC®urthermore,regardingsovereignty,
there is he questionof whichdata need to be within a given State, amtlichcan
be shared. Data availability and proprietary licencing could be significant ba
to the creation of flexible servicesi.e. whereby access to data is limited behi
cost and dislosure walls. An analysis of iwhdata should be protected and vdh

8(4)
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should be availablds needed, athis is one of the cornerstones of thgrspace
Architecture Study15].
Virtualisation and cybersecure data sharingThs flagship acknowledges th
5 importance of data and data sharing, planning work on these aspE&atsently,
almost all data in ATM are considered in need of being protected, which i
7N necessarily trueThe flagship would benefit frormamore detailed appoach to the
development, and licensing of new business modielsluding data certification
needed in the transformation towardle Airspace Architecture Study5] vision,
also tacking the issue of dataovereigny and crossState sharing.

See SectioR.4.2for details of theseesearch threadghese areexamples only

* Proposed in particular w.r.t. cybersecurity agpies across mangther domains See also thread (4)

2.5 Horizortilagships ¢ 2040 and beyond

2.5.1 Methodology

Looking further aheadEngage set out to advance the definition of futuesearch conceptand
directionsd S8 2y R gKI G A& It NBIRe& LJzoft A & K 8agship attivilies S  { wL !
is used.WorizorfXreflects the familiar concept of horizon scanning in research, identifying future
concepts.\Plagship activitieds used as a complementary term to the SRBEgship activitieQ These

ideas were conceived and dewpkd by the consortium. The concepts had to be futuristic in the sense
that they had not already been (fully) researched in the ATM domain, either through omission and/or
because the underpinning principles (e.g. for quantum computing) are still at doveiRL (level or

1). These concepts did, however, at least have to map to some extent onto existing ATM activities in
the SRIA: if they connected twmne of these at allit is difficult to justify their relevance to ATM,
considering the relatively bra@hscope and maturity of the SRIA. The timeline indicaietbw,
0(2040%, is somewhat illustrative, in that somdeascould be partially developed at higher TRLs
sooner, others later.

As withthe forward cluster analysis, these amapped onto the SRIAafjship activities to show the
strength of the relationships between the two flagship activity types. The current magshgwn in
Figure2-8 (i.e.2022 clusters shownBased on these texts, for each flagship activity, the reverse cluster
comparative analysis illustrates the stronger and weaker links between the flagship types. This is
represented in the ATM concepts roadmap by variations in theutoiatensity of the link, thus
providing a visualisation of the level of connection aetoverage of the SRIA flagship activities and
the future concepts identified by Engage. (The link intensities may be somewhat better visualised by
hovering over thenhorizon flagship activitjodes, for example.Jhis will be taken up quantitively in

the analyses of Sectidh5.3

These activities may be updated and further ptted through continued research, drawing on
outputs from Engage, more widely in SESAR, and even beyond ATM, through wiki user inputs, and
including interdisciplinary concepts, during SESAge& Sectiod).

Co-funded by
Page 44 EUROPEAN PARTNERSHIP - the European Union


https://www.sesarju.eu/

D3.10 RESEARCH AND INNOVATION INSIGHTS

& sesar’

Engage JOINT UNDERTAKING

SESAR Calls 2021 Engage mapping SRIA flagship activities Horizon flagship activities
]

- ER2 B Usepace and urban a modlity

]
I Inicrmcd wad ATM sctwark R U
L]

]
|}
L}
g Opimsston wnd coarplxity =
NN *  ‘reverse’
Iwr.u = \ - - Mol inligcoce (AL ke =
| £T oo Capacty o s ad dyharic avismn
I SEUNERN cluster =
Inus.nww \ \ Capacity ou demand s dyni ’w-nm
‘0\:“ N\ = :
el l L ,“f - W, Meitmmodality and passenges Srong Al
o \ Ty, S expernce
= BR Wt Im.‘e— . a"& S \
\. '“? Imiegrated ticketmg and virtial
X7 ety
l“'ﬁ‘- T ., S\ Cossected and astonured ATN =
g
Europea risk regisker for ATM
= TMAG sad scpaiaras -
' and
— Y air transport resilience
B swistsad sicorlopy scomss < - e
g s o Improved s emissioms metrics
- RDemo — ot wave 2 [ Mgt Dperom. :.m-wa a‘m"‘ emiiiions
IRLSD o Al groand integration und
~= vk B - ATM-U-space coondimation; UAM
E\Mm-dcmxm sy dnn
——_— durs shennz
| R

LI 1 1
2011 2012 2013 2014 2016 2017 09 2021 2030 12040)

Figure2-8. WwWS@SNESQ Of dzaGiSNJ Iyl f&aia
2.5.2 Results

The sixhorizonflagship activitieproposed for seeding the ATM concept&admap are presented in
the following subsections, in ho implied order of priority. In addition to the next steps relating to the
concepts roadmap, outlined abowie broaderdevelopment of thes@ew research directionis taken
forward in Sectior. 1.

2.5.2.1 Quantum computing

Quantum computers use quantum physics properties to enable certain types of computations to be
performed vastly quicker than classicamputers. Approximately fifty countries are currently engaged

in nationaland (especially) international quantum research and development projects, with private
capital investment and multidisciplinary cooperation being prevalent.

¢KS Y2a4d o¢oARSte& dzaSR Y2RSt RSLX2ea I+ o0Faaod dzyii
fundamental advantage of quantum computers is the ability to consider large numbers of
combinations simultaneously. Although any computation that can be sdiyeal classical computer

could also be solved by a quantum computer, the former are still likely to outperform quantum
computers in some situations. Further work is needed on specifying theveal value of quantum
computing and developing appropriate tehmarks and metrics to support this. Also, whilst in 2019
D223tS 'L FYyR b!{! OftFrAYSR (2 KIFI@S LISNF2NX¥SR |
possible on any classical computer, there are still stability issues for quantum computers that need to
be resolved. Quantum computing could expose cybersecurity vulnerabilities, threalging integer
factorisation problems, which underpin many public key cryptographic systems, including blockchain
applications, thus already generating improved cybersigguesearch and attracting governmental
interest in secure quantum communications, quante@mabled (internet) networks and quantum

proof cryptography. Such issues are clearly important in the ATM context regarding not only CNS, but
also in the context wier of information exchange over networks, supporting SWIM and privileged data
exchange (e.g. for UDPRh indetecting fraudulent and malevolent interventions

Quantum computing is likely to bring particular opportunities for simulation, especially adwgpled
with machine learning and Al. These are expected to include higleeision weather forecasting and
improved (in detail, lookahead and scope) environmental impact models, for exafpitications
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involving very much faster (and some currentlyeasible) solutions to search space and combinatorial
problems, may offer vastly improved capabilities both for operational/tactical searches of improved
solutions to complex capacity constraints in ATM. In the SESAR exploratory research context, in
particuar, much larger numbers of future scenario simulations and hitherto infeasibly complex models
are likely to be enabletb berun.

Linked to the vast increase in the capability to search parameter spaces, quantum conmayirdso

help to validate procedies and systems, in particular from a safety perspective. The more systematic
exploration of operating points will lead to higher levels of confidence in system behaviour, especially
when stochastic processes are involved. Indeed, quantum algorithms arethawell fitted to solve
probabilistic problems, and clasalcomputation of these models can be viewed as an emulation of
quantum algorithms for deterministic machines.

2.5.2.2 Strong Al

Strong Al is also known as general Al or artificial general intatkgdtusually refers to a currently

theoretical form of Al whereby a computer will have an intelligence comparable to that of humans,

with the ability to solve problems, learn, and plan future contingencies. Current forms of Al, and ML
algorithms,are dependent on (often biased) training data used as inpiitsthe extent that truly

predictive capabilities have not currently been developed (one has to wait for a particular type of event

to occur and then rérain the model). Whilst some argue that strongig\not achievable, others, such

as DeepMin8, argue that reinforcement learning (which comprises an environment, agents, and
rewards) is a sufficient basis for strong Al, and see as key the inclusion of agents that learn through
interaction with the enironment, which could be through operational sensors. Such tools, even if not
attaining the full specification of strong Al (however that may be defined)y bring greatly superior

capabilities to ATM both through improved forecasts and predictive cadpebjl strategically and
GFrOGAOlrftes YR Ff&az2 dzyRSNLAYYAYy3I AGNRY3IASNI YSGLI Y
SYSNESYyOSQ T2NBaA3aKG OFLIoO6AfAGASAT AyOfdzZRAY3I A YL
generation, whereby a host afew possibilities may welbe proposed throughvastly increased

modelling power and utility.

Taking a specific application area, the Alan Turing Institute expiaifsS O2 y OSLJiI ¥ 4G RA 3,
computational representations of aeronautical assets,clhcan be used to model, optimise and
predict the performance of assets such as aircraft engines, wings and even drones. This leverages
existing sensor network data from engines and other aircraft components. Instead of treating sensors
and their data inisolation, a more holistic approach, deploying a unified, instrumentabased

model, can be used for better risk mitigation, diagnosis, performance assessment and forecasting.
Machine learning tools and Al may be paired with data from the senso#l tm the blank§)Xsince
sensors in aeronautics are often somewhat sparse). The coupling of advanced sensor technologies with
ML/AI techniques, might well also support system development in other contexts, such as integrating
the connected passenger through multimodal @aries and multiple systems and processes at the
airport. With greater computational power and more advanced machine learning and Al development,
through deep neural networks, more powerful dimension reduction and polynomial classification, this

5 hitps://venturebeat.com/2021/06/09/deepminesaysreinforcementlearningis-enoughto-reachgeneratail
6 https://www.turing.ac.uk/research/researcprojects/digitaltwins-aeronautics
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approachcould be extended more widely to larger systems, and help to build better predictive models
of not only specific aircraft and component safety profiles, but of the ATM network and broader socio
technical system, contributing to models even at the desigyest

From a socieeconomic point of view, strong Al may be highly valuable in more efficiently allocating
resources, also having an impact on the workforce. Al may take more responsibility, as opposed to a
more classical advisory position, automaticallp@dting (human) resources. It may also change the
nature of the workforce in various industries, since it will take up some roles now assumed by humans,
but it will likely continue to require humamonitoring in many such contexts.

2.5.2.3 Integratedticketing and virtual interlining

Europe is not alone in being caught in a fragmented modal service culture. Neverthaless,
comprehensive review of existing singieketing solutions and identification of the benefits, barriers
and lessons learned nealed. Single ticketing and virtual interlining already exist in various formats,
such as specific radlir collaborations (Lufthansa, Deutsche Bahn) and much wider schemes (Ac¢cesRail
is an example of an IATA Travel Partner).

An examination of existing rwal interlining models (intermodal and ainly) and online travel
agencies (OTAs) would give better insights into the implications for airspace users, airport
infrastructure requirements and other modal travel service providers (e.g. rail). Partitudberges
needing investigation relate to overcoming barriers in changing and harmonising regulations across
modes (currently considered to be too problematic), accountability (particularly during disruption and
with limited capacities driven by high loddctors), revenue sharing and the management and
insurance of new business models, including the facilitation of new market entiagatsn@intaining
appropriateopen competition). Operationally, the impacts on holding flights for delayed trains, and
viceversg could be significang further metric development and scenario simulations are required
here.

Overcoming the regulatry, accountability, revenue sharing, and insurance barriers would open up the
opportunities for new businesses, offering real Mabiasa ServiceMaaS) not just'icketing as an
appapproach ascurrently available (e.g. giving information on traffic jams, delays, cancellations, and
enablingthe booking ofa train or bus ticket to the airport).

Travel operatorgnay beenvisagedhat sell seats offered by transport operators of all modes,dor
certain level of servigebuilding on more limited integration currently in place (e.g. with certain
guarantees when connecting across different loast carriers at an airporior joint air-rail ticket9.
These could act as the travel organisers, also covering needs in case of disruptiomghout the
booked travein a doorto-door context andased on the chosen service leaeld priorities (e.g. cost,
flexibility, environmenal impact).It would be interesting to explorgpassenger expectations and
willingness to pay for such integrated services.

7 https://accesrail.com/
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2.5.2.4 European risk register for ATM and air transport resilience

RS a4 A t As$n¢niddiéd often irthe SRIA, mostly with reference to @fisecurity, but also flagging
climate/meteorological resilienceand passenger journey resiliencélowever, the need 1y be
suggested foa higherlevel, European risk register for ATM and air transport, taking account of space
weather, pandemics and moreisperse ATM service outages (by whichever means, e.g., climate,
higher levels of automation, cyber attacks, etarjd alsgotentially broaderadversarial attacks aimed

at destabilisationThis should also include potential degradation of energy suppheimir transport
chain, as a result of the situation in Ukraine.

We already havéhe European Aviation Crisis Coordination Cell (EACCC), with the role of supporting
coordination of the response to network crisis situations impacting adversely on aviatiahose
cooperation with corresponding structures tine member statesA broaderexample of the latter is

the UK National Risk Regist@The 2020 National Risk Register provides an updated government
assessment of the likelihood and potential impattaaange of different malicious and nonalicious
national security risks (including natural hazards, industrial accidents, malicious attacks, and others)
that may directly affect the UK and its interests over the next two \&ars

Learning from the past experience thie EACCC could indicate which type of risks to include in the
regiser, how to best use itto monitor the emerging strategic and (pfgacticalsituations,and being
overall proactive in calling up the crisis cell amdbther stakeholderand units.

Complexity science and complex network theory have already proven in ATM to bsuviet tools

with a range of metrics particularly adept at measuring network resilience, and these could be brought
to bear to assess thabsorptive, adaptative and restorative forms of resilience currently in place,
identify key vulnerabilitiesnd develop cosbenefit tradeoffs for mitigations Further, development

and use of novel techniques based on machine learning to supporfaiskrisk from the regist)
intelligence services in aviation/ATM could be encouraged, to support network resilience.

Regardinguchresiliencejt would also be informative to explosghat lessons have been learned from
the Covidl9 pandemic, for examplen terms of the sustainability of current financial, business and
performance assessment models for airspace users and ANSPs

2.5.2.5 Improvedroute emissiors metrics and policies

¢KS ySSR (2 Odzi ol Ol 2y I @Al A2y QaonchppivglatdS A Y LI C
Trading Systeni have beenput in place in Europe (focusing on £#nissions in aviation). However,
environmental impacts are manifold and difficult to model, and more importantly monitor, beyond
simple C@emissions. Noi€Q emissions are responsible for roughlyp:’s 2 F | @A A2y Qa
effective radiative forcingdmong tlem, NQ emissions depend on pressure ratemdthe combustion
temperatures of jet engines so that more efficient engines ironically may lead to greatery NO
emissionsTheclimate impacibf NO, emissionsand contrails depend on many factors, indiag flight

level, atmospheric conditions, time of day and yeand geographic latitudeand is to date not

perfectly wellunderstood. Contraibptimised flight routes may hence increase the fuel burn and hence

also C@emissions, leading to the necesdlitytrade-off various climate impacts. Sustainalal@ation

8 hitps://www.gov.uk/goverrment/publications/nationalrisk-register2020
9 hitps://ec.europa.eu/clima/euvaction/eu-emissiongradingsystemeu-ets_en
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fuels (SAFs) may mitigate some of these climate impacts, but SAFs are not presently available in
sufficient quantity and their total lifeycle climate impact needs to be considered.

Airlines as lhte major civil airspace user are primarily orientated towards profit masaition and
customer satisfaction, and environmental considerations are of secondary importance, unless they are
well aligned with cossaving or customer retention. The objectivef gaving aviation fuel burn (i.e.

CQ emissions) is generally well aligned witte costsaving objective but environmentally friendly
(e.g. contratoptimised, or N@optimised) routes mightvell be longer, increase fuel burn, related
costs andlight times.

Despite the introduction othe SES &formanceand Chargingchemé?, the present air traffic route

charging system is mainly based on a cesbvery method, leading to differences in route charges. In

some cases, especially when directtesilead thorough airspace with higher route charges, the total

cost of a flight, includinghe cost of fuel, and route charges, can be reduced by flying a longer route
through cheaper airspace. Following a recent reform, now the flown rather than tlfliggat plan is

GKS oFaAxa FT2NJ NRdziS OKINBAY3IT GKA& Aa RSaAANIOGES
have aggravated the problem of emissions, as longer, but overall cheaper routes result in higher
emissions.

Although passengers comipe the largest stakeholder in aviation, they are not fully aware of airline
operational strategies and cdargelyonly contribute to flight sustainability through passive means,
such as purchasing carbon footprint offsets. Currently, their actions tpmoeide a direct trigger for
airlines to improve operational sustainability. Many governments are propasiilgplementingflight
taxesto off-setl A G A2y Q& irfpda® K iMmBlefnengey dolreictly, this could provide new
possibilities for more isstainable flight operations. The challenge is to how to create a system that
gives policymakers the ability to measure and monitor emissions and the possibility to propose and
implement environmentally beneficial emission trading or even tax policiesftimatamentally affect

how airlines operate. Aull cost modelthat establishes a realistic price for the transportation and
makes the environmental impact of travelling choices more transparent to customers may influence
their decisions; this could includlee aspect of inteimodality, i.e. planning and executing trip planning
across competing or complementary flight modes.

2.5.2.6 ATM-U-space coordinationUAMaccessnechanisms

U-space is a crucial building block for the successful deployment of unmanned ast@hsyand

urban air mobility. Since these new market entrants are presently not sufficiently covered by existing
FEAIKG NMHz S&a FyR FANRLI OS YIylF3SyYSyid RS@St2LISR
developed and regulations drafted in the ezt past. The SESAR project CGRUSM is developing

a concept of operations for Urban Air Mobility and demonstrating its feasibility in a series of Very
Largescale Demonstrations in a number of European countries. Despite these effantsmber of

open questions remain. ATM-space coordination, the structure of-&pace airspace (present

concepts distinguish between categories X, Y and Z) and segregation (free route airspace, layers,
tunnels in the sky); the operation of vertiports; apdority rules are amongstuchquestions.

10 hitps:/iwebgate.ec.europa.eu/eusinglesky/node _en
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(a) ATM-U-space coordination

The cooperation betweerair traffic management and UA&anagementsystems (orW-space&p
concerns the physical and procedural interface between both systems with a view to inforrflation
airspace access management and tactical control. The-B-Bphce interface becomes particularly
relevant when admitting manned aircraft to-¢pace and/or UAS to controlled airspace in the future
(present Uspace regulations assumbd presence of maned aviation in kspace and of drones in
controlled airspacare exceptional and usually related tm-nominal situations. This would otherwise
entail equipage requirementthat are nontrivial and potentially costly. However, manned aviation,
especiallyrecreational aviation, may well be present in VLL airspace where drones are also likely to
operate.) Equipage requirements, management of rapminal/emergency situations and common
services, e.g. meteorological informatioreed to be developed. The vidiynof airports, in which both
vehicle types will operateand a risk of airspace infringements exists well as urban airspacare of
particular interest.There is a strong link with the Smart City concept, under development and eagerly
taken up by sorma European citigavhich see great potential in UAM anddgace for the benefits of
their citizens although admittedly many questions remain open.

(b) Priority and market mechanisms for4gpace and UAM

Different vehicles and different types of operatiomsll exist in USpace and especially in UAM,
including police and other surveillance operatsprurgent delivery of medical supplies, air taxi
operations, delivery operations. Studies on societal acceptance as well as experiments with air traffic
controllers, suggest a different degree of acceptance and willingness to psmritiese different
operations, and this will only be aggravated when piloted flights are admitted$pate/UAM. Rules

of the air for manned aviation, especially in V&iRpace,do not appear exhaustive to solve this
question such thatnew rules and criteria may need to be establishEde present assumption is that
more than one kkpaceserviceprovider (USSP) may operate in amgpéce and provide services to
drone operators. Acas to Uspace and UAM airspace will have to be based on equipage requirements
and respect principles of equitwhilst at the same time applying y&t-be-defined priority rules, e.g.
priority of emergency and security/safetglevant flights as foreseenybcurrent regulations (e.g.
Article 4 of Implementing Regulation (EU) No 923/20R2)naining battery charge/flight distance and
the presence of passengersrsusgoods, or the size of vehicles and type of operatj@ns additional
criteria that may be cosidered for defining priority rules. Such priority rules rbayelevant for flight
planning and airspace acceas well agor scheduling and demand management at vertiports (whose
principles of operations are yet to be defined).

In controlled airspace demandcapacity balancing is performed principally through tRetwork
Manager by applying restrictions and encouragingaetings in case demand exceeds the capacity of
certain airspace elements at peak times. The use-spate and UAM airspa¢hrough a plethora of
actors with heterogenous operating patterns and vehickeswell as the more edemand nature of
UAS traffic as compared to scheduled flight operatiomaake it questionable whether such an
approach is applicable to-Epace and UM. Apart fromapplyingpriority rules and in case demand
exceeds capacity of access to airspace and vertiports, one appgss@cinvestigate whether economic
approaches, such as auctioning, selective pricing or different service levels are prattisalat the
same time attempting to maintain principles of equignd avoiding market dominance of specific
operators of types of operations.
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2.5.3 Concluding reflections on the horizon flagships and the SRIA

By definition, theresearch ideasliscussed irSection2.5.2 are not strongly aligned with the SRIA.

However, inTable2-12, the top three semantic similaritiesare indicated between the six horizon

flagships (Engage threads) and the SRIA flagships, usingshaptivetexts of Section2.5.2and as

per the methodology oSection2.3.1.3 (This table thus partly reflects and quantifies the links in the
right-hand-side ofFigure2-8.) The bluetext refers to the SRIA flagshiames and numbers. The black

bold captures the horizon flagship names. One of the strongest relationships in the table can thus be
aSSy G2 0SS GKIG 0SGsSSy aa i Neahifciallinteligenged (KIgfbora S K2 |
aviatiore 6 { wL ! T f diniaditit of BB Ehis i A ligical Association, adding validatory weight

to the approach, as dthe other relationships in the table. It is also worth noting that most (4/6) of

the highest sirfarities are reflected througkransversalSRIA flagships (7 and;8eeTable2-5).

Table2-12. Semanticsimilarities between SRIA flagships and Engage horizon flagships

Thread (Cosin?s;ﬁf:‘rﬂischfmilarity) Engage research threads and aligned SRIA flags|
1 Quantum computing
8(0:36) Artificial intelligence (Al) for aviation
1 (0.29) Connected and automated ATM
5(025) Virtualisation and cybesecure data sharing
2 Strong Al
8 (0.66) Artificial intelligence (Al) for aviation
1(0.48 Connected and automated ATM
7 (0.39) Aviation Green Deal
3 Integrated ticketing andvirtual interlining
6 (0.64) Multimodality and passenger experience
7 (037) Aviation Green Deal
3(034) Capacityon-demand and dynamic airspace
4 European risk register for ATM and air transport resilience
8 (041) Artificialintelligence (Al) for aviation
7 (0.39) Aviation Green Deal
6 (0.36) Multimodality and passenger experience
5 Improved route emissions metrics and policies
7 (062) Aviation Green Deal
6 (047) Multimodality and passenger experience
3(044) Capacityon-demand and dynamic airspace
6 ATM-U-space coordination; UAM access mechanisms
4(0.73) U-space and urban air mobility
2 (053 Air-ground integration and autonomy
1 (0.49) Connected and automated ATM

Following the same approach ®able2-9 and Table2-11, in Table2-13 the horizonflagshipspillars
are indicated alongside the bestigned SRIA flagship actiiés (albeit this time drawing on the
quantification ofTable2-12, flagging up to two flagships wigemantic similaries > 0.4Q)and some
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commentary is presented on the key relationstiggtween the Engage threaénd theSRIA flagshg

Text in black relates to the Engage thread (with the corresponding names in bold); text in light blue
relates to the SRIA flagship(s) (names likewise in bt table is intended to initially point thheader

to some main points of association and complementarity between the research directions highlighted
by the Engage threacand one or two key flagships in the SRIA, as a starting point for further
engagement.

Table2-13. Research threads for the horizon flagships pil&arelationshipswith SRIA flagships

SRIA

Thread o shirts)

Summary

Quantum computing:Quantum computers use quantum physics properties
enable certain types afomputations to be performed vastly quicker than class
computers. A fundamental advantage of quantum computers is the abilit
consider large numbers of combinations simultaneously. Quantum compi
1 could expose cybersecurity vulnerabilities, thrbusplving integer factorisatior
problems, which underpin many public key cryptographic systems, inclt
blockchain applications, thus already generating improved cybersec
research. Quantum computing is likely to bring particular opportunities
simulation, especially when coupled with machine learning and Al.

Artificial intelligence (Al) for aviationwhilst the strongest correspondence ¢
j dzl yGdzy O2YLIMziAy3 A& dzy & dzNLINR &Ay 3f
8 for this new technology are very broad and deep, considering the applicatio
much faster solutions to search space and combinatgroblems, potentially
offering vastly improved capabilities both for operational/tactical searche:
1o improved solutions to complex capacity constraints in ATM, and e.g. (st
Ol validation. Exposing cybersecurity vulnerabilities and supporting puaic
11OOIO cryptographic systems are clearly important in the ATM context regarding
only CNS, but also in the context wider of information exchange over netw
supporting SWIM and privileged data exchange (e.g. for UDPP).

Strong Althis is also knowas general Al or artificial general intelligence, usu
referring to a form of Al whereby a computer has intelligence comparable to
of humans, with the ability to solve problems, learn, and plan fut
contingencies. Reinforcement learning is argyeabsufficient basis for strong A
e.g. with the inclusion of agents that learn through interaction with f
environment through operational sensors. Coupled with deep neural netwc
more powerful dimension reduction and polynomial classification, s
technologies could help to build better predictive models from specific airc
and component safety profiles through to full so¢ézhnical system models ¢
the design stage.

Artificial intelligence (Al) for aviationthe strongest correspondence of strong
8.1 Ad y20 dzySELISOGSRfe& gAlGK GKS Wi LQ
Whilst strong Al represents a stapift in the state of the art, it builds on th
current science, for example, whereby the coupling of advanced se
o technologies with ML/AI techniques, could support system developmen
Ol multiple contexts, such as risk mitigation, system diagnoses, perform
11OOIO assessment, forecasting, predictive sopp and design. Connected and
automated ATM:may be supported specifically through more efficient resou

ﬁ %: allocation for humans and machines, although this is just one of many other
Qrof

flagships potentially impacted strategically and tactically e.q the3d K & ( |
F2NBaAIKG OFLIoOoAfTAGASAYT WwadaNRy3a Sy
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SRIA

Thread . shirts)

Summary

Integrated ticketing and virtual interlining: Europe remains largely in
fragmented modal service culture. Importantly, single ticketing and vir
interlining already exist in some formats, such as specifi@aiadollaborations,
and some wider schemes (e.g. through IATA). A comprehensive refveisting
3 singleticketing solutions and identification of the benefits, barriers and less
learned is needed in order to build upon and extend these models in an integ
manner with ATM. Overcoming the regulatory, accountability, revenue sha
and insurance barriers would open up the opportunities for new busines
2FFSNAYI NBFE az2zoAfAde Fa F { SNIBAC
as currently available.
Multimodality and passengerexperience: fully logically, this represents th
strongest SRIA flagship correspondence with integrated ticketing and v
interlining. An examination of existing virtual interlining models and online tri
6 agencies would give better insights into the implicasidor airspace users, airpo
infrastructure requirements and other modal travel service providers (e.g. |
0 Operationally, the impacts on holding flights for delayed trains, @nd versa
N could be significang, further metric development and scenarBmulations are
y required. Future travel operators should offer appropriate connection guaran
and passenger needs in case of disruption, throughout the booked travel
door-to-door context. The SRIA discusses ticketing, integration and
managenent.
European risk register for ATM and air transport resilienca:higherlevel,
European risk register is suggested, taking account of space weather, panc
and more disperse ATM service outages (by whichever means, e.g., cli
higher levels bautomation, cyber attacks, etc.), and alpotentially broader
4 adversarial attacks aimed at destabilisatiorhis should also include potenti
degradation of energy supply in the air transport chain, as a result of the situ
in Ukraine. Learning fro the past experience of the European Aviation Cri
Coordination Cell and various broader, national risk registers, could indicate \
type of risks to include, how best to monitor the emerging strategic and-(
)tactical situations, and being overploactive in calling up crisis cells.
Artificial intelligence (Al) for aviationd NS a At ASy OS¢ Aa YS
mostly with reference to cybersecurity, but also flagging climate/meteoroloc
8 resilience QAviation Green Degland passenger journey resiliendéultimodality
and passenger experiengeComparably strong assiations for the risk registe
GKNBIFR FNRBY 9y3l3S 6AGK GKS {wL!
o resilience, machine learning, complexity and networks. Complexity science
O] complex network theory have already proven in ATM to be-gugilied tools and
IHOQIO  metrics for network resilience. It would be informative to explore lessons leal
from the Covidl9 pandemic, e.g. in terms of the sustainability of current financ
business and performance assessment models for airspace users and ANS
Improved route emissions metrics and policiesaon-CQ emissions are
NEBaLR2yaArofS F2NI NRdzAKfE& Tvpm:r 2F | QA
impact of NQ and contrails depend on many factors, including flight le
atmospheric conditiongime of day and year, and geographic latitude, and is
5 date not fully understood. Contrailptimised flight routes may increase the fu
burn and hence also G@missions, leading to the necessity to traol various
climate impacts. Environmentally friendly (e.g. contrailNQ-optimised) routes
might well be longer, increase fuel burn, related costs and flight times. Sinc
flown flight plan is now the bsis for route charging, this may also result in loni
but overall cheaper routes resulting in higher emissions.
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SRIA

Thread . shirts)

Summary

Aviation Green Dealregarding the need for improved route emissions metr
7,6 and policies, this flagship addresses the specific-tggél R&| needs/challenge
2F WhLWAYdzY INBSY-CONYRISOiGZ2NRBARDK b
Ly WSYGANRYYSY (il ing t&| miekio 2devilBpment Nabc
Q@ implementation, impact assessment tradffs, and incentivisatior
considerations. Regarding links wittetklultimodality and passenger experienct
SRIA flagship, the Engage thread stresses the current relatively passive |
0 O passengers in flight sustainability, whereas strengthened national
\ international policy (taxes) and data transparency may generate a stro
ﬂ passenger link with airline decisionaking and business models, also in t
multimodal context.
ATM-U-space coordination; UAM access mechanismid:space is a crucie
building block for thedeployment of unmanned aerial systems and UA
Notwithstanding omngoing implementation research, including VLDs, o)
questions remain regarding AFWtspace coordination,e.g. regarding the
structure of Uspace airspace and segregation, and the operation of vertipc
6 Furthermore, different vehicles and types of operations will exist ifSpace
(especially for UAM), including police/surveillance operations, delivery gf)(
medical supplies, and air taxi operations. Studies on societal acceptance an
ATCOs suggest different degrees of willingness to prioritise these diffi
operations, further complicated when piloted flights are admitted te
Space/UAM.
U-space and urban air mobilitand Air-ground integration and autonomythe
correspondence between these two SRIA flagships and research dire
flagged by Engage is selfident. The latter notes that manned aviationay well
3%9 be present in VLL airspace, with drones: equipage requirements, managem
% non-nominal/emergency situations and common services need to be devela
The vicinity of airports, in which different vehicle types will operate, v
infringement isks, is of particular interest. There is a strong link with the Sr

@ City concept. Access to-d4pace and UAM airspace will have to be based

4,2

equipage requirements and respect principles of equity, whilst applyingoye
be-defined priority rules, e.gfor emergency and security flights. DCB rai
further challenges in this context.
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3 Practicalities and enablers of supporting
future researchdirections

3.1 Introduction ¢ scoping the enablers

In addition to identifying new and continuing areas for research in future, as set out in Sction

GKAa aSOGA2y GKS LINI Ol A OhdrexdiSchsSeil. Sbye Rf thes® ghiakdets Sréll Q 2
distinct mechanisms (such as catalyst fund projectsnmunity collaboraton), whilst some others

have a higher research contepér se such as the development of broader performance metrics, but

were included lere more as horizontal / supporting activities, which immediately relate to the wider

corpus of research work discussed in SectitbnOthers, such as synthesisingdasharing data
collaboratively, lie some in between the twiirst to be considered are the lessons learned from the

Engage catalyst fund projects.

3.2 Learning from the Engage catalyst fund projects

3.2.1 Background and reporting

Engage funded 18 catalyst fu@F)projects(they are listed imAppendix Eshowing their individual
reporting, and recently summarised through their workshop activities in [34)7The fundingwas
used to support focusedd Wt A FProjectsiTha@i@ason maturing exploratory research further
towards applications and operational demts. The projectsvere able toaddress the corresponding
thematic challenges!h LISY Q LINR LI Al fa 6SNB ftaz2 F & F2N LN
industry goals and objectives, and towards higher TRLs (one of the 18 was funded thig/ilaly),
priority was given to those aligned with thematic challenges,dascribed in thewo funding Calls
(outlined in [2]). An Awards Boardcomprised Engage consortiumnembers, the SESAR Joint
Undertaking, ASDAand industry partners (without conflicting interestsand waschaired by
EUROCONTROL. Engage consortium memimEnes selfdetermined to beineligible to bid for the
funding,in order to distribute funding back tihe research community at large.

For final reporting,each catalyst fund project prepared two reports using templates supplied by
Engage: a confidentifihal progress reportand a publidinal technical report The reviewing of final
reporting was carrig out within the Engage consortium by the two mentors assigned to each project,
plus the Engage coordinator. Approval followed any requested clarifications or amendments to the
reports.

The final technical reports are published on thegage catalyst fundroject summaries and reporting
web pagél. Each final technical report (sé@pendix Ewill be republished on CORDIS on acceptance
of the formal Engage deliverablyy the SESAR .JNote thatoriginal catalyst fund projeauthorship

is retained on the cover page of easichErgage deliverable.

1 https://engagektn.com/cfsummaries
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3.2.2 Lessons learng

Each final technical report includes a dedicated section on lessons leawtédh are reported
separately and are of value within the specific technical context of the individual projdets,
however, we draw togethethe broaderfeedback of value to the research community in general, and
SESAR 3 in particular, for helping to shape any future, siméelnanismsThefinal reports requested
and offered the projects an opportunity to provide feedback on what worked \&elll what could be
improved with the catalyst fund approach.

The catalyst funding schemEWR60kmaximumbudgetl f £t 2 6 SR G KNR dzZIK GKS | 2 NRI
funding mechanisnt most projects requesting close to this maximum) suppdrprojects for an

intended 12 monthduration (although several were somewhat delayed due to the Ga®id
pandemic[2]). This approach wagery wellreceivedby all the CF projects, for anety of reasons.

Most obviously, ti overcame thecommonlyfaced barrier for such activitywhereby other funding
schemeswere not available or set at too high an access bar (e.g. larger projects let through SESAR

2020 ER Calls).

The reporting requirementwere considered to imposa very low administrative burden, whichas

suited to the budget size and the time available for the projects. The low administrative bwaten
appreciated as it cutnnecessary overheads andtlenough room forthe researchers to focus on the
actual research. Furthermore, the administrative and mentoring support offered by the Engage KTN
teamwasgreatly appreciated.

Regarding barriers in the process, arars for improvementsome such wereaised egarding the
administration tasks. The reporting templates cobl’e beershared with the projects from the start

of the project, thus making reporting requirements known and transparent from the beginning, further
loweringthe already minimal administrate burden. Additionally, it could be useful for new projects

to be provided with a brief on the scope and responsibilities of the project mentors to better utilise
theirinpu,CNB Y GKS O22NRAYIlI 02NR& LISNELISOGA ¢isgwithi KS | RF
each project, and the process of invoicing via the university financial control system, required
significant additional effort. These factors should all be considered in any similar mechanism operated
through any KN launched under the SESARR3pEOgramme.

The proposaland subsequent mentoring and reporting, offad quite a flexible project structureat
was reportedallowing the project team to explore a variety of ideas and determine future direstion
for development. The freedom to malseweral minor adjustmentsduring the project was welcomed
equally by projects at early stages of exploration agdhose at highe((initial) TRL levels. However,
the proposers should keep in mind that the flexibility should be balanced by setting achievaetts
and tasks, given the size of the project.

The CF funding schem&as considered, by the Engage consortium and the project leads, to be a good
instrumentfor a variety of TRprojects, from initial idea exploration, to focused, agile development of
ATM solutions. The projects at all TRL levels highlighted the importance of early and continuous
collaboration with their targeted stakeholders. Various forms of collaboration were applied by projects
¢ from direct collaboration with the endsers (as a pject partner),throughindividual interviews, to

the extensive use of advisory atwt focus groupsThis was indeed one of the evaluation criteria of

the proposalsThis potential barrier was thus gendggberceived as being well managed.

Regardingstakelolder involvement, having an Engage KTN network of contacts in key organisations
(such as EASA, EUROCONTROL, certain ANSPs, etc.) to whom to turn for specific guaestions,
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highlighted as apositive provision, which could benhancel further in future The Engage KTN
network of contactge.g. industry partnergjarticipated directlyin the CF mentoring and related tasks.
However, aghis wason a voluntary basis, the particular contact might not be available at the time
needed and for the effort requiredlhe overall impact of a more structured use of KEbNtacts on
the agility of the adopted process might be explofadher in future.

Realistic estimation of effort and time on various taskascited as a lesson for projetdads The
examples of undetimated tasks includk data acquisition, cleaning and preparation, choice of
validation periods (to include the specific events needed for validation), material acquisition time (e.qg.
unfortunatelythe Covid19 situation often delayed deliveriesdnd thetime needed for organisation

of workshops intended for specific audiesdaotwithstandingspecificEngage support, iadditionto

the framework of dedicated, annual thematic challenge workshops (detail§2],invhich were well
received by the projects and other delegatakke).

Overall, the CF funding schemmspositively evaluatedy the projects CF recipientsequested the
retention of such achemen the SESAR3 programme. One suggestigvasto allowproject durations
longer than one year, to allow more time for publication and dissemination (as in many areas of ATM
it isoften impossible to publish a paper in less than a yeHn)s would have to be asseslsagainst the
principle of refreshing the thematic challenges during the lifecycle of the KTN, as was part of the
executed plan, although all the original challenges in wave 1 uléreatelyretained in wave 2 of the
funding[2]. Althoughslightly largemext stagefunding rounds €.g. EUR.50K) aimed at conducting
smallscale validation exercisegiere suggestedy some projects, this is currently not permissible
under EU framework rules, as mentioned above.

The consortium would like to close by remarking on how positive the experience has been working
with the 18 project teamsthe remarkablelevel of technicabutputs achieved by very many of the
projectswith such relatively limited resources, and the degree and extent of industry collaboration, as
evidenced through their contributions at the TC workshops (often alongside larger projects), and
indeed through tleir formal reporting.

3.3 Research enablers

3.3.1 Open access to scientific publications and research data

Research results obtained in the SEgAIgramme are obroadinterest and based on public funding;
they should hence be made freely available to the research community as well as industrial or
institutional stakeholders. We strongly belieireand subscribe toopen publication principles. The
principles of open amss to publications and data are laid out by the European Commission in the
H2020open accesanddata management policy.

In contrast to open publication standards, many journals and conferences are commercially oriented,
selling access to research pigations such as conference papers and journal articles. This leads to the
somewhat ironic situatiol K+ 4 I dzi K2 NR KI @S G2 I OljdZANB G(KS WLINR
written and submitted to a journal, often paying fodigit amounts per artie. This clearly is an

12 https://ec.europa.eu/research/participants/docs/h202@inding-guide/crosscutting-issues/operaccessdissemination_en.htm
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impediment to open access to research results and shouldldrgely)discouraged. A number of
vehicles for open access publication are availale suggest that the following recommendations
are made to research projects involvipgblic funding, including SESAR 3.

(a) Open access to publications

Each beneficiary ensures open access tpedi-reviewed scientific publications relating to the results
of the research project. The main mechanism for this wilkk@entpenaccess (selérchiving) where
the beneficiaries deposit an electronic copy of the pemriewed and accepted manuscript in an online
repository, typicallyno later than onanonth after its publicationTo this end:

9 all scientific publicationshouldbe freely and publicly available for download from the project
website;

9 the projectshouldpublish results in scientific conferences with an established policy of making
all articles freely available for download on the conference website (e.g. SESAR Innovation
Days, U&urope ATM R&D Seminar, International Conference for Research ig KCRAT,)

9 project members are encouraged to publish artictbey have authored or cauthored on
appropriate archiving platforms, such as Research@utps://www.researchgate.net) and
ZENOD@www.zenodo.org,

9 publications being hosted by a KTN repository are also encouraged (see 8e&t@oegarding
future suggestions).

In other cases, the project may budget fMaidCopen access publications and project results may be
submitted to scientific journals thafotherwise)charge the research community for these articles
either on a peraccess basi®r by sellinggold openacces$. This includes regular journal submissions

as wel as articles irspecialissues. this casethe project should acquirgold open access for the
articles it producesbut this option should be reserved fquarticular cases, with clearly allocated
budgets at the proposal stagether than being the niom. It is noted that academic institutions may
have special relationships with publishers and specific journals, and/or national requirements for
research publicatioomay drive more material through one pathway (such as gold open access) than
another. Goldopen access may sometimes be complicated by cost ineligibility after project closure,
since publication processes can be protracted.

(b) Open access to research data

Research datainformation (particularly facts or numbers) collected to be examined@midered,

and to serve as a basis for reasoning, discussion or calculation, especially with a view to reproducing
the results and conclusions in peaviewed scientific publications. Upon publication of a peer
reviewed scientific article the underlyinfatasets should be examined with a view to the possibility of
making them available to the research communigjther through the project website or using
appropriate vehicles such as OpenAlRtEps://www.openaire.eu/), or the publishing journal itself.
Mindful of the need to avoid resource duplication, vehicles such as the Engage repository may also be
valuable for deposits afataand/or code This is pursued in the next section.

3.3.2 Data and code issues

Further to the preceding discussionatd availabilityis awell-recognisedbottleneck in exploratory
research. It imften difficult to obtain, and the same dataset often cannot be used in multiple projects.
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This is a barrier tomproving experimental coparability across projectdlany projects and/or PhDs
lose approximately 612 months(or more) intrying to obtain (and consolidate and clean) data, and
this was a recurring theme throughout the Engage thematic challenge workshops.

Different types of datare requiredacrossER work. Some of the data can be obtained freely fexm

the relatively new, and extensive, EUROCONTROL R&D data Hrdhiveched at the 2020 Engage
summer schoolADSB data from the OpenSky NetworK), some need to be paid for (e.g. schedule
data,passenger itineraries arfdres),andsome need to be acquired from multiple sources if a greater
geographical area is being researched (e.g. MET lightning or radar observations), which complicates
and prolags data acquisition. In mostses, some sort of licang and nordisclosure agreement is
required In practice, thigprevents data sharing, even if the input data used is just a small subtbet of
full set ofobtained data. In some cases, the resulfgtee research can be shared, but without the
input data usedsuch thatit is difficult to achieve comparability and reproducibili§ometimes, non
disclosure agreements are linked ¢onfidentiality/privacy issues, but this could be resolved through
anonymisation, or even nodisclosure clauses.

Onesolution may be thereation ofa frameworkio shareATMrelevant data (including MET data), to
afford easier access without having multiple agreements in pl@bées would require the provision of
centralised licencing for certain commercial dé#nd/or the creation of synthetic datasets for the
ATM community. Any suchactivity should be coordinated witEUROCONTROL, and considered in
conjunction withits R&D data archiveCentralised commercial data licencing, e.g. across the SESAR 3
ER programme, could be a very effective and tsaging device foresearchers, although likely to
present several challgges n implementation.

Specific issues flagged in the particular thematic challevgd&shops (as detailed in D22]), may be
summarised as:

 TC1l:data access and (scenario) sharingespeciallylimited in the cybersecurity context,
placing a particular potential emphasia the use ofyntheticdataset (see also the machine
learning context, below) this would also be usefufor metaanalyses from different
simulations and sharing with other projects / application contexts;

1 TC2:a collaboration/exchange between Engage and the OpenSky Network on preparing
scientific datasets for ATMto be driven bythe EngageKTN andthé¢ K54 Q | yR NBaSI N
needs vere correspondinglhydiscussedfollow-up is pendiny

I TC3: a specific challenge in the MET conisxcquiring homogenised data for the entire
European airspace (e.g., MET data, GNSS, lightning)

I TC4: as flagged in Sectidd.2.4 it seems, currently, that the fear of misuse and similar issues
is much higher than the use actually requires; data availability and prapyiéitersing could
be significant barriers to the creation of flexible servigés. whereby access to data is limited
behind cost and disclosure walls.

13 https://www.eurocontrol.int/dashboard/rnddata-archive

14 https://openskynetwork.org/
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(a) Synthetic training data for ML models

Synthetic data is a particular issue for ML models. Thegaire large data sets for training, testing

and validation. In many instancesxisting datasets are insufficient to satisfy tldata hunger,
especially when rare evegitsuch as air traffic conflicts are studied. An additional problem liggein

fact that often reatlife (or simulated) dataare not clean Identifying conflict geometries based on
aircraft positions derived from SSR or AB8ata is hindered by the fachat flight planning, flow
restrictions and ATC interventions have already eliminated the overwhelming majority of conflicts, the
very object of observation. For these and other reasdns use of artificial datasets for the training

of machine learning sgems holds some promise, especially since datasets of almost unlimited size
may be produced. Different ways of generating such artificial training datasets may be imagined,
including cloning, rotating existing data, introducing white noise or generataffict data with fast

time simulators. Admittedly, these methods have their specific risks as the data so generated differ
FNRBY WNBIfQ 20aSNBFGA2ya Ay | aeadSYraAo 2N aidz2o
L2 6 SNJ RdzS (i ApprdachededaddiRghdwitaiatiginent the dataset fahe training of ML
systems and guidelines for understanding the benefits and disadvantages of the different approaches
would be useful(The reader is also referred to the discussion in Se@idr?.2)

(b) Common European Mobility Data Space

It is also worth flagging in this contetkte joint initiative of DG MOVE and DG CNE&jarding the
CommonEuropean Mobility Data Space.iJimitiative aims at unlocking the potential of mobility data

for both passengers and cargo. The goal is to create a common European data space for mobility, that
would dfacilitate access, pooling and sharingt@nsport and mobility data, building on existing and
future initiative€ [12]. The firstCall waslaunchedon 17 November 2021, and it foresees tanfl
preparatory action for the common European mobility data space (thra@bordinated and Support
Action (CSA)). The CSA should also identify current mobility data sharing initiatives, gaps, overlaps and
potential common building blocks. The commonl8img blocks and governance framework should be
identified, so that the mobility data can be accessed and sharedsegcure and controlled way, as
outlined in sectoral and horizontal datalated legislationThe Common European Mobility Data
Space will Bo have an impact on air traffic mobility data management, andiccopen up new
research, mobility and business possibilities.

~*~

The above issues relating to data sharing and availability, apply in larg® phe sharing of code, in
terms ofefficient use of researcher effort (not having to have multiple inventions of the same code to
solve one problem), accessibility and availability. Againdfal of the need to avoid resource
duplication(e.g. cf. GitHul), vehicles such as the Engage repositoay also be valuable for deposits

of code(with some such having already been made).

15 https://github.com/
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3.3.3 Community collaboration

Throughout all the workshops, the need for, and benefits of collaborations (on different topics)
continue to appea Here we mention the topics abllaboration identified in various TCs:

I Thereis muchinterest to get involved inand create a SESARybersecuritycommunity. This
interest should be nurtured andsed to maintairthe good momentum for the cybersecurity
community, as there is a risk of losingstinomentum in the transition from SESAR 2020 to
SESAR 3. The Engage wiki forum on cybersecurity might be one of the tools to bridge this
transition gap between the two pragmmes.

I Performance assessment and metric developmenmithin various topics and domains, such
as trajectory prediction (e.g. on efficiency), or environmental (climate)) impacts, require
further development. This would need agreement with all the stakehslde order tofind
common approacés and show the benefits of new methods and approachesledicated
community spanning ER and IR research would be particularly appropriate in this context, thus
building links between the SESAR Performance FrameworKopevent and Exploratory
Research(See also Sectidh3.4)

1 Climate change issues are somewhat less represented in the SESAR programme when
compared to wider Europearesearch. Climate change research topics and measurements
rely not only on C@but also norRCQ impacts. Furtherit is important to understand how to
assesglimate change impact (e.g. aggregation of impacts at the regional level), and how to
then incerivise inclusion of such measurement and assessment in operations (e.g. through
climate impact regulations)This could also form the basis ofdedicated community for
collaboration across discipline§dealso Sectior2.4.2.3)

3.3.4 Extending the SESAR KPI state of the(ary. onfairness and equity

A core horizontal task across the ER and IR programmesdésiitiaued development of appropriate
KPls.Flagged in the previous section was the possibdftgstablishing a dedicated and integrated
community to this effect. The specific domaingrafectory prediction(efficiency) andenvironmental
(climate) impats were cited.

There is a growing need to extend such considerations to the multimodal context, wghing work
in ER4 addressing such issues, mmpbrting on the(H2020)CAMERASA® alsomaking extensive and
useful recommendations in this dmin (through itsMobility Report 4.

Whilst there is a widespread consensus that the air transport industry musintegrated and
sustainable from both an economic and environmental point of yiesatively Ittle attention is
devoted to equity or fairness. These concepts are difficult to define (i.e. the same definition for all
stakeholders, and across solutiofsit are very important for acceptance of new solutions. There are
as many notions of fairness and equits there are problems. Moreover, often the terigrnessand

16 https://h2020camera.eu/theproject/
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WquityCare used interchangeably. The first step would be to define the difference between the two.
The firstcomefirst-served(FCFSJow managemenstrategy is historically consideredifan the ATM
context However, the consequences of a particular solution, even in the FCFS strategy can be
considered unfair. For example, the distribution of assigned delay can penalise some airlines more
than others.

However, the introduction of fairnesomes at a cost. Thsmn be seen on at least two levels. At a

more operational level, it is not difficult to show examples in whidkialsolution for airspace users

(for example for the allocation of slots) can be more expensive for the systenmétivrk) than an

Wdzy FIANR 2ySs AdSos fSaa SO2y2YAOFftfe adadl Ayl of

At a more macreeconomic level, not all actors in the air transport system enjoy the same protections
in cases of adversity: airlines fail, ANSPs and airports dtnderstanding and quantifying the trade

offs between the level of economic and environmental sustainability, and the level of equity or fairness
is by no means trivial.

Different notions of fairness can be consideredch asegalitarian social welfare xpressed as the
YAYAYdzY dziAfAdGe 2F lye F3ASyGox LINBLRNIAZ2YIFE FIF AN
difference in utility is positive does not exist), or efisgeness (where no agent prefers another
F3SyidQa 2dzi02YS0 o

As discussed ir2.5.2.6 fairness could constitute a potential indicator in the futuresphce
performance framework and research could explore the need4fdnesgXservices in kspace, e.g.
fairnessmonitoring, or the need to incorporate fairness considerations in sorspateservices, e.g.
fairness in authosgation/strategic deconfliction, fairness in demand and capacity balancing

3.3.5 Distributed and remote simulatios

A variety of simulators exist in air traffic management research, ranging froffidelity environments
for early concept development to largscale, higHidelity controlroom simulators. The choice of the
WNR IKGQ &A Yaizbdwéeh Bdperidental canthl-afi3ealisas well as the maturity of the
concept and system under development.

Technologicaddvancesas well the Gvid-19 pandemic have made distributed simulations possible
and desirable. Largscale, higkidelity controlroom simulators will continue to be required; yebsts
savings as well as the possibility to attract a larger numbepadticipants make distributed
simulations particularly suitable for smaltale and lowidelity simulators.

{AYdzf I G2NJ AYGSNRLISNI 0AfAle KIFa 0SSy aGddzRASR 20SN
84, with a view to connecting different sidators, typically of higher realism. Yet, further

WA NJildkl 2t yA© possiBl& ¥hd desirable. For example EUROCONTR®Lrecently added
functionality to its ESCAPE simulator that allows pseuitids to control simulated aircraft from any

location (induding home)rather than from the control room in Brétigny.

Going even further, remote simulations may be imagined based on simulation ,switésh
participants can install otheir computer, or access via the internet. This might alldwe boostingof
participant numbers by being location and timene independentand allowing for a more flexible
and iterative design process, especiallg@sign evaluation in the lower maturity phases. Admittedly,
some downsides must be considered, for exde reduced experimental control.
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4 Building further in SESAR 8onclusions

This section summarises key handover material for SESAR 3: focusing firstly on the risechiais
proposed, and themn the corresponding platforms.

As flagged earlier,roapprova by the SJU, the two Engadsgacydeliverables:

1 D3.9: The Engage wikian update on the KTN's knowledge hub functionality, research maps
and repository)

I D310: Research and innovation insights

will be emaileddirectlyto all the Engage industry gaers (who maynot be party to some other lines

of communication), in addition to being published on the Engage website and wiki, and direct
promotion will be requested of the SJU via the SESAds Feedback will be invited on these reports,

and such fedback will be shared with the coordinator of any new KTN launched as part of the SESAR
3 ER programme.
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4.1 Researchdirections

Figure4-1. Research pillars, threads and enablers

Figure4-1 shows the three research pillars introduced in Secfioitheir corresponding resultwere
presented in Sectio.3, Section2.4 and Section2.5. Each pillar may beonceivedof as comprising

G NA 2 dza Wi KReFconpanenkreskadrh ideathésSthreads are summarised in the tables
below (which simplify those isections2.3.3 2.4.3and2.5.3.

The pillars are shown in 2D, although they aptaally lie along three nenrthogonal axesThere are
many relationships between the threads that may be explored further, using a mixture of qualitative
(expertled) and quantitative (datariven) approaches.

An initial qualitative analysis likely to bring new insights and synergiésis remarkable how many
of the threads in the gap analysis and thematic challenge pillars, for example, are related fjostven
the first two threads of the horizon flagshipgz quantum computing and stranAl).lt is expected,
and suggested, that other interdisciplinaimgsights and technical advancebe brought into this
landscape, both to help navigate and shape it, and to prothéeools for its development through
new R&I.

Table 4-1. Research threads fahe gap analysipillar & relationships withSRIA flagships

SRIA

Thread o shirts)

Summary

Connected and automated ATM he SRIAas not allocated safety as an area
specificwork per se but rather as a horizontal performance criien forcing
safety evaluationsto be undertaken in each area. However, the forese
contributions of the nine flagship activities to the safety dimension seem t«
1 jdzZA 0S Y2RSadsx FNRY aYlFAyidl AyAy JFaherl
O short, it seemspf earlier ACARE/SESediives of a terfold safety improvement.
ﬁ //r“: Thisflagship(connected and automated ATM)ms at higher levels of automatio
Q@) and specific tools for safety improvement in higher levels of automation. It w:
be of value to stress even more the need for alsdeligned and executed safe
assessmentas that isusually the steppingtone for faster development anc
deployment, especially for safetyitical innovations.Approaches to safety
assessmendleveloped since SESARalId add valuéere.

Additional focus on
safety performance
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