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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 basic framework is structured around three research pillars. Each 
research pillar has a ŘŜŘƛŎŀǘŜŘ ǎŜŎǘƛƻƴ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΦ {9{!wΩǎ {ǘǊŀǘŜƎƛŎ wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ 
Agenda, Digital European Sky is a focal point of comparison. Much of the work is underpinned by the 
building and successful launch of the Engage wiki, which comprises an interactive research map, an 
ATM concepts roadmap and a research repository. Extensive lessons learned are presented. Detailed 
proposals for future research, plus research enablers and platforms are suggested for SESAR 3. 
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1 Introduction 

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, to promote and facilitate the 
development of air traffic management research in Europe. Its focus is two-fold: 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 opportunities for ATM. The basic framework of this work is 
structured around three research pillars, as summarised in Table 1-1. The pillars are formulated 
ǊŜƭŀǘƛǾŜ ǘƻ {9{!wΩǎ {ǘǊŀǘŜgic Research and Innovation Agenda, Digital European Sky [6] (SRIA), which 
describes the research agenda for the SESAR 3 JU. The key objective of this deliverable is 
complementing this Agenda with additional research opportunities, notwithstanding the fact that the 
SRIA was published some way through the lifecycle of the KTN. 

Much of the work herein is underpinned by the building and successful launch of the Engage wiki, 
which comprises an interactive research map, an ATM concepts roadmap and a research repository 
(as described in Section 2). Each research pillar also has a dedicated section in this report. 

Table 1-1. Three research pillars 

Research pillar Summary of pillar Section of report 

Gap analysis 

A two-phase approach, firstly using a data-driven analysis 
of SESAR projects in the repository of the Engage wiki, 
using machine learning and multi-dimensional vectors to 
identify gaps in the existing research corpus, relative to the 
SRIA. The second phase deploys expert judgement to 
interpret and comment on the data-driven phase, to filter 
and focus on key findings. 

Section 2.3 

Thematic challenges 

The goal of Engage thematic challenges was to address 
research topics not currently (sufficiently) addressed by 
the SESAR research programme. The Call for thematic 
challenges was open to the research community on the 
Engage website from January 2018. This predated the SRIA. 
Four challenges were devised and matured during the 
lifetime of the KTN using a series of dedicated workshops 
and catalyst fund projects. 

Section 2.4 

Horizon flagships 

These set out to advance the definition of future research 
concepts beyond what is ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ {wL!Φ ΨIƻǊƛȊƻƴΩ 
reflects the familiar concept of horizon scanning in 
reseŀǊŎƘΣ ƛŘŜƴǘƛŦȅƛƴƎ ŦǳǘǳǊŜ ŎƻƴŎŜǇǘǎΦ ΨCƭŀƎǎƘƛǇΩ is used as 
ŀ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘŜǊƳ ǘƻ ǘƘŜ {wL! ΨŦƭŀƎǎƘƛǇ ŀŎǘƛǾƛǘƛŜǎΩΦ 
These ideas were conceived and developed by the 
consortium experts. The concepts are futuristic in the 
sense that they have not already been (fully) researched in 
the ATM domain, either through omission and/or because 
the underpinning principles are still at a very low TRL. 

Section 2.5 

 

 

https://www.sesarju.eu/


D3.10 RESEARCH AND INNOVATION INSIGHTS  

  
 

Page I 8   
 

 

These activities were carried out at different times during the work of the Engage KTN. The thematic 
challenges were launched in the first month of the KTN. The gap analysis and horizon flagship 
development during the later stages of the KTN. Since these substantial work efforts were 
implemented largely independently and asynchronously, it is not surprising that some overlaps 
between the outputs should arise. Indeed, it would be surprising had they not. This complementarity 
and the next stages of taking these pillars forward, is discussed in Section 4.1. 

In the wider context, this report variously draws on, and relates to, other key Engage deliverables, in 
particular: 

¶ D3.9: The Engage wiki ς an update on the KTNΩs knowledge hub functionality, research maps 
and repository [1]; 

¶ D2.7: Annual combined thematic workshops progress report (series 3)) [2]; 

Notwithstanding drawing across 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 
reference document for the Engage wiki (D3.9), this deliverable comprises a pair of 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 is also an update to the forerunner deliverable, D3.5 (Opportunities for innovative ATM 
research (interim report) [3]). Core recommendations cited in this report related to: (i) building 
research communities; (ii) transferring results of successful research projects; (iii) improving the 
availability and use of standard scenarios and datasets; and, (iv) insisting on the use of established 
scientific methods. Whilst this deliverable (D3.10) takes these recommendations forward, the reader 
is invited to consult D3.5 as a companion document. In particular, (iv) was taken forward by the SESAR 
Scientific Committee and used to develop official SESAR guidelines, now published in the STELLAR 
programme library, and reproduced here (as Appendix A) due to its relevance and for ease of 
reference. 

Ten PhDs were funded through the Engage KTN. These projects are aligned with our goal of fostering 
the growth of a community of early-stage 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 these activities, we can better facilitate the transfer to higher maturity 
levels through financing and access to industrial collaboration environments. Earlier reporting on the 
PhD programme (i.e. on the 2021 summer school [4] and the PhD consolidated progress reporting [5]) 
will be updated in 2022. Details of the PhDs are published on the Engage website 
(https://engagektn.com/phd-abstracts/). 
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2 Identifying and disseminating research and 
future opportunities 

2.1 Overview of the approach 

Section 2 is dedicated to detailing the methodology and results of each of the research pillar 
investigations, as described in the introduction, together with the full results and supporting 
discussions thereof. We start, however, with some insights into the broader work of the KTN, as this 
relates to the dissemination and accessibility of SESAR research in particular, set in the wider context. 
This is largely focused through the activities of the Engage wiki, which supports the work of two of the 
research pillars in particular, as will be explained. 

2.2 Active dissemination of research ς SESAR ER and beyond 

2.2.1 Reprise of Engage dissemination ambitions 

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 Engage Ψknowledge hubΩ, which was formally 
launched at the SESAR Innovation Days 2020 as the ΨEngageWikiΩ. Whilst 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 D3.9 [1], 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 full corpus of SESAR Exploratory Research and Industrial 
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, with the ǇƭŀƴƴŜŘ άindustrial research coordination 
mapέ included in the same tool, thus serving to άbreak down barriers between these research silosέ 
(both as cited in the Engage proposal). Furthermore, as we also highlight and expand upon in the rest 
of this report, these efforts are brought together synergistically in the mapping and data-driven 
identification of future research opportunities under the corresponding research pillars, notably 
through the functionality of, and activities associated with, the Engage ATM concepts roadmap 
(another feature of the wiki). These research pillars, variously identifying research gaps and 
opportunities from the various perspectives of the gap analysis (examining previous research), the 
Engage thematic challenges (building on the workshop series) and the ΨhorizonΩ flagships (conjectures 
beyond 2040), are all discussed below. This synthesis of reporting, in this report, thus draws together 
outcomes and research mapping from the ER and IR programmes and proposes additional research 
elements, beyond the current level of the SRIA, for future consideration in terms of impacts on the ER 
programme (in particular) and on the longer-term evolution of the European ATM system. 

Notwithstanding the ambition of fostering new partnerships and developing a more interconnected 
and collaborative ATM community, the discussion fora of the wiki (see Appendix B for links and D3.9 
[1] for full details) have not gathered the hoped-for momentum at the time of producing this 
deliverable. It is to be hoped, that through further activities and promotion such as those elaborated 
in D3.9, that these fora may gather sufficient impetus to become hubs for various communications and 
discussions in SESAR 3. 
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On approval by the SJU, the two Engage ΨlegacyΩ deliverables (D3.9 and D3.10), will be e-mailed directly 
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 SESAR e-news. 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 reporting communication and dissemination activities is to be found in deliverable D2.2 [16]. 

 

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 
Figure 2-2Σ ǎƘƻǿƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘǎ ōȅ ǘƘŜ ǘƘǊŜŜ ΨǎǘǊŀƴŘǎΩ όάresearch is categorised into three strands: 
exploratory research, industrial research and validation and very large-scale demonstrations. These 
strands have been designed as an innovation pipeline through which ideas are transformed into 
tangible solutions for industrialisationέ [7]) and ŦƛǾŜ ΨƪŜȅ ŀǊŜŀǎΩΥ 

¶ High-performing airport operations, including total airport management, remote towers, 
runway throughput capabilities, navigation and routing tools, airport safety alerts for 
controller and pilots; 

¶ Optimised network operations, including dynamic collaborative tools to manage ATC airspace 
configuration (sectors), and civil-military collaboration for greater predictability and 
management of operations and airspace use; 

¶ Advanced air traffic services, including time-based separation and European wake vortex re-
categorisation (RECAT-EU), better sequencing of traffic, automation support tools, integration 
of all vehicles; 

¶ Enabling infrastructure, including CNS integration to facilitate economies of scale and 
seamless service delivery; and system-wide information management governance, 
architecture and technology solutions and services for information exchange; 

¶ 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 corresponding ΨǇǊƻƧŜŎǘǎ ŀƴŘ ǊŜǎǳƭǘǎΩ ǿŜōǇŀƎŜǎ offer further information under each 
ǎǘǊŀƴŘΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ άSESAR Innovation PipelineέΣ ŀǎ summarised in Table 2-1. These variously 
contain new stories and video material. Each as a search function with filters (exemplified in Figure 
2-1), ƎŜƴŜǊŀǘƛƴƎ ŦǳǊǘƘŜǊ ǇǊƻƧŜŎǘ ƭƛƴƪǎ ǿƛǘƘ ǊŜƭŀǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǿŜōǎƛǘŜ όǿƘŜǊŜ 
applicable) affording the user up-to-date access to a full range of project deliverables. 
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Figure 2-1Φ {9{!w W¦ ΨǇǊƻƧŜŎǘǎ ŀƴŘ ǊŜǎǳƭǘǎΩ ǿŜōǇŀƎŜ ǎŜŀǊŎƘ ŦǳƴŎǘƛƻƴŀƭƛǘȅ 

 

 

Figure 2-2. SESAR 2020 at a glance 

Source: [7] 
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Table 2-1. {9{!w W¦ ΨǇǊƻƧŜŎǘǎ ŀƴŘ ǊŜǎǳƭǘǎΩ ǿŜōǇŀƎŜǎ 

Text extract from webpage Webpage research heading and link 

SESAR Innovation Pipeline - SESAR projects are 
categorised by an innovation pipeline through which 
promising ideas are explored and then moved out of 
ǘƘŜ ΨƭŀōΩ ƛƴǘƻ ǘŀƴƎƛōƭŜ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭƛǎŀǘƛƻƴ ŀƴŘ 
real operations. The pipeline consists of three distinct 
strands [...] Exploratory Research [...] Industrial 
Research [...] Very Large-scale Demonstrations 

SESAR Innovation Pipeline 

https://www.sesarju.eu/innovation-pipeline 

Through its Exploratory Research, the SESAR JU looks 
beyond the current R&D and what is already identified 
in the European ATM Master Plan. The aim is to 
investigate new ideas, concepts, and technologies, but 
also to challenge pre-conceived notions about air traffic 
management and the aviation value chain. By 
advancing promising research ideas and embedding 
them in a broader programme of work, the SESAR JU is 
helping to future-ǇǊƻƻŦ 9ǳǊƻǇŜΩǎ ŀǾƛŀǘƛƻƴ ƛƴŘǳǎǘǊȅ ŀƴŘ 
to maintain its global competitive edge [...] 

Exploratory Research 

https://www.sesarju.eu/exploratoryresearch 

Within the context of SESAR 2020, the SJU and its 
members have been working on two waves of industrial 
research projects, aiming to deliver more digital 
ǎƻƭǳǘƛƻƴǎ ǘƻ ǘǊŀƴǎŦƻǊƳ 9ǳǊƻǇŜΩǎ !¢a ǎȅǎǘŜƳΦ In 2019, 
the first wave of SESAR 2020 industrial research 
projects came to a close, delivering a number of 
solutions (as part of Release 9) to the necessary level of 
maturity to make them available for pre-
industrialisation (Technology readiness level 6 or V3). In 
2020, the second wave of industrial projects were 
kicked off, aiming to take forward the results from the 
first wave and focus on solutions that can bring the 
most benefits in terms of environment, capacity, safety 
and cost efficiency [...] 

Industrial Research 

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

As with many things, ATM stakeholders need to try 
before investing in new technologies, which is why 
SESAR members and partners carry out flight trials and 
other demonstrations in real-life environments 
involving a wide range of operational experts, from 
airports, air traffic control centres, airlines, business 
aviation and general aviation. The fact that so many 
ATM actors are eager to participate is proving 
invaluable for accelerating the operational acceptance 
and the subsequent industrialisation of SESAR Solutions 
[...] 

Very Large Scale Demonstrations 

https://www.sesarju.eu/node/3777 
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https://www.sesarju.eu/node/3777
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2.2.3 Interactive mapping and repository from the Engage KTN 

Partly to support the mapping of ATM research concepts, and with a goal of building powerful 
interactive maps (on-line) that are easy to use and embrace both ER and IR activities, the Engage 
research mapping task focused on a bottom-up discovery of themes and clusters of research. 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] discusses in this detail. The Engage repository and its search and filtering 
functionalities are also detailed. Together with CORDIS [9]Σ ŀƴŘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ {9{!w ǇǊƻƧŜŎǘΩǎ ǿŜōǎƛǘŜǎΣ 
these provide a range of sources for accessing data regarding SESAR projects. In Section 4.2, below, 
we reflect on the different sources of project data and their recency. 

2.3 Gap analysis ς examining previous research 

2.3.1 Methodology 

The process to identify potential research gaps, identifying future research directions, deployed a 
phased combination of quantitative and qualitative analysis. As we detail, through an auto-encoder 
model (a special type of neural network) and using multi-dimensional vectors, key statistical 
information (e.g. keyword analysis, semantic similarity indices, outlier detection) was firstly extracted 
from SESAR deliverable texts in order to identify areas potentially poorly covered in the SRIA and yet 
with remaining potential interest to the research community. Secondly, these results were interpreted 
by ATM experts in the Engage consortium. The data acquisition process underpinning this is described 
next. 

2.3.1.1 Acquiring and cleaning the source data 

As described in detail in Engage D3.9 on the wiki [1], data required by the interactive research map, 
ATM concepts roadmap and research repository in the EngageWiki (see the live wiki at 
https://wikiengagektn.com/EngageWiki, and Appendix B for a summary table and specific links) consist 
primarily of SESAR project deliverables, Solution data packs and conference papers. The sourcing of 
this material started in May 2019 and continued to November 2021, feeding the updated wiki 
functionality. In addition to sourcing material, metadata describing each project, deliverable and 
conference paper were also required ς this proved to be a challenging task, with a large amount of 
manual processing carried out for older material. Material has been acquired from the SESAR 1 and 
SESAR 2020 programmes: 

¶ SESAR 1 projects and activities 2008-2016 (see Figure 2-3); 

¶ SESAR 2020 projects and activities 2015-2024 (see Figure 2-4). 

https://www.sesarju.eu/
https://wikiengagektn.com/EngageWiki
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Figure 2-3. WP activities of the SESAR 1 Programme 2008-2016 

Source: [13] (Figure 3) 

 

Figure 2-4. Call activities of the SESAR 2020 Programme 2015-2022, as of 2021 

Source: [14] (Figure 10) 

At the launch of 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 conferences. However, there were 
gaps in the coverage of projects from SESAR 2020 Calls, missing SESAR 1 metadata and unfortunately 
no deliverables were GDPR-ready for publication in the repository. 

Further material has since been sourced and corresponding metadata prepared by the Engage team. 
Of the 456 SESAR 1 and SESAR 2020 projects identified to date, material has been obtained for 426 

https://www.sesarju.eu/
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(i.e. 88 projects added since the launch). Table 2-2 lists the SESAR Calls and projects from which 
material has been sourced (1873 deliverables). 

Table 2-2. SESAR material in the EngageWiki 

SESAR programme Calls Projects Deliverables 
SESAR1 IR 226 775 

IR-AIRE III 7 7 

IR-Demo 8 8 

IR-LSD 14 15 

IR-RPAS 9 9 

WP-E 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 

 

SESAR 1 deliverables were made available to Engage by the SJU from various SESAR libraries, covering 
ƛƴŘǳǎǘǊƛŀƭ ǊŜǎŜŀǊŎƘ /ŀƭƭǎ όΨ.Ŝǎǘ ŀƴŘ Cƛƴŀƭ hŦŦŜǊΩΣ wt!{Σ ǘǊƛŀƭǎ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴǎύ ŀƴŘ ²ƻǊƪǇŀŎƪŀƎŜ 9 
(Exploratory Research Calls). Whilst restricted material could be analysed for use by the interactive 
research map and ATM concepts roadmap, only public material could be published in the research 
repository after being anonymised (see Appendix B for summary descriptions of, and links to, these 
components of the wiki). The Engage consortium is 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 from CORDIS [9], 
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 that new material continues to be 
published by on-going 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 Seminar) have been 
collated with the assistance of EUROCONTROL (See Table 2-3 and Table 2-4). A total of 310 SIDs papers 
(2011-2020) and 343 ATM Seminar papers (2011-2019) 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 papers 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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Table 2-3 SIDs papers sourced and matched with SESAR projects for the EngageWiki 

SIDs Total Papers Papers associated with projects* 
2011 28 17 WP-E 

2012 27 14 WP-E; 1 IR 

2013 28 13 WP-E; 1 IR 

2014 30 19 WP-E; 2 IR 

2015 28 17 WP-E; 1 IR 

2016 32 3 WP-E; 2 IR; 6 ER1 

2017 35 20 ER1 

2018 34 9 ER1; 1 ER2; 1 ER3 

2019 38 1 ER1; 4 ER3; 6 IR Wave 1 

2020 30 10 ER3 

* SIDs papers determined to be associated with SESAR projects; SESAR projects in scope (i.e. papers from non-SESAR 

projects have also been identified, but are not in scope here); possible for more than one paper per project to be 
accepted at each SIDs. 

 

Table 2-4 ATM Seminar papers sourced for the EngageWiki (associated projects to be determined) 

ATM seminars Total papers 
2011 69 

2013 67 

2015 69 

2017 72 

2019 66 

 

As already summarised in Section 2.2.3, extensive initial work was undertaken to process the SESAR 
ER and IR textual data (deliverables) of the various projects, to be used in the following data-driven 
analysis. 

2.3.1.2 Engage clusters and SRIA flagship activities ς mapping the landscape 

(a) Introducing the SRIA 

Mapping the ATM research landscape is a dynamic process. During the development of the ATM 
concepts roadmap in Engage, the Strategic Research and Innovation Agenda, Digital European Sky [6] 
όƘŜƴŎŜŦƻǊǘƘ ǎƛƳǇƭȅ ΨǘƘŜΩ {wL!ύ ǿŀǎ ǇǳōƭƛǎƘŜŘΣ presenting the agenda for the SESAR 3 JU. The goal of 
the SRIA is to support the delivery of the Digital European Sky, describing the scope of research and 
ƻǘƘŜǊ ŀŎǘƛƻƴǎ ŀƛƳŜŘ ŀǘ ŦǳǊǘƘŜǊ ƳƻŘŜǊƴƛǎŀǘƛƻƴ ƻŦ 9ǳǊƻǇŜΩǎ !¢a ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ¦-space. Strategic 
research and innovation roadmaps for the years 2021 to 2027 are presented, as actions needed to 
deliver the implementation of the European ATM Master Plan 2020 edition. The SRIA identifies nine 
flagship activities/roadmaps in the 2021-2027 period, listed in Table 2-5, below. Many 
interdependencies can be found between the flagships, and there are three horizontal topics that 
should cover the entire programme. The R&I in the flagships covers the three funding instruments that 
will be used in the new SESAR 3 partnership ς Exploratory Research, Industrial Research and Digital Sky 
demonstrators. The Engage consortium decided to use the SRIA as a keystone for its ATM concepts 
ǊƻŀŘƳŀǇΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ ΨŦƻǊǿŀǊŘΩ ŎƭǳǎǘŜǊ approach of this section, and the ΨǊŜǾŜǊǎŜΩ 
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cluster analysis of Section 2.5. The nine SRIA flagship activities (see Table 2-5) form a core reference 
point of the roadmap. 

Table 2-5. The nine SRIA flagship activities (horizontal activities in bold font) 

Nº SRIA flagship activity  

1 Connected and automated ATM 

2 Air-ground integration and autonomy 

3 Capacity-on-demand and dynamic airspace 

4 U-space and urban air mobility 

5 Virtualisation and cyber-secure data sharing 

6 Multimodality and passenger experience 

7 Aviation Green Deal 

8 Artificial intelligence (AI) for aviation 

9 Civil/military interoperability and coordination 

The overall forward mapping in the roadmap is simply represented as: 

projects Ą Engage clusters Ą SRIA 

We next unpack this. 

(b) The Engage clusters 

The first steps along the pathway of mapping the research landscape was the bottom-up building of 
research clusters from the project outputs. The research clustering aimed to map the cleaned up 
outputs, using the plain texts extracted. Using an unsupervised machine learning algorithm, 14 
clusters were identified, based on the similarities in project keywords (see D3.9 [1] for details, and 
Appendix D for a simple output list). A multi-dimensional map of these outputs was generated, and 
then ǾƛǎǳŀƭƛǎŜŘ ƛƴ ǘƘŜ ΨƛƴǘŜǊŀŎǘƛǾŜ ǊŜǎŜŀǊŎƘ ƳŀǇΩ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǿƛƪƛΥ ǎŜŜ Appendix B for the link and [1] 
(Section 4.5) for details on the dynamic functionality of the map. In Section 4.2, we reflect on the 
different sources of project data and their recency. 

(c) Mapping on to the SRIA 

Next, semantic similarity analysis (SSA), an unsupervised NLP technique, allowed us to see how all the 
research previously performed (as described above) fits with the proposed nine SRIA flagship activities 
for 2030. It provides a single view of how it links to future research concepts, both in the SRIA, and 
even beyond (see Section 2.5). This identifies future research directions to be explored. 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 flagship activities it most related. As can be seen in Figure 2-5 (NB. 2022 
clusters shown), the result of this process results in the mapping that can be seen in the left-hand half 
of the ATM concepts roadmap. The (initial) research clustering work has allowed us to create and 
visualise the temporal evolution of how the different projects from the various SESAR Calls are grouped 
into the 14 identified research clusters. 

https://www.sesarju.eu/
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Figure 2-5Φ ΨCƻǊǿŀǊŘΩ ŎƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ 

The subsequent semantic similarity analysis scores 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 flagship activities. 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 the SRIA [6] flagship 
activities όάtǊƻōƭŜƳ ǎǘŀǘŜƳŜƴǘέΤ ά5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ƘƛƎƘ-ƭŜǾŜƭ wϧL ƴŜŜŘǎκŎƘŀƭƭŜƴƎŜǎέ ŀƴŘ ά9ȄǇŜŎǘŜŘ ƘƛƎƘ-
ƭŜǾŜƭ ƻǳǘŎƻƳŜǎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻōƧŜŎǘƛǾŜǎέύ were extracted manually and then pre-processed in a 
similar way to the texts extracted from the projects. A language model was constructed using word 
embedding, which allows words with similar meanings to have a similar representations in a multi-
dimensional space. 

¢Ƙƛǎ ŎƻƳǇƭŜǘŜŘ ǘƘŜ ΨŦƻǊǿŀǊŘΩ ƳŀǇΦ Again, see [1] (Section 4.5) for details on the dynamic functionality 
of the map. 

2.3.1.3 The gap analysis method ς ΨǿƛǘƘƛƴΩ ŀƴŘ ΨōŜǘǿŜŜƴΩ ŀǇǇǊƻŀŎƘŜǎ 

Having mapped the landscape, we come to the mechanics of the gap analyses. For completeness of 
reporting, two general types of experiment were carried out: 

1. ŦƛƴŘƛƴƎ ǘƘŜ ΨƳƻǎǘ ǳƴƛǉǳŜΩ ƻǳǘƭƛŜǊǎ ŀƳƻƴƎǎǘ ǘƘŜ {ESAR projects όŀ ΨǿƛǘƘƛƴΩ ŀƴŀƭȅǎƛǎύ; 

2. finding the projects least connected with the SRIA όŀ ΨōŜǘǿŜŜƴΩ ŀƴŀƭȅǎƛǎύΦ 

We describe and report on both methods and their results, whilst the planned focus of attention for 
follow-up expert analysis was (2), since this was considered the most useful for identifying future 
research opportunities. (Those familiar with techniques such as analysis of variance, may find the 
ΨǿƛǘƘƛƴΩ ŀƴŘ ΨōŜǘǿŜŜƴΩ ŀƴŀƭƻƎƛŜǎ ƻŦ ǳǎŜΦύ 
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(a) WithinΥ ŦƛƴŘƛƴƎ ǘƘŜ ΨƳƻǎǘ ǳƴƛǉǳŜΩ ƻǳǘƭƛŜǊǎ 

The first problem statement was thus to find the Ψmost uniqueΩ outliers in the corpus of SESAR 
deliverables (on a per-project basis). After cleaning the texts, using a similar approach to that used for 
the clustering1 (as described above), the textual transformations were as exemplified in Table 2-7. 

Table 2-6. Example textual transformation applied to deliverables prior to gap analysis 

Before final processing After final processing  

άproject overview the purpose of wp b.04.05 was 
to develop and validate a foundation method to 
identify opportunities for the provision of 
common air navigation services or their related 
functions in the context of sesar, and 
subsequently to examine the strategies for 
delivery, high level business and technical 
architecture options for deploymentέ 

άproject foundation method identify opportunities 
provision air navigation services functions strategies 
delivery level business architecture options deploymentέ 

 

 

The texts were next vectorised. This converts a text into numerical features that can be seeded into 
any machine learning algorithm. There arŜ Ƴŀƴȅ ǾŜŎǘƻǊ ǎǇŀŎŜ ƳƻŘŜƭǎ ŦƻǊ ǘŜȄǘ ŀƴŀƭȅǎƛǎΣ ǎǳŎƘ ŀǎ Ψ¢Ŧ-LŘŦΩΣ 
Ψ/.h²ΩΣ Ψ²ƻǊŘн±ŜŎΩ ƻǊ Ψ5ƻŎн±ŜŎΩΦ ¢ƘŜ ƻƴŜ Ŧƛƴŀƭƭȅ ǳǎŜŘ ǿŀǎ Ψ5ƻŎн±ŜŎΩΦ tŀǊŀƎǊŀǇƘ ǾŜŎǘƻǊ Doc2Vec is 
an extension of the Word2Vec embedding. Word2Vec tries to learn to project words into a latent d-
dimensional space. Doc2Vec aims to learn how to project a document into a latent d-dimensional 
space. Doc2Vec randomly samples words from texts and trains one neural network model internally, 
which gives a numerical vector representation of the text. Using the clean text and the trained Doc2Vec 
model, we generated a 100-dimensional vector for each of the projects. 

An auto-encoder model was then used to try to identify outliers within these projects. An auto-
encoder is a special type of neural network: an unsupervised learning algorithm that applies back-
propagation, setting the target values to be equal to the input. Basically, the model tries to copy input 
Řŀǘŀ ǘƻ ƻǳǘǇǳǘ ŘŀǘŀΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ƪƴƻǿƴ ŀǎ ΨǊŜŎƻƴǎǘǊǳŎǘƛƻƴΩΦ ΨIƛŘŘŜƴ ƭŀȅŜǊǎΩ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ŎŀǊǊȅ out 
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 a five-layer deep auto-encoder 
neural network to train the model with the folƭƻǿƛƴƎ ƭŀȅŜǊ ǎǘǊǳŎǘǳǊŜΥ млл Ҧ нлл Ҧ рл Ҧ нлл Ҧ мллΦ 

 

 

 

1 ¢Ƙƛǎ ƛƴŎƭǳŘŜŘ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ǘŀƎǎ όǎǳŎƘ ŀǎ άғƘǘƳƭҔέ ŀƴŘ άғǇҔέύΣ ǇǳƴŎǘŀǘƛƻƴΣ ƴǳƳŜǊƛŎ ŀƴŘ ǎǘƻǇ ǿƻǊŘǎΦ {ǘƻǇ ǿƻǊŘǎ ƛƴŎƭǳŘŜŘ ŎƻƳƳƻn stop 

ǿƻǊŘǎ όǎǳŎƘ ŀǎ άƭƛƪŜέΣ άŀǘέΣ άǘƻέΣ άǘƘŜέΣ άŀƴŘέ ŜǘŎΦύΣ ǇǊƻƧŜŎǘ ŀŎǊƻƴȅƳǎ ŀƴŘ ǇǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎΣ ǿƻǊŘǎ ƻŦ ƻƴŜ ƻǊ ǘǿƻ ŎƘŀǊŀŎǘŜǊǎ, and part of speech 
tagging (retaining only nouns and verbs), plus the ten most common and least common words. The least common words were mostly specific 
names or misspellings. Some of the most common remaining words need further investigation in fine-tuning of future analysis, but their 
retention was thought to have had little impact on the overall outcomes. 
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Figure 2-6. Neural network auto-encoder training 

 

Once the output vectors were generated in order to try to identify the outlier projects, a similarity 
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 and this will be due to the fact that they are projects that are further away from the others. 
As similarity index, the ΨŎosine similarityΩ metric was used (Figure 2-7 illustrates). It measures the 
cosine of the angle between two vectors projected in a multi-dimensional space. The cosine similarity 
is useful as it is not dependent on the size of the texts. The smaller the angle between the two vectors, 
the higher the cosine similarity. The outlier projects are those that have a lower cosine similarity value. 
The results in Appendix C show the 20 ΨƳƻǎǘ ǳƴƛǉǳŜΩ projects that obtained a lower cosine similarity 
value after the auto-encoder reconstruction. 

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

The second problem statement, our greater focus, was to find the projects with the weakest 
connection to the SRIA flagship activities. The initial processing and cleaning steps were analogous to 
those explained above in (a). This analysis builds in particular on the use of semantic similarity analysis, 
as used in the development of the ATM concepts roadmap, described above. The problem 
encountered here with word-embedding models, however, is that they fail to correctly model the 
technical language of aeronautics and ATM (e.g. the term ΨATMΩ is mainly related to money in these 
generic models). It was therefore decided to create a specific word-embedding model using the text 
of the projects, that of the SRIA flagship activities, and other extracted transport projects (in total more 
than 1 million sentences). The word-embedding model used was again Word2Vec. Using this 
proprietary model, it was possible to create a similarity matrix between pairs of words and 
subsequently transform the projects and SRIA texts using this similarity matrix into vector 
representations. In this case, the metric used was the soft cosine similarity, which is a useful 
implementation of the cosine similarity metric, as it also takes into account word similarity (Figure 2-7 
further illustrates). The type of results produced are exemplified for three projects, in Table 2-7. 
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Figure 2-7. Cosine similarity and soft cosine measure 

 

Table 2-7. Example results of the semantic similarity analysis of projects re. SRIA flagship activities 
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Most similar 
topic 

E.02.27 
SecureData

Cloud 
0.23 0.09 0.20 0.20 0.19 0.16 0.18 0.16 0.22 

Virtualisation 
and cyber-
secure data 

sharing 

LSD.01.03 
Optimised 
Descent 
Profiles 

0.07 0.03 0.17 0.08 0.17 0.06 0.11 0.09 0.12 
Aviation 

green deal 

14.02.03 
SWIM 

technical 
supervision 

0.22 0.05 0.10 0.06 0.06 0.08 0.14 0.14 0.18 

Virtualisation 
and cyber-
secure data 

sharing 
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2.3.2 Results 

As the 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 ranked in Table 2-8. The first column is the ranked weakest link (i.e. least-
connected first), although undue importance should not be ascribed to differences between specific 
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 latter. In most (14) of the cases (projects), the total (of three) keyword hits was 
zero or one. The highest, rather counter to the ranking, was the occurrence of άǘǊŀƛƴƛƴƎέ όƛƴŘƛŎŀǘŜŘ ōȅ 
project 1), 14 times in the SRIA. The text samples (right-hand column) were normally taken from the 
projectsΩ final reports and are unedited. For further information on them, the reader is referred to the 
Engage repository (see Appendix B) and/or the links in Table 2-1. 

Table 2-8. 20 projects least connected with the SRIA. 

Project 
/ rank 

WBS Acronym Title Text samples 

1 16.04 - 
Human Performance 
Management System 

R&D 

Project 16.04 was concerned with the overall management 
and coordination of the 16.04.0x projects that were 
responsible for the SESAR ATM Human Performance 
Management System R&D activities. This R&D covered four 
areas: 

¶ 16.04.01 Evolution from ATM HF Case to a HP 
Case Methodology for SESAR 

¶ 16.04.02 HP Tool Repository of SESAR Standard 
HP Methods and Tools 

¶ 16.04.03 Impacts of Future Systems and 
Procedures on Selection, Training, Competence 
and Staffing Requirements 

¶ 16.04.04 Social and Cultural Factors impacting 
on SESAR Changes All these projects have now 
completed and have delivered their final 
deliverables. 

As explained in section 3.8 of the ATM Master Plan (Edn 2), 
the human element remains pivotal to the success of 
SESAR, and also that the concepts being developed within 
SESAR must take account of human strengths and 
weaknesses in their development. The deliverables of the 
16.04.0x projects provide the guidance necessary for SESAR 
R&D projects to take account of the human aspects when 
developing SESAR concepts, and therefore these 
deliverables are essential to facilitating the ultimate 
deployment of the ATM master plan roadmap. 

2 16.01.03 - 
Develop techniques 

for Dynamic Risk 
Modelling 

The objectives and achievements of the project are 
summarized as follows: 

¶ Demonstrate the added value of DRM with 
respect to static risk modelling 

o Achieved and documented in 
Deliverable -D09- Dynamic Risk 
Modelling SESAR test case 
application and lessons learned. This 
comprehensive report includes all 
steps and results of DRM application. 
Agent-based DRM has been shown to 
be workable and useful for ATM 
applications. 

¶ Produce a guideline for when and how to apply 
DRM techniques in real world analysis 
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/ rank 

WBS Acronym Title Text samples 

o Achieved and document. through 
iterative approach from initial 
guidelines until final The result was 
coordinated with P16.06.01 that 
addresses the SESAR Safety 
Reference Material and its 
application. 

3 12.07.03 - 

Airport Performance 
Assessment and 
Management 

Support Systems 

The main objective of the Primary Project άAirport 
Performance Management Assessment and Management 
Support Systemsέ (APAMS) was to specify, develop and 
verify the AirPort Operation Centre (APOC) support tool, 
which is able to collect and evaluate information from the 
Airport Operations Plan (AOP), allowing monitoring and 
management of the airport´s performance by providing 
mechanisms to the APOC stakeholders to resolve any 
unexpected operational disruptions in a collaborative 
manner. 

4 12.06.07 - 

AMAN, SMAN, and 
DMAN fully 

integrated into CDM 
processes 

The scope of this project was to define, develop and 
validate the operational concept related to integration of A-
SMGCS, AMAN and DMAN services in the Collaborative 
Decision Making process. The objective of the integration 
was to support the controller to optimise the traffic flow at 
the airport exploiting the following functionalities: 
- managing the traffic flow at the airport, 
- optimising the runway occupancy, 
- minimising the taxi-time, 
- avoiding conflict situation 

5 12.02.01 - 
Runway 

Management Tools 

The technical project άRunway Management Toolsέ was 
focused on the specification, development and verification 
of a prototype based on the Runway Demand and Capacity 
Balancing operational concept. Since the beginning, the 
objectives of this project were to: 

¶ Provide in advance the optimal runway 
configuration according to the factors affecting 
the runway (weather, infrastructure, 
ƳŀƛƴǘŜƴŀƴŎŜΧύ ǘƘŀǘ ǿƛƭƭ ŜƴŀōƭŜ ǘƻ 
accommodate the expected demand while 
reducing delays. 

¶ Monitor and manage the configurations 
proposed identifying any possible imbalance to 
take corrective actions. 

¶ Calculate the available capacity and provide 
capacity forecasts for the following hours to 
optimize runway throughput. 

¶ Assist the Tower Supervisor with decision 
support tools in managing and optimizing the 
runway configurations according to the arrival 
and departure demand during short term and 
execution phase by using what-if mode. 

¶ Notify any imbalance detected to external 
systems such as queue distributors (Arrival and 
Departure Managers) or Airport Operations Plan 
(AOP), in order to take appropriate actions 

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

6 12.06.02 - 
The Airport Operations 

Plan (AOP), decision 
support tools and 

conflict detection tools 

The main objective of this project, named άThe Airport 
Operations Plan (AOP), decision support tools and conflict 
detection tools to be integrated in APOC for managing the 
overall performance of the airportέ, was to specify, develop 
and verify an AOP prototype which is able to monitor 
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/ rank 

WBS Acronym Title Text samples 

to be integrated in 
APOC for managing the 
overall performance of 

the Airport 

aircraft and passenger processes at the airport and display 
them to the user as an Airport Transit View (ATV), in order 
to enhance the performance both at the airport and across 
the Network. 

7 12.05.04 - 

Integrated Tower 
Working Position 

(CWP) Design, 
Specification 

Prototyping and 
Test/Validation 

This project has been focussed on the definition, 
development and verification of an Advanced Tower 
Controller Working Position (A-CWP) that continuously 
provides an airport situation display to the tower 
controllers. 
The technical project άIntegrated Tower Working Position 
(A-CWP) Design, Specification Prototyping and 
Test/Validationέ was the main technical project in the 
Airport domain for the definition, development, verification 
and support to integrated validations of a homogeneous 
human-machine interface (HMI) of the different concepts 
defined in SESAR1. 

8 09.05 
ASAS-
ASPA 

ASAS-ASPA 

This document synthesises the work performed in SESAR 
project 09.05.00 in charge of defining, validating and 
implementing two airborne functions: 

¶ One allowing the aircraft to execute time-based 
spacing instructions; 

¶ The other providing an improved situational 
awareness to flight crews whenever operating 
visual operations. 

The SESAR 09.05 ASAS-ASPA project was in charge of 
defining, implementing and validating two airborne 
functions: 

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

¶ The other function providing an improved 
situational awareness to flight crews whenever 
they operate visual operations relatively to a 
traffic, with the objective to propose a first 
iteration of an avionics solution (TRL3) 

9 12.03.02 - 
Enhanced Surface 

Safety Nets 

In reference to the ATM (Air Traffic Management) Master 
Plan, the project 12.03.02 aimed at improving Surface 
Safety Nets functions for controllers providing better and 
safer surface traffic management and operations on the 
airport. The partners focused on defining the requirements 
and prototypes for the following functionalities: 

¶ Runway Incursion 

¶ Area Intrusion 

¶ Conformance Monitoring Alerts for Controllers 
(CMAC) 

¶ Conflicting ATC Clearances (CATC) 

10 06.03.01 - 
The Airport in the 
ATM environment 

The project 06.03.01 addressed the Airport Operations 
Management and Surface Management domains. 
For the Airport Operations Management domain, the main 
objective of the project was to develop and validate the 
SESAR concept. The project was responsible for further 
validating the concept at the V2 maturity level as well as 
concluding the V3 activities. Finally, the project was 
responsible for the delivery of the final Airport Operations 
Management documentation and was also responsible for 
a number of tasks which were performed in order to 
prepare the future research work. 
For the Surface Management domain, the project 
performed Real-Time simulations and Live trials/Shadow 
mode trials to assess the level of maturity reached by 

https://www.sesarju.eu/


D3.10 RESEARCH AND INNOVATION INSIGHTS  

  
 

Page I 25   
 

 

Project 
/ rank 
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validated SESAR solutions and to provide validation results 
for the final production of the concept documents. 

11 16.04.01 - 

Evolution from the 
ATM HF Case to a HP 
Case Methodology 

for SESAR 

The aim of P16.04.01 was to develop a HP assessment 
process for SESAR that serves to ensure HP aspects are 
systematically identified and considered in the SESAR 
operational and technical concept developments for both 
ground based and air-borne projects, i.e. WP 4-15. 
The HP assessment process developed for SESAR had to be 
compatible with the validation approach adopted within 
SESAR as outlined in E-OCVM [2] and applicable to the three 
validation phases of Research and Development covered by 
SESAR (i.e. V1 to V3). Furthermore, as mentioned earlier, 
the SESAR HP assessment process had to ensure that HP 
findings from different projects can be compared, 
aggregated and linked back to the relevant target 
performance criteria. 

12 12.06.09 - 
Integration of CDM 

in the SWIM 
environment 

The main objective of this project, named άIntegration of 
CDM in the SWIM environmentέ, was to specify, develop 
and verify an AINS prototype which is able to provide the 
capability to share the Airport Operations Plan (AOP) data 
with the Network Operations Plan (NOP) and vice versa to 
achieve a consistent rolling airport slots schedule and flight 
plans information, in order to enhance performance both 
at the Airport and across the Network. 

13 783287 Engage 

Knowledge Transfer 
Network proposed in 

response to the 
SESAR-ER3-01-2016 

Call 

[See commentary in main text, below] 

14 09.10 - 
Approach with 

Vertical Guidance 

The main achievements of the project P09.10 are the 
followings: 

¶ hƴ ǘƘŜ άǎǘŀƴŘŀǊŘ [t±έ ŎŀǇŀōƛƭƛǘȅΥ 
o The functional analysis, the 

description of the possible aircraft 
architectures, and the follow-up of 
the standardization and regulation 
activities and documents for 
άǎǘŀƴŘŀǊŘ [t±έ 

¶ hƴ ǘƘŜ άŀŘǾŀƴŎŜŘ [t±έ ŎƻƴŎŜǇǘΥ 
o The analysis of different innovative 

ŎƻƴŎŜǇǘǎ όōŀǎŜŘ ƻƴ ŀ άǎǘŀƴŘŀǊŘ [t±έ 
final segment) and the definition of 
ǘƘŜ άŀŘǾŀƴŎŜŘ [t±έ ŎƻƴŎŜǇǘΣ ƛƴ 
coordination with P05.06.03. 

o The functional analysis of this 
άŀŘǾŀƴŎŜŘ [t±έ ŎƻƴŎŜǇǘΦ 

o The description of the aircraft 
architectures that enable to perform 
ǎǳŎƘ άŀŘǾŀƴŎŜŘ [t±έ ǇǊƻŎŜŘǳǊŜǎΦ 

These achievements answered the following R&D 
questions: 
- !ǊŜ ǘƘŜǎŜ άŀŘǾŀƴŎŜŘ [t±έ ǇǊƻŎŜŘǳǊŜǎ ŦŜŀǎible from the 
airborne side? 
- ²Ƙŀǘ ŀǊŜ ǘƘŜ ŀƛǊōƻǊƴŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ Ŧƭȅ ǎǳŎƘ άŀŘǾŀƴŎŜŘ 
[t±έ ǇǊƻŎŜŘǳǊŜǎΚ 
- Are there constraints from the airborne side on the design 
of these procedures? 
- Are there any operational requirements for flight crew to 
fly these procedures? 
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15 12.03.04 - 
Enhanced Surface 

Guidance 

The project has defined and developed a Surface Guidance 
Server that allows managing the complete Guidance 
Function, composed by D-TAXI (ground clearances and 
information to pilot through data link), data link for vehicle, 
automatic Airfield Ground and Virtual Stop Bar (VSB) for 
dynamic Low Visibility Operations (LVO). 
The project has been organised in three iterative phases. 
Each of them used operational inputs to derive technical 
specifications and one or more software prototypes. The 
output of each phase has been used as input for the 
following in order to gradually improve the quality of work 
and the maturity of the concept. 
The project used and contributed to evolve the concepts 
coming from projects previous to SESAR (like EMMA2 - 
European Airport Movement Management by A-SMGCS 
[4]) about Surface Guidance. The evolution has been 
realised thanks to the definition of more mature or new 
operational concepts by the project 06.07.03 (άA-SMGCS 
Guidance Functionέ) and to technical improvements 
realised in this project. 

16 LSD.02.08 RISE 
RNP Implementation 

Synchronised in 
Europe 

¢ƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜ ǿŀǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ 
{9{!w ǎƻƭǳǘƛƻƴǎ όǎƻƭǳǘƛƻƴ Існ ά9ƴƘŀƴŎŜŘ ¢ŜǊƳƛƴŀƭ Airspace 
for RNP-ōŀǎŜŘ hǇŜǊŀǘƛƻƴǎέΣ ŀƴŘ ǎƻƭǳǘƛƻƴ Іф ά9ƴƘŀƴŎŜŘ 
terminal operations with automatic RNP transition to 
L[{κD[{έύ ƛƴ ǊŜŀƭ ƭƛŦŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŦƻŎǳǎƛƴƎ ƻƴ ƭƻǘ н 
(Solutions targeting improvements in particular, but not 
necessarily limited to, a small/medium size airport) and 
specifically addressing Precision Arrival and Departure 
tǊƻŎŜŘǳǊŜǎ ŦƻŎǳǎ ŀǊŜŀΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ǇŜǊ ŀƛǊǇƻǊǘ 
were numerous and adapted to each airport: improve 
access to airport (for example by lowering the decision 
height), enhance safety by replacing existing circle to land 
procedures and defining fully managed procedures, define 
fully repeatable procedures avoiding non-authorized 
penetration of airspace, reduce track miles and fuel 
consumption. 

17 10.08.01 - 
Complexity 

Assessment and 
Resolution 

The main objective of the primary project 10.08.01 
ά/ƻƳǇƭŜȄƛǘȅ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ wŜǎƻƭǳǘƛƻƴέ ǿŀǎ ǘƻ ŀŎƘƛŜǾŜ ŀ 
set of requirements and to develop a Local Traffic Manager 
(LTM) support tool to be used in several validation 
activities. This tool is able to assess the traffic complexity in 
an ATC Centre, allowing monitoring and management of 
the ATC Centre complexity by providing mechanisms to the 
LTM manager to resolve any unexpected increase of the 
ATCOs workload in the next few hours (30min. to 180min.). 

18 12.06.08 - 

Introduction of the 
UDPP and 

collaborative 
departure sequence 

The main objective of the Primary Project P12.06.08 
"Introduction of the UDPP and collaborative departure 
sequence" was to define the technical specifications 
needed for the development and verification of a prototype 
enabling Airspace Users (AUs) to communicate their flight 
priorities to the integrated Airport Runway Demand and 
Capacity Balancing process developed in the Operational 
Focus Area OFA05.01.01 (Airport Operations 
Management), while adhering to the requirements defined 
in the User Driven Prioritization Process (UDPP) concept 
developed separately in OFA05.03.06 (as detailed in the 
UDPP OSED Interim Step 1 V3 document [9]). 
Project 12.06.08 has been focused on the definition of 
technical requirements for the development of Demand 
and Capacity Balancing (DCB) Monitoring Tools used in the 
Airport Operations Centre (APOC), which combine capacity 
constraints detected at the airport with the principles and 
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rules defined in the User Driven Prioritization Process 
(UDPP) concept for flight prioritization. 
The lifecycle of the project has been based in a typical Top-
Down V-model in one phase, starting with the definition of 
the technical specifications according to the related 
operational requirements and following with the prototype 
development and verification before the validation. 

19 09.31 - 
Aeronautical 
databases 

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

¶ Aeronautical Data Bases data chain (applicable 
to all domains) 

¶ Navigation Data Bases 

¶ Airport Mapping Data Bases 

¶ Terrain Data Bases 

¶ Obstacle Data Bases 
The project addressed several subjects: 
- Aeronautical databases data Chain 
- Navigation databases 
- Airport Mapping databases 
- Terrain and Obstacle databases. 
The project was divided into 4 parts associated to each 
subject. For each subject standardisation, definition, 
prototype development and integration of database with 
application was performed as needed. 

20 12.03.01 - 
Improved 

Surveillance for 
surface management 

The 12.03.01 project aimed at improving of the A-SMGCS 
Surveillance core function including Mono/Multi Sensors 
tracking, data fusion and classification/identification 
functionalities, and so providing the necessary surveillance 
information to the other airport ATC functional blocks 
defined in SESAR. 
The scope of the project 12.03.01 is the improvement of the 
surveillance core function for surface management. The 
project aimed to the development of the software 
prototypes validated through the validation exercises 
within the scope of Operational Focus Areas OFA01.02.01 
ά!ƛǊǇƻǊǘ {ŀŦŜǘȅ bŜǘǎέ and OFA04.02.01 άIntegrated Surface 
Managementέ 

 

We next explore the results of the previous section and, specifically, the projects identified in Table 
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 might point to blind 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 
research open. Or, such projects had not been successful, but their original question is still valid and 
alternative approaches are conceivable. 

It is striking that the two weakest linked past projects are safety-related. This begs the question 
whether the SRIA is sufficiently safety-oriented, given the undisputed mantra in the aviation world that 
safety is first and foremost. The SRIA has not allocated safety as an area of work in the portfolio but 
rather as a horizontal performance criteria for all work areas, thereby forcing safety work to be 
undertaken in each area. Whilst this might be a good approach, the contributions of the nine flagship 
activities to the safety dimension is quite ƳƻŘŜǎǘ όŦƻǳǊ ǊŜǇƻǊǘ ŀǘ ōŜǎǘ άƳŀƛƴǘŀƛƴƛƴƎέ ǎŀŦŜǘy; two 
ƳŜƴǘƛƻƴ άƳŀƛƴǘŀƛƴŜŘ ƛŦ ƴƻǘ ƛƳǇǊƻǾŜŘέ; one does not report; and only two mention possible 

https://www.sesarju.eu/


D3.10 RESEARCH AND INNOVATION INSIGHTS  

  
 

Page I 28   
 

 

improvements). Clearly, this falls significantly short of earlier ACARE/SES objectives of a ten-fold safety 
improvement. An additional focus on safety is more than justified. 

Attention on modelling and measuring seems to be a more pragmatic approach than further 
methodological developments, often running ahead of their validation and use. Therefore, continued 
work on project 2, developing techniques for dynamic risk modelling, is supported, and project 1, the 
R&D human performance management system, should be analysed as to its practical impact so far, 
before a selective follow-up could be recommended. One should treat project 11, on further evolution 
of human factors, equally sceptically, as its final report calls once again for further guidance material 
and process development, while at the same time only (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 
ŀ ƴƻǘŀōƭŜ ƳŜƴǘƛƻƴ ƛƴ ǘǿƻ ŀǊŜŀǎΥ άŎƻƴƴŜŎǘŜŘ ŀƴŘ ŀǳǘƻƳŀǘŜŘ !¢aέ ŀƴŘ άƳǳƭǘƛƳƻŘŀƭ ŀƴŘ ǇŀǎǎŜƴƎŜǊ 
ŜȄǇŜǊƛŜƴŎŜέ. After many years (decades) of strategies to extend ATM towards airports (recall the gate-
to-gate strategy, the airport observatory initiative, and 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 only sparsely identified work items (queuing management, runway optimisation and automation; 
drone integration into low-level airport airspace; environmentally optimised taxiing, climb and 
descent; multimodal integration). This may be related to the SESAR focus more specifically on airports 
from the ATM-impacting perspective. 

Looking at those seven past projects, one cannot avoid noting the high level of maturity for: project 3 
on airport performance assessment; project 4 on integration of A/S/D/MAN into CDM; project 6 on 
integrating various decision tools at the APOC level; project 7 on specifications for the tower position; 
and, project 9 on enhanced surface safety nets ς the large majority of these ended at TRL6 with only a 
handful ending at TRL5. In fact, one can conclude similarly for project 12, on the integration of CDM in 
SWIM. It is therefore unlikely that further upstream research in these areas is going to open up 
additional benefits, maybe with the exception of two specific work items focusing on vehicle driver 
guidance and airport DCB, remaining at V2 in project 10. Also, some selected work items from project 
15 on enhanced surface guidance might deserve further work as they ended only at TRL4. Generally, 
project 15 was the least mature in the airport domain. 

Further work on project 5, on the prototyping of runway management tools, lends itself very well to 
ML approaches and seems adequately covered in the plethora of research papers on ML emerging 
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 future performance improvements. We would 
recommend a strong focus on ideation and Exploratory Research in the airports domain to rebuild a 
dedicated work programme in the medium term. 

For several more past projects in the twenty listed as most weakly linked to the SRIA, the maturity 
argument weighs even more heavily. One could almost ask why these had not already been more 
firmly established in the demonstration stage (see project 14 on approach with vertical guidance), and 
directly considered ready for industrialisation (see project 19 on aeronautical databases). Project 16, 
on synchronised implementation of RNP, was already a demonstration and no longer considered a 
research project. Clearly, these are not rich sources for potential future research questions. 

With a view to project 8, i.e. WBS 09.05, Ψ!{!{ ς !{t!Ω, we suggest that ASAS and time-based spacing 
has received significant attention and funding over the past decades and has matured to an on-board 
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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 situational awareness-enhancing displays have been 
developed and matured to TRL4. For both, on-board TBS (time-based separation) systems and pilot 
SA-enhancing displays, the achieved levels of technology readiness mean that further, lower-TRL 
research is not recommended. However, the question of market-uptake, incentives to airspace users 
(see also Section 2.2.4 of the SRIA [6]) and network-wide performance assessment as a function of 
system configuration and equipage levels presents a potentially interesting field for research. How can 
airspace-users be incentivised to install and use airborne TBS-technology? How can costs and benefits 
of installing TBS systems be aligned in an equitable fashion? Which safety and efficiency gains can be 
expected at different equipage levels, both individually and network-wide? These questions require a 
different approach than previous ASAS research, one that may involve economic research and market 
mechanisms as well as network-level performance simulations. 

Concerning project 17, i.e. Ψ/ƻƳǇƭŜȄƛǘȅ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ wŜǎƻƭǳǘƛƻƴΩ όWBS 10.08.01), it can be observed 
that research on traffic complexity as a cause of controller workload ς and hence a factor constraining 
sector capacity ς 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 in an algorithm to compute a single measure. The Dynamic Density Index was proposed by 
NASA and is a de facto standard; other measures have been and continue to be proposed (including in 
Engage catalyst fund project work). However, for different look-ahead times, different factors become 
relevant: due to the inherent uncertainty in trajectory prediction, factors such as the number of 
climbing and descending aircraft, or aircraft in physical proximity, used in real-time, become 
meaningless with a look-ahead time of 30-90 minutes. Further research, aiming only at improving such 
ΨanalyticaƭΩ indicators, used as a proxy for controller workload/sector capacity, probably should not 
have a high priority, but there could be value to aim at assessing the potential benefits of the use of 
advanced AI/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 
ƳŀƴŀƎŜǊΩǎ ǿƻǊƪƛƴƎ Ǉƻǎƛtion to adapt sector configuration and staffing levels accordingly. These have 
been developed to some maturity and recently been installed in operational en-route control centres, 
such as the Maastricht Upper Area Control Centre. Since these tools have all been developed to TRL6 
in SESAR, further research does not appear justified. 

The introduction of the User-Driven Prioritization Process (WBS 12.06.08 ς Introduction of UDPP and 
collaborative departure sequence; project 18) has primarily focussed on slot swapping within airlines, 
thus avoiding that the application of UDPP by one airline impacts the operations of others. A logical 
extension of this concept, yet to date not matured to operational implementation, is inter-airline flight 
prioritisation, i.e. the exchange of slots between airlines. This raises a number of questions, not all of 
which have yet been addressed or resolved by research: 

¶ Whilst different market mechanisms for inter-airline flight prioritisation are currently being 
studied, it is not yet clear which (combination) of these is preferable, as well as practically feasible. 
Concerns include the commercial sensitivity of the information underlying the flight prioritisation 
decisions, and, consequently, the reluctance of airlines and other stakeholders to share them 
openly. Current research is exploring the use of privacy-preserving techniques such as multi-party 
computation, and this may well need continued support along the TRL pipeline. 

¶ The network-wide effect of different market mechanisms for inter-airline flight prioritisation (as 
well as UDPP implementation rates at airports) should be further studied in simulation exercises. 
This would allow the assessing of local cf. network-wide impacts on capacity, delay, costs and other 
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performance indicators. In addition, it might be worth studying whether UDPP (or similar) as a 
process for allocating scarce resources can be applied to something other than ATFM slots. 

¶ Additional areas include the coordination of arrivals and departures in flight prioritisation, and 
the extension of UDPP/flight prioritisation to the execution phase, i.e. when flights are airborne. 

¶ The extension of the UDPP concept to cover en-route resources, though conceivable, presently 
meets with limited enthusiasm by operational stakeholders, who argue that existing mechanisms 
of demand-capacity balancing appear more adequate in this flight phase.  

 
Thus, multiple components of extended UDPP research suggest themselves, and it is recommended 
that the extent to which the above are sufficiently matured in on-going ER4 research is closely 
monitored as targets for important follow-up work. Specifically regarding equity and fairness in flight 
prioritisation, it is noted that: 
 

¶ The benefits of applying inter-airline flight prioritisation should benefit all airspace users alike; this 
requires an agreed understanding and definition of what equity and fairness mean for all involved 
actors. Equity and fairness can henceforth be studied as a performance indicator. An additional 
challenge comprises the defining of equity/fairness across different stakeholder groups. 

¶ Whilst inter-airline flight prioritisation will remain voluntary, i.e. no airline is forced to trade slots 
if the net benefit is not positive, it may well be that certain types of operation or stakeholders 
systematically benefit less from this mechanism than others. Whilst equity/fairness can be 
established as a constraint, this may lead to a suboptimal solution from a local or network-level 
perspective, raising the question of how optimality and equity/fairness should be traded-off. 
 

This is addressed further in Section 3.3.4. 
 

~*~ 

Regarding the self-referencing entry 13 (the Engage KTN), whilst the SRIA does state that ά[t]he vision, 
objective and expected impact of the SRIA can only be achieved by coordination with all stakeholders 
that develop, supply, operate, use and regulate the Integrated ATM services and infrastructure 
supporting aviation in Europe, covering all technology readiness levels ...έ and refers to άƪƴƻǿƭŜŘƎŜ 
ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŎƻƳƳǳƴƛǘƛŜǎέ ƛƴ ǘƘŜ context of urban mobility and the impact of drones/UAVs on 
urban citizens, plus the need to support positive climate action, it does not cite the need for a follow-
up network to succeed the SESAR 2020 KTN, Engage, hence this correct identification in Table 2-8. A 
future KTN is, however, covered in some detail in the SESAR multiannual work programme [10]. 

Issues regarding the recency of the data analysed in this section are discussed in Section 4.2.2. 
Challenges in obtaining project deliverables swiftly has meant that there were currently some 
inevitable gaps in the data-driven analysis above, due to the incomplete set of outputs directly 
available as inputs into the process. To the best extent possible, this has been overcome by the 
utilisation of experts in the Engage consortium, with domain knowledge, to produce these 
commentaries. They are, of course, open to future updates and these ideas are taken forward 
holistically in Section 4.1. 
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2.3.3 Concluding reflections on the gap analysis and the SRIA 

By definition, the research ideas discussed in Section 2.3.2 are not strongly aligned with the SRIA. 
However, in Table 2-9, key component research ideas for the gap analysis pillar are summarised as 
various research ΨǘƘǊŜŀŘǎΩ. In each case, a judgement is made as to the best alignment with SRIA 
flagship activities, and some commentary is presented on the key relationships between 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 SRIA flagship(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 the Engage thread and one or two 
key flagships in the SRIA, as a starting point for further engagement. 

Table 2-9. Research threads for the gap analysis pillar & relationships with SRIA flagships 

Thread 
SRIA 

flagship(s) 
Summary 

1  

Additional focus on safety performance: In the analyses presented on the 
semantic similarity index for each of the projects in our database with respect to 
the descriptions of the nine SRIA flagship activities, it is noteworthy that the two 
weakest-linked past projects are safety related. This raised the question regarding 
the extent to which the SRIA is sufficiently safety oriented, given the clearly 
accepted view of the priority of this operational performance criterion. 

 

1

 

Connected and automated ATM: The SRIA has not allocated safety as an area of 
specific work per se, but rather as a horizontal performance criterion forcing 
safety evaluations to be undertaken in each area. However, the foreseen 
contributions of the nine flagship activities to the safety dimension seem to be 
ǉǳƛǘŜ ƳƻŘŜǎǘΣ ŦǊƻƳ άƳŀƛƴǘŀƛƴƛƴƎέ ǘƻ άƳŀƛƴǘŀƛƴŜŘ ƛŦ ƴƻǘ ƛƳǇǊƻǾŜŘέΣ ŦŀƭƭƛƴƎ rather 
short, it seems, of earlier ACARE/SES objectives of a ten-fold safety improvement. 
This flagship (connected and automated ATM) aims at higher levels of automation 
and specific tools for safety improvement in higher levels of automation. It would 
be of value to stress even more the need for a well-designed and executed safety 
assessment, as that is usually the stepping stone for faster development and 
deployment, especially for safety-critical innovations. Approaches to safety 
assessment developed since SESAR 1 could add value here. 

2  

Developing techniques for dynamic risk modelling: The analyses presented here 
flagged that modelling in some projects often ran ahead of corresponding 
validation and use. Therefore, developing techniques for dynamic risk modelling 
was supported, with, inter alia, a suggestion that R&D relating to human 
performance management systems should be analysed further before selective 
follow-up could be recommended. 

 

1, 2

 

 

Connected and automated ATM; Air-ground integration and autonomy: These 
two flagships propose research into safety-critical areas, which require rigorous 
safety assessments. It would be of value to stress the need for well-designed and 
executed safety assessments for research performed in these flagships (also for 
other flagships, but the link to these two is more critical). However, it is readily 
acknowledged that material on the application of dynamic risk modelling is 
included in the Guidance to Apply SESAR Safety Reference Material* , whereas it 
would be endorsed that actual safety assessments should deploy tools specific to 
the safety requirements in question. 
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Thread 
SRIA 

flagship(s) 
Summary 

3 
 

 

Enhanced surface/vehicle driver guidance and airport DCB: One of the striking 
findings of the gap analysis was that out of the eight projects in the top ten 
weakest linked projects, seven related to airport developments. This particular 
topic would benefit from further development as it did not reach TRL 6 in all 
aspects (with some SESAR Solution exceptions). 

 

1

 

Connected and automated ATM: The SRIA formulation addresses airports in two 
ŀǊŜŀǎΥ άŎƻƴƴŜŎǘŜŘ ŀƴŘ ŀǳǘƻƳŀǘŜŘ !¢aέ ŀƴŘ άƳǳƭǘƛƳƻŘŀƭ ŀƴŘ ǇŀǎǎŜƴƎŜǊ 
ŜȄǇŜǊƛŜƴŎŜέΦ Enhanced surface/vehicle driver guidance and airport DCB might 
further be developed particularly under the high-level R&I need/challenge of 
ά!ƛǊǇƻǊǘ ŀutomation including runway and surface movement assistance for more 
ǇǊŜŘƛŎǘŀōƭŜ ƎǊƻǳƴŘ ƻǇŜǊŀǘƛƻƴǎέ outlined within the former flagship. 

4  

Ideation and ER in airports (performance) domain: This particular area seems to 
be weakly linked, while recent years saw various strategies to extend ATM 
towards airports (recall the gate-to-gate strategy, the airport observatory 
initiative, and the more recent focus on integrating network and airport planning). 
A strong focus on ideation and Exploratory Research in the airports domain is 
recommended to rebuild a dedicated work programme in the medium term. 

 

8

 

Artificial intelligence (AI) for aviation: Whilst the SRIA seems to attach rather less 
importance to the role of airports in this flagship, some of the airport-related work 
lends itself very well to ML approaches. The topic covering the airports 
(performance) domain is not necessarily linked to AI, but many applications, 
especially digitalisation, can be achieved using AI and ML techniques to build 
innovative and more advanced performance frameworks.    

5  

Market-uptake and incentivising airspace users, with performance simulations: 
This  thread addressed, inter alia, incentivisation for the use of TBS (time-based 
separation) technology, raising questions on market uptake, incentives to airspace 
users and network-wide performance assessment as a function of system 
configuration and equipage levels. How can the costs and benefits of installing TBS 
systems be aligned in an equitable fashion? Which safety and efficiency gains can 
be expected at different equipage levels, both individually and network-wide?  

 

2

 

Air-ground integration and autonomy: Market-uptake and incentivising airspace 
users, for example for TBS (time-based separation) systems could loosely fit in the 
flagship on air-ground integration and autonomy, developing further the 
assessments needed for TBS (or other similar) business cases. Such research 
requires deeper economic and market mechanisms investigations, as well as 
network-level performance simulations. 

6  

Advanced AI/ML to predict loads and propose sector configurations: Further 
ǊŜǎŜŀǊŎƘΣ ŀƛƳƛƴƎ ƻƴƭȅ ŀǘ ƛƳǇǊƻǾƛƴƎ ΨŀƴŀƭȅǘƛŎŀƭΩ ƛƴŘƛŎŀǘƻǊs, used as a proxy for 
controller workload/sector capacity, probably should not have a high priority, but 
there could be value to aim at assessing the potential benefits of the use of 
advanced AI/ML-based techniques to predict loads and propose sector 
configurations. 

 

8

 

Artificial intelligence (AI) for aviation: Research into advanced AI/ML techniques 
to predict sector loads and propose sector configurations would seem to be 
potentially accommodated in the capacity-on-demand and dynamic airspace 
flagship, but would in fact most likely fit better in the artificial intelligence (AI) for 
aviation flagship if the goal were to be to develop and use advanced AI/ML-based 
techniques predicatively. 

7  
Extended UDPP research (multiple components): A logical extension of this 
concept, to date not matured to operational implementation, is inter-airline flight 
prioritisation, i.e. the exchange of slots between airlines. The concept should 
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Thread 
SRIA 

flagship(s) 
Summary 

benefit all airspace users alike. This requires an agreed understanding and 
definition of what equity and fairness mean for all involved actors. This further 
raises the question of how optimality and equity/fairness should be traded-off. 

 

3

 

Capacity-on-demand and dynamic airspace: UDPP research is contained within 
this flagship, aiming at extending the concept, but not mentioning explicitly inter-
airline slot swaps or specific indicators to explore. Definitions of equity and 
fairness across all stakeholders, and analyses of the corresponding trade-offs, 
would clearly bring important added value to the research in this flagship. 

* See PJ19 (Content Integration), D4.0.050 (Guidance to Apply SESAR Safety Reference Material), e.g. at: 

https://docplayer.net/186856366-Guidance-to-apply-sesar-safety-reference-material.html 

 

 

 

2.4 Engage thematic challenges ς 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 and March 2018. The selection process resulted in (as described in 
detail in deliverable D3.4 [8]) four thematic challenges, to pursue: 

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

2. Data-driven 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 presentations, descriptions of challenges and workshop 
conclusions, is public and published on the Engage website2. 

The latest edition of workshops focused on identifying future research directions under each thematic 
challenge umbrella, the findings of which are reported in detail in deliverable D2.7 [2]. 

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

 

 

2 https://engagektn.com/thematic-challenges 
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ω Engage catalyst funding: 

o In wave 1, the Engage KTN funded ten projects, completed in 2020 (due to Covid-19-
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. 

ω Engage PhDs - the Engage KTN is funding ten PhD students. 

The aim of catalyst funding was to further promote cooperation between industry and academia, 
between exploratory research (ER) and applied research, by funding focused projects, stimulating the 
transfer of ER results towards ATM application-oriented research. This funding has been awarded to 
groups (e.g. an industry partner leading a thematic challenge with an academic institution working in 
an area bringing potential solutions to this thematic challenge) to conduct and fast-track specific 
activities in support of developing solutions to the challenges and moving closer towards industry goals 
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 material for the catalyst funding Calls. 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 present the 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 editions of the thematic challenge 
workshops held in 2021. Due to the pandemic, 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 TC3 closed with the fourth edition. 

 

Table 2-10. List of thematic challenge workshops held in 2021 

Thematic challenge Edition Date and place held 

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

3 15 September 2021, virtual event 

TC2 - Data-driven trajectory prediction 3 25 January 2021, virtual event 

TC2 - AI, ML and Automation 4 03 September 2021, virtual event 

TC3 - Efficient provision and use of meteorological 
information in ATM 

3 27 January 2021, virtual event 

TC3 - Efficient provision and use of MET information in 
ATM 

4 09 September 2021, virtual event 

TC4 - Economic incentives for future ATM 
implementation 

3 21 June 2021, virtual event 

 

Regarding the fourth workshop of thematic challenge 2 (03 September 2021), this focused on a topic 
slightly different from the original one (data-driven trajectory prediction) - Ψ!LΣ a[ ŀƴŘ !ǳǘƻƳŀǘƛƻƴΩΣ 
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i.e. the scope was broadened beyond trajectory prediction and extended to include automation. Three 
previous workshops of this thematic challenge (TC2) addressed different approaches to improve 
trajectory prediction and management through data-driven techniques. Whilst some of these 
approaches involved probabilistic methods 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 seemed 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 prediction and also broader application areas, to 
identify best practices, similarities and synergies. 

As mentioned, detailed reporting on the thematic challenges and workshops, with recommendations 
for further research, are reported in deliverable D2.7 [2]. 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 into the dedicated Section 3.3. 

2.4.2 Results 

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

 

CNS/ATM components (e.g., ADS-B, SWIM, datalink, Asterix) of the current and future air transport 
system present ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ǇŜǊŦƻǊƳ ŀƴ ΨŀǘǘŀŎƪΩΦ CǳǊǘƘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ŀǊŜ 
necessary to mitigate these vulnerabilities, moving towards a cyber-resilient system, fully 
characterising ATM data, its confidentiality, integrity and availability requirements. A better 
understanding of the safety-security trade-off is required. Additional security assessments for legacy 
systems are also needed to identify possible mitigating controls in order to improve cyber-resilience 
without having to replace and refit. Future systems security by design is essential: a new generation of 
systems architectures and applications should be explored to ensure confidentiality, cyber-resilience, 
fault tolerance, scalability, efficiency, flexibility and trust among data owners. Collaborative, security-
related information exchange is essential to all actors in aviation. This is specially challenging in a multi-
stakeholder, multi-system environment such as ATM, where confidentiality and trust are key. 

Nevertheless, the cybersecurity awareness and security culture are still rather immature in ATM 
research. There is, however, much interest in addressing this topic and creating a SESAR cybersecurity 
community. We reflect further on this in Section 3.3.3 (on wider community collaboration enablers), 
and also the importance of sharing experimental scenarios/use cases: the need for common data sets 
and synthetic data is reflected in Section 3.3.2 (on data enablers). 

The final TC1 workshop presented the latest results from the Engage catalyst fund projects, advancing 
the state of the art on pentesting platforms, assured telemetry for U-Space, and collaborative 
cybersecurity management frameworks. This was followed by a discussion on the creation of a cyber-
community and its networking needs, as we look towards SESAR 3. Subsequent discussion was 
dedicated to future cybersecurity work, from research and solution life-cycle perspectives. This was 
primed by the recommendations on cybersecurity for SESAR 3 produced by the SESAR 2020 Scientific 
Committee. The overall goal of the workshop was to identify what research infrastructure and future 
research themes could be proposed for SESAR 3, for example. 
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Responsible disclosure mechanisms (in cybersecurity) for the research community are particularly 
relevant. Such mechanisms are highly bureaucratic and troublesome, and should be improved, 
perhaps even with incentivisation at the European level. The area is complicated for researchers by 
some tech companies making use of cease-and-desist orders. This is a very complex topic in 
cybersecurity and data privacy in general. 

To compensate for insufficient cybersecurity research in projects there is an opportunity for organising 
initiatives that increase knowledge and skills for ER participants in particular, in the form of masterclass 
sessions, that could be given through the SESAR Digital Academy, or a new KTN, if launched under 
SESAR 3. These could cover Ψsecurity by designΩ and address the low maturity of a security culture in 
the general ATM community, instructing on the existence of security problems, the frequency of 
attacks and the ensuing effects of such attacks (which are often very costly). The quantification of the 
problem, in terms of financial impact, might be of help to raise security awareness and culture. 

Topics flagged for future work related to cybersecurity are indicated below. 

ω Responsible disclosure, in particular, and sharing experimental scenarios, in general, are 
significant challenges in this domain (see main text, above). 

ω Systematically promoting awareness and ensuring that cybersecurity considerations are at 
least taken into account from the earliest (design) stages of any development, in all projects, 
regardless of whether the focus is on cybersecurity or not (see main text, above). 

ω To investigate the use of ML and AI as a means of ŀǳǘƻƳŀǘƛƴƎ ŎŜǊǘŀƛƴ ǇŀǊǘǎ ƻŦ ŎƻƴǘǊƻƭƭŜǊǎΩ 
work ς what are the risks and how do you certify them? 

ω To investigate the use of ML and AI penetration testing for industrial prototypes, applying 
AI/ML to strengthen systems and render them less subject to cyber attacks. When using ML 
and AI in operational applications ς what are the risks and how do you certify them? 

ω Considering the ADS-B vulnerabilities and the potential attacks it may suffer, additional effort, 
at higher TRLs, beyond research activities should be dedicated to developing deployable 
solutions, as the need for such solutions is becoming rather urgent. 

ω In the past, most resources have been allocated to safety development, and security has been 
rather neglected. For future research developments, cybersecurity can leverage on the strong 
safety management experience and culture. The SESAR Digital Academy, or a new KTN, could 
promote knowledge transfer. 

 

2.4.2.2 TC2: Data-driven trajectory prediction (AI, ML and automation) 

An interesting topic raised in these discussions was the fact that advisory systems change the 
environment in which advisories are provided, especially if many users use the same advisory system. 
This effect may be short-term, in the sense that if various controllers use a similar advisory system to 
solve one conflict, this specific conflict may become irrelevant, and in the worst case a new conflict 
may appear. It may also be long-term, 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 systems was 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 ML systems are continuously 
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learning, such retraining is not required anymore, of course, yet the certification process for 
continuously learning systems will be much more demanding. 

Performance assessment of trajectory prediction (e.g. on efficiency) is still to be matured. 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 domain. The possibility of holding a specific workshop dedicated to 
performance measurement in this area, was suggested. Further work on both trajectory prediction 
and trajectory optimisation is still needed with regard to integration with maturing automation tools. 

Explainability ǿŀǎ ŦǊŜǉǳŜƴǘƭȅ ǊŀƛǎŜŘ ŀƴŘ ǿƘƛƭǎǘ ΨeȄǇƭŀƛƴŀōƭŜ !LΩ ƛǎ ƴƻǿ ŜǎǘŀōƭƛǎƘƛƴƎ ƛǘǎŜƭŦ ŀǎ ŀ ŘƛǎŎƛǇƭƛƴŜ 
of artificial intelligence, some ML algorithms lend themselves more easily to explainability than others. 
Also, whilst it is easy to claim that all systems should be explainable, the practical value of the 
explanation for the use should be assessed, especially if there is a trade-off between explainability 
and performance, for example when two different ML models are compared. The trade-off between 
conformance and transparency (a concept closely related to explainability) will be studied in the 
MAHALO project. 

Training ML systems on datasets where, for example, human conflict resolution is observed will lead 
to a system that mimics human behaviour; this leads to the question whether ML should be similar 
to, or perhaps better than, human 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 introduce a bias in favour of 
present working patterns rather than fully exploiting the potential of machines. 

Workshops on ML and AI will invariably lead to a discussion about data availability and quality, and 
these were no different. However, two specific aspects seem noteworthy: firstly, the fact that the data 
mostly used to train advisory systems in air traffic control, for example conflict detection and 
resolution, are Ψǘƻƻ ŎƭŜŀƴ, real-ǿƻǊƭŘ ǘǊŀŦŦƛŎ ŘŀǘŀΩ in which conflicts have already been ΨoptimisedΩ and 
largely removed, either by pre-tactical or tactical tools (flight planning, slot allocation, MTCD, STCA, 
etc.) ς so the very object of CD&R systems have largely been removed from the data. Secondly, in many 
cases, the data that can be recorded in experiments, or available in real-world observations, are not 
sufficient to satisfy the requirements of ML systems and hence artificial training datasets may be an 
option. Generating these, e.g. by mirroring existing scenarios or introducing noise, comes at a cost, 
which needs to be considered (see also Section 3.3.2, on data enablers). 

The next steps and prerequisites of an uptake by industry and application of ML systems in real-world 
applications was discussed and it was suggested to distinguish between safety-critical and non-safety-
critical applications, as the latter are much more easily certifiable and deployable and allow carrying 
lessons learned over to the next phase when safety-critical applications will be targeted. 

A collaboration/exchange between Engage and the OpenSky Network on preparing scientific datasets 
for ATM is also discussed further in Section 3.3.2 (on data enablers). 

2.4.2.3 TC3: Efficient provision and use of MET information in ATM 

Again, in this series of workshops, data access and sharing was cited as a problem. Specifically, in the 
MET context, is the issue of acquiring homogenised data for the entire European airspace (e.g., generic 
MET data, GNSS, lightning). This again is discussed further in Section 3.3.2 (on data enablers). The 
general discussion that follows is split between future research needs and those regarding speeding 
up the time from research to implementation. 
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(a) Future research needs 

Climate impact: mitigation and metrics. Climate 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 require further multidisciplinary effort. In particular, for aviation climate impact, 
several sources of uncertainty need to be addressed in order to measure this properly. First, how to 
measure the impact should be addressed, as so far only CO2 proxies are being used, and all other 
emissions measurements are in lower maturity research stages. Next, it is important to have a way of 
representing the behaviour of the atmosphere as linked to aviation emissions, on the timescales 
appropriate for their intended use. This links closely to the importance of defining new environmental 
indicators. The SES II+ package retains the same indicators as before (CO2) and it is expected that CO2 
will thus drive the behaviour of ANSPs, as they are bound by these indicators. However, the climate is 
much more complicated, and requires additional metrics, as indeed discussed in Section 2.5.2.5. 

Whilst various research topics were discussed, here we list those most emphasised: 

¶ There is a need to continue to focus on the uncertainties of both weather forecasts and 
climate research, especially on how to deal with them in models and metrics. Further 
multidisciplinary effort is required to address this, building on solid existing ER work (see main 
text, above). 

¶ Forecasting of extreme weather events is a key issue for aviation. 

¶ An educational component in both the scoping of tool requirements and the implementation 
and use of the MET tools or services is required. The SESAR Digital Academy, or a new KTN, 
could promote such knowledge transfer. 

¶ The weather impact on (small) drone operations needs further investigation: 

o measuring weather for drones (resolution and update rate of weather); 

o modelling the weather in the urban environment (urban weather is different 
compared with open space); 

o communicating weather information from the sources to the users, which needs firm 
standards on how this information should be communicated; 

o 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 future research and on speeding up the time from 
research to implementation. 

¶ The European Green Deal3, and other environmental initiatives, require that environmental 
sustainability is addressed in all sectors, aviation included. Due to the nature of the problem 

 

 

3 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en 
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in aviation, it is important to find an appropriate means to address and implement it. The 
proposed mechanisms range from regulatory to market-based, and more research is needed 
to be able to make an informed choice. 

¶ To best address weather impacts on the air transport network, a proactive approach should 
be applied. Such an approach should involve all stakeholders, in a joint effort, striving to reach 
the best decisions based on available data and services. For a proactive approach to be 
successful, educational components (e.g. a common interpretation of the weather data by 
stakeholders, as it relates to their operational needs) need to be an integral part thereof. 

¶ Extraction of end-user requirements for (tailored) MET services remains an important matter, 
as this impacts heavily on the utility of the MET service in operations. 

¶ The path to agree on MET regulations globally is steered by ICAO, which often may be 
perceived as rather slow. There are good reasons for wishing to speed up the procedure. 
Conversely, it is important that regulations are accepted globally, to avoid wholly 
uncoordinated information provision (e.g., different types of MET services, formats, etc.), 
making it impossible for end-users to have common MET information, complicating further 
the decision-making 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 Ltd, see Appendix E)Σ ¢ƘƛƴƪΩǎ ǿƘƛǘŜ ǇŀǇŜǊ ǿŀǎ ŘƛǎǘǊƛōǳǘŜŘ4, which set the scene for the 
ŘƛǎŎǳǎǎƛƻƴ ǿŜƭƭΥ άThe Airspace Architecture Study (AAS) proposed a transition to a distributed 
architecture enabling significant performance 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 providerς the ATM Data Services Provider (ADSP) - which 
would enable certain services currently provided within an area control centre to be provided 
remotely. This white paper is a summary of the findings of Project RoMiAD (Role of Markets in AAS 
Deployment) ς Ŏŀǘŀƭȅǎǘ ŦǳƴŘ ǇǊƻƧŜŎǘ ƻŦ {9{!wΩǎ 9ƴƎŀƎŜ YƴƻǿƭŜŘƎŜ ¢ǊŀƴǎŦŜǊ bŜǘǿƻǊƪΣ ǿƘƛŎƘ 
considered how ATM cost efficiency can be increased through adoption of the AAS architecture and 
how the necessary transition can be incentivised.έ 

A clear message from these discussions was that planned 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 system, the emphasis should be on speed of uptake, and those 
stakeholders that want to move quickly should be supported to do so. A framework that enables early 
adopters (progressive stakeholders) to move quickly is needed. When we talk about positive change, 
we should adopt a broader view regarding incentives. Incentives do not necessarily need to be only 
economic, but also look into socio-organisational/behavioural ones. For example, different social 
norms, such as peer-group performance. The behaviour of individuals can often be surprising, 
sometimes counterintuitive, but can often help in speeding up the adoption of innovations. 

 

 

4 This will be posted at: https://engagektn.com/thematic-challenges 
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Liability matters should be clearly defined. How liability issues impact the assurance of the end-to-end 
provision of ATS should be analysed in depth. Furthermore, the requirements for ADSPs (i.e. regarding 
operations and certification) should be created in such a way that they become common across the 
Single European Sky (SES). 

The question of the certification of data providers might arise in future. This may precipitate questions 
on what to certify, and possibly even sovereignty matters. The challenge lies in showing that the end-
to-end solution is satisfactory for the regulator, thus demonstrating 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 is appropriate when ANSPs can provide the ATS service with the appropriate quality. Should 
we be looking at the qualification, not certification? Furthermore, on the sovereignty matter, there is 
the issue of what data needs to be within a given State. Some ANSPs already found ways and means 
to collaborate: instituting this collaboration as a service, as a way forward, is vital. 

Further data-related issues centre around how to interact with data and how to use data to deliver 
benefits from such usage. It seems, currently, that the fear of misuse, and similar issues, is much higher 
than the use actually requires. Data availability and proprietary licencing could be significant barriers 
to the creation of flexible services ς i.e. whereby access to data is limited behind cost and disclosure 
walls. Currently, almost all data in ATM are considered in need of being protected, which is not 
necessarily true. An analysis of what data should be protected and what should be available is needed, 
as this is one of the cornerstones of the airspace architecture study. 

Published during the production of this deliverable, and connected to this theme, the reader may also 
be interested in Think Paper #14 from EUROCONTROL [11], which poses the question: after 50 years, 
is the joint pan-European system of route charges still fit for purpose? The key findings are: 

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

¶ Efforts should continue to focus on cost-effective provision of air navigation services ς pre-pandemic, 
actual and nominal costs remained steady for 11 years prior to the pandemic in a period when traffic 
has risen by 30%.  

¶ 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 as 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.  

¶ When traffic returns, the European network will also once again be confronted with the pre-pandemic 
challenges of capacity and delays and environmental considerations. Charging policies that can help 
tackle these challenges should be considered when possible.  

¶ The main challenge for the Route Charges System is to keep a common policy while evolving and 
accommodating traffic, capacity and environmental challenges.  

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

 

The reader is reminded that wider research ideas, from across Section 2.4, are taken forward together 
holistically in Section 4.1, 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 discussed in Section 2.4.2 are not strongly aligned with the SRIA. 
However, in Table 2-11, key component research ideas for the thematic challenges pillar are 
ǎǳƳƳŀǊƛǎŜŘ ŀǎ ǾŀǊƛƻǳǎ ǊŜǎŜŀǊŎƘ ΨǘƘǊŜŀŘǎΩΦ In each case, a judgement is made as to the best alignment 
with SRIA flagship activities, and some commentary is presented on the key relationships between 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 SRIA flagship(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 the Engage thread and one or two 
key flagships in the SRIA, as a starting point for further engagement. 

Table 2-11. Research threads for the thematic challenges pillar & relationships with SRIA flagships 

Thread 
(TCs in 

brackets) 

SRIA 
flagship(s) 

Summary 

1 (1)  

Establish and develop a SESAR 3 cybersecurity community: CNS/ATM 
components (e.g., ADS-B, SWIM, datalink, Asterix) of the current and future air 
transport system present vulnerabilities that could be used to perform cyber-
attacks. Further investigations are necessary to mitigate these vulnerabilities, 
moving towards a cyber-resilient system, fully characterising ATM data, its 
confidentiality, integrity and availability requirements, taking into account the 
fact that new and old ATM systems will continue to operate concurrently for years 
to come. All these issues are especially challenging in a multi-stakeholder, multi-
system environment such as ATM, where confidentiality and trust are key. 
Nevertheless, the cybersecurity awareness and security culture is still rather 
immature in ATM research, whilst there is much interest in addressing this topic 
and creating a SESAR 3 cybersecurity community. 

 

5

 

Virtualisation and cyber-secure data sharing: This flagship addresses several 
high-level R&I needs/challenges, with that of ΨŎyber resilienceΩ describing the 
need for monitoring and adapting to the changing threat landscape and 
emergence of new actors, aiming at the development of cyber-resilience 
guidelines and procedures tailored to ATM. However, a large and positive impact 
could be obtained through continuous collaboration and updates within a 
dedicated SESAR 3 cybersecurity community. This flagship is the place for setting 
up such guidelines and procedures, although not necessarily the best place for the 
establishment and nurturing of a cyber community, which might be developed 
through the SESAR 3 KTN or Digital Academy, overarching the flagship and its 
corresponding work components and actors. 

2 (1)  

Support a culture of responsible disclosure & sharing experimental scenarios*: 
In order to improve the cybersecurity awareness and security culture research in 
particular, in ATM, there is a need for common data sets and synthetic data. 
Responsible disclosure mechanisms for research and, more importantly, for the 
ATM community, are particularly relevant. Such mechanisms tend to be highly 
bureaucratic and troublesome, complicated further for researchers by some tech 
companies making use of cease-and-desist orders. This is a very complex topic in 
cybersecurity ς and for data privacy in general, across the flagships, impacting 
research output validation, for example (since projects use different input data).   
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Thread 
(TCs in 

brackets) 

SRIA 
flagship(s) 

Summary 

 

5

 

Virtualisation and cyber-secure data sharing: A major high-level R&I 
need/challenge in this flagship, where responsible disclosure and sharing 
experimental scenarios could bring added value, ƛǎ άCǊŜŜ Ŧƭƻǿ ƻŦ Řŀǘŀ ŀƳƻƴƎ 
ǘǊǳǎǘŜŘ ǳǎŜǊǎ ŀŎǊƻǎǎ ōƻǊŘŜǊǎέΣ which foreseesΥ ά¢ƘŜ ǎƘŀǊƛƴƎ ƻŦ Řŀǘŀ ǘƘǊƻǳƎƘ 
interoperable platforms and, the exchange of open data between trusted 
partners, combined with open architecture policies [...]έ. This added value should 
be flagged explicitly, i.e. to add responsible disclosure between trusted partners. 
Additionally, sharing experimental scenarios (and experimental data) applies to 
all the areas of SESAR 3 programme, and each flagship would benefit from this. 

3 (2)  

Explainable AI: explore trade-offs between explainability and performance: 
Whilst explainable AI is now establishing itself as a discipline of artificial 
intelligence, some ML algorithms lend themselves more readily to explainability 
than others. Whilst it is easy to claim that all systems should be explainable, the 
practical value of the explanation for the corresponding use should be assessed, 
especially if there is a trade-off between explainability and performance, for 
example when two different ML models are compared. 

 

8

 

Artificial intelligence (AI) for aviation: This flagship focuses on research and 
developmeƴǘ ƻŦ !L ŦƻǊ ŀǾƛŀǘƛƻƴΣ ŀƛƳƛƴƎ ǘƻ ŘŜǾŜƭƻǇ ƴŜǿ άƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ǘƘŜ 
validation and certification of advanced automation that ensure transparency, 
ƭŜƎŀƭ ŀǎǇŜŎǘǎΣ ǊƻōǳǎǘƴŜǎǎ ŀƴŘ ǎǘŀōƛƭƛǘȅέΣ ǘƻ ŦƻǎǘŜǊ ƘƛƎƘŜǊ ŀǳǘƻƳŀǘƛƻƴ ŀƴŘ use of AI 
in all phases of planning and execution. The exploration of trade-offs between 
explainability and performance should bring new knowledge to the flagship, 
possibly enabling faster development and implementation of AI algorithms in 
certain areas (most probably non safety-critical ones).  

4 (2)  

Artificial datasets for ML: avoiding training on already-cleaned scenarios: 
Training ML systems on datasets where, for example, human conflict resolution is 
observed, will lead to a system that mimics human behaviour. 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 introduce a bias in favour of present 
working patterns rather than fully exploiting the potential of machines. Two 
specific aspects of ML datasets seem noteworthy. Firstly, the fact that the data 
mostly used to train advisory systems in air traffic control, for example conflict 
ŘŜǘŜŎǘƛƻƴ ŀƴŘ ǊŜǎƻƭǳǘƛƻƴΣ ŀǊŜ Ψǘƻƻ ŎƭŜŀƴΣ ǊŜŀƭ-ǿƻǊƭŘ ǘǊŀŦŦƛŎ ŘŀǘŀΩ ƛƴ ǿƘƛŎƘ ŎƻƴŦƭƛŎǘǎ 
have already been resolved and largely removed ς so the very object of CD&R 
systems have largely been removed from the data. Secondly, in many cases, the 
(rare) data that can be recorded in experiments, or available in real-world 
observations, are not sufficient to satisfy the requirements of ML systems and 
hence artificial training datasets may be an option. 

 

8

 

Artificial intelligence (AI) for aviation: Different aspects of AI and ML algorithm 
development are discussed in the SRIA, among them the high-level R&I 
need/challenge ά!L LƳǇǊƻǾŜŘ ŘŀǘŀǎŜǘǎ ŦƻǊ ōŜǘǘŜǊ ŀƛǊōƻǊƴŜ ƻǇŜǊŀǘƛƻƴǎέ, which 
mainly describes the possibilities from fitting new sensors and higher volumes of 
communication between air and ground. This flagship would benefit from taking 
into account the two key aspects of datasets for ML identified ǘƘǊƻǳƎƘ ǘƘŜ Y¢bΩǎ 
investigations: a need for data not including pre-intervention by other entities and 
having sufficient data points for training ML algorithms, e.g. through artificial 
training datasets. 
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Thread 
(TCs in 

brackets) 

SRIA 
flagship(s) 

Summary 

5 (3)  

Climate impact: mitigation and metrics: Various facets of climate, and the impact 
of aviation thereon, still need to be researched, requiring further multidisciplinary 
effort. For aviation climate impact, several sources of uncertainty also need to be 
addressed in order to measure this properly. Firstly, how to fully measure the 
impact, as so far only CO2 proxies are being used, and all other emissions 
measurements are in lower maturity research stages. Secondly, it is important to 
have a method for representing the behaviour of the atmosphere, as linked to 
aviation emissions, on the timescales appropriate for their intended deployment.  

 

7

 

Aviation Green Deal: This SRIA flagship refers to non-CO2 impacts on the climate. 
The flagship would, however, benefit from further description and focus on 
defining the measurement for all components of aviation emissions, which would 
help to assess the impact of new technologies, such as aircraft with electric or 
hydrogen propulsion, and (on-going) SESAR Solutions. This aligns closely with 
defining new environmental indicators, which would support the development of 
the SESAR 3 Performance Framework. 

6 (3)  

Further modelling of uncertainty in weather forecasts and climate impacts: 
There is a need to continue to focus on the uncertainties of both weather 
forecasts and climate research, especially on how to deal with them in models and 
metrics. Further multidisciplinary effort is required to address this, building on 
solid existing Exploratory Research work. 

 

1, 7

 

Aviation Green Deal: This flagship specifically mentions the need for the 
development of an environmental impact assessment methodology and new 
metrics, to be able to take climate impact into account properly. Inclusion of 
uncertainty is of paramount importance in this area. Connected and automated 
ATM: Improved weather forecasts are mentioned in this flagship, with the aim of 
improving trajectory advisories by taking into account various uncertainties. The 
inclusion and explanation of uncertainties in the forecasts would improve the 
tools for trajectory prediction and thus network performance in general. 

7 (4)  

Incentivising early adopters: economic and behavioural mechanisms: The 
Airspace Architecture Study [15] proposed a transition to a distributed 
architecture. Successful transition requires service providers to adopt new 
technologies, operational concepts, and business models. KTN discussions 
indicate that planned changes in ATM will not only be about technological 
innovation, but will include regulatory, organisational, and service evolution.  

 

5

 

Virtualisation and cyber-secure data sharing: This SRIA flagship addresses 
virtualisation and some aspects of regulatory and service evolution needed. The 
flagship would benefit from the assessment of incentivisation of various 
stakeholders, linked to different business models, that would be appropriate in 
the European ATM market, to expedite this transition. To achieve the largest 
benefits for the system, the emphasis should be on speed of uptake, and those 
stakeholders that want to move quickly, should be supported to do so. 

8 (4) 

 Creating flexible services: ops data licencing, sovereignty and accessibility: The 
question of the certification of data providers may well arise in the near future, 
and which data to certify. A main issue in this type of integration lies in the 
consolidation of information for the ATCO. Furthermore, regarding sovereignty, 
there is the question of which data need to be within a given State, and which can 
be shared. Data availability and proprietary licencing could be significant barriers 
to the creation of flexible services ς i.e. whereby access to data is limited behind 
cost and disclosure walls. An analysis of which data should be protected and which 
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Thread 
(TCs in 

brackets) 

SRIA 
flagship(s) 

Summary 

should be available, is needed, as this is one of the cornerstones of the Airspace 
Architecture Study [15]. 

 

5

 

Virtualisation and cyber-secure data sharing: This flagship acknowledges the 
importance of data and data sharing, planning work on these aspects. Currently, 
almost all data in ATM are considered in need of being protected, which is not 
necessarily true. The flagship would benefit from a more detailed approach to the 
development, and licensing of new business models, including data certification, 
needed in the transformation towards the Airspace Architecture Study [15] vision, 
also tackling the issue of data sovereignty and cross-State sharing. 

See Section 2.4.2 for details of these research threads; these are examples only 

* Proposed in particular w.r.t. cybersecurity but applies across many other domains. See also thread (4). 

 

 

2.5 ΨHorizonΩ flagships ς 2040 and beyond 

2.5.1 Methodology 

Looking further ahead, Engage set out to advance the definition of future research concepts and 
directions ōŜȅƻƴŘ ǿƘŀǘ ƛǎ ŀƭǊŜŀŘȅ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ {wL!Φ ¢ƘŜ ƴƻƳŜƴŎƭŀǘǳǊŜ ΨƘƻǊƛȊƻƴΩ flagship activities 
is used. ΨHorizonΩ reflects the familiar concept of horizon scanning in research, identifying future 
concepts. ΨFlagship activitiesΩ is used as a complementary term to the SRIA Ψflagship activitiesΩ. These 
ideas were conceived and developed 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 a very low TRL (level 0 or 
1). These concepts did, however, at least have to map to some extent onto existing ATM activities in 
the SRIA: if they connected to none of these at all, it is difficult to justify their relevance to ATM, 
considering the relatively broad scope and maturity of the SRIA. The timeline indicated below, 
ά(2040)έ, is somewhat illustrative, in that some ideas could be partially developed at higher TRLs 
sooner, others later. 

As with the forward cluster analysis, these are mapped onto the SRIA flagship activities to show the 
strength of the relationships between the two flagship activity types. The current mapping is shown in 
Figure 2-8 (i.e. 2022 clusters shown). Based 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 the colour intensity of the link, thus 
providing a visualisation of the level of connection and co-coverage of the SRIA flagship activities and 
the future concepts identified by Engage. (The link intensities may be somewhat better visualised by 
hovering over the horizon flagship activity nodes, for example.) This will be taken up quantitively in 
the analyses of Section 2.5.3. 

These activities may be updated and further populated 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 SESAR 3 (see Section 4). 
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Figure 2-8. ΨwŜǾŜǊǎŜΩ ŎƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ 

2.5.2 Results 

The six horizon flagship activities proposed for seeding the ATM concepts roadmap are presented in 
the following sub-sections, in no implied order of priority. In addition to the next steps relating to the 
concepts roadmap, outlined above, the broader development of these new research directions is taken 
forward in Section 4.1. 

2.5.2.1 Quantum computing 

Quantum computers use quantum physics properties to enable certain types of computations to be 
performed vastly quicker than classical computers. Approximately fifty countries are currently engaged 
in national and (especially) international quantum research and development projects, with private 
capital investment and multidisciplinary cooperation being prevalent. 

¢ƘŜ Ƴƻǎǘ ǿƛŘŜƭȅ ǳǎŜŘ ƳƻŘŜƭ ŘŜǇƭƻȅǎ ŀ ōŀǎƛŎ ǳƴƛǘ ƻŦ ƳŜƳƻǊȅ ƪƴƻǿƴ ŀǎ ŀ ΨǉǳŀƴǘǳƳ ōƛǘΩ ƻǊ ΨǉǳōƛǘΩΦ ! 
fundamental advantage of quantum computers is the ability to consider large numbers of 
combinations simultaneously. Although any computation that can be solved by a 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 the real-word value of quantum 
computing and developing appropriate benchmarks and metrics to support this. Also, whilst in 2019 
DƻƻƎƭŜ !L ŀƴŘ b!{! ŎƭŀƛƳŜŘ ǘƻ ƘŀǾŜ ǇŜǊŦƻǊƳŜŘ ŀ ΨǉǳŀƴǘǳƳ ŎƻƳǇǳǘŀǘƛƻƴΩ ǘƘŀǘ ǿƻǳƭŘ ƴƻǘ ƘŀǾŜ ōŜŜƴ 
possible on any classical computer, there are still stability issues for quantum computers that need to 
be resolved. Quantum computing could expose cybersecurity vulnerabilities, through solving integer 
factorisation problems, which underpin many public key cryptographic systems, including blockchain 
applications, thus already generating improved cybersecurity research and attracting governmental 
interest in secure quantum communications, quantum-enabled (internet) networks and quantum-
proof cryptography. Such issues are clearly important in the ATM context regarding not only CNS, but 
also in the context wider of information exchange over networks, supporting SWIM and privileged data 
exchange (e.g. for UDPP), and in detecting fraudulent and malevolent interventions. 

Quantum computing is likely to bring particular opportunities for simulation, especially when coupled 
with machine learning and AI. These are expected to include higher-precision weather forecasting and 
improved (in detail, lookahead and scope) environmental impact models, for example. Applications 
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involving very much faster (and some currently infeasible) 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 
particular, much larger numbers of future scenario simulations and hitherto infeasibly complex models 
are likely to be enabled to be run. 

Linked to the vast increase in the capability to search parameter spaces, quantum computing may also 
help to validate procedures 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 are naturally well fitted to solve 
probabilistic problems, and classical computation of these models can be viewed as an emulation of 
quantum algorithms for deterministic machines. 

 

2.5.2.2 Strong AI 

Strong AI is also known as general AI or artificial general intelligence. It usually refers to a currently 
theoretical form of AI 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 AI, and ML 
algorithms, are dependent on (often biased) training data used as inputs, to the extent that truly 
predictive capabilities have not currently been developed (one has to wait for a particular type of event 
to occur and then re-train the model). Whilst some argue that strong AI is not achievable, others, such 
as DeepMind5, argue that reinforcement learning (which comprises an environment, agents, and 
rewards) is a sufficient basis for strong AI, and see as key the inclusion of agents that learn through 
interaction with the environment, which could be through operational sensors. Such tools, even if not 
attaining the full specification of strong AI (however that may be defined), may bring greatly superior 
capabilities to ATM both through improved forecasts and predictive capabilities, strategically and 
ǘŀŎǘƛŎŀƭƭȅΣ ŀƴŘ ŀƭǎƻ ǳƴŘŜǊǇƛƴƴƛƴƎ ǎǘǊƻƴƎŜǊ ƳŜǘŀƳƻŘŜƭǎ ŦƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǿƛǘƘ ΨǎǘǊƻƴƎ 
ŜƳŜǊƎŜƴŎŜΩ ŦƻǊŜǎƛƎƘǘ ŎŀǇŀōƛƭƛǘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƳǇǊƻǾŜŘ ƘǳƳŀƴ ōŜƘŀǾƛƻǳǊŀƭ ƳƻŘŜƭǎΣ ŜΦƎΦ ŦƻǊ ŦǳǘǳǊŜ ǇƻƭƛŎȅ 
generation, whereby a host of new possibilities may well be proposed through vastly increased 
modelling power and utility. 

Taking a specific application area, the Alan Turing Institute explains6 ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άŘƛƎƛǘŀƭ ǘǿƛƴǎέ ς 
computational representations of aeronautical assets, which can 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 in isolation, a more holistic approach, deploying a unified, instrumentation-based 
model, can be used for better risk mitigation, diagnosis, performance assessment and forecasting. 
Machine learning tools and AI may be paired with data from the sensors to Ψfill in the blanksΩ (since 
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 itineraries and multiple systems and processes at the 
airport. With greater computational power and more advanced machine learning and AI development, 
through deep neural networks, more powerful dimension reduction and polynomial classification, this 

 

 

5 https://venturebeat.com/2021/06/09/deepmind-says-reinforcement-learning-is-enough-to-reach-general-ai/ 
6 https://www.turing.ac.uk/research/research-projects/digital-twins-aeronautics 

https://www.sesarju.eu/
https://venturebeat.com/2021/06/09/deepmind-says-reinforcement-learning-is-enough-to-reach-general-ai/
https://www.turing.ac.uk/research/research-projects/digital-twins-aeronautics


D3.10 RESEARCH AND INNOVATION INSIGHTS  

  
 

Page I 47   
 

 

approach could 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 design stage. 

From a socio-economic point of view, strong AI may be highly valuable in more efficiently allocating 
resources, also having an impact on the workforce. AI may take more responsibility, as opposed to a 
more classical advisory position, automatically allocating (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 human monitoring in many such contexts. 

 

2.5.2.3 Integrated ticketing and virtual interlining 

Europe is not alone in being caught in a fragmented modal service culture. Nevertheless, a 
comprehensive review of existing single-ticketing solutions and identification of the benefits, barriers 
and lessons learned is needed. Single ticketing and virtual interlining already exist in various formats, 
such as specific rail-air collaborations (Lufthansa, Deutsche Bahn) and much wider schemes (AccesRail7 
is an example of an IATA Travel Partner).  

An examination of existing virtual interlining models (intermodal and air-only) 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). Particular challenges 
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 load factors), revenue sharing and the management and 
insurance of new business models, including the facilitation of new market entrants (i.e. maintaining 
appropriate open competition). Operationally, the impacts on holding flights for delayed trains, and 
vice versa, could be significant ς further metric development and scenario simulations are required 
here.  

Overcoming the regulatory, accountability, revenue sharing, and insurance barriers would open up the 
opportunities for new businesses, offering real Mobility as a Service (MaaS), not just Ψticketing as an 
appΩ approach, as currently available (e.g. giving information on traffic jams, delays, cancellations, and 
enabling the booking of a train or bus ticket to the airport).  

Travel operators may be envisaged that sell seats offered by transport operators of all modes, for a 
certain level of service, building on more limited integration currently in place (e.g. with certain 
guarantees when connecting across different low-cost carriers at an airport, or joint air-rail tickets). 
These could act as the travel organisers, also covering needs in case of disruption, throughout the 
booked travel in a door-to-door context and based on the chosen service level and priorities (e.g. cost, 
flexibility, environmental impact). It would be interesting to explore passenger 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 

άRŜǎƛƭƛŜƴŎŜέ is mentioned often in the SRIA, mostly with reference to cybersecurity, but also flagging 
climate/meteorological resilience and passenger journey resilience. However, the need may be 
suggested for a higher-level, European risk register for ATM and air transport, taking account of space 
weather, pandemics and more disperse ATM service outages (by whichever means, e.g., climate, 
higher levels of automation, cyber attacks, etc.), and also potentially broader adversarial attacks aimed 
at destabilisation. This should also include potential degradation of energy supply in the air transport 
chain, as a result of the situation in Ukraine. 

We already have the European Aviation Crisis Coordination Cell (EACCC), with the role of supporting 
coordination of the response to network crisis situations impacting adversely on aviation, in close 
cooperation with corresponding structures in the member states. A broader example of the latter is 
the UK National Risk Register (άThe 2020 National Risk Register provides an updated government 
assessment of the likelihood and potential impact of a range of different malicious and non-malicious 
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 yearsέ8). 

Learning from the past experience of the EACCC could indicate which type of risks to include in the 
register, how to best use it, to monitor the emerging strategic and (pre-)tactical situations, and being 
overall proactive in calling up the crisis cell and/or other stakeholders and units.  

Complexity science and complex network theory have already proven in ATM to be well-suited tools 
with a range of metrics particularly adept at measuring network resilience, and these could be brought 
to bear to assess the absorptive, adaptative and restorative forms of resilience currently in place, to 
identify key vulnerabilities and develop cost-benefit trade-offs for mitigations. Further, development 
and use of novel techniques based on machine learning to support risk (any risk from the register) 
intelligence services in aviation/ATM could be encouraged, to support network resilience. 

Regarding such resilience, it would also be informative to explore what lessons have been learned from 
the Covid-19 pandemic, for example, in terms of the sustainability of current financial, business and 
performance assessment models for airspace users and ANSPs. 

2.5.2.5 Improved route emissions metrics and policies 

¢ƘŜ ƴŜŜŘ ǘƻ Ŏǳǘ ōŀŎƪ ƻƴ ŀǾƛŀǘƛƻƴΩǎ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ƛǎ ƎŜƴŜǊŀƭƭȅ ŀŎŎŜǇǘŜŘ ŀƴŘ ŜƳƛǎǎƛons capping and a 
Trading System9 have been put in place in Europe (focusing on CO2 emissions in aviation). However, 
environmental impacts are manifold and difficult to model, and more importantly monitor, beyond 
simple CO2 emissions. Non-CO2 emissions are responsible for roughly тр҈ ƻŦ ŀǾƛŀǘƛƻƴΩǎ Ǝƭƻōŀƭ ƴŜǘ 
effective radiative forcing. Among them, NOx emissions depend on pressure ratios and the combustion 
temperatures of jet engines, so that more efficient engines ironically may lead to greater NOx 
emissions. The climate impact of NOx emissions and contrails depend on many factors, including flight 
level, atmospheric conditions, time of day and year, and geographic latitude, and is to date not 
perfectly well understood. Contrail-optimised flight routes may hence increase the fuel burn and hence 
also CO2 emissions, leading to the necessity to trade-off various climate impacts. Sustainable aviation 

 

 

8 https://www.gov.uk/government/publications/national-risk-register-2020 
9 https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-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 life-cycle climate impact needs to be considered. 

Airlines as the major civil airspace user are primarily orientated towards profit maximisation and 
customer satisfaction, and environmental considerations are of secondary importance, unless they are 
well aligned with cost savings or customer retention. The objective of saving aviation fuel burn (i.e. 
CO2 emissions) is generally well aligned with the cost saving objective but environmentally friendly 
(e.g. contrail-optimised, or NOx-optimised) routes might well be longer, increase fuel burn, related 
costs and flight times. 

Despite the introduction of the SES Performance and Charging Scheme10, the present air traffic route 
charging system is mainly based on a cost recovery method, leading to differences in route charges. In 
some cases, especially when direct routes lead thorough airspace with higher route charges, the total 
cost of a flight, including the 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 the filed flight plan is 
ǘƘŜ ōŀǎƛǎ ŦƻǊ ǊƻǳǘŜ ŎƘŀǊƎƛƴƎΤ ǘƘƛǎ ƛǎ ŘŜǎƛǊŀōƭŜ ŦǊƻƳ ŀ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ōǳǘ Ƴŀȅ ƛǊƻƴƛŎŀƭƭȅ 
have aggravated the problem of emissions, as longer, but overall cheaper routes result in higher 
emissions. 

Although passengers comprise the largest stakeholder in aviation, they are not fully aware of airline 
operational strategies and can largely only contribute to flight sustainability through passive means, 
such as purchasing carbon footprint offsets. Currently, their actions do not provide a direct trigger for 
airlines to improve operational sustainability. Many governments are proposing or implementing flight 
taxes to off-set ŀǾƛŀǘƛƻƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ impact. If implemented correctly, this could provide new 
possibilities for more sustainable 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 policies that fundamentally affect 
how airlines operate. A full cost model that 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 include the aspect of inter-modality, i.e. planning and executing trip planning 
across competing or complementary flight modes. 

2.5.2.6 ATM-U-space coordination; UAM access mechanisms 

U-space is a crucial building block for the successful deployment of unmanned aerial systems and 
urban air mobility. Since these new market entrants are presently not sufficiently covered by existing 
ŦƭƛƎƘǘ ǊǳƭŜǎ ŀƴŘ ŀƛǊǎǇŀŎŜ ƳŀƴŀƎŜƳŜƴǘ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎŜǊǾŜ ΨǘǊŀŘƛǘƛƻƴŀƭΩ ŀǾƛŀǘƛƻƴΣ ŎƻƴŎŜǇǘǎ ƘŀǾŜ ōŜŜƴ 
developed and regulations drafted in the recent past. The SESAR project CORUS-XUAM is developing 
a concept of operations for Urban Air Mobility and demonstrating its feasibility in a series of Very 
Large-scale Demonstrations in a number of European countries. Despite these efforts, a number of 
open questions remain. ATM-U-space coordination, the structure of U-space airspace (present 
concepts distinguish between categories X, Y and Z) and segregation (free route airspace, layers, 
tunnels in the sky); the operation of vertiports; and priority rules are amongst such questions. 

 

 

 

10 https://webgate.ec.europa.eu/eusinglesky/node_en 
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(a) ATM-U-space coordination 

The cooperation between air traffic management and UAS management systems (or ΨU-spaceΩ) 
concerns the physical and procedural interface between both systems with a view to information flow, 
airspace access management and tactical control. The ATM-U-space interface becomes particularly 
relevant when admitting manned aircraft to U-space and/or UAS to controlled airspace in the future 
(present U-space regulations assume the presence of manned aviation in U-space and of drones in 
controlled airspace are exceptional and usually related to on-nominal situations. This would otherwise 
entail equipage requirements that are non-trivial and potentially costly. However, manned aviation, 
especially recreational aviation, may well be present in VLL airspace where drones are also likely to 
operate.) Equipage requirements, management of non-nominal/emergency situations and common 
services, e.g. meteorological information, need to be developed. The vicinity of airports, in which both 
vehicle types will operate, and a risk of airspace infringements exists, as well as urban airspace, are of 
particular interest. There is a strong link with the Smart City concept, under development and eagerly 
taken up by some European cities, which see great potential in UAM and U-space for the benefits of 
their citizens, although admittedly many questions remain open. 

(b) Priority and market mechanisms for U-space and UAM 

Different vehicles and different types of operations will exist in U-Space and especially in UAM, 
including police and other surveillance operations, urgent 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 prioritise these different 
operations, and this will only be aggravated when piloted flights are admitted to U-Space/UAM. Rules 
of the air for manned aviation, especially in VFR airspace, do not appear exhaustive to solve this 
question, such that new rules and criteria may need to be established. The present assumption is that 
more than one U-space service provider (USSP) may operate in any U-space and provide services to 
drone operators. Access to U-space and UAM airspace will have to be based on equipage requirements 
and respect principles of equity, whilst at the same time applying yet-to-be-defined priority rules, e.g. 
priority of emergency and security/safety-relevant flights as foreseen by current regulations (e.g. 
Article 4 of Implementing Regulation (EU) No 923/2012). Remaining battery charge/flight distance and 
the presence of passengers versus goods, or the size of vehicles and type of operations, are additional 
criteria that may be considered for defining priority rules. Such priority rules may be relevant for flight 
planning and airspace access, as well as for scheduling and demand management at vertiports (whose 
principles of operations are yet to be defined). 

In controlled airspace, demand-capacity balancing is performed principally through the Network 
Manager by applying restrictions and encouraging re-routings in case demand exceeds the capacity of 
certain airspace elements at peak times. The use of U-space and UAM airspace through a plethora of 
actors with heterogenous operating patterns and vehicles, as well as the more on-demand nature of 
UAS traffic, as compared to scheduled flight operations, make it questionable whether such an 
approach is applicable to U-space and UAM. Apart from applying priority rules, and in case demand 
exceeds capacity of access to airspace and vertiports, one approach is to investigate whether economic 
approaches, such as auctioning, selective pricing or different service levels are practical, whilst at the 
same time attempting to maintain principles of equity, and avoiding market dominance of specific 
operators of types of operations. 

 

 

https://www.sesarju.eu/


D3.10 RESEARCH AND INNOVATION INSIGHTS  

  
 

Page I 51   
 

 

2.5.3 Concluding reflections on the horizon flagships and the SRIA 

By definition, the research ideas discussed in Section 2.5.2 are not strongly aligned with the SRIA. 
However, in Table 2-12, the top three semantic similarities are indicated, between the six horizon 
flagships (Engage threads) and the SRIA flagships, using the descriptive texts of Section 2.5.2 and as 
per the methodology of Section 2.3.1.3. (This table thus partly reflects and quantifies the links in the 
right-hand-side of Figure 2-8.) The blue text refers to the SRIA flagship names and numbers. The black 
bold captures the horizon flagship names. One of the strongest relationships in the table can thus be 
ǎŜŜƴ ǘƻ ōŜ ǘƘŀǘ ōŜǘǿŜŜƴ άǎǘǊƻƴƎ !Lέ ό9ƴƎŀƎŜ ƘƻǊƛȊƻƴ ŦƭŀƎǎƘƛǇύ ŀƴŘ άArtificial intelligence (AI) for 
aviationέ ό{wL! ŦƭŀƎǎƘƛǇύΣ ǿƛǘƘ ŀ similarity of 0.66. This is a logical association, adding validatory weight 
to the approach, as do the other relationships in the table. It is also worth noting that most (4/6) of 
the highest similarities are reflected through transversal SRIA flagships (7 and 8 ς see Table 2-5).  

Table 2-12. Semantic similarities between SRIA flagships and Engage horizon flagships 

Thread 
SRIA flagships 

(cosine semantic similarity) 
Engage research threads and aligned SRIA flagships 

1  Quantum computing 

 

8 (0.36) Artificial intelligence (AI) for aviation 

1 (0.29) Connected and automated ATM 

5 (0.25) Virtualisation and cyber-secure data sharing 

2  Strong AI 

 

8 (0.66) Artificial intelligence (AI) for aviation 

1 (0.48) Connected and automated ATM 

7 (0.39) Aviation Green Deal 

3  Integrated ticketing and virtual interlining 

 

6 (0.64) Multimodality and passenger experience 

7 (0.37) Aviation Green Deal 

3 (0.34) Capacity-on-demand and dynamic airspace 

4  European risk register for ATM and air transport resilience 

 

8 (0.41) Artificial intelligence (AI) for aviation 

7 (0.39) Aviation Green Deal 

6 (0.36) Multimodality and passenger experience 

5  Improved route emissions metrics and policies 

 

7 (0.62) Aviation Green Deal 

6 (0.47) Multimodality and passenger experience 

3 (0.44) Capacity-on-demand and dynamic airspace 

6  ATM-U-space coordination; UAM access mechanisms 

 

4 (0.73) U-space and urban air mobility 

2 (0.53) Air-ground integration and autonomy 

1 (0.49) Connected and automated ATM 

 

Following the same approach of Table 2-9 and Table 2-11, in Table 2-13 the horizon flagships pillars 
are indicated alongside the best aligned SRIA flagship activities (albeit this time drawing on the 
quantification of Table 2-12, flagging up to two flagships with semantic similarities > 0.40), and some 
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commentary is presented on the key relationships between the Engage threads and the SRIA flagships. 
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 bold). The table is intended to initially point the reader 
to some main points of association and complementarity between the research directions highlighted 
by the Engage thread and one or two key flagships in the SRIA, as a starting point for further 
engagement. 

Table 2-13. Research threads for the horizon flagships pillar & relationships with SRIA flagships  

Thread 
SRIA 

flagship(s) 
Summary 

1  

Quantum computing: Quantum computers use quantum physics properties to 
enable certain types of computations to be performed vastly quicker than classical 
computers. A fundamental advantage of quantum computers is the ability to 
consider large numbers of combinations simultaneously. Quantum computing 
could expose cybersecurity vulnerabilities, through solving integer factorisation 
problems, which underpin many public key cryptographic systems, including 
blockchain applications, thus already generating improved cybersecurity 
research. Quantum computing is likely to bring particular opportunities for 
simulation, especially when coupled with machine learning and AI. 

 

8 

 

Artificial intelligence (AI) for aviation: whilst the strongest correspondence of 
ǉǳŀƴǘǳƳ ŎƻƳǇǳǘƛƴƎ ƛǎ ǳƴǎǳǊǇǊƛǎƛƴƎƭȅ ǿƛǘƘ ǘƘŜ Ψ!LΩ ŦƭŀƎǎƘƛǇΣ ǘƘŜ ǿƛŘŜǊ ƛƳǇƭƛŎŀǘƛƻƴǎ 
for this new technology are very broad and deep, considering the applications of 
much faster solutions to search space and combinatorial problems, potentially 
offering vastly improved capabilities both for operational/tactical searches of 
improved solutions to complex capacity constraints in ATM, and e.g. (safety) 
validation. Exposing cybersecurity vulnerabilities and supporting public key 
cryptographic systems are clearly important in the ATM context regarding not 
only CNS, but also in the context wider of information exchange over networks, 
supporting SWIM and privileged data exchange (e.g. for UDPP). 

2  

Strong AI: this is also known as general AI or artificial general intelligence, usually 
referring to a form of AI whereby a computer has intelligence comparable to that 
of humans, with the ability to solve problems, learn, and plan future 
contingencies. Reinforcement learning is arguably a sufficient basis for strong AI, 
e.g. with the inclusion of agents that learn through interaction with the 
environment through operational sensors. Coupled with deep neural networks, 
more powerful dimension reduction and polynomial classification, such 
technologies could help to build better predictive models from specific aircraft 
and component safety profiles through to full socio-technical system models at 
the design stage. 

 

8, 1 

 

 

Artificial intelligence (AI) for aviation: the strongest correspondence of strong AI 
ƛǎ ƴƻǘ ǳƴŜȄǇŜŎǘŜŘƭȅ ǿƛǘƘ ǘƘŜ Ψ!LΩ ŦƭŀƎǎƘƛǇΣ ǿƘƛŎƘ ŎƛǘŜǎ ά!L ŦƻǊ ǇǊŜǎŎǊƛǇǘƛǾŜ ŀǾƛŀǘƛƻƴέΦ 
Whilst strong AI represents a step-shift in the state of the art, it builds on the 
current science, for example, whereby the coupling of advanced sensor 
technologies with ML/AI techniques, could support system development in 
multiple contexts, such as risk mitigation, system diagnoses, performance 
assessment, forecasting, predictive support and design. Connected and 
automated ATM: may be supported specifically through more efficient resource 
allocation for humans and machines, although this is just one of many other SRIA 
flagships potentially impacted strategically and tactically e.g. thrƻǳƎƘ ǎǘǊƻƴƎ !LΩǎ 
ŦƻǊŜǎƛƎƘǘ ŎŀǇŀōƛƭƛǘƛŜǎΣ ΨǎǘǊƻƴƎ ŜƳŜǊƎŜƴŎŜΩ ŀƴŘ ǇƻƭƛŎȅ ƎŜƴŜǊŀǘƛƻƴΦ 
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Thread 
SRIA 

flagship(s) 
Summary 

3  

Integrated ticketing and virtual interlining: Europe remains largely in a 
fragmented modal service culture. Importantly, single ticketing and virtual 
interlining already exist in some formats, such as specific rail-air collaborations, 
and some wider schemes (e.g. through IATA). A comprehensive review of existing 
single-ticketing solutions and identification of the benefits, barriers and lessons 
learned is needed in order to build upon and extend these models in an integrated 
manner with ATM. Overcoming the regulatory, accountability, revenue sharing, 
and insurance barriers would open up the opportunities for new businesses, 
ƻŦŦŜǊƛƴƎ ǊŜŀƭ aƻōƛƭƛǘȅ ŀǎ ŀ {ŜǊǾƛŎŜ όaŀŀ{ύΣ ƴƻǘ Ƨǳǎǘ ΨǘƛŎƪŜǘƛƴƎ ŀǎ ŀƴ ŀǇǇΩ ŀǇǇǊƻŀŎƘΣ 
as currently available. 

 

6 

 

Multimodality and passenger experience: fully logically, this represents the 
strongest SRIA flagship correspondence with integrated ticketing and virtual 
interlining. An examination of existing virtual interlining models and online travel 
agencies would give better insights into the implications for airspace users, airport 
infrastructure requirements and other modal travel service providers (e.g. rail). 
Operationally, the impacts on holding flights for delayed trains, and vice versa, 
could be significant ς further metric development and scenario simulations are 
required. Future travel operators should offer appropriate connection guarantees 
and passenger needs in case of disruption, throughout the booked travel in a 
door-to-door context. The SRIA discusses ticketing, integration and crisis 
management. 

4  

European risk register for ATM and air transport resilience: a higher-level, 
European risk register is suggested, taking account of space weather, pandemics 
and more disperse ATM service outages (by whichever means, e.g., climate, 
higher levels of automation, cyber attacks, etc.), and also potentially broader 
adversarial attacks aimed at destabilisation. This should also include potential 
degradation of energy supply in the air transport chain, as a result of the situation 
in Ukraine. Learning from the past experience of the European Aviation Crisis 
Coordination Cell and various broader, national risk registers, could indicate which 
type of risks to include, how best to monitor the emerging strategic and (pre-
)tactical situations, and being overall proactive in calling up crisis cells. 

 

8 

 

Artificial intelligence (AI) for aviation: άǊŜǎƛƭƛŜƴŎŜέ ƛǎ ƳŜƴǘƛƻƴŜŘ ƻŦǘŜƴ ƛƴ ǘƘŜ {wL!Σ 
mostly with reference to cybersecurity, but also flagging climate/meteorological 
resilience (Aviation Green Deal) and passenger journey resilience (Multimodality 
and passenger experience). Comparably strong associations for the risk register 
ǘƘǊŜŀŘ ŦǊƻƳ 9ƴƎŀƎŜ ǿƛǘƘ ǘƘŜ {wL! Ψ!LΩ ŦƭŀƎǎƘƛǇ ǊŜǎǳƭǘ ŦǊƻƳ ŎƻƳƳƻƴ ǊŜŦŜǊŜƴŎŜǎ ǘƻ 
resilience, machine learning, complexity and networks. Complexity science and 
complex network theory have already proven in ATM to be well-suited tools and 
metrics for network resilience. It would be informative to explore lessons learned 
from the Covid-19 pandemic, e.g. in terms of the sustainability of current financial, 
business and performance assessment models for airspace users and ANSPs. 

5  

Improved route emissions metrics and policies: non-CO2 emissions are 
ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǊƻǳƎƘƭȅ тр҈ ƻŦ ŀǾƛŀǘƛƻƴΩǎ Ǝƭƻōŀƭ ƴŜǘ ŜŦŦŜŎǘƛǾŜ ǊŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎΦ ¢ƘŜ 
impact of NOx and contrails depend on many factors, including flight level, 
atmospheric conditions, time of day and year, and geographic latitude, and is to 
date not fully understood. Contrail-optimised flight routes may increase the fuel 
burn and hence also CO2 emissions, leading to the necessity to trade-off various 
climate impacts. Environmentally friendly (e.g. contrail- or NOx-optimised) routes 
might well be longer, increase fuel burn, related costs and flight times. Since the 
flown flight plan is now the basis for route charging, this may also result in longer 
but overall cheaper routes resulting in higher emissions. 
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Thread 
SRIA 

flagship(s) 
Summary 

 

7, 6 

 

 

Aviation Green Deal: regarding the need for improved route emissions metrics 
and policies, this flagship addresses the specific high-level R&I needs/challenges 
ƻŦ ΨhǇǘƛƳǳƳ ƎǊŜŜƴ ǘǊŀƧŜŎǘƻǊƛŜǎΩ ŀƴŘ Ψbƻƴ-CO2 ƛƳǇŀŎǘǎ ƻŦ ŀǾƛŀǘƛƻƴΩΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 
ŀƴ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŀǎƘōƻŀǊŘΩ ǊŜƭŀǘing to metric development and 
implementation, impact assessment trade-offs, and incentivisation 
considerations. Regarding links with the Multimodality and passenger experience 
SRIA flagship, the Engage thread stresses the current relatively passive role of 
passengers in flight sustainability, whereas strengthened national and 
international policy (taxes) and data transparency may generate a stronger 
passenger link with airline decision-making and business models, also in the 
multimodal context. 

6  

ATM-U-space coordination; UAM access mechanisms: U-space is a crucial 
building block for the deployment of unmanned aerial systems and UAM. 
Notwithstanding on-going implementation research, including VLDs, open 
questions remain regarding ATM-U-space coordination, e.g. regarding the 
structure of U-space airspace and segregation, and the operation of vertiports. 
Furthermore, different vehicles and types of operations will exist in U-Space 
(especially for UAM), including police/surveillance operations, delivery of (e.g.) 
medical supplies, and air taxi operations. Studies on societal acceptance and with 
ATCOs suggest different degrees of willingness to prioritise these different 
operations, further complicated when piloted flights are admitted to U-
Space/UAM. 

 

4, 2 

 

 

U-space and urban air mobility and Air-ground integration and autonomy: the 
correspondence between these two SRIA flagships and research directions 
flagged by Engage is self-evident. The latter notes that manned aviation may well 
be present in VLL airspace, with drones: equipage requirements, management of 
non-nominal/emergency situations and common services need to be developed. 
The vicinity of airports, in which different vehicle types will operate, with 
infringement risks, is of particular interest. There is a strong link with the Smart 
City concept. Access to U-space and UAM airspace will have to be based on 
equipage requirements and respect principles of equity, whilst applying yet-to-
be-defined priority rules, e.g. for emergency and security flights. DCB raises 
further challenges in this context. 
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3 Practicalities and enablers of supporting 
future research directions 

3.1 Introduction ς scoping the enablers 

In addition to identifying new and continuing areas for research in future, as set out in Section 2, in 
ǘƘƛǎ ǎŜŎǘƛƻƴ ǘƘŜ ǇǊŀŎǘƛŎŀƭƛǘƛŜǎ ŀƴŘ ΨŜƴŀōƭŜǊǎΩ ƻŦ ǎǳŎƘ ǊŜǎŜŀǊŎh are discussed. Some of these enablers are 
distinct mechanisms (such as catalyst fund projects, community collaboration), whilst some others 
have a higher research content per se, such as the development of broader performance metrics, but 
were included here more as horizontal / supporting activities, which immediately relate to the wider 
corpus of research work discussed in Section 2. Others, such as synthesising and sharing data 
collaboratively, lie some in between the two. First 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 fund (CF) projects (they are listed in Appendix E, showing their individual 
reporting, and recently summarised through their workshop activities in D2.7 [2]). The funding was 
used to support focusedΣ ΨƭƛƎƘǘ ǘƻǳŎƘΩ projects. The focus was on maturing exploratory research further 
towards applications and operational contexts. The projects were able to address the corresponding 
thematic challenges. ΨhǇŜƴΩ ǇǊƻǇƻǎŀƭǎ ǿŜǊŜ ŀƭǎƻ ŀ ǿŀȅ ŦƻǊ ǇǊƻƧŜŎǘǎ ǘƻ ƳƻǾŜ ǎƻƭǳǘƛƻƴǎ ŎƭƻǎŜǊ ǘƻǿŀǊŘǎ 
industry goals and objectives, and towards higher TRLs (one of the 18 was funded this way), whilst 
priority was given to those aligned with thematic challenges, as described in the two funding Calls 
(outlined in [2]). An Awards Board comprised Engage consortium members, the SESAR Joint 
Undertaking, ASDA and industry partners (without conflicting interests), and was chaired by 
EUROCONTROL. Engage consortium members were self-determined to be ineligible to bid for the 
funding, in order to distribute funding back to the research community at large. 

For final reporting, each catalyst fund project prepared two reports using templates supplied by 
Engage: a confidential final progress report and a public final technical report. The reviewing of final 
reporting was carried 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 the Engage catalyst fund project summaries and reporting 
web page11. Each final technical report (see Appendix E) will be republished on CORDIS on acceptance 
of the formal Engage deliverable by the SESAR JU. Note that original catalyst fund project authorship 
is retained on the cover page of each such Engage deliverable. 

 

 

11 https://engagektn.com/cf-summaries 
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3.2.2 Lessons learned 

Each final technical report includes a dedicated section on lessons learned, which are reported 
separately and are of value within the specific technical context of the individual projects. Here, 
however, we draw together the broader feedback of value to the research community in general, and 
SESAR 3 in particular, for helping to shape any future, similar mechanisms. The final reports requested 
and offered the projects an opportunity to provide feedback on what worked well and what could be 
improved with the catalyst fund approach. 

The catalyst funding scheme (EUR 60k maximum budget ŀƭƭƻǿŜŘ ǘƘǊƻǳƎƘ ǘƘŜ IƻǊƛȊƻƴ нлнл ΨŎŀǎŎŀŘŜΩ 
funding mechanism ς most projects requesting close to this maximum) supported projects for an 
intended 12 monthsΩ duration (although several were somewhat delayed due to the Covid-19 
pandemic [2]). This approach was very well received by all the CF projects, for a variety of reasons. 
Most obviously, it overcame the commonly-faced barrier for such activity whereby other funding 
schemes were not available, or set at too high an access bar (e.g. larger projects let through SESAR 
2020 ER Calls). 

The reporting requirements were considered to impose a very low administrative burden, which was 
suited to the budget size and the time available for the projects. The low administrative burden was 
appreciated as it cut unnecessary overheads and left enough room for the researchers to focus on the 
actual research. Furthermore, the administrative and mentoring support offered by the Engage KTN 
team was greatly appreciated. 

Regarding barriers in the process, and points for improvement, some such were raised regarding the 
administration tasks. The reporting templates could have been shared with the projects from the start 
of the project, thus making reporting requirements known and transparent from the beginning, further 
lowering the already minimal administrative 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 
their input. CǊƻƳ ǘƘŜ ŎƻƻǊŘƛƴŀǘƻǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ǘŀǎƪƛƴƎ ƻŦ ŀǊǊŀƴƎƛƴƎ ŎƻƴǘǊŀcting with 
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 KTN launched under the SESAR 3 ER programme. 

The proposal, and subsequent mentoring and reporting, offered quite a flexible project structure, it 
was reported, allowing the project team to explore a variety of ideas and determine future directions 
for development. The freedom to make several minor adjustments during the project was welcomed 
equally by projects at early stages of exploration and by those at higher (initial) TRL levels. However, 
the proposers should keep in mind that the flexibility should be balanced by setting achievable targets 
and tasks, given the size of the project. 

The CF funding scheme was considered, by the Engage consortium and the project leads, to be a good 
instrument for a variety of TRL projects, 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 
ς from direct collaboration with the end-users (as a project partner), through individual interviews, to 
the extensive use of advisory and/or focus groups. This was indeed one of the evaluation criteria of 
the proposals. This potential barrier was thus generally perceived as being well managed. 

Regarding stakeholder involvement, having an Engage KTN network of contacts in key organisations 
(such as EASA, EUROCONTROL, certain ANSPs, etc.) to whom to turn for specific questions, was 
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highlighted as a positive provision, which could be enhanced further in future. The Engage KTN 
network of contacts (e.g. industry partners) participated directly in the CF mentoring and related tasks. 
However, as this was on a voluntary basis, the particular contact might not be available at the time 
needed and for the effort required. The overall impact of a more structured use of KTN contacts on 
the agility of the adopted process might be explored further in future. 

Realistic estimation of effort and time on various tasks was cited as a lesson for project leads. The 
examples of underestimated tasks included data acquisition, cleaning and preparation, choice of 
validation periods (to include the specific events needed for validation), material acquisition time (e.g. 
unfortunately the Covid-19 situation often delayed deliveries), and the time needed for organisation 
of workshops intended for specific audiences (notwithstanding specific Engage support, in addition to 
the framework of dedicated, annual thematic challenge workshops (detailed in [2], which were well 
received by the projects and other delegates, alike). 

Overall, the CF funding scheme was positively evaluated by the projects. CF recipients requested the 
retention of such a scheme in the SESAR 3 programme. One suggestion was to allow project durations 
longer than one year, to allow more time for publication and dissemination (as in many areas of ATM 
it is often impossible to publish a paper in less than a year). This would have to be assessed against 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 were ultimately retained in wave 2 of the 
funding [2]. Although slightly larger next stage funding rounds (e.g. EUR 150k), aimed at conducting 
small-scale validation exercises, were suggested by 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 teams, the remarkable level of technical outputs achieved by very many of the 
projects with 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 their formal reporting. 

3.3 Research enablers 

3.3.1 Open access to scientific publications and research data 

Research results obtained in the SESAR programme are of broad interest 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 believe in and subscribe to, open publication principles. The 
principles of open access to publications and data are laid out by the European Commission in the 
H2020 open access and data management policy12. 

In contrast to open publication standards, many journals and conferences are commercially oriented, 
selling access to research publications such as conference papers and journal articles. This leads to the 
somewhat ironic situation ǘƘŀǘ ŀǳǘƘƻǊǎ ƘŀǾŜ ǘƻ ŀŎǉǳƛǊŜ ǘƘŜ ΨǇǊƛǾƛƭŜƎŜΩ ǘƻ ŘƛǎǘǊƛōǳǘŜ ŀǊǘƛŎƭŜǎ ǘƘŜȅ ƘŀǾŜ 
written and submitted to a journal, often paying four-digit amounts per article. This clearly is an 

 

 

12 https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/open-access-dissemination_en.htm 
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impediment to open access to research results and should be (largely) discouraged. A number of 
vehicles for open access publication are available. We suggest that the following recommendations 
are made to research projects involving public funding, including SESAR 3. 

(a) Open access to publications 

Each beneficiary ensures open access to all peer-reviewed scientific publications relating to the results 
of the research project. The main mechanism for this will be ΨƎreenΩ open access (self-archiving), where 
the beneficiaries deposit an electronic copy of the peer-reviewed and accepted manuscript in an online 
repository, typically no later than one month after its publication. To this end: 

¶ all scientific publications should be freely and publicly available for download from the project 
website; 

¶ the project should publish 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, US-Europe ATM R&D Seminar, International Conference for Research in ATM ς ICRAT); 

¶ project members are encouraged to publish articles they have authored or co-authored on 
appropriate archiving platforms, such as ResearchGate (https://www.researchgate.net/) and 
ZENODO (www.zenodo.org); 

¶ publications being hosted by a KTN repository are also encouraged (see Section 4.2.2 regarding 
future suggestions).  

In other cases, the project may budget for ΨƎoldΩ open access publications and project results may be 
submitted to scientific journals that (otherwise) charge the research community for these articles 
either on a per-access basis (or by selling gold open access). This includes regular journal submissions 
as well as articles in special issues. In this case, the project should acquire gold open access for the 
articles it produces, but this option should be reserved for particular cases, with clearly allocated 
budgets at the proposal stage, rather than being the norm. It is noted that academic institutions may 
have special relationships with publishers and specific journals, and/or national requirements for 
research publication may drive more material through one pathway (such as gold open access) than 
another. Gold open access may sometimes be complicated by cost ineligibility after project closure, 
since publication processes can be protracted. 

(b) Open access to research data 

Research data is information (particularly facts or numbers) collected to be examined and considered, 
and to serve as a basis for reasoning, discussion or calculation, especially with a view to reproducing 
the results and conclusions in peer-reviewed scientific publications. Upon publication of a peer-
reviewed scientific article the underlying datasets should be examined with a view to the possibility of 
making them available to the research community, either through the project website or using 
appropriate vehicles such as OpenAIRE (https://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 of data and/or code. This is pursued in the next section. 

3.3.2 Data and code issues 

Further to the preceding discussion, data availability is a well-recognised bottleneck in exploratory 
research. It is often difficult to obtain, and the same dataset often cannot be used in multiple projects. 
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This is a barrier to improving experimental comparability across projects. Many projects and/or PhDs 
lose approximately 6-12 months (or more) in trying to obtain (and consolidate and clean) data, and 
this was a recurring theme throughout the Engage thematic challenge workshops. 

Different types of data are required across ER work. Some of the data can be obtained freely (e.g. from 
the relatively new, and extensive, EUROCONTROL R&D data archive13, launched at the 2020 Engage 
summer school; ADS-B data from the OpenSky Network14), some need to be paid for (e.g. schedule 
data, passenger itineraries and fares), and some 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 prolongs data acquisition. In most cases, some sort of licensing and non-disclosure agreement is 
required. In practice, this prevents data sharing, even if the input data used is just a small subset of the 
full set of obtained data. In some cases, the results of the research can be shared, but without the 
input data used, such that it is difficult to achieve comparability and reproducibility. Sometimes, non-
disclosure agreements are linked to confidentiality/privacy issues, but this could be resolved through 
anonymisation, or even non-disclosure clauses. 

One solution may be the creation of a framework to share ATM-relevant data (including MET data), to 
afford easier access without having multiple agreements in place. This would require the provision of 
centralised licencing for certain commercial data (and/or the creation of synthetic datasets for the 
ATM community). Any such activity should be coordinated with EUROCONTROL, and considered in 
conjunction with its R&D data archive. Centralised commercial data licencing, e.g. across the SESAR 3 
ER programme, could be a very effective and time-saving device for researchers, although likely to 
present several challenges in implementation.  

Specific issues flagged in the particular thematic challenge workshops (as detailed in D2.7[2]), may be 
summarised as:  

¶ TC1: data access and (scenario) sharing is especially limited in the cybersecurity context, 
placing a particular potential emphasis on the use of synthetic datasets (see also the machine 
learning context, below); this would also be useful for meta-analyses from different 
simulations and sharing with other projects / application contexts; 

¶ TC2: a collaboration/exchange between Engage and the OpenSky Network on preparing 
scientific datasets for ATM is to be driven by the (Engage) KTN and the tƘ5ǎΩ ŀƴŘ ǊŜǎŜŀǊŎƘŜǊǎΩ 
needs were correspondingly discussed (follow-up is pending);  

¶ TC3: a specific challenge in the MET context is acquiring homogenised data for the entire 
European airspace (e.g., MET data, GNSS, lightning); 

¶ TC4: as flagged in Section 2.4.2.4; it seems, currently, that the fear of misuse and similar issues 
is much higher than the use actually requires; data availability and proprietary licensing could 
be significant barriers to the creation of flexible services ς i.e. whereby access to data is limited 
behind cost and disclosure walls. 

 

 

13 https://www.eurocontrol.int/dashboard/rnd-data-archive 
14 https://opensky-network.org/ 
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(a) Synthetic training data for ML models 

Synthetic data is a particular issue for ML models. These require large data sets for training, testing 
and validation. In many instances, existing datasets are insufficient to satisfy this data hunger, 
especially when rare events, such as air traffic conflicts are studied. An additional problem lies in the 
fact that often real-life (or simulated) data are not clean. Identifying conflict geometries based on 
aircraft positions derived from SSR or ADS-B data is hindered by the fact that flight planning, flow 
restrictions and ATC interventions have already eliminated the overwhelming majority of conflicts, the 
very object of observation. For these and other reasons, the use of artificial datasets for the training 
of machine learning systems 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 generating traffic data with fast-
time simulators. Admittedly, these methods have their specific risks as the data so generated differ 
ŦǊƻƳ ΨǊŜŀƭΩ ƻōǎŜǊǾŀǘƛƻƴǎ ƛƴ ŀ ǎȅǎǘŜƳŀǘƛŎ ƻǊ ǎǘƻŎƘŀǎǘƛŎ ǿŀȅΣ ǿƘƛŎƘ Ƴŀȅ ƭŜŀŘ ǘƻ ŀ ōƛŀǎ ƻǊ ƭƻǿŜǊ ǎǘŀǘƛǎǘƛŎŀƭ 
ǇƻǿŜǊ ŘǳŜ ǘƻ ΨƴƻƛǎȅΩ ŘŀǘŀΦ Approaches regarding how to augment the dataset for the 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 Section 2.4.2.2.) 

 

(b) Common European Mobility Data Space 

It is also worth flagging in this context the joint initiative of DG MOVE and DG CNECT, regarding the 
Common European Mobility Data Space. This initiative 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 άfacilitate access, pooling and sharing of transport and mobility data, building on existing and 
future initiativesέ [12]. The first Call was launched on 17 November 2021, and it foresees to fund 
preparatory action for the common European mobility data space (through a Coordinated and Support 
Action (CSA)). The CSA should also identify current mobility data sharing initiatives, gaps, overlaps and 
potential common building blocks. The common building blocks and governance framework should be 
identified, so that the mobility data can be accessed and shared in a secure and controlled way, as 
outlined in sectoral and horizontal data-related legislation. The Common European Mobility Data 
Space will also have an impact on air traffic mobility data management, and could open up new 
research, mobility and business possibilities. 

~*~ 

The above issues relating to data sharing and availability, apply in large part to the sharing of code, in 
terms of efficient use of researcher effort (not having to have multiple inventions of the same code to 
solve one problem), accessibility and availability. Again mindful of the need to avoid resource 
duplication (e.g. cf. GitHub15), vehicles such as the Engage repository may 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 appear. Here we mention the topics of collaboration identified in various TCs: 

¶ There is much interest to get involved in, and create, a SESAR cybersecurity community. This 
interest should be nurtured and used to maintain the good momentum for the cybersecurity 
community, as there is a risk of losing this momentum 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 programmes. 

¶ Performance assessment and metric development within 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 stakeholders in order to find 
common approaches and show the benefits of new methods and approaches. A dedicated 
community spanning ER and IR research would be particularly appropriate in this context, thus 
building links between the SESAR Performance Framework development and Exploratory 
Research. (See also Section 3.3.4.) 

¶ Climate change issues are somewhat less represented in the SESAR programme when 
compared to wider European research. Climate change research topics and measurements 
rely not only on CO2, but also non-CO2 impacts. Further, it is important to understand how to 
assess climate change impact (e.g. aggregation of impacts at the regional level), and how to 
then incentivise inclusion of such measurement and assessment in operations (e.g. through 
climate impact regulations). This could also form the basis of a dedicated community for 
collaboration across disciplines. (See also Section 2.4.2.3.) 

 

3.3.4 Extending the SESAR KPI state of the art (e.g. on fairness and equity) 

A core horizontal task across the ER and IR programmes is the continued development of appropriate 
KPIs. Flagged in the previous section was the possibility of establishing a dedicated and integrated 
community to this effect. The specific domains of trajectory prediction (efficiency) and environmental 
(climate) impacts were cited. 

There is a growing need to extend such considerations to the multimodal context, with on-going work 
in ER4 addressing such issues, and reporting on the (H2020) CAMERA CSA16 also making extensive and 
useful recommendations in this domain (through its Mobility Report 4). 

Whilst there is a widespread consensus that the air transport industry must be integrated and 
sustainable from both an economic and environmental point of view, relatively littl e attention is 
devoted to equity or fairness. These concepts are difficult to define (i.e. the same definition for all 
stakeholders, and across solutions) but are very important for acceptance of new solutions. There are 
as many notions of fairness and equity as there are problems. Moreover, often the terms ΨfairnessΩ and 

 

 

16 https://h2020camera.eu/the-project/ 
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ΨequityΩ are used interchangeably. The first step would be to define the difference between the two. 
The first-come first-served (FCFS) flow management strategy is historically considered fair in 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 fairness comes at a cost. This can be seen on at least two levels. At a 
more operational level, it is not difficult to show examples in which a ΨfairΩ solution for airspace users 
(for example for the allocation of slots) can be more expensive for the system (the network) than an 
ΨǳƴŦŀƛǊΩ ƻƴŜΣ ƛΦŜΦΣ ƭŜǎǎ ŜŎƻƴƻƳƛŎŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ƭŜŀŘƛƴƎ ǘƻ ǿƻǊǎŜ YtLǎΦ 

At a more macro-economic level, not all actors in the air transport system enjoy the same protections 
in cases of adversity: airlines fail, ANSPs and airports do not. Understanding 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 considered, such as egalitarian social welfare (expressed as the 
ƳƛƴƛƳǳƳ ǳǘƛƭƛǘȅ ƻŦ ŀƴȅ ŀƎŜƴǘύΣ ǇǊƻǇƻǊǘƛƻƴŀƭ ŦŀƛǊƴŜǎǎ όŀƴ ŀƭƭƻŎŀǘƛƻƴ ŦƻǊ ǿƘƛŎƘ ǘƘŜ ǎǳƳ ƻŦ ŜŀŎƘ ŀƎŜƴǘΩǎ 
difference in utility is positive does not exist), or envy-freeness (where no agent prefers another 
ŀƎŜƴǘΩǎ ƻǳǘŎƻƳŜύΦ 

As discussed in 2.5.2.6, fairness could constitute a potential indicator in the future U-space 
performance framework and research could explore the need for ΨŦairnessΩ services in U-space, e.g. 
fairness monitoring, or the need to incorporate fairness considerations in some U-space services, e.g. 
fairness in authorisation/strategic de-confliction, fairness in demand and capacity balancing. 

3.3.5 Distributed and remote simulations 

A variety of simulators exist in air traffic management research, ranging from low-fidelity environments 
for early concept development to large-scale, high-fidelity control-room simulators. The choice of the 
ΨǊƛƎƘǘΩ ǎƛƳǳƭŀǘƻǊ ƛǎ ŀ ǘǊŀŘŜ-off between experimental control and realism, as well as the maturity of the 
concept and system under development.  

Technological advances, as well the Covid-19 pandemic, have made distributed simulations possible 
and desirable. Large-scale, high-fidelity control-room simulators will continue to be required; yet, costs 
savings as well as the possibility to attract a larger number of participants, make distributed 
simulations particularly suitable for small-scale and low-fidelity simulators.  

{ƛƳǳƭŀǘƻǊ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ Ƙŀǎ ōŜŜƴ ǎǘǳŘƛŜŘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŦŜǿ ȅŜŀǊǎΣ ŜΦƎΦ ƛƴ 9¦wh/!9Ωǎ ²ƻǊƪƛƴƎ DǊƻǳǇ 
84, with a view to connecting different simulators, typically of higher realism. Yet, further 
ΨǾƛǊǘǳŀƭƛsŀǘƛƻƴΩ ǎŜŜƳs possible and desirable. For example EUROCONTROL has recently added 
functionality to its ESCAPE simulator that allows pseudo-pilots to control simulated aircraft from any 
location (including home), rather than from the control room in Brétigny. 

Going even further, remote simulations may be imagined based on simulation suites, which 
participants can install on their computer, or access via the internet. This might allow the boosting of 
participant numbers by being location and time-zone independent, and allowing for a more flexible 
and iterative design process, especially in design evaluation in the lower maturity phases. Admittedly, 
some downsides must be considered, for example reduced experimental control. 
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4 Building further in SESAR 3: conclusions 

 

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

As flagged earlier, on approval by the SJU, the two Engage ΨlegacyΩ deliverables: 

¶ D3.9: The Engage wiki ς an update on the KTN's knowledge hub functionality, research maps 
and repository); 

¶ D3.10: Research and innovation insights; 

will be e-mailed directly 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 SESAR e-news. 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. 
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4.1 Research directions 

 

Figure 4-1. Research pillars, threads and enablers 

Figure 4-1 shows the three research pillars introduced in Section 1. Their corresponding results were 
presented in Section 2.3, Section 2.4 and Section 2.5. Each pillar may be conceived of as comprising 
ǾŀǊƛƻǳǎ ΨǘƘǊŜŀŘǎΩΣ ƛΦŜΦ ǘƘŜir key component research ideas. These threads are summarised in the tables 
below (which simplify those in sections 2.3.3, 2.4.3 and 2.5.3). 

The pillars are shown in 2D, although they conceptually lie along three non-orthogonal axes. There are 
many relationships between the threads that may be explored further, using a mixture of qualitative 
(expert-led) and quantitative (data-driven) approaches. 

An initial qualitative analysis is likely to bring new insights and synergies. (It is remarkable how many 
of the threads in the gap analysis and thematic challenge pillars, for example, are related to even just 
the first two threads of the horizon flagships, viz. quantum computing and strong AI). It is expected, 
and suggested, that other interdisciplinary insights and technical advances be brought into this 
landscape, both to help navigate and shape it, and to provide the tools for its development through 
new R&I. 

Table 4-1. Research threads for the gap analysis pillar & relationships with SRIA flagships 

Thread 
SRIA 

flagship(s) 
Summary 
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Connected and automated ATM: The SRIA has not allocated safety as an area of 
specific work per se, but rather as a horizontal performance criterion forcing 
safety evaluations to be undertaken in each area. However, the foreseen 
contributions of the nine flagship activities to the safety dimension seem to be 
ǉǳƛǘŜ ƳƻŘŜǎǘΣ ŦǊƻƳ άƳŀƛƴǘŀƛƴƛƴƎέ ǘƻ άƳŀƛƴǘŀƛƴŜŘ ƛŦ ƴƻǘ ƛƳǇǊƻǾŜŘέΣ ŦŀƭƭƛƴƎ rather 
short, it seems, of earlier ACARE/SES objectives of a ten-fold safety improvement. 
This flagship (connected and automated ATM) aims at higher levels of automation 
and specific tools for safety improvement in higher levels of automation. It would 
be of value to stress even more the need for a well-designed and executed safety 
assessment, as that is usually the stepping stone for faster development and 
deployment, especially for safety-critical innovations. Approaches to safety 
assessment developed since SESAR 1 could add value here. 
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