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Abstract

This document constitutes the Technical Specifications for the SESAR 2020 Exploratory Research (ER)
Call H20265ESAR0192 (ER4). It contains the comprehensive descriptions of all 31 Topics to be
awarded under the Call. It specifies the challenges ofeatdry ATM research, the designated scope

of research activities addressing this call and the expected impact of these activities.
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1 Introduction

1.1 Purpose of the Document

This document constitutes the Technical Specificationshe SESAR 2020 Exploratory Rese#Ech)
CallH2020SESAR0192 (ERA4)It includes the description of all topic planned to &&ardedunder
this call andcomplements the information that can beuod in theSingle Programming Document
20192021 [1].

1.2 Research Background

The research topics proposed in SESAR 2020 Exploratory Research are steered by the rniéieds iden
in the Aviation Strategy for Eurod@], the European ATM Master PI§B], Flighpath 2050- Europe's
Vision for Aviatiod] andthe ACARB Sitrategic Research and Innovation Agenda ($51A)his fourth

call of Exploratory Reaech is drivenadditionally bythe results from current and previous SESAR
research relevant H2020 projectsand other research activities-urther, the SESAR Scientific
Committee was consulteduring preparatiorio provide an opinion othe relevance othetopicsthat

were developed for this call

1.3 Exploratory Researchn the Framework of theSESAR2020 Programme

1.3.1 SESAR Programme Objectives and Scope

The SESAR programme aims to ensure the modernisation of the European air traffic management
system bycoordinating and concentrating all relevant research and development efforts in the
European Union.

The SJU is responsible for the execution of the European ATM Master Plan and in particular for carrying
out the following tasks:

9 Organising and coordinatirthe activities of the development phase of the SESAR project in
accordance with the European ATM Master Plan, by combining and managing under a single
structure public and private sector funding;

9 ensuring the necessary funding for the activities of thevelepment phase of the SESAR
project in accordance with the European ATM Master Plan;

9 ensuring the involvement of civil and military stakeholders of the air traffic management
sector in Europe and in particular; air navigation service providers, airspace professional
staff associations, airports, the manufacturing industry and relevant scientific institutions and
members of the scientific community;

i organising relevant research and development to be carried out under its authority;

1 ensuring the supetision of activities related to the development of common products
identified in the European ATM Master Plan, either through grantSESAR JUembers or
other appropriate mechanisms following proposals to achieve specific programme objectives
(in accorénce with Regulation 1271/2013).
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1.3.2 The SESAR innovation pipeline

The second SESAR R&I programme (SESAR 2020 Progimstmetured in three main R Bphases

that aim to deliver a pipeline of innovation, which matures operational and technology solutions
through the European Operational Concept Validation MethodologQ C&M), a welkkstablished
control and monitoring process linked to the technologgdiness level (TRL).
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This pipeline stds with the EU Aviation Strategy and the SES objectives which feed into the European
ATM Master Plan, the main planning tool defining the ATM modernisation ambition, roadmap and
priorities. This document is maintained and updated on a regular basis witk stakeholder
consultation and also includes the results of SESAR research activities. Exploratory Research (ER)
addresses both transversal topics for future ATM evolution and applicatiemted research.
According to the four Key Features defined ia Master PlarfVersion 2015)it is then expanded with
contributions from the SESAR JU Members that undertake Industrial Research and Validation (IR). As
per the European ATM Master Plan, this will ultimately deliver results in the form of SESAR Solutions
that will contribute to firmly establishing the performance benefits in preparation for deployment. The
SESAR JU then further exploits the benefits of the partnership in demonstrating on a large scale the
concepts and technologies in representative envinemts (VLD for Very Lar@eale Demonstration
activities). In some cases, for instance where an iterative development model is appropriate or where
technology is mature in sectors other than ATM, fliatk integration from Applicatio®riented
Research t®emonstration activities is also possible.

Not all research can be progressed at the same pace, nor is it beginning from the same level of
understanding or will it deliver to the same expectation. Consequently, the key features, above,
remain a persisteintarget, aligned with Single European Sky (SES) while the actual research is matured
over time and in accordance with research and industry Jpeattice.
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1.3.3 Research Maturityand Technology Readiness Levels (TiRithe SESAR 2020
Programme

Technologyreadiness levels (TRLs) as established by the H2020 awdegsed for the maturity
assessment approach for SESAR projgtisthree R& IphasésT { 9{ ! wQa Ayy20l GA2Y
different levels of Maturity.A definition of TRLs addressed by these thpbases is provided in
Appendix A

Exploratory Research (ERJESAR Exploratory Research drives the development and evaluation of
innovative or unconventional ideaconcepts, methods and technologies; that can define and deliver
the performance required for the next generation of European ATM system. It is the initial part of
SESAR 2020 Research and Innovation and covers two types of activities: Fundamentét Scienti
wSaSINDOK 6da! ¢a 9EOSttSyld {OASYHABSYy(iBRINBEOKHNDKE g
type of activiy covers research starting pfERL 1 aiming at least at TRL 1 at the end ophiase the

second type of actiwtaddresses research starj at TRL 1 aiming at least at TRL 2 at the end of the
phaseln both cases, projects are strongly encouraged to move to higher TRL levels than the indicated
target levels. In particular, the Applicati@driented Research helps to mature new concepts faVlAT
beyond those identified in the ATM Master Plan as well as helps mature emerging technologies and
methods to the level of maturity required to feed the applied research conducted in the Industrial
Research and Validation phase of SESAR.

In order to facitate the transfer of the research results Bxploratory Research projectgither into

further ExploratoryResearch projects or into futurlndustrialResearch projects, as well as to comply

GAGK GKS 1 2NRAT 2y HnunQa 2[6ISESABRAIGrafoyyReSearthypigjec® LISY | C
must ensure their results are made available to the European piabiie extentpossible.

Proposals marking any deliverablas confidential must provide a reasoned justification for the need
of identification of such information as confidential in light of Article 26 of the M{BA demonstrate
that a meaningful set of deliverables and results will be publicly availableniplimce with the
obligations of Articles 27 and 29 of the GA, respectively, on protection and dissemination of results.

Industrial Research & Validation (IRThe second phase includes Applied Research]rdiestrial
Development and Validation. Asawfol 0 KA & LIKIF &S A& NBFSNNBR (2 a Wi
as it is delivered through the Partnership. These activities start at TRL 2 and result into TRL 6. Industrial
Research and Validation is out of scope of this call.

Very Large Scale Demomations (VLD):Very Large Scale Demonstrations fill the gap between
development and deployment phases and demonstrate key SESAR concepts and technologies to raise
awareness regarding SESAR activities related to ATM performance issues and their reslltasas w
assessing fubcale deployment readinesEhese activities address TRL 7 and are out of scope of this
call.

1.3.4 PreviousCalls within theSESAR 20Z®ogramme

The tree phaseof Research& Developmentactivities (ER, IR and ViiD)he SESAR 2020 pragime
were addressed by several calisthe past either to the Members or through Opens calls, as shown
in Figure2.

As documentedn the publishedSingle Programming Document 262021 for SESAR 207Q], the
first cdl for Exploratory Research (ER1) #émelfirst call for projects under the Industrial Research and
Validation (IR) and Very Large Scale Demonstration (VLD) phases of SE8&RZ820chedat the
end of 2015(WAVE 1)In 2016, the second Exploratory Raseh call (ER2) focusing &PASvas
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launched.The third Exploratory Researchhase ER3) and the first open Viihase YLD1) were
launchedtogetherin the same callalsoin 2016. In 2017, a Gdencing VLzall and a Wpace VLD
call were launchedThe second call for project8YVAVE 2under the Industrial Research and Validation
(IR) and Very Large Scale Demonstration (VLD) phases was laaadkiezD19.
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Figure2: Call activities of the SESAR 2020 programme over2be52022 period [1]

1.4 Work Breakdown Structure oftis Call

This calls thefourth call for Exploratory Research within the SESAR 2020 programme (E&¥islis
of two Work Areas (WAJivided into sub Work AredSWA)with a clear scope of activitiesrattured
at the level of TopicdVork Area 1 addressesATM Excellent Science & Outreéshartingat pre TRL
1. It consists of Bub Work Areasand overal 11 Topics Work Area 2 addresseXATM Application
Oriented Researéh | O Ustargnk &@tTRS HThis Work Areeonsists o7 Sib Work Areasndoverall
20 TopicsThe Work Breakdown Structuretbis call is shown irFigure3.
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2 Work Area 1:ATM Excellent Science Qutreach
(Sarting at preTRL1)

ATM Excellent Science & Outreach aims at bridging ATM research with the wider research community
and will provide the science necessary to support ATM change. The work will be performed not only
within an existing ATM community but also through outreachatated research activities in other
sectors and industries with the objective to look for potential applications into ATM.

The research performed under ATM Excellent Science & Outreach is typically cdirieosity and

explores new and innovative resefrareas for ATM. This type of scientific research not only brings

new knowledge, but also encourages young scientists to develop innovative ideas, concepts and
theories for the future ATM evolution. This will bring mutual benefits to SESAR researdfeactivi

G2 GKS 1 2NAT 2y Hnuwn GNIYEALRNI /2YYAaarzyQa 62N
research area is to investigate through research and innovation actions which new technologies,
methodologies, concepts, or validation methods developeddnATM sector could be introduced in

the context of ATM and in particular serve the identified SESAR business needs and Flightpath 2050
vision, or identify new ATM business opportunities.

This Work Area covers 6 Sub Work Areas (SWA 1.1 to SWA 1.6:xé8lMnt Science and Outreach
scope in this call includes research activities across the areas described in the following sections.

2.1 Sub Work Area 1.1: Automatio& Autonomy

Automation could provide the key to significant performance improvements acresy mspects of
ATM. On the other hand, human cognitive abilities, especially in seafittyal situations, can have
positive benefits and provide strong arguments against full autonomy in certain situations. The
challenge is therefore to propose solutiomgth automation levels or autonomy that have the
capability to provide substantial and verifiable performance benefits whilst fully addressing safety
concerns.

Therefore, research activities under this theme should also address the application of neacms
to allow automation to cope also with nemominal and unexpected situations and should explore new
concepts for supporting the human operator under all conditions.

Under thissub work areathere is substantial scope for learning from aircrafitomation, other
industries and research sectors.

2.1.1 SESAMER401-2019:Digitalisation andAutomation Principles for ATM

Specific challenge:

Increasing the Automation in ATM is considered as a key to significantly improve ATM performance.
However, ATM is eontinuous 247 set of services where the complexity of the ATM system, its fallback
modes and necessary recovery steps has proved to be a major challenge for the introduction of further
automation, and this has consequently slowed down the advancemerdutdmation in ATM,
especially in the most congested areas of Europe. The latest progress in the domain of Atrtificial
intelligence and in particular Machine Learning may open new possibilities for further automation in
ATM in highdensity operations and soenew applications have already been developed in SESAR
(e.g.[7])- The application of Machine Learning for Automation in ATM also comes with neenges|
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including sound assurance arguments that need to be solved to avoid a negative impact. In particular
safety, business continuity and cyber security issues need to be proposed at an early stage of
development of the automation concept.

One challeng of increasing automation is related to transparency of the automated system. Any
automated assistance system needs to be able to provide the human operator with all information
necessary to enable an understanding of the reasons for its behaviour athelfmions. Otherwise the
system may not be accepted or trusted by the operator, thus negating the theoretical benefits of the
automation.

Another challenge is the Generalization of results from Machine Learning methods. Differences
between the data usedof training and the data feed to a trained algorithm can lead to unexpected
results, including that not all situations can be anticipated during the training. Additionally, due to this
behaviour, the system might not be able to adapt to changes of behawioother actors that could

not be anticipated during the training of the system. In order to certify systems based on Machine
Learning, methods are needed to demonstrate that in delegating the control to these system sufficient
assurance can be providehat it does not raise safety risks beyond what can be mitigated by other
measures. Moreover, concerns have been raised that this behaviour may add uncertainty or
unexpected behaviour to the ATM system

Scope:

Proposals should select a specific ATM operational environment, present a vision of a higher level of
automation in this operational environment (which may include the delegation of control to the
automation) and address one or more of the specific chgksabove thathinder the application of
machine learning methods for the further automation of ATM (e.g. Transparency, Generalization).
Proposalsshould aim at providing a better understanding of this challenge(s) and investigate
innovative methods to adress the(se)challenge(s) in ATM. Proposals may make assumptions about
the availability of technology and/or operations enablers (e.g. data link), but need to state them
clearly. This topic covers ground and airborne automation that impacts ATM.

Projectsaddressing the Transparency of automated systems incorporating machine learning methods
required for cooperative human machine systems should identify which information needs to be
provided to enable the human operator to cooperatively work together with automation. Based

on the identified information requirements, the project should select or develop and assess suitable
machine learning methods for ATM automation that are able to provide these kind of information and
assurances. The project may invgsate the applicability of methods from the domain of Explainable
Artificial Intelligence (XAl).

Projects addressing the Generalisation and the adaptation of the algorithms to changes in the
operational environment, should investigate methods to estimatel amcrease the ability of an
automated systems to handle a situations that were not foreseen during the development and
training. These methods should enable automation to adapt to changes of the environment, like the
change of behaviour of some actorsgiemodification of operational procedures), the entrance of new
actors or unforeseen traffic or weather situations. Projects may explore the possibility to apply
algorithms able to learn during operation in order to adapt to optimise operations basedamyeh

in the environment. Projects may also investigate the effects of uncertainty added to operations by
these new methods.
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Research activities may take aspects related to certification into aca@sinéquired However this
shall not be the primary focus ofsearch inle proposal a thiswill be addressed in topic SESER4
09-2019

Proposals can also suggest to address other challenges of applying Al machine learning for ATM
Automation other than these mentioned aboifgustification is provided.

Expected Impact:

Projects are expected to provide principles that could enable higher levels of automation that are
predicted to lead to an improvement of ATM performance, in particular cost efficiency, capacity and
safety.

Type of Action:
Research and Innovation Action (RIA).

2.1.2 SESAMER402-2019:Cognitive Support

Specific challenge:

According to the SESAR vision outlined irBhepeamMTM Maser Plaf8], advancing the automation

in ATM is the key to significant performance improvements across many aspects of ATM and
development and implementation of higher levels of automation will enable handling the predicted
increase in air traffidemand and contribute significantly to achieving the SES-tigkl Goals.

The ATM system is currently designed to rely upon relatively high levels of human intervention to
manage the air traffic safely and efficiently. This role of the human is beinterpad and it is
expected to change towards more of a supervisory role yet also maintaining the human as a critical
and an integral element of the ATM system. Experience from ATM and other domains shows that
increased dependence on automation makes it amignt to consider automation failure scenarios,
system resilience and the challenge of maintaining a skilled and competent workforce. There will be a
need to assess the human performance issues for ATC in a similar way to those that are known to
affect fight-crew performance in the glass cockpit. These include the need to prevent the risks
associated to moving the human operator into a monitoring role: stress, lack of attention, loss of
situational awareness and eikilling.

A promising approach to prevéng these issues is to progressively evolve the ATM system into a Joint
Human Machine Cognitive System following an integrated design that optimises the collaboration of
actors in view of optimising system performance. Development and implementatioryloéhievels

of automation will require careful consideration of the strength of human and automation systems as
well as the identification of new human roles in parallel with the development of ATM concepts and
use of technology.

Scope:

Proposals for reswch in this area should target an ATM system with a medium to high level of
automation in which the human operator is working cooperatively with advanced automation as a
digital assistant. Both, ATk&lated airborne and ground systems are in scope.

Reseach may address human performance aspects related to higher levels of automation (i.e. stress,
lack of attention, de&da { Af t Ay3d> O2YLX I OSyOeXuv |yR NBaAfASyOS:
defining suitable task allocation strategies enabling a coafen of ATCOand/or other ATM actors
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and automation. This may include the use of adaptable or adaptive automation concepts. Projects may
in particular focus on potentially required haioders between automated systems and human
operators as well as haogiers between humaimuman and machinenachinein normal and degraded
modes of operationThese new approaches may build upon the existing legacy and SESAR solutions in
the pipeline, or they could take a cleaheet approach to automation. These proposailsidd validate

the proposed design of ATM systeustomation,focusing of expected future roles and procedures.
They may consider approaches focusing on the fent of automation and using a human to operate

the automation in the background (e.g. WizadsfiOz approach) or even use a predefined reaction of

the automation.

Proposals may also address the implications of the expected future role of the human and the foreseen
introduction of new support tools on training requirements and develop appropriaieing concepts.
Projects are encouraged to take into consideration the opportunities enabled by the current
advancement of technology for the design and delivery of training.

Proposals may also focus on specific aspects of these new systems. For exaopmsalsmay
investigate the application of psychophysiological measurements like neurometrics or the detection
of facial expressions for applications like stress management systems, fatigue declaration, new training
techniques or adaj¥e automation.Proposalsmay also consider to investigate potential application

of activity trackers available on the consumer markRebposalplanning to investigate the application

of psychophysiological measurements need to propose a specific application withiff Khaystem.

Proposals addressing this topic should not only considanatoperatingsituations but also take into
account system failures and degraded modes of operation. This requires identification of system
failure states and definition of appropriagocedures.

Proposal addressing this toptiouldtake into consideration the results SESARVP-E projects, in
particular HALA[8], and ER1 projects (AUTOPAQIEMINIMA[10], STRES$1]). Under this topic,

there is also substantial scope for learning from other transportatimues and other industries and

it is expected that proposals will build upon an established body of knowledge and apply this into the
challenges of ATM.

Expected impact:

The concepts for Joint Cognitive Human Machine systems and/or innovative Trainiogptson
developed in these research are expected to enlarge the body of knowledge that is needed to make it
possible to safely introduce higher levels of automation in ATM, which should provide substantial
benefits for capacity and cosfffectiveness, safetgnd security of ATM operations.

Type of action:
Research and Innovation Action (RIA).

2.2 Sub Work Area 1.2: Complexity, Data Scie&cmformation Management

The research activities under this theme will address complexity science, data sciemcandtion
management and their potential for applications in ATM. Complexity science will deal with the
application of complexity theory in the ATM domain and will therefore contribute to a better
understanding of how the ATM system works, in particula interaction of its subsystems,
capabilities and components.
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Data science is an emerging field of research in ATM concerned with managing and exploiting large
data sets through mining, bidata techniques, novel algorithms or artificial intelligence anelir
application to air traffic management. This will enable further exploitation of information
management, knowledge creation and improved insight into optimizing planning and execution of
ATM.

Effective application of information management into ATMstalso address the need for Safety and
Security, in particular cybesecurity. Research activities in this theme are expected to address this
need in some way but proposals can also be made on the application of state of the art trust
frameworks into ATMsuch as blockchain.

2.2.1 SESAER403-2019: Complexity and Dat&cience for ATM Performance

Specific challenge:

Dueto the rapidlydevelopirg techniquesof datasciencat is possibleto analysdargedatasetsandto
detect new correlationsand relationships In fact, data sciencetechniquesare alreadyhavinga huge
impactin manyapplicationareas Theapplicationof innovativemethodsof data sciencein the ATM
domaincouldprovide newinsightsto measureandimprovethe performanceof the ATMsystem.

Scope

Proposals should select dativen methods that allow to identify so far unknown pattern
correlations or even causeffect relationships in ATM data or allofer improved predictions on
different levels (e.g. trajectories, sectors, and network). Propasaly suggest to use modbhsed
approaches as a complement to datdven methodE A y Of dzRiAgyAZy O NBRINSIE Sy G A y 3

Research activities should consider pdtah sources of uncertainty (e.g. partial observations,
inaccurate information, incomplete knowledge inherent random nature, etc.) and their impact on the
potential conclusions. Research activities may aim to provide improvements to the whole data
workflow including data acquisition, cleaning, processing, and analysis.

Research activities addressing this topic should aim at providing new insights into the performance of
the ATM system and investigate how the findings can be used to support strategic-timeadkecision
making in order to improve ATM performance. They should develop specific case studies and aim to
identify actionable indicators or develop innovative visualisation techniques for complex data to
support decision making.

As a part of their etivity, projects may also define and make available standardiseds#dsafor
training statistical models and a 'gold standard' (e.g. best theoretical classification of input data).

For example, proposatouldoffer to study how data science can be ugedgrovide new insights into
optimising airspace management (e.g. sector design and configuration, demand and capacity
balancing, separation management), for example by studying delay sinks and amplifiers.

In case research activities investigate safetiyoal applications, potential safety issues (determinism,
certifiability, etc.) raised by the selected method must be addressed.
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Expected impact:

Successful research in this topic should provide new insights into ATM mearioe and identify
specificusecases to show how these insights can be used to support strategic ottiraal decision
making in ATM.

Type of action:
Research and Innovation Action (RIA).

2.2.2 SESAMRA404-2019:Digital Information Management

Specific challenge

Due to the increasinDigitalisation of ATM, more and more data is being recorded and even more data
will be recorded in the future. This data could be used to improve operations e.g. by creating a common
situation awareness among stakeholders and support their collaboratizésida making towards
measuring and communicating about ATM performance attributes, safety, seetaignd contribute

more efficient organisation of the entire mobility systdii?]. Additionally data can be used for
research and development purposes, like comparing new concepts with current operations. However,
there is historically some technical barriers and reluctaitcemake data available to other
stakeholders for various reasons, e.g. concerns regarding the costs of making data available, insights
into business decisions that may be revealed or lack of knowledge how data can be shared while
protecting privacy.

The thallenge is to overcome the barriers for the benefit of stakeholders and the ATM system as a
whole.

Scope

Proposals should develop innovative concepts supporting and simpligyamnog, cataloguing and
sharing of data between stakeholders and addrdsis from different perspectives: operational,
technological, economical and legal. Different types of data could be considered, e.g. operational data,
performance data or safety data.

Research activities should identify the benefits that could be achidyedharing data between
stakeholders. They should investigate which technological solution should be used and which
architecture would be appropriate for a potential platform to allow for a esfficient and secure
provision of dataProposalshould expbre potential business models of making data available taking
into account the related costs of preparing and proving data and the ownership ofRfai@osalsnay

also investigate the need for regulations for generating, distributing and exploiting ATaVi(ida
enforcing more open data). Additionally, they may investigate concepts for allowing the use of private
data while respecting the confidentiality of the data sources, i.e. the usage of secure computation
methods and other cryptographic approachést allow data to be processed without disclosing the
information (e. g. zeroknowledge outsourced computation).

Research activities could also investigate how data could be made available for research and third
parties and would allow prototyping of inmative datadriven applications

Proposals should investigate one oweeal usecases. For examplproposalanay investigate sharing
of operational data like planned and historical runway configurations, LIDAR readings on final
approach, STARs in use,teeconfigurations, AMAN and DMAN planned time or radar dataposals
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may also investigate how performance relevant data could be shared across stakeholders and with the
general public to communicate and increase the awareness of ATM performance.

Proposd may also focus on accident and incident data, study the availability in different European
states and other counties and investigate how the availability of this data could be increased in order
to improve safety. This research may include sharingfetyaata through EASA and/or the NSAs, or
propose complementary channels.

Expected impact:

Depending on the selected use case, research activities could contribute to improving ATM
performance in different Key Performance Areas like safatgtefficiency, capacity or others. The
specific benefits expected by selected use cases should be identified in the proposal and further
investigated in the project.

Type of action:
Research and Innovation Action (RIA).

2.3 Sub Work Area 1.3: Environmenhd Meteorologyfor ATM

The research activities will aim at better understanding the impact of aviation on the environment and
the ways in which ATM can reduce these effects. Research activities should take into account CO2 but
also other aspects like for example NOx, contrailsquality (NOx, particle matter) and noise. Research
activities may address research aimed at developing 4D trajectories that are optimised to take account
of environmental considerations.

Further, research activates will study the vulnerability of &M system to local and global weather
phenomena and how enhanced meteorological capabilities and their integration into ATM planning
processes can be utilised for improving ATM efficiency and safety. This requires understanding of the
potential of different types of weathetrelated information that could be used in ATM operations
taking into account the inherent uncertainty of meteorological information.

Research activities will also investigate the impact of global and/or-tlemg phenomena such as
changes in the frequency and severity of extreme weather resulting from climate change,-oloagh
formation on ATM operations and ways to increase ATM robustness.

2.3.1 SESAMRA405-2019: Environment and Meteorology fokTM

Specific challenge

Air traffic managerant has an important role to play in reducing the environmental impact of aviation,

in addition to the improvements to be derived from new aircraft and engine technologies. Research is
needed to better understanthe ways in which ATM camelp reduce theimpact of aviation on the
environment considering not only fuel burn but other aspects such as CO and NOx and contrails.

Also, over the last few years important improvements in observational (e.g., satellites, LIDARSs) and
numerical weather prediction (NWRj)odels in the atmospheric sciences have taken place leading to
improved meteorological products, howevikiey arenot in systematic usby ATM actors

Increasingly weather is becoming a significant causal factor for delay, in the Network Operations
Reportfor 2017 (issued by the Network Manager) it is staflet IANB I (i yale¥ wedthgr 2 T Sy
events combined with capacity and staffing issues in some ACCs accounted for much of the delay in
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2017. Erroute weather delay increased by 30% compared to 2016wascthe double of 2015
weather delay  Airport ATFM delay decreased by 3.6% in 2017. Airport capacity and weather
contributed t083.9% of the total airport delagsGobal and/or longterm phenomena such as
climate change, the frequency and severity of extreme weathay even further increase this effect
in the future.

Scope

Proposad may investigate innovative operational changes to ATM aiming at reducing the
environmental impact from aviation. These activates should considered different aspects of
environmental impact, e.g. climate impact through CO2 and other emisgiocal air quality and noise
and the effect this will have in the context of global and/or ldegn phenomena such as climate
change, global warming, and changes in the frequency and severity of extreme weatherotouakh
formation on ATM operations.

Also proposals mayesearch to secure the proper integration of existing and possible new
meteordogical products into ATM for example to reduce the vulnerability of the ATM system to local
weather phenomena and to improve the prediction of 4D Trajectaaies network forward planning

to enable a minimisation of consequential weathetated delays

Research activities may focus on the development of a concept for using verydsighition, very
short-range forecasts using numerical weather prediction models and observational data assimilation,
and assess the need of new MET data/products. The incatipo of ensemble weather information

into decisionrsupport tools, adapted for different ATM stakeholders may also to be investigated.

With respect to the local (airport) operations, the accurate prediction of weather conditions (e.qg.
visibility, glidepath wind) influencing airport arrival and departure operations along with a
consolidated climate risk assessment methodology trajnvestigated.

This topic is linked to ACARRallenge3 [4].

Expected impact:

The environmental research should enhance the understanding of how the environmental impacts of
ATM operations can be reduced during different phases of flight.

The Meteorological researctshould contribute to enhance ATM efficiency by integrating
meteorological information and by leading to a better understanding of the resilience of the ATM
system to local weather and global and/or letegm phenomenato better manage consequential
delaysin the Network

Type of action:
Research and Innovation Action (RIA).

2.4 Sub Work Area 1.4: Performance, Economics, LagdlRegulation

In recent years, the importance of understanding the evolution of the ATM service market structure,
the need to minimizairborne costs, use of cosffective new business and pricing models has become
evident. The research performed under this area will contribute to the wider innovation and
competitiveness of the European ATM industry, therefore contributing to Chall2rgieFlightpath
2050.
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The links between economics, the legal and the regulatory frameworks and the research performed in
each subject are close; this means that the implications of change in one area have to be integrated
across the whole, otherwise changieATM can be unnecessarily blocked.

2.4.1 SESAMR406-2019 Safety andResilience

Specific challenge:

Safety is inherent to ATMso safety of operations has always been the highest prioghd
consequenthyATM has reached a very high level of safety. However, research is necessaigtain
or increase this level in the future while capacity and adfitiency are also being increased.
Additionally, upcoming challenges like increased digitalisation amel foreseen increase of
automation can change the way organizations deliver services anctuldimpact upon safety and
resilience. A better understanding of this influence/impact is necessary to sugemlesiqy ofa safe
and resilient future ATM syam.

Scope:

As safety is the result of the complex interaction between processes, technology and people working
together, the introduction of automation can have more implications on safety than just technical
reliability. Proposals camesearchhow increasing the level of automation in ATM could affect the
delivered safety levels and develop guidelines for organizations and their respective interactions as
well as research and development activities on future automation. Thesearch activitieshould

take into account the state of art on the research on HRgrformance and HigliReliability
Organisations and related disciplines.

Proposalsnay also aim atentifyingfuture research needselatedto safety by analysing performance

or safety recordingsin which case posals must demonstrate that they have access todhis.In
particular,research activitiegnay aim to identify safety challenges through a large scale analysis of
accident and incident data. Theaetivitiesshould evaluate how well igeified safety challenges are
expected to be addressdy existingSESABbIutions[13] or candidate solution$l4] and, if necessary,
mayproposeat the end of the projechew potentialSESABolutions to address the identified and not
yet covered safety challenges.

Proposalsnay also address the increasing need to consider resilience during system design and take

into account the three complementary resilience capacities: absorptive capacity, restorative capacity

and adaptive capacitjl5]. Projects working inthisareéa K2 dzf R | yI ft @84S G(GKS NBaAf A
system and assess howenvioO K Yy 3S& YA IKG AYLI Ol Ada NBaAftASyC
humans are a key elemeffr system resilience through teamork, coordination and learning. The

expected increase of automation is likely to impact the role that humans are able to play in supporting
resilience, thereby requiring an evolution. As there is a huge potential to feam other sectors (e.qg.

public safety, banking), projects are encouraged to investigate how resilience, in particular disruption
management, is addressed in these donsand to identify approaches and asses their potential for
transferring them to ATMto address current or future needs. Projects may consider multiple
possibilities and compare and benchmark them against each other and todays ATM systems and
procedures. Modelling and simulation might be used for assessing the resilience of selected
approaches.

Expected impact:

Projects are expected to contribute to increase the body of knowledge of Safety and Resilience of the
ATM system by identifying areas of improvement, providing design guidelines and identifying future
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research needs and in doing sapporting decision making regarding the research and the future
design of the ATM system.

Type of action:
Research and Innovation Action (RIA).

2.4.2 SESAEER407-2019:AcceleratingChange in ATM

Specific challenge:

Due to growing demand, new regulationsetemergence of new market entrants and innovation in
business models there is an increasing market pressure and a need for increasing operational resilience
and agility with continued pressure on Eurep&le cost efficiency for aviation and air traffic
manmagement. New technology advancements could provide the necessary improvements but the
process from innovation to deploymerin ATM is currently slow. Research is need to better
understand the economic barriers and to identify mechanisms (including, but not limited to,
regulations) to accelerate the Research and Innovation (R&I) lifecycle.

Scope:

The range of research that could be coverethis topic is broad and topics mentioned here are only
indicative. Research proposals may target and challenge existing SES economic, regulatory and legal
frameworks within the timeframes setut in the Flightpath 2050 vision document.

Research activitieshould study potential measures tgpeed upshorten the R&l lifecycle. This
includes changes driven by regulation or derived from natural or forced economic incemies.
introducing new ATM operational improvements often requires the deployment of armalliound

and airborne technology, the adoption of novel technologies in ATM is also determined by the pace of
ground system and avionic updates cydteparticular,proposalsmay investigate how to accelerate

the avionics update cycle. Research actigitshould study the state of the art practices in ground
system and avionics update cycle, explore potential benefits of moving to shorter cycles and identify
and evaluate mechanisms to spead the spread and adoption of novel technologies or accelerate
and lighten any certification and/or approval processesoposalanay, for example investigate the
feasibility and the potential impact of introducing best equipmedest performing; best served rules
through case studies and extract lessons learned.

Proposalsmay also explore ideas and measures to shorten the R&l lifecycle by focusing on the gap
between R&D and deployment. For example, projects may analyse case studies of previous successful
or unsuccessful deployment experiences in order to extracoles learned and develop innovative

ways for aligning technology investment and business needs that could help reducing the time
between these two phases. Projects may also analyse the challenges associated to the deployment of
a specific SESAR solution,iban already mature solution or one that is still in tesearchphase.

Proposalsmay investigate the feasibility of setting up a framework for assessing the impact that
regulations will have in practice (e.g. via pilot projects or regulation resttith a limited area).
Although models and simulations are available to assess the effect of policy decisions and regulations
in advance, the validity of these approaches remain limited and policy decision still have to be made
under high levels of unceiritaty regarding their effects. A regulatory testbed should allow to test policy
decisions while limiting their potential negative impact. Projects investigating this possibility may
analyse the stat®f-the-art and best practices in other domains and assheg applicability to the

ATM domain
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Expected impact:

Proposalsare expected to contribute to a better understanding of change and barriers of change in
ATM and to provide recommendations on how to facilitate change in ATM. This should contribute to
acelerating development and deployment of new technologies better fitting stakeholder needs and
consequently accelerating the achievement of the ATM Master Plan performance ambition enabled
by SESAR solutions.

Type of action:
Research and Innovation ActigRIA).

2.4.3 SESAER408-2019:Behavioural Eonomics in ATM

Specific challenge:

The application of economic models supports well targeted policy making. However, current economic
models applied in ATM are often normative, thus making a number of assumptiang agent
rationality that have been demonstrated not to work in practice in several cases. This is because real
decision are often not fully rational. An assessment of novel ATM concepts using behavioural
economics in ATM at an early design stage couligh he predict the actual behaviour of ATM
stakeholders and inform decisions about the specific design of the concepts and policy decision making
related to their introduction.

Scope:

Proposals and theiresearch activities may investigate the applicatadnbehavioural economics to
improve economic models in ATM by integrating an improved prediction of actual stakeholder
behaviour. These activities should provide insights into how to incentivise desirable behavioural
change and enable better decisions tlgh incentives, policies, etc. Proposals should suggest a specific
application and justify their selection by explaining the expected benefits of applying behavioural
economics for this application.

For exampleproposalsmay investigatesuggestedbusiness changes that are expected to bring
significant benefits to the ATM network and analyse how their introduction may impact the behaviour
of stakeholders. Theesearch activitieare expected to provide new insights on the expected benefits
and recanmendations for investigated business changes. In partigutgvosalanay, for example:

1 Investigate theintroduction of new types of legal contracts and changes to regulatieqsiired
by the concept of therajectory broker whichforeseesan evolution ofthe Network Manager
offering trajectory products to Airspace Users and ordering capacity from Air Navigation Service
Providerg[16]. These projects should cover thdatonship between Network Manager and Air
Navigation Service Providers and between Network Manager and Airspace Users

I Aim at improving demand forecast models at network or local level by predicting passenger
behaviour more accurately, for example by aisithg how the modal choice is impacted by airport
access time environmental considerations;

9 Study existing capacity provision strategies of ANSPs and their impact on airline route choices in
order to develop improved demand prediction models or capagtpvision strategies.
Furthermore, projects could aim at providing a better understanding of perceived fairness and
equity of potential upcoming regulations making it possible to plan holetter implement new

policies;
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1 Perform a comparative study of iskng controller rostering policies, including shift entry and exit
times and sector rostering during a particular shift of different ANSPs, analyse their correlation to
the capacity offered by the ANSP and provide recommendations for chaRgesarch divities
must consider human performance aspects of controller rostering, as well as the psychological,
cognitive, emotional, cultural and social aspects.

These examples are indicative and proposal may suggest to apply behavioural economics to other
decison processes if this can be duly justified.

Expected impact:

The research will make it possible to provide a better prediction of stakeholder behaviour and
contribute to inform policy making so that behaviour that improves the overall system performance
berealised

Type of action:
Research and Innovation Action (RIA).

2.4.4 SESARKR409-2019: Legal and Regulatory Challenges of Higher Levels of
Automation

Specific challenge:

The introduction of advanced automation in ATM is not only a technical challdedere this
technology can béeployed questions of responsibility and liability have to be answered. Additionally,
procedures and methods are required for the approval and/or certification of advanced automation.
Additional challenges are presented by madvanced automation that appliemvel methods like
machine learningo learn and adapt its behaviour (in real time) during operationtlas exact
behaviour of the automation cannot be predicted in advance.

Scope:

Proposals and their esearch activitiesmay address issues related to theneans of
approvalkertification of novel ATMelated airborne and ground systems that enable higher levels of
automation. Proposalamay in particular focus on systems based on machine learning techniques.
Proposalshouldfollow a holistic approach and consider legal and regulatory aspects including privacy
as well asthe technical aspects (architecture, system performance, reliability, etc.) of the
approvalkertification jointly to ensure that the different disciplinesaaligned. On the one hand, the
research activitiegould investigate and evaluate approaches that can potentially be applied for the
approval and/or certification of automation and that allow to demonstrate the safety of automation
during namal, impairedoperation and recovery phases of continuous and safe service providion

the other hand, theseesearch activitiegould aim at providing guidelines for developing advanced
automation in order to simplifapprovalcertification. Of particular interessito show how safety can

be ensured even if not all situations and variations of parameters can be anticipated during the design
phase.Research activitiesiay apply Uncertainty Quantification to address this isand alsocover

the specific challenges akrtification of automation that can adapt is behaviour to changes of the
environment over time.

Research activities shall take into account other initiatives developing safety of life systems that may
have different approaches to certification and rewiéheir applicability to ATM.
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Please note that EASA is developing an Atrtificial Intelligence (Al) Roathmapdto be releasedy
mid-2019(see[17]) which aims atdentifying the opportunities, challenges and impact of this emerging
technology and to propose a corresponding action pRioposals should plan effort to analyse how
their research is positioned with respect to the EASA roadmap.

Expected impact:

Theexpected outcome is twofold: Projects are expected to provide guidelines for the designing of
advanced automation in line with approval and/or certification requirements and to provide new
methods for the approval and/or certification of advanced automati@oth should contribute to
enabling high levels of automation in ATM while a keeping safety on a high level.

Type of action:
Research and Innovation Action (RIA).

2.5 Sub Work Area 1.5: ATM Role in Intermodal Transport

The research activities under thisetime will address the connection and dependence between
ATM/aviation and other transport modes, from the perspective of ATM. Consequently, it is envisaged
that complementary research will be performed linking to activities launched by the EC and potentially
other transport areas (i.e. rail, road, water) to ensure interoperability and delivery of complementary
services to realise crossodal performance as described by the EU transport policy documents.

2.5.1 SESAKR410-2019: ATMRole in Intermodal Transport

Spedfic challenge:

Air Traffic Management (ATM) and Air Transport are part of an intermodal transportation system. In

'y AYGSNY2REE OGN yaLRNIlFIGA2y &deadSysz | LI aasSy3as
transport modes, which depends on transpavailability, but also on individual preferences regarding

travel time, comfort, environmental impact and other criteria. Considering ATM as an integrated part

of an intermodal transportation system will make it possible to optimize the performance avérall
transportation system and the complete detw-door journey, instead of optimizing the individual
modalities.

Seeingair transportation at the heart of an integrateseamless, energy efficient, diffused intermodal
system,Flightpath2050 [4] set the goalto allow travellersto reach their targetdestination within
Europewithin a maximundoor-to-door time of four hours Passengershould experience a seamless
journey with full conectivity. In order to be able to reactihese ambitiougjoak, a close collaboration
between different transportation modes is requirefl.better understanding is needed on how ATM
can better contribute to improvelLJl & & S yinEe@nNdalajourneysand how to increase the
performance of theoverall transportation system.

Scope:

Research activities should explore the connection and dependence between ATM/Air Transportation
and other transport modes. Proposals should address the main barriers and identifyih®ransport,

in particular urban and extended urban mobility, can evolve by efficiently connecting information and
services with other transport modes to achieve the 4hr door to door ACARE goal and a seamless
journey.
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Proposalanay investigate how shagnATM information with other transportation modes or taking
into account information from other transportation modes in ATM decision making could improve the
individual journeys and the overall transportation systems.

Research activities may also inveatey the legal feasibility and potential impact of introducing
regulations aiming at optimizing the overall transportation system and allowing passengers to make
informed choices, e.g. by proving more information on the environmental impact (carbon foptpri
other emissions and noise) or by introducing a route charging scheme taking into account
environmental criteria and the availability of other transportation modes for this route for defining the
route charges.

Further, research activities may also sguthe feasibility of considering multimodal aspects (like the
availability of modal choices) during all three phases of Air Traffic Flow and Capacity Management
(ATFCM) activities and analyse the potential impact on the performance of the overall traigport

and passengers dodo-door journeys.

Proposalsnay explore the possibility of involving passengers in playing an active roleesigming
door-to-door services and generating data to incrementally define and improve new interconnected
AaSNIAOSa F2ftt26Ay3a (GKS | LIINRFOK 2F aLI NIAOALI G2N

Propsal need to demonstrate their complementarity to activities launched by the European
Commission and potentially other transport areas (i.e. rail, road, water) to ensure interoperability and
delivery of harmonised services to realise crogsdal performance

Activities are linked to ACARE action asehl (low carbon transport systems}l.2 (design and
implement an integrated, intermodal transport systeand1.3(door to door target$[4].

This topic is also linked with topic SEEARI25-2019 (ATM Performance) which aims at defining ATM
performance indicators better capturing the ATM contribution to the performance of the
transportation system.

Expected impact:

Proposalsare expected to contribute to better integrate and connect ATM and air transportation with
other modalities, to improve passenger experience during doestoor journeys and in doing so,
contribute to reaching the FlightPath2050 goals, in partictifer 4h doorto-door target and the
seamless journey.

Type of action:
Research and Innovation Action (RIA).

2.6 Sub Work Area 1.8CNS for ATM

As Communication, Navigation and Surveillance (CNS) are subjects not exclusive to ATM, activities
proposed under thisheme must show clear relevance for ATM.

Therefore the study and use, or adaptation, of new CNS technologies or techniques developed outside
ATM must be able to meet both the operational needs as well as an appropriate analysis of the safety,
performanceand security implications for the ATM system.
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2.6.1 SESAMERA411-2019: CNS for ATM

Specific challenge

Communication, Navigation and Surveillance (CNS) is one of the fundamental enablers of ATM as it
supports locating and identifying air vehicles, axdhanging information with them.

The CNS services are currently delivered based on a network of technologies based ajuéschni
which, for some of them, have been developed several decades agmandot be as efficient as
technologies being currentiesearchedr in use in other domains

Quality of services provided by the CNS network may suffer degradations (e.g. due to technical failures,
external effects (e.g. solar storms), software issues, intentional orimentional disruptions (e.g.
cyberattacks)). As an example, availability is currently managed through redundanciescahicve
asignificantcost.

The challenges to be addressed is to identify new technologiekor configurations capablé
provide the CNS servicedile alsomaintainng or improvingthe integrity, availability, performance
andquality of these servicashilst avoiding unnecessary cost and the perception of @rejineering
the solutions

Scope

More modern techrguesand technologies which are under research in corgexher than aviation

shall be investigated to consider their relevance for ATM communication, surveillance or navigation
domains or to combination of these domains as they may have the capabilities to unlock unforeseen
possibilities.

Intelligent network nanagement solutions shall also be investigated to ensure that the required
quality of service by applying powerful network management teghes leading tocosteffective
solutions.

During the research, it shall be considered that the population of aiicleshin the considered
timeframe will drastically change integrating new types of flying objects (unmanned, orbital vehicles,
FteAay3a OFNEUO 6KAOK | ff ySSRseiwvizesoS O2yaARSNBR | &

Researclareal: Applicationof new techniquesand new technologiesto provide CNSservices
Communication, Navigation and Surveillance are not exclusively an ATM subject; tlasoabeing
researched and used in other domains.

The objective of this research area is to consider the relevance of néwnaovative techrmjuesand
technologies, being researched outside the ATM, which could support localisation of air vehicles,
acquiringtheir position and allowing exchange of information while maintaining, as overarching
principles, the upmost levadf integrity andsafety. A techmjue could support one or several CNS
domains

The research should address any potentially innovative technologies without limiting the research to
technologies which are specifically being researched for the CNS/ATM; as a wlaggample
technologies such as laser could be explored or any other innovative tgmwmin particular, the
usage of techmjuesoperating outside the spectrum currently used by aviation is encouraged.
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Research shall address the integration, interojpdity and openness of proposed solutions for the
long term, exploiting synergies, reducing costs and optimising spectrum usage.

Researclarea?: Intelligent CNShetwork

The objective of this research area is to address new ways of managing the CNrietaogh
intelligent network management principles. In particular advanced tepres such as Artificial
Intelligence, Artificial Neural networkjc.that could enable the networto reorganise or reconfigure

in case the demand for service would sigmifity change in specific circumstances (e.g. a sudden
increase in traffic in a specific region) or in case one or several components of the network are suffering
deficiencies (e.g. technical failures, nmtentional adverse conditions (e.g. solar stornr) ayber
attacks).

Expected impact:

Successful research in this topic will have the potential to generate high positive benefits for ATM in
terms of resource efficiencies, improvements in security, increased safety and cost efficiency.

Type of action:
Resarch and Innovation Action (RIA).
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3 Work Area 2ATM Application-Oriented Research
(starting atTRL 1)

ATM ApplicatiorOriented Research encourages innovative and visionary ideas that will contribute to
SESAR 2020 Research and Innovation (R&l) cycleapplibationroriented research will help mature

new concepts for ATM that extend or go beyond those identified in the ATM Master Plan as well as
help mature emerging technologies and methods to the level of maturity required to feed the applied
research coducted in the Industrial Research and Validation phase of SESAR; thus connecting the ATM
Exploratory Research to the ATM Applied Research in the context of the European ATM Master Plan.

In many cases, the research results from previous ATM Excellenté&S&i€hatreach projects could be
candidates for further research under Applicati@miented Research in order to increase the maturity
and stakeholder buyn to new ideas aligned to the European ATM Master Plan key features.

After a maturity assessment of ¢hATM Applicationsriented research projects their results will be
transferred, if applicable, into SESAR 2020 industrial research.

3.1 Sub Work Area 2.1: Higperforming Airport Operations

The research activities under this theme will include researcmethods to increase the level of
automation of airport processes, research of innovative concept for airport operations like the use of
service drone and an enhanced coordination with other transportation modalities and research on
improved use of meteorofical information at the airport.

3.1.1 SESAMRA412-2019: Automation of Airport Operations

Specific challenge:

Airports remain one of the most significant bottlenecks in ATM. At capacity constrained airports, traffic
demand can exceed the airport capacitytlfer at the runway, taxiway or apron) and, with the
expected rapid growth in air traffic in the coming years, there will be an increasing number of capacity
constrained airports for significant periods of each day. This situation will become even miwa crit
under adverse weather conditions. As a consequence, there is a need to find solutions to improve the
efficiency of airport operations and their resilience in visually and/or challengiatgorological
conditions. One of the potential areas of improvenh aims at increasing the level of automation for
supporting ATCOs and flight crews during the execution of their tasks. This would allow ATCOs to
manage higher levels of airport throughput while at least keeping (if not improving) safety levels and
to also allow flightcrews to execute their tasks more efficientljhe research activities under this
theme support of the Airports Council International (ACI) vision for the digital transformation of the
airport busines$18].

Scope:
The scope of this topic covers the following aspects:

Applicationareal: AdvancedHMIl interactionsfor tower controllers

This application areacovers the development of new human maah interface (HMI) interaction
modes and technologies in order to minimise the load and mental strain on the Tower controllers
(especially under high traffic density situations, low visibility conditions, etc.).
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The proposed applications shall go beyomdecomplementaryto those thatare beingaddressed in
Industrial Research (IR) solutions PDa6Wave 1): muliouch input (MTI) devices, use of-air
gestures, automatic speech recognition (ASR), attengjailance (AG)user profile management
sysems (UPMSanduse of virtual and augmented reality in different meamsltracking label§13].

The output of PJ.264 is expected to be made public at the end of 2019; proposals for work in this
area should plan effort to review this output and plan to incorporate it in their reseéitis irelevant.
Note thatit is expected thatiR work continues as part of IR Wave 2 activiti€g/ave 2 candidate
solution PJ.08V2-97). Proposals should demonstrate how their work goes beyond the scope of the
work planned for IR Wavedsdescribed inhe IR Wave 2 technical specificatigh4].

Proposals must identify a specific improvement to operations and propose a plan to undertake its
initial validation. The mposals must identify the technical enablers that are required for the proposed
improvement. The work to be undertaken may include the development of the technical enabler, but
cannotbe limited to it, i.e. the research must include work towards the véildaof how the enabler

will be used. The operational validation needs to involve ATCOs.

The SJU has identified the following innovative HMI elements of interest

9 The potential use of already developed technologies (e.g. for remote towers) in toweredtsirpo
as well as the required adaptations to the specificities of these environments e.g. how to present
to ATCOs tracking labels superimposed to theirthatwindow view while avoiding information
clutter;

1 The application of technologies in order to betietegrate different information sources to reduce
switching between headp and heaelown in the tower environment;

I The potential application of emotion recognition, facial expressions, etc., in support of the
optimization of human performance;

I The integation of artificial intelligence (Al) and machine learning algorithms for the intelligent
data provision to the controllers on the HMI (providimgtead oféNJ ¢  Ritfaiintation with
context to ensure it is cleavhy data isbeingshown and what shoulthe done based on the
information presented while avoiding information overflow). If addressing Al/machine learning,
the research shall address the interaction, interplay, division, etc. of tasks and responsibility
between ATCOs and algorithms as wethasdeviations of ATCOs decisions from those suggested
by the automated means e.g. Al.

The abovdist is not intended as prescriptive. Proposals for work in areas other than those listed above
are welcome provided they include adequate background andfijcestiion.

Note that the proposed improvements may be applicable to current operations and/or to future
operational concepts still under development by industrial research activities in SESAR.

The proposals must indicate the potential applicability of the proposed improvements in terms of
categories of airports i.e. a given feature may be required for a major airport but not for a smaller one.

The proposals shall take into consideration relévaxploratory research projects such as MQI8],
RETINA20], etc

Application area2: Automation supportto help flight crewson the airport surface
This application areaaddresses potential applications to improve the flighew performance during
surface operations at the airport. In particular, this includes the developmeot-board automation
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in support of a better integration with air traffic management for surface operations at the airports,
such as:

1 Applications to inform the flight crew before the n@empliance takes place on the surface e.qg. if
approaching an intersgion at high speed, etc. The warning/alert could be based upon different
means e.g. input to aircraft controls, etc. Note that the aim of this application oriented concept is
not conformance monitoring (covered in the following point);

1 Applicationsalertflight crews when they have deviatécdm ATGnstructions (e.g. cleared route),
from ATC procedures and/drom the airport configuration(AUG0614 in the ATM Master Plan
[21]). This includes the autonomous generation of the appropriate conformance monitoring alerts
by the onboard system on the basis of discrepancies detected between aircraft position and
Airport Mgp Data Base and between aircraft position and clearances/instructions provided by ATC.
Note that the ATM MastePlan operational improvement AU@514 is currently under research
in IRby PJ3bwhose results are expected to be made publicly available atettnd of 2019
Proposals for work in this area should explain how the proposed work would go beyond the IR
scope and plan effort to review the output of PJ3b and incorporate it in their ik

1 Enhanced arrival runway occupancy time thanks to efficient runway-atfrfAUGO0705 in the
ATM Master Plaif21]). The research shall adeks the combination ofxisting optimized braking
to vacatesolutionsat a preselected runway exivith new applications for assisting the flighiear
for achievingan efficient turroff until aircraft has left runway protected area on the runway exit.
This results in a reduced and more predictable arrival ROT. The expemieded ROTand
improved ROT predictability is relevant in good visibility conditiongthisteven moreso inlow
visibility conditions (especially in AULAND mode in CAT Illb & c), where the observed arrival
ROT is generalljargerthan in good visibility conditiongroposals for work in this area must
describe how they will go beyond previous SESAR 1 rdsistitis area, referring in particular to
the output of SESAR 1 project 06.08[82][23][24].The concept may be limited to the reduction,
include an element of increased predictability of arrival ROT by ATC in the planning phase (e.g.
equipped aicraft to indicate equipage or even prediction in seconds in flight plan), or even include
an element of coordination with ATC in the execution phase (e.g. by aircraft downlinking predicted
ROT to ATC around TOD or during the approach).

1 Enhanced departureunway occupancy time thanks to efficient linp and takeoff (AUGO706 in
the ATM MastePlan[21]). Theresearch shall addregmtential onboard applications tossist the
flight aew of a departing aircrafor a moreefficient(fast, accurate, reliable and safa)e-up and
take-off. This optimisedROTwill result in a reduced and more predictable ROT at deparfTine
concept may be limited to the reduction of ROT, include an element of increased predictability of
arrival ROT by ATC in the planning phase (e.g. equipped aircraft to indicate equipage or even
prediction in seconds in flight plan), or even include amant of coordination with ATC in the
execution phase (e.g. by aircraft downlinking predicted RQfietdower ATC).

1 The integration of artificial intelligence (Al) and machine learning algorithms for the intelligent
data provision to the flight crewp(o@A RAy 3 AyaidSFR 2F aNIl g RIEGEES
ensure it is clear why data is being shown and what should be done based on the information
presented, while avoiding information overflpun support of reduced flight crew workload and
increased afety during surface operations. If addressing Al/machine learning, the research shall
address the interaction, interplay, division, etc. of tasks and responsibility between flight crew and
algorithms as well as the deviations of flight crew decisions ftbhose suggested by the
automated means e.g. Al.
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The above list is not intended as prescriptive. Proposals for work outside of these areas are welcome
provided they include adequajestification and background.

The proposals shall assess the role of awttiam and its implications upon the role of the flight crew.

Applicationarea3: Automated apron and ground control

This research area aims at developing the operational concept for a highly automated apron
management and manoeuvring area control at thepait. It shall address ground movement advisory
service (apron) and/or control service (manoeuvring area). It is expected that clearance to enter/cross
a runway, take off or land will still be delivered by a controller in all cases.

The researchvill work towards introducing a higlevel of automation (corresponding to a Sheridan
level of automation of T25] or more) for some or all of the following tasks

9 Startup goproval;

I Automatic puskback management;

1 Ground operations e.g. taxing, guidance from the gate to the runway, etc.; and/or
1

Detection of aircraft or vehicle movement, as well as of all other relevant objects, e.g. birds and
debris on the runway, in orddp ensure that the automation system has a situational awareness
equivalent to o superior to what the human controller has in current operations, under all weather
conditions, including low visibility;

The project may assume that the communication segmmsnsolved by datalink or use voice
communication (ATCO instructions sent using a combination oftéespeech technology, pre
recorded messages, etc., and voice recognition to process incoming pilot communications). The
research shall clearly identify tlieassumption in terms of datalink technologies and wireless
communications.

The research must address fallback solutions in case of failure in the fully automated system. If the
fallback requires human intervention, the relevant automation challenges rbestconsidered
(humanrmachine symbiosis).

The environment could be limited at small airports with less complex surface operations, and/or
focused on airport with Remote Tower operations, but it could also be focused on increasing levels of
automation at lage airports (e.g. automatic staup approval).

Proposals must explain how their research is positioned with respect to previous SESAR exploratory
research projectsn this domain MOTA28] , TAC(J26] and AUTOPACE)], etc., but may choose a
completely different approach provided they include adequate justification and background.

Expected impact:

The proposed solutions under this suork area aim at:
1 Increasing airport capacity;
9 Improving cost efficiency (ATCO productivity);

9 Ensuring safetgnd security levels.

Type of action:
Research and Innovation action.
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3.1.2 SESAMRA413-2019: Innovation in Airport Operation

Specific challenge:

The airport is at the heart of the air traffic management system and any improvement in the airport
operationswill likely have positive results throughout the network. The specific challenge under this
topic is exploring innovative ideas that help improving the following aspects:

9 Airports have been generally considered as pure air traffic management transpontetitas
but there is a need to fully place them within their context as intermodal nodes in a larger
multimodal transportation network. The transformation of the airport into an interchange
node within a wider network imposes environmental, safety, secauity financial challenges
which differ from those of a singlmode node;

1 With the expected rapid growth in air traffic in the coming years, there will be an increasing
number of capaciticonstrained airports for significant periods of each ¢2y]. There is a
need to explore innovative solutions in order to deliver additional airport capacity. However,
this must be done paying particular attention at maintaining th@lLJ2 N&nvir@hmental
sustainability.

1 The increasing number of drones is causing safety and security concerns within the aviation
industry, in particular at the airports. A number of incidents involving drones at big airports in
Europe have been already reped, and this number will likely increase in the coming future
if nothing changes.

The research fully supports the vision for the digital transformation of airports put forward Q¢ ClI
contributing in particular to the evolution of processes and services to deliver a better experience to
all passengers and customers, by adopting and implementing new technologies and integrating them
with existing ones.

Scope:
Thefollowing nonrexhaustive list of application areas of interest has been identified by the SJU:

Applicationareal: Incorporation of Autonomousand Non-AutonomousEngineoff Taxiinginto
surfaceoperations

The research shall propose potential solutionsirtoorporate autonomous and neautonomous
engineoff taxiing into surface operations and thus reduce fuel consumption and emissions and
increase safety.

Taxtout and Taxin phases can be done through:

1 Nonautonomous engine off taxiingAUG0806 in the ATMMaster Plar{21]) used from the gate
to the holding point before line up (i.e. for push back and taxi out) and from the runway exit to the
gate (i.e. for taxi in toni block). This may be realised with the aircraft using other external means
to taxi (e.g. towing trucks, taxibof28].

1 Autonomous engine off taxiinghUGO0805 in the AM Master Plafi21]) used from the gate to the
holding point before line up (i.e. for push back and taxi out) and from the runway exit to the gate
(i.e. for taxi in toin block). This may be realised thanks to e.g. electric motors added to the main
landing gear and drawing power froeither the Auxiliary Power Uni{e.g. [30])or from an
alternative cleaner power source (replacing the APU or being complementaryvightientral
control from the cockpit.
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The research shall provide an operational concept descrifiwh required operational procedures
for performing autonomous and neautonomous engin®ff taxiing operationsPlease note that the
researchmust be focuseson the ATM aspectsion-ATM aspect®f green taxiare covered bydean
Skyresearch29][31]. Important aspects that need research are the following:

I For norautonomous engie-off taxi, development of an operational concept, which must include
the management of the tow fleet, including the parking space at the airport and the procedures
to manage their operations, including communications between the tow veBiokanagement
SYiGNBzZ 1'¢/ YR GKS FftA3IKG ONBggasz FyR O02YYdzy A Ol
manned tow vehicles.

1 For autonomous enginreff taxi, development of operational procedures for engine stat
during the taxiout phase and shuiown duringthe taxiin phase, development of minimum
performance requirements for engirgff taxi, e.g. speed and acceleration required for smooth
airport operations, quantification of the impact on airport operations of autonomous enrgihe
taxi, e.g. slower taxiferations, procedures for ATC to update the taeclearance time during
taxi-out for flight crews to be able to optimise engine stap time, etc.

The research should not focus qoroviding initial quantitative benefits of the performance
improvementsrelated to environmental sustainability e.g. reduction of fuel consumption, decrease in
CO2 and NOx emissiomsgduced noise, improved safetygduction of noise impact around the airport
and safety(most FOD and blast damages are typically in the aosz ¢b the gate and engine off taxi
could eliminate both risk), because these already d€risf.[32],[33], [34]). Indead, the research must
provide a refinement of the previous estimates @fefits based on their work, for example

I Comparison of the airport and ATC costs of autonomous vsaaotonomous engin®ff taxi, e.g.
by modelling costs in a particular airport.

9 Estimation of the impact of different potential safety and performance requirements on the
benefits (e.g. requiring faster taxi performance would require more powerfdi@ard engines for
non-autonomous engin®ff taxi, engine starup procedures requirig changes to airport laguts
and slower taxe dzii LIKI & S X

1 Impact on the benefits of the quality of the prediction of the ATC prediction of the-a#ke
clearance time for engine statp in autonomous engineff taxi.

Note that the development of the techeil means to perform engireff taxiing operations e.g. towing
trucks, taxibot, electric motors, etc. is out of the scope of the research topic. However, the research
may work in the development of ATC system support for enabling efditiaxi operationsn the ATC

side. However, the main focus of the research should not be the development of automation support,
but the definition of the operational concepts for AWIB05 and/or AUES806, in order to pave the

way for their introduction in Industrial Resedrin the future ithe research so justifies it.

Applicationarea?2: Landbehind without runway vacated
The research shall address the development and validation of a European "land behind without runway
vacated" concept.

Today, in the case of long runwaylanding aircraft are allowed to use the runway simultaneously
under certain circumstances, or the clearance to land may be delivered before the previous aircraft
has crossed the threshold (similar to the FAA land behind clearance).

Note that this is nostrictly a reduced wake separation concept, but a way to make it possible to take
full advantage of reduced wake separation concepts for arrivals (the closer the arrivals are, the more
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constraining it is to require that the previous aircraft has landetbiethe next can be cleared to
land).

The research shall take into consideration the work performed on reduced wake separation concepts
for arrivals in Industrial Research (IR) solutions RI10@Vave 1)13] and PJ.02V2-14 (Wave 2)14].

Applicationarea3: Airport contribution to multimodality

The aim is tancrease the efficiency of the overall transport chain by improving the interoperability of
different modes of transport, addressing in particular the contribution of airports to multimodality to
increase the environmental sustainability, to make morecédfit use of the existing infrastructures
YR AYLINR@S G(GKS LI &aaSyasSNna SELISNASyOSo

The research shall address the definition and development of an integrated intermodal process for
passengers / baggage / freight w.r.t time efficiency, predictability, sessnkss, resilience, security,
convenience, accessibility) in a deordoor environment building on customer expectations. This may
include:

1 The feasibility and potential benefits of connecting the schedules/time tables of public transport
modes with accesto the airport e.g. train, bus, metro, taxi with flight schedules. This should
include the whole airport catchment area. Proposals could research the potential benefits of
establishing standard coordination processes between airports scheduling and piidic
transportation modes e.g. bus, train, etc.

1 The improvement of knowledge regarding pax location and demand, incl. airport access and dwell
times, thus ensuring a better and dynamic knowledge of passenger airport densities and delays;

1 The definitionof the required technology and standards, information exchange requirements and
data management technology to support integrated multimodal (passenger / baggage / freight)
concept and process management;

I The identification of infrastructure requirements rfosupporting multimodal processes for
passengers / baggage / freight;

1 The identification of required regulations and policies regarding multimodal aspects of passenger
/ baggage / freight process (e.g. customs, security);

1 The development of innovative teoblogies and services for safe, efficient, frequent, comfortable
airport access (last mile only or supporting catchment areas e.g. short distance individual air
vehicles);

1 The development of intelligent systengsand better multimodal planning, managemeand
integration (e.g. aps), incl. under disruption (e.gbooking onto HSR);

1 The improvement of improved aircraft wait/Amait rules so AUs make better use of lasinute
capacities and pax raccommodation;

I The identification of airborne pax connectivitequirements (links to ground services and pax
tools);

I The assessment of the Impact of multimodal pax rights and personakdataiity.
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The research shall take into consideration the digital citizen perspective:

1 Assess the benefits for the traveller ah integrated planning/monitoring of multnodal traffic
flows at the airport (or the region) where the airport is considered as a node connecting traffic
flows to/from other means of transport (e.g. rail, bus, etc.);

1 Provide advance warning of incidentspacting the traveller and propose alternative options to
mitigate the disruption for the traveller plan.

Note that many of the aspects listed above arentionally atthe boundary othe scope oATM. The
proposals must justify how the proposed reseaxeitl contribute to improve ATM or contribute to
improve multimodal mobility by using ATM related information.

Proposals should explain how their research is positioned with respect to rgleggibusand ongoing
projects (e.g.BigDATA4ATM35], DATASET205[B6], Mobility4EU[37] and CAMERA38]) and
initiatives from other sectors contribution to multimodality (e.g. Shift2Rail Innovation Programme 4
[39)).

Applicationarea4: Protectingthe airport from drones.

The research shall propose and assess potential solutions for ensuring the protection of the aircraft
and airport(runway and ground) operations from intruder drones, which may be either intruding by
mistake or through malicious intent. The performance objectives are related to improvements in safety
andsecurity

Theresearchactivitiesmayaddresshe followingfeatures:

1 Thedetectionof anypotential/ actualintrusion by cooperativeand non-cooperativedronesin
the airport environmentandits vicinity e.g.approachareaor anythreat to the aircraft;

Thetrackingof the intruders'flight path;

Issuingthe correspondingadvisory cautionandwarningalertse.g.in casethere is anintruder for
the ATCOin caseactivemeasuresare neededto ensuresafety,andfor the airport authority, to
allowthem to initiate remedialaction,asrequired (Note that the provison of warningsand
alertsdirectlyto the pilot of a mannedaircraftis not in scope) Researctshouldconsiderthe
different levelsof alerts.Forexample warningalertscouldbe triggeredwhenthe drone entersa
criticalzonewhile advisoryand cautionmaybe triggeredwhenthe drone entersa buffer area
beyondthe criticalone (in caseof a known, unintentionalintrusionthe drone operator couldalso
receiveanalert sohe/shecantakethe relevantcorrectiveaction,either directly or throughan
appropriate U-spaceserviceprovider);

1 Proceduralssuedo enableall stakeholdergo work togetherto resolvethe situationin atimely
and coordinatedfashion.Suchstakeholdersnustinclude,asa minimum:the airport operator;
ATCU-spaceserviceprovider(9; andthe emergencyand securityservices.

Theresearchshallexplorepotential architecturaland designalternativesthat couldincludethe
followingoptions(the list is not exhaustive):

1 Thedefinition of how criticaland anybuffer areasare designedandwarnings/alertamanaged
within the wider contextof aeronauticainformation managementandairport operations
management;
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I Sensorsableto detectnon-cooperativeintruding dronesandisaie the relevantalert. Note that
the developmentof suchsensords outsidethe scopeof this Call,but researchshouldconsider
the performance systemandinterfacerequirementsof suchsystems;

I Useof geocawarenesdo supportthe predictionanddetectionof unauthorisedintrusionsandto
supportthe resolutionof suchintrusionsandthe identificationof transgressingirone operators.

1 Thescopeof this applicationareadoesnot includethe developmentof the technologiegthere
are alreadytechndogiesin the marketthat canbe usedfor this purpose).Theresearchmust
focuson the definition andinitial validationof the operationalintegrationof the system.The
proposalmustincludethe initial validationof the proposedoperationalconceptin the airport
environment.Theproposedconceptmustincludethe integrationwith ATM,andthe proposed
validationactivitiesmustaddresghe integrationwith TWRATC Theresearchmustincludeboth
a safetyandasecurityassessmendf the proposedsolution to the levelappropriatefor the
target maturity level,and alsomakea preliminaryregulatoryassessment.

Researchmayinvestigatethe possibilityof the employmentof systemgo disable,or bringdownthe
drone, but the developmentof suchsystemghemselvess explicitlyoutsideof the scopeof the
project. Wheresuchsystemsare consideredthe safetyof the airport environment, other aircraft
andpeopleandproperty on the groundmustbe assured Consequentlythe following factorsmust
be takeninto account:

I Theuseof airport jammersor spoofersfor the GNSSignalor other signalsusedfor aviation
purposespr other devicessuchaslasersthat havealreadybeenclassifiedasdangeroushy ICAO
closeto airports(sincereflectionscanneverbe fully controlled),canonly be consideredf a
detailedevaluationis alsoconductedshowinghow their employmentcanbe deemedsafe;

1 Thepotential useof suchdeviceshy law enforcementwill needto follow specificprocedures,
andwill requireadvancewarningto appropriateaviation actors(ATM,pilots, etcX). This
stipulationcoversanydevicetransmittingon aviationsafety-of-life frequenciesn the vicinity of
anairport, or in anareawhere suchusecouldinterfere with aviationoperationsor systems.

The abovelist of applicationsareasis not intendedto be exhaustive Proposalsaddressinglternative
applicationareasare welcome providedadequatejustificationandbackgrounds includedin the
proposal.

Expected impact:

The proposed solutions und#ris subwork area aim at:

1 Ensuringsafetyandsecuritylevels;

1 Improvingthe interoperabilityof ATMwith other modesof transportandfinallythe LJ- & 4 Sy 3 SN &
experience;

Improvingthe airport environmentalsustainabilityand capacity;

1
1 Increasingirport costefficiency.

Type of action:
Research and Innovation action.
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3.1.3 SESAMERA414-2019: Meteorology at Airports

Specific challenge:

Weather has a significant impact on airport operations: snow, sleet, and freezing rain, which along
with strong winds, lovelouds, and reduced visibilimay create dangerous conditions at or around an
airport. These weather conditions can result in major disruptions in air traffic management, leading to
delays and cancellations of hundreds or thousands of flights, thus miflettte plans of millions of
travellers. Continuous development of weather forecasting solutions and technologies is paramount if
airports are to cope with the rising passenger demand.

Scope:
The scope of this topic covers the following aspects:

Applicationareal: FromRunwayVisualRanggRVR}o SlantVisualRange(SVR).

The Runway Visual Range (RVR) is the distance over which a pilot of an aircraft on the centreline of the
runway can see the runway surface markings delineating the runwaywtifiging its centre line. RVR
(normally expressed in feet or metei@)d has beeim use for decades. By providing RVR information,
pilots can appraise aerodrome visibility conditions and in particular determine whether these
conditions are above or belotlhe company, aircraft oaerodrome operating minima. RVR does not

take into consideration important variables ergduced visibility from other factors such &sn on

the windshield of the aircraft.

The objective is tconductresearch on what is necesy to complement the RVR with the Slant Visual
Range (SVR), also known as Slant Runway Visibility. SVR is defined as the slant distance to the farthest
high intensity runway edge light or approach runway light which a pilot will see at an altitude of 100

ft. (decision height) on the approach path or, if larger, the slant distance which would have a constant
transmittance of 5.5 percent. The research shall investigate the potential operational benefits of
providinga measureds VR to pilots in support of thewn visuabhssessment of the visibility conditions,

with the objective of improving safety and reducing the number of missed approazhesed by
unexpectedow visibility and/or the number of unnecessary diversions in borderline meteorological
conditions. The research may assess the advantages and disadvantages of different technical means
to provide SVR e.g. use of the information from LIDAR installed #henglide path, monostatic
acoustic radars, etc., provided that the development of technical means to measure SVR is justified by
the operational need

The proposal may include data collection campaigns, in which the SVR measurements obtained by one
or more technical solutions are compared against what a pilot actually sees during the operations, etc.
In this case, the analysis of the data must include an estimation of the number of prevented missed
approaches and unnecessary diversions, as well as agsasent of the impact on safety.

Applicationarea2: Windshearand turbulence data prediction on approach:

The research objective is to define and perform initial validation of a concept to share from ground to
cockpit predictions of windshear and turbulon approach (with a focus on final approach) based
on pilot reports, ground measurements, or a combination of both. The research must provide an initial
analysis of the potential safety benefits of thencept, as well as of its cost.

Note that SESARfsalzi A 2y | Hm a! ANLIRNI 2LISNFdAzya LXFyYy 6! h
ySig2N] 2 LISNI (RHQR ifcudeddlirendy tedhhicaltspeéifications ftne gound WX
monitoring system for airports, anBESAR solutior8B8d a SG S2 NRf 2 3A OF £ A4MF 2 NI G A
covers technical specifications fabservation systems forignificant low level turbulence and
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windshear. Proposals for work in this area must explain how their work wditldvithin and
complement these two solutions.

Expected impact:

The proposed solutions under this topic aimraproving airport capacity ancesilience angnsuring
safety and security levels.

Type of action:
Research and Innovation action.

3.2 Sub Work Area 2.2: Optimised ATM Network Management

The optimised ATM network management theme will include research activities in the areas of
Digitalisaton of the ATM Network (including network management operations and improved
involvement of the Airline Operation Centre), innovations in network management (like innovative
technics and models for uncertainty management and innovative route charging eshemd fully
dynamic airspace.

3.2.1 SESAER415-2019:Increased Levelef Automation forthe ATM Network

Specific challenge:

The network is not sufficiently robust or resilient to reactdignificantperturbations e.g. meteo,

industrial actions, etc.; thisnposes unplanned/additional costs on airlines, which have a huge impact

2y FTANIAYSaQ lyydzft NBGSydzsSe ! ANARLI OS dzaSNARQ TFdz
(FOC/WOC) into ATM collaborative processes is essential to minimise impadetedbrated

operations for all stakeholders, including airspace users themselvesnpgrovedrecovery process
2FFSNAYI Y2NB FfSEAoAftAGE (2 FO002YY2RIGS 11&aqQ O
system igherefore needed.

Scope:

As an applications oriented research topiproposals must describe apecificimprovement to
operations and explain howt is proposed toundertakean initial validation. The improvement to
operations can be either a new operational improvement or a newhnel enabler (e.g. an
improvement to traffic predictiorand execution of the plarthat would improve the performance of
current network operations without changing the currergtwork management procedures).

Proposals must demonstrate how their work wago beyond what is currently under research in IR
in Wave 1 (PJO7, PJO8 and PJ0®&)and in Wave 214].

The scope of this sulvork area covers the following aspects:

Applicationareal: Digital Network ManagementOperations
The researclactivitiesshall explore improvements to the Network Management (NM) function based
on digitd technologies such as:

1 The potential use of new data sources (big data), machine learning algorithms (including neural
networks), Al based decision support tools, behavioural economics, improved market modelling,
complexity science, etc. to support netvkooperations e.g. models and methods for improving
demand, flow and complexity forecasting and resolution;
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1 The use of Big data analysisachine learnin@gnd digitaltwin techniquesfor better planningthe
actors (controllers, FMPs, AUsactionsto potential operational improvements based on the
emerging trends (e.g. incentives, etc.);

1 The development of methodologies to analyse, quantify and manage the effects of weailther
other uncertainties on the network for all phases of flights and irtipalar on:
o Trajectory planning (including MET forecasts evolving over time), aircraft performance,
etc.;
o Storm avoidance (including reduction of thunderstorm prediction uncertainty);
0 Sector deman@nd capacity balancing using the best available plantajrac

I The better consideration of airport events in network traffic predicttbat minimises network
disruption

9 Better considerationof the diversity in data quality from different ATC centres/airpoatsd
identify where improvements would bring the lgigst gain for operations;

1 Innovative DCB resolution algorithmsgeusing radically differenalgorithmsto what is used
today, e.gbuildingon previous exploratory research project OPTIFRAMFor using alternative
approachespr workingon fine-tuning i 2 Rskmitfods, e.g. by considering additional inputs.

I The use of machine learning for:

o0 The identification and prediction of: major traffic flows, complex@égsessment,
calibration of airspace/sector capacity, flight delays, estimated arrival and overflight times,
etc. with the objective of reducing NM capacity buffers;

o To improve the handling of AU priorities/preferences;

o0 Toimproved disruption management;

I The use of machine learning and/advancedvisual analytics for DCB decision support tools and
automation e.g. hotspot resolution;

I The adaptation of applications that use models/techniques that are already applied for uncertainty
management in other domains

1 The development of probabilistic approaches based on historical data mining techniques.

Applicationarea?2: Improved Integration of Airline Operationsinto the Network

The research shall address potential improvements of airline operations based osetlod advanced
digital technologies, e.g. big data, machine learning algorithms, Al, 10T, behavioural economics,
improved market modelling, complexity science, etc. such as:

I The potential use of new data sources (big data), machine learning algorithivese® decision
support tools, etc. to support airline decision making in disruption scenarios in order to improve
the resilience of the system;

I The development of new tools for improving the integration of airline operations into the network,
in order to mitigate the impact of disruptions on the overall ATM network and/or improving
operations in nominal conditions (e.g. earlier update of TTOT, better adherence to TSAT, more
accurate turnaround time planning, more accurate 4D trajectory calculation forethEL by using
Al to improve predictions, etc.).

1 The identification ofinnovative applications to improve the dlaboration between AOCs and
Network management functionand AIC S®3d (2 &adzZLlIR2 NI (GKS Ay@2t oSy
in trajectory revsion in particular for longhaul flights, or to facilitate the inclusion of airline
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preferences and priorities in the DCB processes or sequencing protessesl what is already
covered in IRVave 1[13] and the scope of IR Wave 2 (candidates solutions 38, 39 afjd4}0)

The research may build on previoBESAER projects usgicomplexity science to better understand
delay propagation (e.g. NEW4B], TRE44]) or use entirely new approaches.

Applicationarea3: CASAEvolution

The ComputeAssistedSld-Allocation (CASA) algorithm is used by the Network Manager to allocate
departure slots. The Airline Operator (AO) files a flight plan and requests a slot. NM takes into account

all the regulation requests from FMPs and allocates some aircraft a delaptfeing the regulated

I NBl o0FaSR 2y (KS LINAMNBDELY SNPSRYGANKFIGKABRYFERA A
Calculated Tak®ff Time (CTOT), which is transmitted to the concerned AOCs and to the control tower

at the aerodrome of departe. On top of this basic process, there are a number of compensation
mechanisms that take into consideration modifications to the flight plan, late received flight plans,

etc., as well as for the cases when a flight crosses more than one regulated area.

Proposalsshall include activities thatpropose areas for the evolution of the current CASA and
constraints reconciliation algorithm and slot allocation processes in order to improve efficiency and
reduce the adverse impact of multiple regulations affectimgsame flight or flows, e.g. by finding less
constraining ways to handle flights that cross several regulated areas than the current most penalising
regulation criterion., or facilitating a more collaborative approach between ANSPs by better allocating
CASA delay minutes between ANSPs in the case of regulations that are not formally linked.

Proposals must demonstrate-trepth knowledge of the CASA baseline and explain how they plan to
assess the potential benefits of the proposed evolutions againstdtuse of a nomegulated scenario
as reference for comparison is not acceptable

The research may include the use of big data and machine learning to identify best practices regarding
regulation strategies for particular traffic load patterns based onohisal data. The analysis of
historical data on regulation strategies should be complemented by the results from network
simulations to develop optimized strategies for the most frequent traffic load situations in the
European ATFCM network.

The researcimay build on previous SESAR ER research (e.g. OPTIBRABIEpropose entirely new
approachesPlease note that PJ09 results are expected to become publicly agaitahke end of 2019.

t Ne2SOla LXFyyAy3a (2 62N)] Ay (GKA& FNBI Ydzaid NBAS
it in their researchPlease note also that proposals must show how they go beyond the IR Wave 2

scope of candidate solution 414].

Applicationarea4: More automated ATFCM
The research shall identify mechanisms to allow the introduction of higher levels of automation in the
coordination of DCBctions at the preactical and tactical levels.

Expected impact:

The proposed solutions under this topic aim at improving:
Safety, thanks to better anticipating and managing demeapacity imbalances;
Robustness and resilience of the network to pertuibas;
9 Efficiency thanks to a better monitoring of the DCB measures and network performance and

the implementation of corrective actions;
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1 Costefficiency: an improved network management will allow better planning of ATM
resources, as well as making betteewnof existing capacities, which would lead to reduced ATC
and airport costs;

1 Flexibility: common awareness to all stakeholders of the network situation and access to
opportunities in case of late changes in capacity or demand.

Type of action:
Research ashInnovation action.

3.2.2 SESAMERA416-2019:Innovation in Network Management

Specific challenge:

This topic covers innovative network management application concepts that aim at responding to
emerging business needs that can only be addressed by the increased collaboration between
stakeholders that is made possibleibyplementation ofnew technologis.

Scope:

Proposals for this topic must propose an innovative improvement to operations and a plan to
undertake its initial validation. The analysis of data without proposing an improvement to operations
is out of scope for this topic.

The followingpotential application areas of interest have been identified by the SJU:

Applicationareal: Improvementof ATFMprocessedy includingthe considerationof convective

weather information

The postoperations analysis of fmuting choices made by flightews or airline operations (when
flight-planning) when the weather situation is nmominal (e.g. convective weather) may provide
valuable information for improving how similar convective weather events are managed in the future.
The objective is to anticgie the changes in demand in nowminal weather situations, and to define
scenarios and CDM processes for the management of similar situations. Proposals proposing to work
in this area must demonstrate that theesearch activitiewill have access to siutfent historical
information of rerouting choices to perform the itial validation of the concept.

Applicationarea?2: Increasingthe useof middle airspace

¢KS GYARRES FANBLIF OS¢ dtlahddBl@OE.) iy forthé mast partdoised Sy wmp ¢
for cruising, except by aircraft with gasrbine-powered propellers (turboprops), which represent a
relatively low proportion of the fleet. The research should identify the extent to which the use of the
middle airspace would provide benefits intes of reducing ATFM delay minutes at ECAC level, and
make an assessment of the business case for providing ATFM slots for flights in the middle airspace
considering the potential increased fuel and environmental impact against the savings in terms of delay
minutes. The research may propose changes to the route charging scheme in support of the business
case, as well as other incentivization methods to encourage the use of turboprop vs. jet engines for
the busiest routes. The impact that incentivizing the wus aircraft with smaller capacity on routes

with high demand in airport operations must be considered (more flights needed to move the same
number of passengers).

Applicationarea3: Innovationin route-chargingschemes
Previous exploratory research BESAR (projects COCLA] and SATURNM5]) has shown the
potential of new trajectory pricing schemes to support a more flexibl&idigion of the demand.
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Proposals addressirigis area may build on these previous research, or propose additional innovative
schemes, e.g. lower charges in periods of low demand, discounts for early flight planning with route
commitment (in order to prorate the SESAR SBT concept and enable better ANSP resource planning),
overcharge for changes after filing flight plan, etc. Research may also look into charging schemes that
consider environmental penalties or rebates, e.g. higher charges for flights fliihgrplans with

longer routes than necessary.

Applicationarea4: Considerationof airport departure slotsin ATFM

This application area looks into the development and initial validation of a concept for the
consideration of airport departure and/or @aval slots as an input parameter to the network TT and
slot allocation processes, beyond the indirect consideration of airport arrival slots what is enabled
through the AOP participation in TT allocation processes. Proposals must demonstrate awareness of
previous research in this area and the reasons why previous concepts did not progress to
implementation. As well as changes to the ATFM processes to improve the consideration of airport
slots, the research may propose the refinement of the airport slotation concept and/or associated
monitoring processes in order to increase their relevance to ATFM (e.g. consideration of TMA capacity
in slot allocation processes, addition of tolerance values associated to airport slot compliance,
detection of unrealist planning of departure and arrival times resulting in fsmmpliance of airport

slots, etc.).

Applicationarea5: Developmentof a trajectory broker concept

Proposalshould describe a trajectory broker concept and propose a plan for the initial viahdait

the potential benefits. The objective is to add a brokering layer to make better use of available capacity
in all phases of ATFM operation (strategic,-f@etical, tactical) and in all areas (airport, TMA; en
route). Proposalsshould not only lookat the technical aspects but also take into account necessary
regulatory/organisational change$he conceptlisould either build on previous Exploratorg$earch

in project COCTHL6E] or propose alternative approaches. Proposals for research that does not build
on COCTA should explain how they diverge from COCTArauidie adequate justification and
background.

The aboveist of application areas is not intended as prescriptive; bids proposing to work in other areas
are welcome, provided adequate background and justification are provided in the proposal.

Expected impact:

Improved network management will result in an ovepdtformance improvement in ATM.

Type of action:
Research and Innovation action.

3.2.3 SESAMRA417-2019:Network Capacityincreasefrom Fully Dynamic Airspace

Specific challenge:

Ly G2RIFI8Q&a 2LISNIdA2yas GKS | @I Af hdnédtBecdssarNzatid O S
to manage the traffic demand efficiently. If the ACCs cannot cope with the demand, then additional
sectors are opened. In addition, due to the uncertainty in traffic demand, ACCs normally keep a
capacity buffer to be able to safelynanage traffic above the expected demand. Airspace
configurations are selected with a focus on the local benefit rather than considering the network as a
whole. The current airspace organisation is not yet fully optimised to network flows and makes limited
use of cross-IR cooperation.
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The challenge is to develop a fully dynamic and ebasder airspace management concept that will

take into consideration all capacity/demand aspects and constraints in one seamless process, with a
higher level of modularitand flexibility up to the execution phase all supported by automated tools.
The outcome of this will be a process that is able to take all the available inputs into consideration
(predicted workload/complexity, airspace reservations, ATCO availabitity), @d calculate the
optimum configuration.

The research in this area contributes to the vision put forward in the Airspace Architecture Study (AAS)
[51].

Scope:

This area of work is complementary to the work of PJ07 and PJ08 in SESAR IR Wave 1 and to the work
covered by Wave 2 candidate solution @], Dynamic Airspace Cogfiration and is of special

interest for the realisation of the vision put forward in térspace Architecture Study (AASY].
Proposals must demonstrate awarenesshe work covered in IR, and show how their work would go
beyond. Projects must reserve effort to analyse and incorporate into their work the output of PJ07 and
PJ08, which is expected at the end of 201

The following potential areas of application beyblR have been identified by the SJU:

Applicationareal: DynamicMobile Areas(DMA) Type3

The concept of an ARES that moves along with the military aircraft whose mission requires an airspace
reservation (DMA Type 3, AGBR09) is part of the European ATM Master Plan. The original DMA Type

3 highlevel concept was based on a pieparture agreerant of the DMA Type 3 4D dimensions
during the planning phase. The concept is currently under initial development in IR Wave 1 by PJ.08
02, but due to the low maturity of the concept it has been decided that more ER is needed before IR
can continue, and threfore DMAs type 3 will not be addressed in IR Wave 2.

The SESAR concept has evolved as a result of R&D and the possibilities opened up by advanced digital
technologies. Advanced automation will allow a more dynamic and flexible management of air traffic
thereby making penalising pigeparture agreements less necessary. The challenge is to define how
the original DMA Type 3 objective can be fulfilled in this more dynamic context. The expectation is that
some military missions can be managed by definimglame of protected airspace around the moving
military aircraft operating under Operational Air Traffic rules (OAT), instead of requiring an ARES. The
size of the protected volume would be specific for each aircraft type and mission (e.g. fighter, tanker
re-fuelling, formation...). The research should investigate the potential of this concept to reduce the
need for ARES in the busy European airspace, by providing an in depth assessment of the types of
military missions that may be handled in this way gudntify if there are potential benefits in further
pursuing the DMA Type 3 concept.

Proposals for work in this area must demonstrate access to military stakeholders and describe how
they plan to gather information to answer the research question. Thewwf the research should

be a recommendation to either discard the DMA Type 3 concept or recommend its inclusion in the
ATM Master Plan with a new refined definition. posalsshouldincludeeffort to review the output

of PJ.0802 (expected to be puldiy available at the end of 2019) and incorporate it in their work.

Applicationarea?2: Fully DynamicAirspacebeyondIndustrial Research

Dynamic Airspace Configurations is currently in the scope of Wave 1 IR PJ08, and it is expected to
continue in Wave PWave 2 candidate SESAR solution 44). Proposals may address DAC aspects beyond
the scope of Wave 2 IR, for example:
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1 Explore the integration in the DAC process of areas that are potentially unsafe due to weather
phenomena that can evolve in four dimensignsoving hazard zones). The research shall explore
the possibility to extend these hazard areas due to other phenomena such as volcanic ash, etc.

1 Define the required mechanisms to build adequate airspace configurations all along tactical
operations (the IRcope is currently focused mainly on the planning phase).

I Moving hazard areas.

Proposals in thigpplication area should plan effort to review and integrate the output of PO208
(expected to be publicly available at the end of 2019) and incorporatetliteir work.

Expected impact:

The proposed solutions under this sulork area aim at improving:

I Capacity: a fully dynamic airspace allows a better use of available ATC capacity and a better
balancing of ATC workload leading to reduced demand/capacitglanbe;

1 Costefficiency: fully dynamic airspace allows improved ATM resource planning and better use of
existing capacities leading to reduced ATC costs

I Environment sustainability: increased efficiency enabling optimised flight trajectories and profiles
with the end result being reduced fuel burn, noise and CO2 emissions;

I Flexibility: fully dynamic airspace allows increasing the flexibility of airspace configurations to
FRIFLWG G2 Fyeée OKFy3aS 2F RSYFYR LI GGSNYy 2NJ dzy SEL.

Type of action:

Research and Innovation action.

3.3 Sub Work Area 2.3: Advanced Air Traffic Services

The research activities under advanced air traffic services will include research into the Automation of
Air Traffic Services including advandéamarrMachinelnteractions for controllers and concepts for

full automation in low density. They will further address innovation in Air Traffic Services like interfaces
with orbital and very high level operations or concepts for formation flying, the-fermg evolution of
air/ground synchronisation, evolution of separation minima inr&me and TMA and the digital
evolution of controller/pilot communication.

3.3.1 SESARER418-2019:Automation and CWP

Specific challenge

Increasing the level of automation in &iaffic control is a key enabler for the realization of the Master
Plan vision. This topic explores automation applications for air traffic control beyond what is currently
covered by the Industrial Research programme.

The exploratory researchhallenge s to bringnew automation applications for air traffic control
towards the maturity level required for their inclusion in the industrial research programme. Bids
should describe their proposed application and outline a plan for the project to undertak@tigs
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validation, with the objective of at the end of theesearch activitiesbeing able to make a
recommendation to either propose its inclusion in the European ATM Master Plan or discard it.

Scope

Proposals submitted for this topic should clearly aése an automation application concept for the
en-route or TMA air traffic control position and describe what the expected benefits are and how they
will undertake its initial validation. Please note that applications for the automation of air traffic
manmagement tasks other than the air traffic control position (e.g. Flow Management Position,
improvement of traffic prediction algorithms for flow management purposes) are out of the scope of
this topic. Applications for the air traffic control positions usedmprove controller training are in
scope.

The following norexhaustive list of potential candidate application areas has been identified as being
of interest by the SESAR Joint Undertaking:

Application area 1: Advanced automation support for €aute and TMA

Advanced automation suppodurrently under development in thé&/ave 1SESAR industrial research
[13] programme include use of multbuch inputs, use of speech recognition to reduce the amount of
typing for entries into the ground system required from controllers, attention control elements to
measuring the level ofattention (e.g. by measuring eye movem) and use of User Profile
Management Systems (UPMS) for controller identification that use iris, speech recognition, finger print
authentication or face recognitioiResults of this research are expected to become publicly available
at the end of 2019and more research is planned for the Wave 2 IR programme (candidate SESAR
solution 96)[14]. Proposals for work in this topic must demonstrate how they go beyonddbeesof

the work planned for Wave 2 IR. Examples of potential areas for exploratory researeiogation

of the use of machine learning tmodel and be able t@nticipate controller behaviour and pifil

entries into the ground system or CPDLC messagdvanced contesdensitive information
presentation concepts, use of 3D representations, etc.

Application area 2: Osscreen presentation of MET data to ATCOs

Combining groundd 8 SR YSGUS2NRBt23A0Ft NIRIFENIAYTF2NM: GA2Y ¢
board weather radar can provide higjuality weather information with granularity in both the vertical

and the horizontal domain. This information would be very useful for controllers, because it would
make it possible to anticipate how aircraft areelik to be requesting deviation from their horizontal

or vertical route to avoid areas of weather activity. However, thesoreen presentation to controllers

of detailed weather information is challenging, due to the need to avoid screen clutter and atform
overload on screen. The research may explore information presentation concepts, which may be
context dependent, e.g. present only information relevant to the traffic that the controller is handling,
or even present only an indication of which airtrarfe likely to deviate and offer alternative courses

to controllers, e.g. for vectoring arrivals and departures around weather activity in the TMA. Research
in this area must be focused on the definition of the operational application; it should defnadgh

level requirements of the meteorological prediction process needed to support it. Bids on this topic
proposing to work focused on improvement of the meteorological prediction processes rather than on
its operational application are out of scope.

Application area 3: Applications of physiological measurements

Previous SESAR exploratory research work (projects STIRES8NA[46], 6" SENSE7], MINIMA

[10]) has shown that there is a potential for applying physiological measurements to air¢waftrol,

e.g. measuring of brain waves to assess the level of attention, use of speech recognition combined
with physiological measurements to monitor stress, correlation ofrepyement patterns with the
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occurrence of events that are potentially safeglavant Please note that this is an applicatiens
oriented topic, and consequently bids must propose a specific application. Bids may build on previous
SESAR exploratory research or propose entirely new applications. All bids, whether proposing
applicatiors new to SESAR or building on previous SESAR research, must provide adequate background
information in their proposal.

Application area 4: Automated ATC in ledensity enroute airspace

Previous researcl8] shows the potential of usingupervisedearning tomodel some othe functions

of an air traffic controlleand can be used for training ataskanalysis purpose$R solution PJ.164

[13]is also developpg ATCO task modelling in support of advanced HMI applications for ATC, and their
results are expected to become publicly available at the end of ZDi8. application areahould
explore if it is possible to build on this idea and devedod perform preliminary validation§TRLO to
TRL1) o&conceptto automate ATCfor highlevel erroute sectors

This concept may foresee that controllers have to intervene in certaiatgins, e.g. when two aircraft

are anticipated to get closer than a pdefined distance or below a certain flight level, but controllers
OFlyQild 06S SELISOGSR G2 068 FotS (2 o6S | of &ninitee al FSi
criticalsitlzl A2y a GKFG OFlyQd 6S KIFEIYyRtSR o6& GKS |dzi2Yl (
to be carefully assessed in order to ensure that it is fully consistent with human capabilities. In
particular, it is expected that in this application the controbéiould not be required to monitor the

automated system, because this may create a safety issue; instead, the monitoring task must also be
automated. Adaptable and adaptive automation concepts may be useful in support of optimised
human performance and sdfe Additionally, high automation may lead to the potential risk
associated to monotony and boredom, and the concept should foresee measures to address this risk.

The research must address fallback solutions in case of failure in the fully automated.system

The concept would need to take into consideration the taker procedure by the ATCO (automatic
ATCGto-human ATC transfer process). ATC systiot communications may need to be adapted for

this application, e.g. it might be necessary to notify piltstat the flight is being handled under
automatic ATC, and a special call mechanism to require human controller intervention might be
needed. The role that voice communications should play must be established (i.e. should the automatic
ATC always send claaces via datalink, or would it be appropriate that some clearances be sent using
synthetic voice?).

It is anticipated that voice communications cheokwould still be necessary for all flights to ensure
that they are immediately contactable via R/Tadlttimes. The concept should determine whether the
checkin on R/T would need to be handled by a human controller or it could also be handled by the
automatic system. The concept may consider current datalink performance and messages or define
more advaned datalink requirements.

It is expected that the R&D and eventual implementation of such an application may not have
significant benefits in itself, but would provide invaluable operational experience in support of future
more ambitious developments IATC automation. Proposals should plan effort to analyse whether It
may be possible to realise benefits in the short to medium term from this research though related
concepts, e.g. though applications in ATCO training.

Application area 5: Clear air turbule® data consideration

According to IATA, turbulence is the leading cause of injuries to airline passengers and crews globally
[49]. Flight crews routinely report cleair turbulence to controllers, who, workload permitting, relay
turbulence reports with aircraft that will be overflying the same area. However, controller workload
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may notalwaysallow for controllers to properly relay this information. In order to overeothis
limitation, the IATA turbulence Aware Platfoff0] allows this information to be automatically shared
between pilots and AOCs. However, thigiative does not include the sharingf information with

ATC, while turbulence information is also relevant for controllers, e.g. because it can support proactive
management of level change requests or raise awareness of potential speed changes. An application
could be developed to either connect ATC &m ongoing sharing initiative or to develop a
complementarysystem forsharing turbulence reports between aircraft and ATC. The research must
consider how controllers would be presented the information and how thieyld use it. New system
support concepts may be proposed to assist controllers in effectively taking into consideration clear
air turbulence information. The output of this project should be the definition of a concept for inclusion
in the ATM Master Ptg with one or more operational improvements and enablers.

Application area 6: Standardization of ATCO procedures and more generiw@e controller
validations

The amount of training required f@n-route controllers to get endorsed in a sector is aiting factor

for controller mobility; in addition, the number of hours that are required to stay current in a sector
fAYAGa (GKS ydzYoSNI 2F¥ aSOG2NB GKI G GKSe& OFy o8
tedious (always working on the same smst same callsigns, etc.), and also makes efficient rostering
harder for the ANSP. Applications to providetba-job support to controllers on local knowledge may
alleviate this situatiorand support the controllers in accepting delegation of airspaceudliéned in

the AirspacéirchitectureStudy Airspace Architecture Study (AAS)]) (virtual centre /delegation of
airspace /capacity on demandpl]. Some basic applications are alredolyallyimplemented today,

e.g applications thatheck transfer conditions against LOApmvideon-demand AIP information on
the screen. However, the local knowledge required to control a sector inclades more than
remembering AIP information. In particular, the exploratory research challenge is to pudiffidalt

to define information itemsg.g. information that would make a controller recognize a situation as
unusual even though it is not against the established procediitespnusuaincoming or outgoing
transfer condition, unusual vertical profile, etc. This type of information is awitapt part ofwhat
controllers learn duringsectorspecificon-the-job training and it may evolve with timeBids may
propose applications to capture this type of soft seetpecific rules and display it to controllers when

it is relevant, e.g. using mhine learning for detection of unusual situations that a controller who is
inexperienced in a sector should be warned about, analysis of recordings of training sessions where
veteran controllers are taught how to work in a new sector (i.e. they are legthia sector rather
basic air traffic control skills), etc. Special care to avoid information overload must be taken.

Please note that applications outside these areas may also be proposed provided adequate
justification and background is provided in theposal

Expected impact:

Increasing the level of automation in-eoute and TMA ATC is a key aspect for the realisation of the
digital aviation vision put forward in the European ATM Master Plan. Its expected performance
benefits are increased controll@roductivity and increased safety.

Type of action:
Research and Innovation action.
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3.3.2 SESARERA419-2019:Enabling Performance biywnovation in Air Traffic Services

This topic looks at the development of innovative concepts air traffic services with thetigbj®f
enabling the extension of air traffic services beyond what is plesgiday.

Specific challenge

The evolution of demand for new kind of operations made possible by new technologies requires air
traffic services to evolve accordingly. This tomeelops applications to cater to emerging challenges
and opportunities, like the advent of vehygh level operations, the need to respond to the demand
for civilian formation flying, or the reduced dependence on the magnetic compass for navigation.

Scope

The objective is for the exploratory research projects to support the development of the concept of
operations, rather than the enablers required to support it. The link to the European ATM Master Plan
must be addressed.

The following two innovative aread interest have been identified by the SESAR Joint Undertaking:

P LILX AOIFGAZ2Y | NBF MY WIAIKSNI FANBLIFOSQ 2LISNI A2y A
Demand for use ofery highlevelairspacehas increased in the last years, and this trend is expected

to gain momentum in the comingyeats/ ! h Kl & LINRP @A aA2y Il ffe& H®2LISR
refer to that volume of airspace b&een airspace where M provides services (typical upper level of
FL600) and the boundabetween airspace angpace (approximately 100 KinAU operating irthis

airspace aresometimesNBE F SNNBR (2 IQiand Hdvé& fanyd oiffierbidt yperating
characteristics, such asmmanned HALE vehicles providing internet coverage or surveillance over large
areas and Unmanned Free Balloons (UaBjyell asnanned sb-orbital flights for leisure or scientific
purposes (e.g. experiments, films or tourism at zero graeitygl supersonicr hypersonicpassenger

aircraft. This volume of airspace will, therefore, be used by all classes of air vehicle, from static, barely
manoeuvrable unmanned balloons, through hifieed passenger aircraft to rapielimbing rockets.

Although State and commercial space launchers will transit this volume of airspace, space operations,
2N WaLl OS (NI FFAO O2 \siopi®HoRever, rebEBrchysioiild réflgct tinkhighea O 2 LIS
airspace is capable of allowing such operations to proceed without undue hindrance to them, and
without adversely affecting the safety of highairspace vehicles.

The management of higher airspaceoisly just being considered by ICAO, and even its vertical
boundaries are, as yet, undefined. The exploitation of space is a politically very sensitive issue and so
research into this topic, at the boundary with space, should consider, inter alia, pdiicsitivities,
operational concepts and CNS issues, while performing a thorough, global analysis of operational and
business needs.

1 AN-Conf/13WP/311dated 18" October 2018, although it is unlikely that this term will be retained long term.
2 This altitude should not be considered definitive, and this boundary is a sensitive topic. It is used here in an

indicative fashion to show that higher airspace has a limit and does not include orbital or other space operations.
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Proposals need tolan effort for.

1 Adhoc participation in the European Commission New Entries working group.

1 Developing tle European Concept of Operations for HighA@space operations, or supporting its
development if such an initiative has already commenced in the context of the European
Commission New Entries working group.

9 Addressing the link with the European ATM Maggin and the SESAR Concept of Operations.

Proposals addressing this application area must plan the following milestones:

1 A public deliverable should be delivered to the SJU 12 months after the start of the project
describing the current global demand foigherairspace operations, how States and businesses
are addressing it, and their interface with space agencies and operations, with the aim of
generating a detailed picture of demand, barriers, opportunities and possibilities. This deliverable
should bepresented in a public event with the objective of collecting feedback on how this demand
can be best addressed.

T ! LWzofAO RSEAGSNIoOES 6AGK GKS NBLERNI 2F G(KS LN
event with recommendations for further woik the area should be delivered 14 months after the
start of the project.

The work in the last ten months of theesearch activitieshould be focused on developing or
supporting the development of the European Concept of Operations for Highgpace oprations,
potentially including irdepth concept development to address one or more of the challenges that are
specific to higHevel operations.

Application area 2: Moving from magnetic to geographic bearings

Even though the magnetic compass is not as essential to navigation as it used to be, magnetic bearings
are still the main reference in aeronautical charts and runway markings, and all aircraft feature
magnetic deviation plates, and changes of deviationuiegperiodic update of charts, plates and
runway markings. It has been suggested that moving to geographic bearings may enable significant
cost savings, and also be advantageous for operations in polar routes, for which demand has already
increased and iexpected to continue to do so. The research challenge is to investigate whether this
would be a feasible alternative in the mediuto longterm future, and if so identify the operational
changes that would be required and perform an initial Hig¥el icentification of the potential
benefits.

Please note that this list of innovative areas is not intended as prescriptive; bids addressing alternative
areas of innovation in air traffic services are welcome, provided adequate justification and background
are provided in the bid.

Proposals must demonstrate operational knowledge of current operations, familiarity with the aspects
of the SESAR concept of operations that will be impacted by the innovative concept and an
understanding of the innovative concept@the related stateof-the-art.

It is expected that the development of the new concept of operations will need to start with-an in
depth analysis of the statef-the-art through literature review and interviews to relevant experts,
followed by workshops wh experts and stakeholders to discuss the future operational concept. The
conduct of modebased simulations should neither be the main objective of the project nor take most
of the effort, limited model based simulations may be used if adequately poti.g. to support
quantification of benefits of formation flying.
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The output of the project must be a hidével concept of operations describing an innovative air traffic
service application. The objective of the concept of operations is to providsienwof how the
innovative concept will work within the current system and how it will change the operations from the
point of view of all stakeholders. By its nature, the final concept of operations deliverable must be
public. It is expected that interméate deliverables supporting the development of the concept of
operations (e.qg. literature reviews, reports of workshops or interviews) will usually also be marked as
public unless there is a specific reason for not doing so. Proposal including any atiédisess
confidential are strongly advised to provide adequate justification for the need for confidentiality.

Expected impact:

Research in innovative Air Traffic Services concepts will support the development of the SESAR concept
of operations in supporbf the objective of the ATM Master Plan and ACARE Strategic Research and
Innovation Agenda.

Type of action:
Research and Innovation Action (RIA).

3.3.3 SESARER420-2019: ADSEn applications

Specific challenge:

ADSB-in equipage delivers precise information of the surrounding traffic in the cockpit. Airlines have
already starting equipping their fleets with AB$n in order to take advantage of the initial
applications that are already operational (ATSAW anda@icdTP). A number of additional AB$
applications are currently under research in the Industrial Research Programme. The objective of this
topic is to investigate additional applications beyond what is covered in IR to leveragB-iADS
equipage.

Sope:

The SESAR concept of operations is grehaskd, but even in a groudshsed concept atioc
delegation of separation responsibility from controllers to pilots may bring benefits. Airborne Spacing
¢ Interval Management (ASPM) and CDTI Assisted vissaparation (CAVS) are currently under
research in the Industrial Research Programme. In addition, the industrial research programme also
consider use of ABBin capabilities by airborne safety nets, SU/REnd ACAS X (extended hybrid
surveillance). Bid# this topic should propose a new AB$ application and propose a plan to
develop a higHevel concept of operations and an initial validation (from TRLO to TRL2) with the
objective of assessing whether there would be value in including it in the Ad$teMPlan.

The following two innovative applications of interest have been identified by the SJU:

Application area 1: Formation flying

In formation flying operations, an aircraft is positioned in a specific area closely behind another aircraft
on the sane route, where the wake vortices generated by a leading aircraft push air upwards, so the
follower aircraft can benefit from this lift and therefore reduce the engine thrust and, at the same
speed, significantly reduce the fuel consumption (initial estéisithat savings for the follower aircraft

can be up to 82%), with the associated reduction in CO2 emissions. A positive impact in terms of
increased airspace capacity (more aircraft in the same portion of airspace) may also be possible. It is
envisage that the concept will allow the creation of strings of aircraft, each benefitting from the wake

of the previous aircraft. Fuel savings are realised in the follower aircraft, and the concept has neither
a negative nor a positive impact on the operatiopafformance of the aircraft being followed.
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The avionics requirements for the follower aircraft are ABiS with a station keeping capability for

the follower aircraft to allow it to maintain the prescribed separation with the aircraft ahead. It is
expeded that the development of the station keeping capabilities will leverage previous SESAR
research on airborne spacing, which already enabled a follower aircraft to stay a specified time or
distance behind a leader. The leader aircraft does not requireegijpage other than ADB-out,

which is already a requirement by the regulation.

Management of the rendezvous, formatidlying phase and split of military formations is already
routine in European skies, but the concept is not directly applicable idaimations. There is a need

to develop a higHevel concept of operations of how to manage civilian formation flying. The concept
may include some strategic planning (e.g. to allow reduced fuel upload requirements for a flight that
is planned to take adhntage of formation flying) or be exclusively tactical (i.e. controllers identifying
opportunities for formation flying to equipped aircraft that have reported that they are looking for a
leader for fuel savings purposes, potentially with the supporthtaf ATC ground system). Like in
military formation flying, the concept must include the delegation from controllers to the flight crew
of the responsibility for separation between leader and follower.

Application area 2: Use of ACAS logic for separation

Inthe current SESAR concept of operations, aircrafficanoeuvrebased on their picture of the traffic

obtained from SSR or ABSn only for collision avoidance when in anA8Inanoeuvre Previous

SESAR ER project AGHEBZ[ has examined the possibility of aircraftanoeuvringearlier, in the

separation provision layer ather thanin the collision avoidancdayer, with clear criteria being
established for allocatip separation responsibility to either air or ground agents. Project&iwg in

GKA& FLILIX AOFGA2Y | NBIF YIe& 06dAfR 2y | D9 b-haSsdl I LILINE
concept with aghoc groundto-air delegation of separation responsibility

Please note that this list of innovative areas is not intended as prescriptive; bids addressing alternative
ADSB-in applications are welcome, provided adequate justification anckgeound are provided in
the proposal

The output of the project must imede a higHevel concept of operations describing an innovative
ADSB-in application. The objective of the concept of operations is to provide a vision of how the
innovative concept will work within the current system and how it will change the operdtiomsthe

point of view of all stakeholders. By its nature, the final concept of operations deliverable must be
public. It is expected that intermediate deliverables supporting the development of the concept of
operations (e.qg. literature reviews, repot$ workshops or interviews) will usually also be marked as
public unless there is a specific reason for not doing so. Bidders for this topic marking any deliverables
as confidential in their bid are strongly advised to provide adequate justification ®mné#ed for
confidentiality in the bid.

Expected impact:

In the era of digital aviation, AEEBin applications will enable the involvement of fligtrews in the
air traffic control task by taking advantage of the digital vekicleehicle connectivity. heeraging
ADSB-in equipage will allow airlines to get best value for money for their investments in avionics.

Type of action:
Research and Innovation Action (RIA).
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3.3.4 SESAMRA421-2019:Longterm Evolution of Air/ Ground Synchronisation

Specific challenge:

Automatic airground trajectory synchronization is a cornerstone of the SESAR vision. This topic
explores the evolution of the operational concept ofgiound synchronisation concept beyond what
can be achieved with ATN B2.

Scope:

The automatic sharingf data between the airborne systems and the ATM ground systems in the
Industrial Research programme is limited to what is possible with the ATN B2 standard; it includes the
downlink of the Extended Projected Profile (EPP) and the interrogation/repljedeta the ETA
min/max window over a waypoint, as well as the data that are downlinked via SSR-3Jdde
evolution from ATN B2 and current Mo&will further extend the scope of automatic air/ground data
exchange. This could include, for example:

I Automaic update of the FMS trajectory with the ATC ground plan when a clearance is not yet
possible, allowing the airborne systems to better optimise against that plan (e.g. more efficient
descent profiles thanks to the information on the ground expected clezgpn

9 Automatic uplink and update of the AMAN planned times, so that the flight crew can be aware at
all times of what the arrival time that ATC has planned for them, and optimise the flight
accordingly.

I Automatic uplink and update of the relevant arrivadd departure sequence, to increase the
situational awareness of the flight crew (so that they know who their flights preceding and
succeeding them on the sequence are) and facilitate -BidSapplications (no need for the
controller to give aircrafto-follow callsign).

 1dzi2YFGAO aGAyaill yis of dRBracwnliik it dighdhdde (mandded
manual/selected), to improve the interpretation by the grousgistem of the EPP information, e.g.
for the ground to be able to predict the next |dvaT.

1 Evolution of the EPP standard, e.g. to include the vertical constraints that have been entered in
the FMS, selected approach procedure, planned Bsattion speed (in support of compression
management on final approach).

The main output of thisqpject must be a higlh S@St & ! eppihdtrajgéckoy syinchrbidization

I/ hbht {2 6KAOK Ydzad 06S AyOfdzZRSR (23SUKSNJI gAUGK A
as open for public disseminatiof. K @utaimatic airground trajectory synchrohil G A 2y Wihbht { £
be used as an input to the SESAR concept of operations, and also as an input for the future industrial
research projects working in these areas.

The exchange of information that is not directly related to the ATC plan for the flighttue trajectory
itself is out of scope, e.g. downlink of aircraft as a sensor information is out of scope.

The project team must include both technical and operational expertise. Bids must demonstrate basic
awareness of the future A/G communicationratructure (which is supported by LDACS, Satcom and
AeroMACS operating under a multilink approach) and which will support the future A/G voice and Data
Link communications.

There is a dependency between this CONOPS and the conidlecommunications€ONOPS, which
will be developed by a project in this call awarded under topic 23 Proposals addressing this topic should
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plan effort to coordinate with projects potentially awarded under topic PBe project must also plan
effort to bring the output of thé research to ICAO as part of the dissemination of their work.

Expected impact:

Improved automatic aiground synchronization will increase the predictability of flight operations on
the ground enable the optimisation of flight profiles in order to rezki fuel consumptiorand
contribute to a more efficient organisation of the entire mobility systdiay.

Type of action:
Research and innovation action

3.3.5 SESARER422-2019:Digital Evolution of Separation Minima in En-route and TMA

Keeping aircraft separated from each other is one of the core functions of ATM. In the SESAR concept,
ground automation supports air traffic controllers in their task of providing separatianagement.
Separation management starts by strategically limiting the density of potential separation conflicts (i.e.
limiting traffic density and traffic complexity), but is ultimately ensured tactically by keeping aircraft
separated at or above the prgefined separation minima. The RECAT and Time Based Separation (TBS)
activities in SESAR2][53]have made it possible to update the separation minima between successive
aircraft on final approach, thereby increasing runway throughput and safetsther refinement of
separation minima between aircraft on final approach (Pair Visparation RECAZ) and between
departures is ongoing in SESAR 2020 Wave 1 solution PJ.02.01, with important results expected to
become publicly available at the end of 20Hawever, in erroute and TMA, the tactical separation
minima are essentially theame as they were decades ago.

Specific challenge:

Previous research SESAR exploratory resd®&WAKE projedib4]) has developed an initial concept

for updating the wake separation minima scheme applicable wmoete and TMA (except where

RECAT applies), and a new operational improvement is in the profckesig added to the European

ATM Master PlanThe objective of this topicisto buildorRl Y9 Q& g2 NJ (2 LINPINBaa
and initial validation of this concept.

Scope:

It is anticipated that this work will support the development of a fet SESAR solutions that will make

it possible to move away from 'pr@etermined’ onesizefits-all minima that are in use in current
operations towards a more dynamic view of separation minima, whereby ATC separates aircraft to an
assured minimum risk (damically determined for each pair of aircraft depending on the aircraft
types, the geometry of the encounter and the atmospheric conditions) rather than a defined distance
standard'.

The new separation scheme may include the consideration of reducecalesgparation minima,

potentially including the possibility of using a minimum vertical separation oft5®@m the ground

02 dzyt AYAGSRTI 6KAOK YlIe& Fftft2¢ (GKS dzaS 2F Ayd SNy
reduced vertical separationckeme is referred to as RVSM 2.0, and would dramatically increase
airspace capacity both in eoute and the TMA. The new separation scheme may also consider the

use of combined separation minima (i.e. XXX feet verdicdlYY NM horizontal) in order todrease

flexibility and make maximum use of airspace capacity.
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In the current environmentthe 1.000ft. or 5NM separation minima prevent most wake encounters,
but wake encounters are still possible between aircraft that are separatemve the prescribed
minima [55]. The new separation schenmay also increase theeparationminima above what is
appliedtoday (e.gto 1.500ft. instead of 1.000t.) in certain cases in order to reduce the instances of
wake encounters between aircraft that acerrectlyseparated above the miniméghereby increasing
safety.

It is anticipated thathe development and implementation of new separation minima foireuate will

follow a similar stepwise approach to RECA36], in which at first the new minima would be
dependent on static aircraft characteristics, and in the future #ynbe possible to define dynamic
minima dependent on dynamic aircraft characteristics (weight, atmospheric conditions, etc.). It is
expected thathe newstatic minima would be dependent on the geometry of the encounter and the
wind and other atmosphericharacteristics (e.g. height of the tropopause).

This concept presents key human performance challenges and for this reason the human performance
aspects related to the applicability of a new separation scheme will need to be considered. Like for
RECAD, it is expected that ATCOs will need support tools in order to be able to apply a more complex
separation scheme. It is expected that RECAT EU and RESf&rience and lessons learned in
human performance and development of Optimised Runway Delivery (OBBWwill be useful.

Proposals shall consider altimetry requirements, potentially considering the use of GNSS based
geometric altimetry in combination with barometric altimetry to support the reduction of vertical
separation minima.

Although the key objetive is the redefinition of the wake minima, there is also the need to start
researching the potential for reduction of MRS, because where the newly defined minimum wake
separation (MWS) is lower than the applicable minimum radar separation (MRS), theedeeed

wake minima will only be applicable if MRS can be safely reduced. For this reason, the reduction of the
radar separation minima scheme is also in the scope of this topic. This may need to consider minimum
surveillance performance requirements, avertical navigation performance requirements. The new
MRS may also be geometry dependent (e.g. reduced separation wheailjror include combined
separations (e.g. 500 fand 1 NM).

The consideration of separation minima between IFR RPAS or beti@eRPAS and manned aircraft
is out of scope for this topic.

It is anticipated that the development and implementation of a new separation scheme will be a
lengthy process. The solution may develop an interim concept to predict encounters where two
aircrat that are separated above the current minima will cross with a geometry where preliminary
research results indicate that there is an increased risk of a wake encounter. The research of such an
interim concept may need to evaluate the emerging legal/lighdspects.

It is anticipated that the research may require live data collection, big data analysis and use of machine
learning.

Expected impact:

The new separation scheme for -eoute is expected to bring large benefits in terms of airspace

capacity, irmany cases literally allowing capacity to be doubled thanks to Reduced Vertical Separation
aAyAYl o6wzx{alv H®PnI GgKAOK gAfft YI1S AG LIRaarots
HppZ onpIX0d {FFShGe 6Aff tafcdsdf edobte wakeeNBuntarSly> o8& |
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prescribing new separation minima under certain atmospheric conditions and/or between certain
specific aircraft pairs.

Type of action:
Research and innovation action

3.3.6 SESAER423-2019:Increagd Capacityfor High Dengy operationsby Evolution
of Gontroller/ Pilot communication

This topic explores the evolution of controller/pilot voice and datalink communication concept beyond
what is currently covered by the industrial research programme.

Specific challenge

In the area of voice communications, the current contrepfdot voice communications concept of
operations is a de facto result of the way of working and of the performance of the legacy system (i.e.
mainly the analogue DS&M VHF radio system). In theea of datalink, the current CPDLC is applicable
only above FL285.

The research challenge is to develop the Higlel global A/G communication concept of operations
addressing how voice and data will be combined in the future to support the future Amdépt, what

will be the role of voice exchanges and how they will be managed, and the concept of operations for
the extension of datalink below its current scope.

Scope

The output of this project must béhe future globaf A/G communicationconcept of operations
(CONOPS)he& future controllerpilot global A/Gcommunications CONORBBRallcover both the future
voice and the extension of datalink communications below FL PBECONOPSiill be usedas an
input to the SESAR concept of operagp and also as an input for the future industrial research
projects working in these areas.

It is anticipated that the development of the voice and datalink concept of operations will require the
involvement of technical experts external to the consariife.g. through technical workshops), with

GKS O2ya2NlAdzyQa YIFIAY NRES o0SAy3 GKFG 2F LINRJARA
and framework, and facilitating the workshops and consolidating the results to produce concept or
concepts of oprations as the final technical deliverable of the project.

It is expected that the following SESAR Wave 2 industrial research solutions will contribute experts to
the CONOPS:

9 {2t dziAz2y yIMAGEG Agvantetl Contthuous Climb and Descent Operatims
AYLINROSR ! NNAGFE |yR 5SLI NIdz2NE hLISNI GA2yasT

1 { 2f dzii AS2AYT AHOMSE S @2 € dzi A2y 2F AYyGSaANI (SR &AdzNFIF OS

1 {2f dzi AL2YWLINBcBAS Rt GSNIA Ol LINRPTFAESa GKNRdAdzZAK SyKl y(
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The integration of the technical and operational point of view is essential for the success of this project.
The consortium must therefore have both operational and technical expertise, and the proposal must
demonstrate how the work plan will ensure the continuous coordination between operational and
technical experts.

Proposalsare expected to first define thd@bal A/G communication concept of operations considering
voice and datalink working in combination in the long term (i.e. beyond 2030+), addressing all phases
of flight. Theresearch activitiesvill assess how exchanges between pilots and controllersbwill
performed including which types of exchanges will use voice medium and which types of exchanges
will use Data Link medium (i.e. CPDLC services and its future evolutions of CPDLC or equivalent
services), in which circumstances each medium will be usedhaw datalink and voice will be
combined in different environments.

Once the global A/G communication concept will be clarified, the project is expected to define in more
details the A/G voice (sdp concept of operations and will provide insight intoettiollowing
operational questions:

1 How the future A/G voice communications will be managed (e.g. will they still operate under a

broadcast principle? Is the partine effect still required (like as provided by the current VHF

system)? Or future A/G voi@@mmunication will be under a poktib-point principle and in

which case how a communication will be established? Would A/G communications be a mix of

broadcast and poirto-point? Would pilot to pilot voice communication be a requirement?

What will be the performance requirements (e.g. latency, continuity)?

| 26 OdzNNByYy (G |yR Fdzida2NE @2A0S GGSOKy2ft23ASaé¢ oA

transparent to pilots and controllers (e.g. within the same areas when transitioning from legacy

to new; between two areas (equipped and not yet equipped); supporting a mix of aircraft

equipage)?

Which level of security will be required (e.g. encryption, authentication)?

What are the widearea communications needs (e.g. should voice communication ses&ons b

YEAYGFEAYSR RANAYy3I | FiODEKNBSEIDOEFYiNRT LIEN2 & yI YR

concept would be applied)?

1 Which are the future automation needs connected to voice communications (e.g. speech
NBO23ayAlAz2ys KI y RGeS opEratibdbikeduNdmands théyrwbuldXuppolt?/

= =

=a =

Proposalsvill also address the extension of datalink (including below FL285 and considering the global
A/G communication concept of operations as addressed at project start) and how it will make possible
to maximise the benefits of many of the concepts currendiny researched in the industrial research
programme, e.g. dynamic uplink of custom or standard instrument departures (SID) during taxi,
dynamic uplink of custom or standard arrival routes when the aircraft has already initiated descent,
uplink of enhancedrertical clearances with one or multiple vertical constraints along the way for
aircraft flying at any level. However, important challenges have been identified in this area, e.qg.
increased headiown time for pilots, need for lower latency in the more dymic lower airspace and
airport environment, etc.

The CONOPS for the extension of datalink should provide insight into the following operational
questions:
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I How can the increased fliglttew headdown time be mitigated (e.g. autoload clearances
only, HMI improvements, voicegecognition, reduced number of technical/system
YySaalk 3Saxok

1 What would be the acceptable performances (e.g. latency) in the different environments?

1 Which level of automation should be further introduced? E.g. should in some environments
hand-over between different ATSUs become seamless from the flight crew point of view (e.g.
connected to ATC, with haraler being transparent to AT¢Cno new logon required when
going from one ATSU to another)? Should coupling between Data Link anteaiteduced
0S®3d OKIy3aAS 2F @P2A0S aOKIyySté 6S AyRdzZOSR

Proposals must demonstrate awareness of the future A/G communication infrastructure (which is
supported by LDACS, Satcom and AeroMACS operating under a multilink ap@medckhich will
support the future A/G voice and Data Link communications. The selected team will work with A/G
communication IR solutions (e.g. Solution 77 which will be the interface with other technical solutions
e.g. LDACS) to consider the technieaktbility and technical impact that the choice of the concept of
operation choices and each of the operational requirements would have on the future A/G
communication architecture. The common operational and technical assessment will consider
reducing reglirements on aircraft configuration (e.g. reducing the number of or completely removing
legacy avionics when installing avionics supporting new concepts).

Bids must demonstrate access to operational data related to the current datalink implementation in
higher airspace in Europe and/or the US. A task should be planned earlier in the project to produce a
report with the lessons learned from the implementation in the higher airspace and an analysis of what
they may need to take into account in the datalinkemsion. Please note that the analysis of lessons
learned should be restricted to the operational aspects (technical ledsamnsed are explicitly out of

the scope of this topic).

Proposalsnust ako demonstrateawareness of therevious SESAR researatitie area of extension
of datdink [57]. In particular, the output of théATC Full datalink (AFD) demonstration projé&]
must be considered.

For the voice concept of operations, all operational environments where ATC is provided must be
considered, including: eroute in high and low density (including both day and night shiitls band

boxed sectors), oceanic, polar, tower, TMA and approach. Both traditional ATC service based on
geographical sectors and flighentric (sectoless) ATC must be considered.

For the datalink extension concept of operations, all the operationgirenments of interest must be
considered. The operational environments of interest arer@ute airspace below flight level 285,
TMA and approach and airport surface for operations at the apron after-pask and on the
manoeuvring area. Use of datalifide clearance delivery while the aircraft is still at the gate (before
pushback) shall also be considered.

Proposalsnust plan effort to bring the output of their research to ICAO as part of the dissemination
of their work.

Expected Impact:

The move towards new ways to support voice exchanges and the extension of the use of datalink
beyond what is possible today are part of the digital aviation vision. They will enable the sustainable
growth that is necessary to meet the capacity challeng ik described in the ATM Master Plan.
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Type of action:
Research and innovation action

3.4 Sub Work Area 2.4: Enabling Aviation Infrastructure

The research activities under enabling aviation Infrastructure will include research on concepts and
methods for enlancing and securing CNS as well as approaches for integrated performance based CNS.

Furthermore, the infrastructure required to support digitalised ATM applications will itself need to
evolve; in particular, the secure exchange of information in a detastientime is an essential
characteristic of the future infrastructure. An efficient security framework for data exchange is an
essential component of the future digitalised ATM architecture. Methods to achieve this by exploiting
bestpractice techniquesrbm other sectors is required.

3.4.1 SESARER424-2019:Innovation inCNSo enable Digitalised Operations

Specific challenge

Communication, Navigation and Surveillance (CNS) is one of the fundamental enablers of the ATM as
it supports locating and identifying air vehicles, and exchanging information with and between air
vehicles. The research and development for the evolutiotheflegacy Integrated communications,
navigation and surveillance systems to a new integrated approach (iCNS) is already under way in the
SESAR IR programme. The iCNS will bring ATM to the next level, with a resilient architectural design
that combines stellite and grounedbased services. The exploratory research challenge is to develop
applications that complement or further develop the work under way in IR, with a particular focus on
making it possible for a wider AU community (including GA, droneshenailitary) to access the most
advanced iCNS services. There is also a need to plan how to ensure that the future increased demand
for connectivity can be fulfilled.

Scope

The full range of research that could be covered in this topic is btbadppication areasnentioned
here aremerely indicative. Projects may target implementation in the Aédm or could address
timeframes up to those of the Flightpath 2050 vision docunjéht

Please note that this is an applicatioriented research topic. Proposals for this topic must describe a
concrete new CNS enabler for ATM or a new CNS use for ATM of an existing enabler and describe how
they will undertake its initial validation, with thdtimate goal of either proposing its inclusion in the

ATM Master Plan for further development or discarding it.

TheSJlhasidentified the following applicationareasof interest:

Applicationareal: Lowcostalternative Position,Navigationand Timing(A-PNT)for General
Aviation and drones

The researchaims at defining, developing and validating a concept of alternative positioning,
navigationandtiming (A-PNT)or smallaircraft (GA,Ultra-Light(UL)Aircraft, VeryLightAircraft (VLA),
Remotely Pibted Aircraft Systems(RPAS)or Unmanned Aerial Vehicles (UAV)) to meet the
requirementsin PBN/RN@perationsin caseof a GNS$legradationor outage. Thisstandardandlow-
costA-PNTconceptand systemwould allow the integrationof theseairspaceusersin an efficientand
non-discriminatorymanner while ensuringsafety and security levelsand the desiredperformance
gainsin termsof resilienceand costefficiency.
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Theresearchmayaddressfor example:

I Theassessmenof innovativetechnologiesuchasinertial systemsjow costatomicgyroscopes
andaccelerometer@ndradio altimetersthat allow consolidatinghe on-board computed
positionaswell.

1 Thedevelopmentof Innovativenew visionbasednavigationsystemfor these AUsconsistingof
imageprocesig algorithmsandtheir potential combinationwith GNS$o increaseaccess.

1 Thepotential civikmilitary interoperabilityand synergiesThepotential useof low-coston-board
solutionsthat meet PBNrequirements,on the basisof the reutilisationor adgptation of currently
availablecapabilitiesjs of utmostimportancefor Stateaircraftoperations;

1 Thespecificrequirementsfor auto landfor smallerindependenton ILSsystem,basedon GPS,
inertial positioningand other sensorgo increasethe verticalaccuracye.g.radartracker,LIDAR,
radio altimetersor visionbasednavigation.Thisshalltake into considerationwork underWG
105.

Thisresearchin this applicationareamaybuild on previousSESAERproject NAVISAE9] or
proposealternativeapproachesProposalgor work in this areamust explainhow their work is
positioned

Applicationarea?2: ImprovingsecurityandresilienceagainstGNS$hreats

For the medium and long term, it is expectedthat Global NavigationSatellite System(GNSSill
become the primary means of aircraft navigation. However, satellite navigation receivers are
vulnerableto intentionalor not-intentionalthreats/interferencegespeciallyo jammingandspoofing)
which may causethe total lossof navigationwith the subsequentimplicationsfor the navigation
serviceshasedon GNS%or its augmentedderivatives).

Theresearchshall:

I Proposesolutionsto improvesecurityand enhanceresilienceagainstthesethreats;

1 Developanew conceptfor the GNS$terferenceair navigationthreat's managementpasedon
implementingdetectionandlocalizationof jammingand spoofingon-boardthe aircrafts.

1 Assesandvalidatethe proposedalgorithmsto detectandlocalizethe interference.

Theresearchshalltake into considerationthe work andresultsGATEMANGOQ] is expectedto provide
up to the endof 2019.

Applicationarea3: Improvingcybersecurityon CNSservices

In anticipationof future more securedperformancebasedCNSthere isa needto make CNSservices
more secureand resilientagainstcyberthreats. Theresearchmay proposeeffective and automated
solutionsfor intrusion detection and identify securitycontrolsand associatedsecurityrequirements.
Theresearchshallalsoproposepotential mitigationmeasuresn caseCNSservicesare breached.

Thesolutionshallconsder (if applicable)Xhe work performedby SESABolutionson cybersecurityas
aninput to the studyand consolidatetheir analysison existingandfuture vulnerabilities.

Thescopeof the work maybe limited to afew selectedservices.g.PBNservicessurveillanceservice,
etc. and shallcomplementthe top-down visionasdefinedin IndustrialResearclactivitiese.g.PJ.14
01-01[13]andPJ.14W2-76 [14].
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Applicationarea4: Manned and un-mannedaircraft protection from non-cooperativetargets
Theincreasinghumberof dronesis causingsafetyand securityconcernswithin the aviationindustry.
A number of collisionsbetweenaircraft and droneshavebeenalreadyreported worldwide, and this
number will likely increasein the comingfuture if nothing changes.Thisresearcharea coversthe
development of non-cooperative detection. Proposalsfor work in this area must demonstrate
knowledgeof the state-of-the-art in sensorsfor hon-cooperativedetection, proposean innovative
detectionapplication,and describehow they will undertakeits initial validation. Theproposalsmust
explainthe high level performancerequirementsthey will validatetheir innovativeagainstand how
they relate to an operational need. The work plan mug include the derivation of lower level
operational requirementsand the initial validation of the application. The validation of the avoid
manoeuvredss out of the scopefor this CNSopic.

Pleasenote that SESARaspreviousERwork in this areaby project PercEvitd61], whichis ongoing
Proposaldor work in this areashouldreviewt S NI 9 pgdilliclyavaitablematerial and explainhow

their proposalis positioned with respectto PercEvite.The proposedwork should either build on
PercEvit® @ork or be complementaryto it, but should avoid the repetition of t S NJO 9 Wbkkii S Q &
Proposaldor work takinga completelydifferent approachfrom PercRite are welcome.

Applicationarea5: Useof 5Gfor ATMpurposes

5G technologyis one of the areasthat have been more rapidly evolving;it may representa game
changerfor connectivityif appliedto ATM.Groundbased5Gcanreleasethe full potential of satellite
basedcommunicationsyhile satcomhasalsousefulpropertiesfor 5Gin termsof security resilience,
coverageand delivery of broadband.Proposalsfor work in this application area must propose a
satelliteand/or groundbased5Gapplicationfor ATM.

Theresearchin this applicationareamust take into considerationthe work done by PJ.1402-05[13]
on LTE/4G/5Gor GeneralAviation in industrial researchand project DroC2omthat is working on
4G/5G (and Satcom) in the framework of UAVs. Resultsfrom both PJ.1402-05 and DroC2comare
expeded at the end of 2019 Projectsworkingin this applicationareaare expectedto plan effort to
analysetheir resultsand considernow they relate to their work.

Pleasenote that the abovelist of applicationareasis not intendedasprescriptive.Proposalgor work
in alternative applicationareasare welcome, provided adequatejustification and backgroundare
includedin the proposal.

All proposalsfor work in this topic must considerthe top-down iCNSview that is being defined in
{ 9 { 'Wa®edl Industrial Researchactivities e.g. PJ.1401-01 [13], whose final publicly available
deliverablesare expectedat the end of 2019 and PJ.14W2-76 [14]. Projectsshouldreserveeffort to
analysethe output of theselRprojectsandincorporatethem in their research.

Expected impact:

Successful research in this topic will have the potential to generate high positive benefits for ATM in
terms of resourceefficient and fitfor-purpose CNS capabilities as well as improvements in security,
improved predictability of data link performance, reduced level ofgarund communication issues

and improved efficiency of ATM services delivery.

Type of action:
Research and Innovation Action
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3.5 Sub Work Area 2.5: ATM Operations, Architecture, Performante
Validation

This research area will include research activities about performance and improved indicators and
performance measuring methods for digitalisation, iliesce, multtmodel performance,
environmental impact and cybersecurity. Further, it will include research activities to advance
validation methods like ©®CVM[63] and enhance approaches to detect emergent behaviour.
Additionally, this research area will include topics addressing the digitalisation of the ATM Architecture
and applying methods for enhancing cybersecurity of the ATM system.

The development of a scalabhnd secure target ATM Architecture is a necessary part of the vision
towards 2035. Proposals that address a viable approach to achieving this ambition are encouraged.

The results from the research activities under this topic will directly contributtecoverall SESAR
2020 transversal activities of ATM design & integration, performance management, validation,
verification & demonstration infrastructure and ATM Master Plan maintenance.

3.5.1 SESAMKER425-2019:Measuring and ManaginTM Performance

Specifiacchallenge:

The objective of SESAR is to improve the performance of the ATM system. This topic is aimed at the
development applications that improve the assessment and management of the performance of ATM
in operations beyond what is already covered by tiRe programme. The improvement of the
assessment of the performance of ATM concepts during the full R&D cycle is also in scope.

The exploratory research challenge is to propose an improvement to the assessment or to the
management of performance in ATM aoddertake its initial validation. All proposals must consider
how their proposedmprovement relatego both the current SESAR Performance Framework and the
SES performancgeheme[64] [65].

Scope:

Proposals submitted for this topic should clearly describe an ATM performance assessment or an ATM
performance management concept andsgeibe what the expected benefits would be and how they

will undertake its initial validatiorProposal should take previous work into account, in partici@é}

[67].

The following norexhaustive list of potential candidate application areas has been identified as being
of interest by the SESAR Joint Undertaking:

Application aea 1: Development of digitalization indicators for ATM

{9{!w O2yiGNROdzG S& (2 (sBy®ringing DigitaliRatior tb ATiNh dcdordande2 y 2 6 2
with the Aviation Strategy for Europ@]. The challenge is to propose and validate digitalization
indicators that are relevant for ATM and can be used to assess progress. The research must consider

how the proposed ATM digitalization indicators compare to thesed by other industries, as well as

to the more crossndustry generic indicatorand to the ATM digitalization indicators that will be

proposed in the next ATM Master Plan (publication expected during 2019).
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Application area 2: Improved consideration oésilience by the SES/SESAR performance framework.
Resiliencecan bedefined das the capacity of a system to absorb disturbance andrgenize while
undergoing change so as to still retain essentially the same function, structure, identity and feedback
[68]. The consideration of resilience f@art of the SESAR safety reference material, but the
consideration of resilienckeyond safety IrBESAR is limited to the mes&sg of resilience to capacity

(as percentage of capacity loss in Aromminal situations), which is used by projects working on
concepts that support disruption management. Delay, fuel efficiency, punctuality and predictability
indicators are the same fonominal and nomominal situations, and SESAR ambiti¢8k and
validation targetg69] are set based on average values measured in real operations, whérers

may have a disproportionate impact. Likewise, the SES performscteame[64] [65] sets targets
against average values, without differentiating between nominal and-mmminal situations.
Research should propose a way forward to improve the consideration of resilience by suggesting
different indicators and/or targets for nominal anedmnominal situations, and undertake an initial
validation (e.g. show how the assessment of performance would be more meaningful with their
proposed methodology)The indicators should be able to capture the three the three complementary
resilience capadits: absorptive capacity, restorative capacity and adaptive cagasityProposals for

work in this area must describe how their work is positioned with respechéorésearch project
RESILIENCE 2Q30].

Application area 3: Development of multhodal performance indicators and ambition

The Flightpath2050/4] has set a goal for a maximum of four hours of dmdoor travel time in
Europe by the year 2050. There is a neetig¢tier understand how to work towards the aelvement

of this ambition, byporeaking down the total travel time indicatdretween different modes of transport

and different phases of travel within each transport mode (&agair travel total travel time could be
broken down intocheckin time, baggge collectiorntime, in-airport walking time, travetime to and

from the airport...) and then benchmark each of the phases and set ambitions for each of them.
Proposals must focus on measurements that affect air transport, but may include the considerfatio
other modes of transport if their relevance to ATM is justified in the proposal (e.g. travel to and from
the airport, travel times in other modes of transport for comparison with fligimes and potential
consideration by ATFM or for the route changischeme). The consideration of thade-offs in
performance between passenger travel time and transport mode travel time is also in scope for this
topic, e.g. to consider when an aircraft waits for delayed connection passengers (arriving by air or by
another transport mode) thdarade-off between the increased delay of the flight and the decreased
delay of the passengers (compared to whether the flight had not waited for them and they had had a
longer wait until the next flight).

Proposalsn this area mst plan effort for coordinating with projects awarded under toplicnovation
Ay 1 A NLI2 NJi- wbrkidg M thél ingtévément of airport operations in contribution to
multimodality and projects awarded under topiacx ! ¢va2 £ S Ay LY GSNX2RFf ¢NJ yaL

Application area 4: Development of environmental indicators

The objective is to further develop the assessment of the impact on the environment of aviation,
measuring noise, air quality and pollution beyond what is currently considered by the SES regulation
[64][65] and the SESAR performance framew@¥. Indicators may assess, for example, noise impact
from traditional aviation and/or drones, NOX, contrails and their impact, local air quality, etc. Projects
working in this area should consider how their proposed approach compares to the approach by Clean
Sky[62] and refer to the European Aviation Environmental Repoz].

The researclactivitiesmay also review the interrelation of the eneitmental targets set by the SES
Performanceschemd65] for the secondreference periodRP2, the PRB Advice to the Commission in
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the setting of Uniorwide performance targets foRPJ373], the environmental ambitioin the ATM
Master Plan for 20393], the SESAR Programme validation targé$] and the environmental
ambitions setby Flightpath2050[4] ACARE foR050 in order to provide insight on how they
complement each other and how the metrics used in SESAR may evolve to best support the
achievement of all the aforeemtioned ambitionsand targets.

Application area 5: Further development of the concept of unconstrained reference trajectory
against which to calculate additional trackniles or flighttime in the TMA

For the calculation of additional arrival fligtine in the TMA, the current SES regulatj64][65] uses

as a reference the unimpeded trajectory from a distance of 40NM around the aifpgjitwhich is
calculated as the statistical minimum feach aircraft categonyfor erroute, the reference trajectory

is the great circle distance.

The objective of the research is to study potential evolutions of the current SES indicator in order to
overcome some of the current limitations, for example:

9 Limitations due to the reference a trajectory in the TMA being calculated statistically, which
may result in situations where an average improvement in track miles counts as a decrease in
performance and vice versa.

9 Limitations due to the great circle naviesidering the ARES demand that affects the trajectory,
which may result in an increase in ARES demand resulting in a decrease of the performance of
the ANSP.

Limitations due to the additional time in the TMA not considering departures.

Limitations of theone-sizefits-all 40NM limit between emoute and TMA used in the SES not
being tailored for each airports.

Application area 6: Development of arrival delay indicators and targets

CNRY G(GKS LRAYG 2F GAS¥S2 Tl NKKJ linlangd dnyitibs RBval a 235 NF =
predictability is also considered key for the efficient management of airport resources. However,
neither the SES performance scherf8] [59] nor the ATM Masterplan,SESAR performance
framework[70] or the SESAR Validation Tardé®&j include arrival delay metrics, ambitionstargets.

Measuring arrival delay is challenging, because of the difficulty of finding a valid reference (e.g. airline
schedules often include buffers). Moreover, limiting the number of flights arriving outside a certain

interval is more relevant than meaements of mean or variability, but the interval of interest may be

different depending on the stakeholder (e.g. from the passenger perspective, arriving a few minutes

early is not a problem, but early arrivals may disrupt airport operations). Improvesmienthe

predictability of the inblock time may not only come from aircraft flying closer to their planned
trajectory, but also from improvements in the planning that make it more realistic (e.g. planning that
considers the SID or the STAR, planning toasiders the statistical fight A YS ¢ A 0 K dz& dzF £
Project working in this area must consider all stakeholders, and also consider how their proposed

I LILINR F OK O2 Y LI NB aminue delay) @iteriénl (Wherd airgraftTadiving garlier than

fifteen minutes after their scheduled time are considered to be on tifi@ig). In order to cater for

different stakeholder needs and priorities, multipledicators and targets may be proposed and

validated.

Application area 7: Further development of ciuihilitary cooperation and coordination indicators
Civil military cooperation and cooperation indicators in the SESAR performance franjé@jakow

a limited assessment of the improvement of emilitary coordination concepts in terms of increased
civil and military flight efficiency, as well as of the effectiveness of the codmimarocesses (by
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measuring the volume of reserved airspace that is not used) and the effectiveness of the process from
the military mission perspective (for optimizing the ARES volume). There is a need to further develop
these indicators, as well as tesearch into the interaction between the impact of the demand of
reserved areas on the achievable flight efficiency. In addition, there is a need to understand the
apportionment of SESAR ambitif3] to increase flight efficiency between projects working on the
improvement of civiimilitary coordination processes and projects working in other areas.

Application area 8: Development of flexibility metriceambitionsandtargets

The flexibility KPA has indicators aims at measuring the flexibility of the ATM system, e.g. measuring
the delay for latefiling flights or flights which request a change over their original plan, or allocation

of airspace reservation at short noéi. There is a need to further develop flexibility metrics and targets.
Research in this area should identify demands for flexibility among stakeholders, propose and validate
relevant metrics and perform a preliminary benchmarking.

This list of potentialapplication areas is not prescriptive; proposals addressing application areas
beyond those listed above are welcome, provided adequate background and justification are provided
in the proposal.

Expected impact:

Improvements in the area of performance assment, benchmarking and ambition/target setting and
trade-off between indicators will enable an improved management of the performance of the ATM
system in operations, and a better assessment of performance in R&D.

Type of action:
Research and Innovati@attion.

3.5.2 SESAMR426-2019:ATMValidationfor a Digitalised ATM

Specific challenge:

Although the European Operational Concept Validation Methodolog@G¥M)[63] has been
successfully applied in industrial research activities in SESAR, there is a need to explore potential
improvements to the methodology in order to ensure a more flexible and adaptaigeoachthat
couldfacilitate a rapid development and progress towards the future ATM vision for this future

ATM considersignificantly higher levels of connectivity and automatioan today and this may need
adaptations in the current human perfoance methodologies to be able to address these challenges.

Scope:

The scope of this topic covers the following aspects:

Application area 1: Macranodelling applied to Air Traffic Management

A macremodel is a theoretical or conceptual model that is ablegproduce the behaviour/trends of

the whole system, rather than that of its individual elements, and that aims at addressinestzaige
global and/or systemic factors.

Research activities shall develop potential solutions that are able to use in priatiknowledge on
emergent behaviour detection and overcome the limitations in this area of the curf&C¥M. In
particular, the research may address the following areas:
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1 Investigate new methodologies and techniques/tools for macro modelling and agisess
feasibility and applicability to ATM identifying main advantages and limitations.

9 Develop a macronodel of the ATM system (using techniques/tools identified above) and
demonstrate:
0 The model capability to assess the potential performance impact dfirdu
concepts/solutions (still under validation in Industrial Research, under Exploratory
Research, or new ones) at ECAC level The proposal shall describe the reference scenario
(ATM system without implemented solutions) and the solution scenario(s) (A$tdns
with implemented solution(s)) that are intended to be used as test cases to validate the
model and demonstrate its capabilities.;
0 The model capability to address tradffs between alternative concepts/solutions,
between KPAs and stakeholders;
Themodel capability to support the decision making process.
0 The capability to address emergent behaviour analysis, in order to allow analysis of impact
of new concepts on all stakeholders at the same time, and msafety cases based on
the emergent behavios that are detected with the new methodology.

o

Relevant simplifications and assumptions made for building the macro model should be
documented and be delivered with the modal.

9 Assess the potential use of models (e.g. agesmtéed models) in order twonsider how uncertainty
can impact the output of R&D activities: Run meokesed simulations to quantify potential rare
event instances (in particular for narominal situations) and consider how this can be used in the
development cycle in order to iaify where uncertainty must be reduced to obtain the target
safety level;

1 Align to key reference material from SESAR programme i.e. SESAR Performance Frafgwork
and SESAR Solutions catalogue (e.qg. if the solution is already under development in ER or IR, the
proposal shall be aligned to the latest applicable solution description or document any deviation
with respect to that baseline). The research may deviate fiioese references but any deviation
shall be documented and its impact on the results evaluated

9 The proposal shall build on the results and work under exploratory projects suamaad)}76],
evoATM[77], andVISTA78], etc where relevant

I The technical proposal shall facilitate an iterative and incremental approach towards the
objectives, to allow (if required) rerientation or adaptation of scope, objectives, etc.

Application area 2: Evolution of European Operational Concept Validationthiddology (EOCVM)

for ATM

The research aims at performing gtical review ofthe European Operational Concept Validation
Methodology EOCVMN [63] and propose concret improvements to the methodologyThese
improvements should be well detailed in order to facilitate the transfer, integration and training
activities.

In particular the research shall:

1 Consider the applicability to ATM of other validation methodologiesat(tnay be used in other
domains) e.g. principles of agile development for reducing the duration of R&D phase in ATM,
facilitate the identification of emerging solutions that could quickly progress from low maturity
levels (VO/V1, typically under the scopé exploratory research) to higher maturity levels
(V2/V3, typically under the scope of industrial research) and then towards deployment;
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9 Critically assess the-®CVM case based approach, and in particular the safety case, and
propose the required improvaents so through the application of the methodology it would
be possible to identify as soon as possible any safety issue thatdétented may imply
important costs at a later stage e.g. deployment;

1 Review the roles and responsibilities in the validatinethodology e.g. between development
and validation roles;

I Propose ideas to better integrate technical validation of technological solutions (enablers) and
technology readiness levels (TRL) itOEVM;

1 Review the SESAR maturity critgi#8][80] and proposemprovements to the list of criteria
and the means of compliance;

1 Address the analysis of differences between the validated results e.g. performance benefits at
the end of the validtion cycle (V3/TRL6) and what happens when solutions are finally
implemented and in operations, and extract lessons learnt that could help to improve the E
OCVM and the validation process in general,

1 Explore how pilot implementation projects could be ugedcollect operational data and
detect emergent behaviours that could be used to provide feedback to solutions/concepts at
lower level of maturity.

Application area3: Evolution of Human Performance Assessment methodology

This research area ainat develgping and validating concrete improvements the SESARuman
performanceReference Materigl81][82] that can be input in the next cycle of Industrial research, in
particular considering environments with higher degrees of automatidlote that Human
performanceis not only linked to safety but also related to training needs, costieffcy and workload
and that is why this is kept separated from the previeyplication areaThe improvements could
cover, for example:

9 less invasive techniques for collection of HP data; lsage data collection of impact of
automation on HP;

9 innovative use of human performance data collection techniques e.g. speech recognition,
brain wave measurements, eyecking, etc.;

1 human behaviour modelling, e.g. for Fast Time SitiarigFast Time simulation (FTS).

The research shall address thetential use of more advanced HP assessment tools in future R&D
work. The research may consider as well behavioural sciences.

Note that the research shall take into consideration both g#formance schemg8] [59 andSESAR
performance framework[70], and latest applicable version of the SESAR Human Performance
Reference Material (HPRNB1][82] astheéash 8¢ NBFSNBy OS o

Expected impact:

It is expected that the research in this topic will identify concrete improvements to the methodologies
applied in industrial research in SESAR in order to: better consider the challenges derived from the
future vision for ATM, to optimise the validationgzess and to allow the rapid put into operations of
innovative ideas with high potential performance benefits.
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Type of action:
Research and Innovation action.

3.5.3 SESARER427-2019:Future ATMArchitecture

Specific challenge:

The future ATM architecture isigiributed, and will make extensive use of digital technolog@es
enable a more efficient organisation of the entire mobility systdi®]. The implementation of this
model provides opportunities for increased efficiencies through the consolidation of services, and
increased resilience by increasing the flexibility in the design cbdak solutionsbut will face
challengeghat need to be addressed e.gyber security Securing the confidentiality, integrity and
availability of all ATM operations, in particular in the face of rapidly increasing cyber security risks, will
be an inherent and collaborative element for civil and military stakeholders in the design,
development, deployment, operations and maintenance of ATM capabilities.

Scope:

Proposals must describe a specific application supporting the improvement of the ATM architecture,
with a particular focus on adapting it to better support digital technologies. &sals must also
describe a work plan to undertake the initial validation of their proposed improvement.

The following application areas of interest have been identified by the SJU:

Application area 1: ATM cybetrisis management

The cybersecuritiequirements of the ATM data systems are very high, but it is nevertheless necessary
to ensure that if a cyberattack were to be attempted, the system would be ready to ensure the safety
of the system at all times, and resume normal operations as soonsshbe. Bids must propose one

or more cybeicrisis management strategies that include the whole crisis lifecycle (readiness, response
and recovery), and a plan to validate them. It is expected that the network analysis models used in
other industries can®useful for ATM. Projects working in this area must consider the business aspects
of their proposed applications.

Application area 2: ATM data management

The decentralization of the ATM system will bring with it the distribution of data management
respasibilities among multiple actors. There is a need to establish requirements that ensure that the
data are correctly stored and that the transmission of data is carried out in a secure and fully traceable
way. Bids should describe a specific ATM data mament challenge and hypothesize one or more
novel ways to store and transmit ATM data so that the security and traceability is improved above
what is considered in IR (with the SWIM profiles), and propose a plan to validate their hypothesis. It is
expecteal that the generic data encryption solutions that are in use in other industries (e.g-¢haak,

smart contracts, quantuabased cryptography, etc.) will be useful for ATM.

Application area 3: Collaborative cybersecurity awareness

The concept of the airaft downlinking to the ground CNS cybersecurity status information (e.qg.
jamming, spoofing) is included in the scope of IR Wave 2 (Candidate Solution 110). Bids could propose
additional applications that extend this concept, e.g. aircraft sharing cyberite status with other

aircraft rather than the ground, or to a commercial cybersecurity monitoring service (not necessarily
the ATM system).
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Application area 4: Interaction between cybersecurity management and safety management in ATM
Similarly to what is done through safety management systems in the area of safety, there is a need to
share cybersecurity information in order to ensure that the information and lessons learned from
previous incidents is used for the continuous improvemefthe system. However, unlike for safety,
access to cybersecuritglated information needs to be controlled in order to avoid that sensitive
information ends up in the hands of potential attackers. In addition, in the aviation there is a need to
conside the tradeoff between security measures and safety requirements, e.g. an encrypted8ADS

in may be more secure if used by the ground, but may become unusable by other aircraft BAtADS
applications. Bids should elaborate on one or more of the chgdéleiposed by the interaction between
cybersecurity and safety in ATM, hypothesize one or more potential solutions and describe a plan to
validate their hypotheses. The output of the project should be a public deliverable with detailed
guidance material ohow to address these issues.

The above list of potential applications is not intended as prescriptive; bids addressing applications not
listed above are welcome, provided adequate background and justification are provided in the bid.

Expected impact:

It is expected that the research in this topic paves the way for a future distributed, service oriented
ATM architecture that will make extensive use of digital technologies while respecting agreed safety
targets and defence and security needs.

Type of actio:
Research and Innovation action.

3.6 Sub Work Area 2.6: IFR RPAS

This research area will address concept elements related to the control of IFR RPAS in the TMA,
integration aspects further than those already covered in IFR RPAS topic in IR and reduced crew
operations contingency management, in support of the full integration of IFR RPAS with manned
aviation.

3.6.1 SESAMRRA428-2019: Control of IFR RPAS in the TMA

Specific challenge

Even though the remote pilot of an IFR RPAS may be located anywhere in thecaottd| from a

ground station that is not in direct radio liraf-sight will generally increase communication latency,
which may require ATC to apply extended separation buffers for RPAS, especially during approach,
take-off and landing, where ATC is matgnamic, or it may even render TMA operations impossible.
The challenge is to integrate IFR RPAS in the busy TMA and airport environments, beyond the level
that is currently being research in the industrial research programme.

Scope

The industrial researcprogramme is researching the accommodation and integration of IFR RPAS in
the airspace and at the airport, with a focus on accommodation and integration of the demand
expected in the 2022035 timeframe. Research being conducted in Wave 1 by P0S1@3] and the
awarded scope of work in Wave 2 agpected to be publicly available at the end of 2(14). This
comprises almost exclusively IFR RPAS that operate from either military bases or dedicated airfields,
where the remote pilot can control the aircraft via a radio {ofesight C2 link. For takeff and landing,
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it is expectedhat largeseparationbuffers may be required. The research that will be carried out in
this exploratory research topic will pave the way for IFR RPAS to be able to fly to and from any airport
in full integration with manned aircraft, i.e. eliminating gneatly reducing the separation buffers.

The aim of the research is to establish highel requirements to allow the control of IFR RPAS for
flight in the TMA, takeff and landing to allow enough flexibility for the IFR RPAS to safely operate in
busy ewironments, even if some separation buffers above those applicable for manned aircraft are
applied. The research must include the consideration of all the instructions that are usually issued by
ATC in a busy airport (considering in particular takeandlanding clearances) and TMA environment
(e.g. headings, speed control, approach taeand landing clearances, sto@ke-off instruction after
take-off roll has been initiated, missed approach clearances, latargond clearances, etc.).

C2 latency ialways a key consideration for the integration of IFR RPAS in any airspace, because it has
an impact on how quickly an ATC instruction can be implemented. In order to gédtkeney control
during takeoff and landing, the traditional split operations ampt requires the command and control

for take-off and landing to be carried out by a local fligihew using a lin@f-sight C2 link. This system
poses limitations to where the IFR can fly (a fliglew and their supporting infrastructure must be
line-of-sight from the departure and destination airports). The research could explore the possibility
of establishing a C2 gateway at the airport to enable that the C2 communications be routed from a
pilot located anywhere in the world via growgglound communiations into the airport RPAS C2
gateway, from which they would be routed through a hofesight radio link. This will enable the
control of the aircraft from takeoff at one airport to landing at another airport from a single ground
control station, whileenjoying lineof-sight C2 at both ends.

The research may also research the impact of RPAS using automatafftake/or landing systems,
i.e. which added buffers may be needed for IFR RPAS that are untethered (no-imdthedhoop)
during routine takeoff and landing, but where a human may be available to intervene irnaoninal
cases.

Research into DAA and RWC is out of the scope for this topic.

The output of this project must include the higgvel operational requirements to support the
operationof IFR RPAS in the (busy) TMA environment in integration with manned aircraft, and include
performance quantification and a proposed technical architecture.

Consortia bidding for this topic must have both technical RPAS C2 expertise, operational RPAS
expatise and air traffic control expertise. The research may include mpck
simulationgdemonstrationsgnvolving controllers and remote pilots.

Expected impact:

It is expected that the research in this topic paves the way for the integration of IFR RRAfamied
aviation in the TMA and tower environment beyond what is currently being research in the industrial
research programme.

Type of action:
Research and Innovation action.
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3.6.2 SESAKR429-2019: RmainWell dear for IFR RPARtegration in ClasD-G
Airspace

SESAR industrial research is working on the accommodation and integration of IFR RPAS in airspaces
A-C, where the separator is always ATC. This topic explores the integration in airsgaces&e for
IFR aircraft the separator may not alwaysthe controller.

Specific challenge

The aim is to provide the technical capabilities or procedural means to allow IFR RPAS to operate in
airspace Class D to G where not all traffic may be known to ATC and/or where VFR traffic operates with
less predictaliity (i.e. even if they are known their intentions may be unknown).

Scope

For an IFR RPAS to be able to safely operate in airspace classesdperative and neoooperative

Detect and Avoid (DAA) systems are required for avoidance of other traffithdne is no need to
consider obstacles or weather, as these are covered by normal IFR provisions. The research must be
focused on the development of the DAA functions that are required for IFR RPAS to be able to fly
among manned VFR aircraft but are metjuired to fly among manned IFR aircraft.

Collisionavoidance work shall cover both cooperative and{tooperative conflicts, including, where
appropriate, interoperability with ACA®I and TCAS. Research should consider the relay of resolution
advisores to the remotepilot station, as well as the possibility for the system to implement such
advisories without reference to the remoqalot station. In both cases, all aspects concerning system
and link performance should be researched, as well as theteal and human implications of greater
degrees of automation.

The capability that needs to be developed is the Remain Well Clear (RWC) function for IFR RPAS. RWC
aims at allowing IFR RPAS to execute RWC manoeuvres to maintain separation against weaperati
potentially nhoncooperative traffic. It must be noted that this RWC function is neither a safety net
aimed at lastminute collision avoidance nor a mere display of the surrounding traffic for situational
awareness, but an operational concept to alltFR RPAS to seHparate from other aircraft just like

VFR pilots separate from other aircraft based on theirtbgtwindow view.

EUROCAE has publishedogerational concepf{83] for how the RWC function for IFR RPAS will use
these capabilities in airspaces@®Proposals must describe how their project will undertake the initial
validation and refinement othe conceptin EUROCAE documeiihe role of autonomouslecision
making and the system performance requirements, including-tereind requirements for the link
(RLP)must be considered

Please note that the RWC function addressed in this topic is not aimed at allowing the pilot to discharge
the responsibilityfor the safety of its own aircraft described in ICAO Anné&4l which refers to
collision avoidance only and display of surrounding traffic information (alsoreeféo as RWC, but

not allowing the remote pilot to manoeuvre unless it is for collision avoidance purposes). The ICAO
Annex Il responsibilities for IFR aircraft are fully discharged with the collision avoidance sislution
expected to be developed in IRave 214] (candidate solutiori11) beinglevelopedwhich are being
researched in the SESAR Industrial Research programme.

The research must consider how the Eurapeconcept will be impacted by the existing difference
between Europe and the USA concerning the responsibility of IFR pilots when operating with unknown
VFR aircraft in class E. Both rotamng and fixedwing RPAS must be considered.
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The research may osider the definition of a new framewaork with different airspace classes for which
there are different norcooperative detection requirements, e.g. depending on the requirements for
equipage for manned aviation or for ndRR drones. Special consideratiaongy be needed to
accommodate drones that may transition from IFR flight rules to-Iiféh rules to fly using-&pace
services or vice versa.

Development of norcooperative detection is out of the scope of this solution (it is in the scope of
topic 24, CNS)

The relevance of previous research undertaken in SESAR in the area of ASAS and CAVS will be
considered.

The research will need to develop minimum performance requirements foicooperative detection,
and may need to develop enablers that meet those iegments.

The project must consider the following references: EUROCAIEOY Gocumentation, EUROCAE WG

75 documentation, documentation from EDA projects MID{B35F DASA86] and RP$37], JARUS
documentationand ICAO RPAS Panel. The output of this project should propose a refinement of the
WG-105 DAA for airspaces® CONOPE&UROCAE EX58).

The project is expected to reserve effort to participate to standardization and ICAGnggroups as
part of their communication and dissemination activities.

Expected impact:

The integration of RPAS in all classes of airspaces is part of the European ATM Master Plan, and
contributes to the access and equity key performance area, which a@ireasuring that all airspace
users have equal access to the airspace.

Type of action:
Research and innovation action.

3.6.3 SESAMER430-2019:RPAS for Manned FligiibbntingencyManagement

Increased automation will make it possible for airliners and large cargo aircraft of the future to fly with
a single pilot orboard. The reduced crew operations concept requires that the aircraft can be safely
brought down to a safe landing in the evenattthe single pilot be incapacitated during the flight.

Specific challenge:

Research in this topic will develop the procedures for the management of the contingency of an aircraft
flown by a single pilot needing ground contsolpport The concept will auribute to the safety of the
operations currently conducted with two crew members that are expected to be conducted by one
crew member only, and also enhanced the safety of those flight operations that are today conducted
by a single crew member.

Scope:

It is anticipated that the reduced crew operations contingency management concept will require the
ATM system accommodation of flights transitioning from a routine manned flight to a flight with
limited onboard human action and the management of the ftighereafter. The research must

address the management of the transition from manned flight to a (completely or partially) remotely
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piloted flight from the air traffic management perspective, and the management of the flight until it
lands safely in a dectited aerodrome as soon as possible, rather than on mission completion.

The research should consider how concepts, procedures and technologies from development in RPAS
integration could support this activity. Different levels of airborne support functibom@n
monitoring, alerting, crosscheck/confirmation management, aeoergency aircraft control) may be
considered.

Consortiasubmitting proposals(dpr this topic must have human factors in the cockpit expertise and

air traffic control human factors exptise. The research may include magk reattime simulations
involving pilots, remote pilots and controllers. The research must focus on the ATM aspects only and
in the manned to groungnanaged contingency management only; research into the wider reduced
crew operations concepts is explicitly excluded (note that this is considered in all projects researching
the future ATM system).

Expected impact:

The reduced crew operations contingency management enhances the safety of flight operations with
a singlepilot.

Type of action:

Research and innovation

3.7 Sub Work Area 2.7:dpace

The activities to be performed under tilseb work areaPa LI 0SQ ySSR (2 G 1S Aydz
outcomes of the orgoing ER projects and lessons learnt frorppdce demonstraons, which address

U1l and U2 services. Automation principles originally developed for UAS traffic manage mespiaiceJ

may be a source of inspiration for application in Air Traffic Control. The concept elements that may be
addressed include U3 servicé$4 services, the interoperability of-épace service providers and U

space interface with ATM and manned aviation.

3.7.1 SESAMERA431-2019: Uspace

Specific challenge:

It is expected that the introduction of new delivery technologies such as drones, and mobility as a
service will alter mobility which will result in large improvements in the quality of urban Ij¥Rig
These unmanned aerial systems (UAS) require new kisdreicesU-space services provide services

to UASlyingwithout services fromATM, but may take place in airspace shared with manned aviation,
some of which maye receiving ATC serviceglis exploratory research challenge refers to the
development of newJ-spaceserviceséspeciallyin the more advanced U3 and U4 service le&88),

as well as to the linked regulatory challenges.

Scope:
Proposals must includesearchactivities leading tdurther development of the kspace concept. The
following nonexhaustive research areas of interest have been identified by the SJU:

Application area 1: use of idpace services by general aviation
The objective is to research ifdpace services that are being developed for drones may also be useful
for manned aviation, including general aviation. This could include access to local weather information,
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dynamic obstacle data bases, information onnpled or active drone activity, glenced volumes or
additional services provided to the drone community via a grebasel data communications
network.

Application area 2: Common altitude reference

UAS must be able to keep clear of each other, and of maraircraft using the same airspace. To
ensure vertical separation from these aircratt, it is essential that they use the same altitude reference.
They must also be able to keep clear of objects on the grelnuildings, cranes, trees, etcand of
coure people and property in general. Their pilots (or their-bmard flight controllers) need,
therefore, to be able to understand their height above the ground in an unambiguous way, to be able
to relate this to databases of objects and terrain, and to tkeldred altitude of other aircraft.

EUROCONTROL and EASA have published a discussiof8@lamed describes potential solutions,

while identifying areas for additia research. Work under this topic should examine the
EUROCONTROL/EASA discussion paper and augment its analysis in the light of additional investigation.
It should also present final conclusions that propose a justified and tested solution to the common
altitude reference issue.

Application area3: Urban airspace rules

The largest concentration of drones is expected over large populated areas. This has led to the proposal
that airspace above urban areas (e.g. up to 10@bove) be declared drorenly drspace, where

rules of the air do not apply (because there are no manned flights). Manned flights would still be
possible (e.g. security forces, emergency services), but they would need special authorization, and
proposals should be described about howstbould safely be done without adversely affecting priority
manned aviation. There are important challenges associated to this concept, both from the operational
point of view and from the societal point of view (noise impact, acceptable accident rasgafih

should also cover urbaspecific issues such aster alia, C2 performance in a heavily builp area,

GNSS performance and the potential impact of midinmates. Finally, models for the design and
management of drone trajectoriesfixed or othewise should be proposed and analysed to support
potentially large numbers of simultaneous drone operations. Bids should review the existing literature
and describe how their proposed work would address the existing challenges.

Application aread: flight-planning and demand and capacity balancing for drones

As demand for drones over populated areas explodes, there will be a need for limiting the density of
flights. Research should explore the initiashhce DCB concept, which may require drones totfligh
plan and get approval before departure.

Application areab: U-space separation management service

With increasing numbers of drones in flight, there may be a need to ensure that they remain separated
from each other and from manned aviation. Note thhistis distinct from the requirement to avoid
collisions; this topic considers a formal process whereby drones are separated from other drones and
manned aviation according to agreed concepts and minima, equating to the ICAO second layer of
conflict managenent for manned aviation: separation provision. This research topic should consider
under what circumstances separation provision will be necessary, and how it could be implemented.
There is a need to establish who will be the separator (the drone its¢lfeoUspace service), what

the separation minima will be, and what the separation management processes will be. There is also
a need to define when separation will be procedural (e.g. two drones on different routes can be
deemed separated without needirig check their positions in real time), and when tactical separation
will be applied (in which case the surveillance tracks must be separated beyond defined separation
minima). For tactical separation, it is necessary to establish who will take thef thle separator (the
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U-space service or the drone), and what are the performance requirements needed by
communications, navigation and surveillance systems to support the provision of tactical separation.
For procedural separation, navigation performaneguirements will need to be developed. The
research should also consider how such separation services should behave when airspace is shared
with manned aviation, with and without ATC. Finally, it should consider how separation services relate
to complemenary collisioravoidance technologies and procedures.

Application area6: Drone traffic management for airports

It is expected that large airports will operate fleets of drones in support of airport operations, e.g. for
runway and lighting inspection. Resel will develop an airport drone management concept that
ensures that airport drones can perform their function without posing a risk to operations at the
airport.

The research should assess the feasibility and potential benefits of large airportsingdletts of
drones in support of airport operations (e.g. for transporting spare parts or high value cargo, for
runway and lighting inspection, etc.)

In particular, the research must develop of how airport service drones could be managed, de
conflicted,in order to smoothly move around their allocated areas in a safe and efficient manner.

Please note that the development of geofencing aspects are out of the scope of this research topic
(they are already covered by GEOSBE). Howeverproposalsn this area may develop geofencing
requirements specific for airport service drones if they deem them necessary.

The Uspace research areas described above do not domsta prescriptive listproposalsaddressing
research outside of the research areas on the list are welcome, provided adequate justification and
background are provided in the bid.

Projects working in this area must be willing to share information with another and reserve effort
for coordination with other projects in this area and with SJU activities that bring togetheisptdé
research efforts (e.g.49pace demonstrations).

Expected impact:

Advanced kkpace services will enable the safe anficefnt operations of large numbers of drones
without adversely affecting manned aviation.

Type of action:
Research and innovation action.
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4 Acronyms and Terminology

Acronym Long Name Definition

4D 4 Dimensions

ACARE Advisory Council for Aeronauti®esearch in Europe
ACAS Airborne Collision Avoidance System

ACI Airports Council International

ADSB Automatic Dependent Surveillan&roadcast
AeroMacs Aeronautical Mobile Airport Communications System
AFD ATC Full Datalink

AIG Air/Ground

AG Attention Guidance

Al Artificial Intelligence

AM Amplitude Modulation

AMAN Arrival Manager

AOC Airline Operation Communication

AOP Airport Operation Plan

A-PNT Alternative Position, Navigation and Timing
ARES Airspace Reservation/Restriction

ASAS Airborne Separation Assistance System
ASMA Arrival Sequencing and Metering Area
ASPA Airborne Spacing

ASR Automatic Speech Recognition

ATC Air Traffic Control

ATCO Air Traffic Controller

ATFCM Air Traffic Flow and Capacity Management
ATFM Air Traffic Flow Management

ATM Air Traffic Management
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ATN Aeronautical Telecommunication Network
ATSAW Airborne Traffic Situation Awareness

ATSU Air Traffic Services Unit

AU Airspace Users (Civil)

CASA Computer Assisted Slot Allocation

CAVS CDTI(Cockpit Display Of Traffic Information) Assisted Visual Separation
CDM Collaborative Decision Making

CDTI Cockpit Display Of Traffic Information

CNS Communication, Navigation, Surveillance
CPDLC ControllePilot Data Link Communications
CTOT Calculated Take®ff Time

CWP Controller Working Position

DAA Detect and Avoid

DAC Dynamic Airspace Configuration

DCB Demand and Capacity Balancing

DMA Dynamic Mobile Area

DMAN Departure Manager

ETMA ExtendedTMA

EASA European Aviation Safefygency

EDA European Defence Agency

eFPL Extended Flight Plan (FE€E / FIXM based FPL)
EOCVM European Operational Concept Validation Methodology
EPAS European Plan for Aviation Safety

EPP Extended Projected Profile

ER Exploratory Research

ETA Estimated Time of Arrival

EU European Union
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EUROCAE European Organisation for Civil Aviation Equipment
FAA Federal Aviation Administration

FCI Future Communication Infrastructure
FMP Flow Management Position

FMS Flight Management System

FOC FlightOperations Centre

GA General Aviation

GNSS Global Navigation Satellite System
GPS Global Positioning System

H2020 Horizon 2020 Framework Programme
HALE High Altitude Long Endurance

HMI Human Machine Interface

HP Human Performance

IATA International Air Transport Association
ICAO International Civil Aviation Organisation
ICNS Integrated CNS

IFR Instrument Flight Rules

ILS Instrumental Landing System

loT Internet of Things

IR Industrial Research & Validation

KPA Key Performancérea

LIDAR Light Detection And Ranging

LTE Long Term Evolution

MET Meteorological / Meteorology

MRS Minimum Radar Separation

MWS Minimum Wake Separation

NM Network Manager
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NOP Network Operation Plan

NSA National Supervisory Authorities

NWP Numerical Weather Prediction

OAT Operational Air Traffic

PBN Performance Based Navigation

PinS Point in Space

PIREP Pilot REPort

P-RNAV Precision Area Navigation

PSR Primary Surveillance Radar

PTR Profile Tuning Restriction

R&l Research &nnovation

RIT Radio Telephony

RBT Reference Business Trajectory
RECAEU European Wake Vortex RRATegorisation
RIA Research and Innovation Action

RLP Required Link Performance

RNP Required Navigation Performance

ROT Runway Occupancy Time

RPAS Remotely Piloted Aircraft System

RVR Runway Visual Range

RVSM Reduced Vertical Separation Minima
RWC Remain Well Clear

SBT/RBT Shared Business Trajectory/Reference Business Trajectory
SES Single European Sky

SESAR Single European Sky ATM Research
SESAR 2020 The SESAR 2020 research and innovation programme, also referred to as the

2020 Programme or SESAR 2020 R&I prograritisa coordinated set of activities
described in this document and being undertaken bydharded Beneficiaries an
SESAR MMembers ands managedas a wholeby the SESAR #tJaccordance with
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the European ATM Master Plan, the EU Airspace Strategy and Single Europ
legislation.

SID Standard Instrument Departure Route
SJWr SESAR Jl SESAR Joint Undertaking

SMS Safety Management System

SPD Single Programming Document

SRIA 1/ 1 wo9Qa {GNIGSIAO wSEASINDK YR Lyy:
SSR Secondary Surveillance Radar

STAR Standard Terminal Arrival Route

SVR Slant Visual Range

SWA Sub Work Area

SWIM System Wide Information Management
TBS Time Based Separation

TCAS Traffic alert and Collision Avoidance System
TRL Technology Readiness Level

TT Target Time

TTOT Target Take Off Time

UAS Unmanned Aerial System

UFB Unmanned Free Balloons

UPMS User Profile Management Systems
VHF Very High Frequency

VLD Very LargeScale Demonstration

WA Work Area

WG Working Group

WOC Wing Operations Centre

XAl Explainable Artificial Intelligence
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AppendixA Technol ogy Readiness Level

The SESAR 2020 Programme cotrersactivities from PréRL 1 research to system demonstrations
of TRL 7. The level of achievement and consequent maturity at each level is described below:

Exploratory Research covers:

PreTRL1 Scientific Research: Fundamental exploratory researebstigating relevant scientific
subjects and conducting feasibility studies looking for potential application areas in ATM,
concentrating both on outeach to other disciplines as well as educating within.

TRL 1 Basic principles observed and reporteBxploing the transition from scientific research to
applied research by bringing together a wide range of stakeholders to investigate the essential
characteristics and behaviours of applications, systems and architectures. Descriptive tools are
mathematical rmulations or algorithms.

TRL 2 Technology concept and/or application formulated: Applied resealidteory and scientific
principles are focused on very specific application area(s) to perform the analysis to define the concept.
Characteristics of the afipation are described. Analytical tools are developed for simulation or
analysis of the application.

Industrial Research & Validation (outside the scope of this Call) covers:

TRL 3 Analytical and experimental critical function and/or characteristic grotbconcept: Proof of
concept validation. Active Research and Development (R&D) is initiated with analytical and laboratory
studies including verification of technical feasibility using early prototype implementations that are
exercised with representatésdata.

TRL 4 Component/subsystem validation in laboratory environmer@tandalone prototyping
implementation and test with integration of technology elements and conducting experiments with
full-scale problems or data sets.

TRL 5 System/subsystem/compent validation in relevant environment:Thorough testing of
prototyping in representative environment. Basic technology elements integrated with reasonably
realistic supporting elements. Prototyping implementations conform to target environment and
interfaces.

TRL 6 System/subsystem modelmnototyping demonstration in a relevant endo-end environment
(ground or space):Prototyping implementations on fuficale realistic problems using partial
integration with existing systems. While limited documentation is available, the Engineeringlifigasib
is fully demonstrated in actual system application.

Very Large Scale Demonstration (outside the scope of this Call) covers:

TRL 7 System demonstration in an operational environment (ground, airborne or sp&ystem
demonstration in operational efronment. System is at or near scale of the operational system, with
most functions available for demonstration and test and with EASA proof of concept authorisation if
necessary. Well integrated with collateral and ancillary systems, although limitedn@mtation
available.
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