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Abstract

The iFly project definition comes as a responsthéEuropean Commissioff' &ramework
Programme call for Innovative Air Traffic Managemg/ATM) Research in the area of
‘Aeronautics and Space’. The iFly research progexpected to develop novel concepts and
technologies with a fresh perspective into a newraffic management paradigm for all types
of aircraft in support of a more efficient air tsgport system. It is aimed at supporting the
integration of collaborative decision-making in@aperative air and ground ATM end to end
concept, validating a complete ATM and Airport eomiment, and takes into account the
challenging objectives of Single European Sky (SBE&] EUROCONTROL’'s ATM2000+
strategy.

The development of the iFly operational conceptn@ps) will consist of two design and one
assessment cycles. The resulting concept, designedtimeframe beyond SESAR (2025+),
is aimed at managing a three to six times increasarrent air traffic levels, while improving
today’'s safety levels and system efficiency. Thet fdesign cycle will result in a concept
called the Autonomous Aircraft Advanced®Aconcept. This concept envisages a net-centric
environment in which all aircraft are responsilie &irborne self separation (SSEP), without
ground support from Air Traffic Control (ATC), wieilmeeting traffic flow constraints. The
second concept cycle will take the results from ifAg analysis and validation phase to
enhance the Aconcept with ground support where needed.

The A® ConOps scope is limited to en-route flight onlyhieh is defined from the Terminal
Manoeuvring Area (TMA) exit point at the departiiylA to the TMA entry point at the
arriving TMA. This en-route airspace is classifiesl Self Separating Airspace (SSA) where
autonomous aircraft use Autonomous Flight RulesRAko separate themselves from all
other traffic and hazard areas Autonomous aircaadt free to fly the trajectory of their
choosing, as long as they remain separated and preattermined traffic flow management
constraints (i.e. Controlled Time of Arrival atismmg TMA).

The enablers for the 3AConOps include a System Wide Information Manageni@w/IM)
network, air and ground datalink to broadcast amckive surveillance information from
nearby aircraft and flight deck decision suppodidp enabling the flight crew to operate in
this new environment. Ground support functions wilbvide surveillance information on
aircraft and hazard areas that are outside dirgeAiA Data Link range but which might be of
interest to the flight.

Information from both air and ground (SWIM) will hised by the on-board system for Long
Term Area avoidance, Medium and Short Term Confletection & Resolution, Conflict
Prevention and Collision Avoidance. The on-boardtay will also include functions to
detect and avoid areas of high traffic complex@pmbined with a Trajectory Management
unit the system will provide trajectories optimizéar safety, efficiency and passenger
comfort.

In addition to operational aspects, which includdeacription of the procedures, rules and
responsibilities and enabling technologies, theudwnt also provides some guidelines in
support of Human Factors, Human Machine Interfdd¢®ll] development and operational

scenarios, which include examples for normal, nommal and emergency operations. In
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order to establish a regulatory background to the GdnOps, the current and future
developments in regulations have also been adaresse
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CHAPTER I Introduction and Background

1 Introduction
1.1 Contribution of this Report

This report aims to continue the development ofAaonomous Aircraft Advanced @\
ConOps as a conceptual description of a futureoamd self separation operation in the en-
route phase of flight. The flight crews of suchceaft will be able to ensure separation from
neighbouring traffic and other obstacles, withdwa assistance of ground-based Air Traffic
Control (ATC). This is enabled by advanced airbosystems with new surveillance and
trajectory management capabilities. In additioséparation management these systems allow
for effective trajectory optimization while meetitigaffic flow constraints. Future advanced
Air Traffic Management (ATM) research environme(8&SAR and NextGen) and other on-
going research projects, as well as human factamsiderations and the current state-of-the-
art in Airborne Separation Assistance System (AS#&Sgarch, have been taken into account
in deliverable D1.3.

Interactions with other iFly deliverables: previously released deliverables from WP1 (High
level A2 ConOps report D1.1 and Traffic flow study repott.?) and WP2 (Human factors
analysis reports D2.1 and D2.2) which present sgidn the technological and human factors
aspects involved in the operations of autonomorsait have been used as a starting point
for the A ConOps redaction. D1.3 is a key deliverable iniEg project, as it provides the
input for those Work Packages which will either dscon developing technologies whose
requirements arise from the ConOps (WPs 3, 4 &ob)will perform cost/benefit and
risk/safety assessments of the ConOps itself (WRs7§. A®> ConOps Safety brainstorming
outcomes of the WP7.1 workshop were taken into @tcalong present deliverable versions
evolution. The conclusions of this brainstormingrev collected in the minutes May 30
2008. Finally the deliverable D10.1.i describeswas how iFly activities comply with the E-
OCVM validation approach.

Interactions with other outside deliverables:WP1.3 takes advantage of results from other
projects related and used as inputs in order t@ldpvD1.3., for instance: previous AMFF
concept [13], outcomes of initial safety risk ewlan of AMFF concept carried out by
Hybridge project [24,25], NASA report on an advahoen route design [14], RESET
proposed reduced separation minima for en-rout¢ BESAR deliverables [18,19,20,21],
among many others mentioned in Appendix VI - Listeferences.

1.2 iFly’s Objectives

The iFly project proposal was a response to theofiean Commission’s"6Framework
Programme call for Innovative Air Traffic Managemg/ATM) Research in the area of
‘Aeronautics and Space’.

Air transport throughout the world, and particwanh Europe, is characterized by major
capacity, efficiency and environmental challeng&sth the predicted growth in air traffic,
these challenges must be overcome to improve tHerpgnce of the ATM system. The iFly
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project addresses these critical issues by devejoai paradigm step change in advanced
ATM concept development through a systematic exgtion of state-of-the-art mathematical
techniques including stochastic modelling, analystimisation and Monte Carlo simulation.

The iFly project will develop and analyze a higldytomated ATM concept for en-route
traffic, which takes advantage of autonomous dirapperation capabilities and which is
intended to managethree to six times increase over 2005 en-route fimflemand

The proposed iFly research combines expertise ririransport human factors, safety and
economics with analytical and Monte Carlo simulationethodologies supporting the
integration of collaborative decision-making, starttisation and regulatory frameworks.

Specifically, iFly will perform two operational coapt design cycles and an assessment cycle
comprising human factors, safety, efficiency, cdyaand economic analyses. The general
work structure is illustrated in Figure 1-1.

Air and

Ground
’ Requirements
\ Advanced

Operational
Design Cycle 1 Design Cycle 2 Concept

‘ Assessment ‘

Figure 1-1 iFly Work Structure

During the first design cycle, state-of-the-art &ash, Technology and Development (RTD)
aeronautics results will be used to define a “hasébperational concept. For the assessment
cycle and second design cycle, innovative methodgshfe design of safety critical systems
will be used to develop an operational conceptnitéel to manage a three to six times
increase in current air traffic levels. These iratoxe methods find their roots in robotics,
financial mathematics and telecommunications, aagehbeen identified by the RTD
programme “HYBRIDGE” (EC 8 Framework Programme) as being utilized for advence
ATM design.

Autonomous aircraft operations, which include aif@self separation, present a potential
solution to the capacity problems that will be antered in en-route airspace in upcoming
years, at the currently predicted rate of growthdio transport. The reason for this is that in
general (except in terminal areas around airpdhs)human-centred separation assurance
method, and not the airspace volume itself, isntlest limiting factor on capacity, and that a
shift from ground-based to airborne separation tamj@ctory management responsibilities is
expected to result in a more capable, flexible rafidble en-route ATM system.

iFly will explore the airborne self separation afigive as a potential solution for high traffic
density airspace, therefore the iFly key reseanasbstion is:up to which en-route traffic
demands is airborne self separation sufficientlyfea

The iFly project brings together a skilled tearmir&uropean ATM research and industry that

initially came together in the completed EC-INFS@ject HYBRIDGE. The consortium is
strengthened by specialists in human factors, iavigisychology and cost-benefit analyses,
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together with a large Air Navigation Service Pra&rdANSP) and a large system engineering
consultant with wide experience in advanced ATMgtes

1.3 iFly Work Package 1 (WP1)

Along with the Autonomous Aircraft Advanced opeoatil concept (&, Work Package 1
also developed an airline strategy concept forraurtwus aircraft operations, using state-of-
the-art aeronautics research and technology resthis airline strategy concept for thé A
environment, is intended to optimise airlines perfance with autonomous aircraft and to
improve customer services by making effective dgbat autonomy.

WP1 has taken advantage of state-of-the-art reseasults obtained in previous aeronautics
research projects and has leant significantly enpiftot responsibility and cognition analysis
performed within Work Package 2 [8] and [9].

The tasks performed in WP1 have been consolidatednd this A ConOps, which is
targeted to:

» Safely accommodate as much en-route traffic deraantis feasible.

 Improve on meeting the airspace users’ preferedmesmaking effective use of
autonomous navigation capabilities.

*  Optimize the performance of airlines with autonosaircraft.
WP1 is organized in three sub-WPs:

« WP1.1, “High level ConOps” described the researfforts and available options
gathered towards autonomous en-route aircraft agvhoperations (iFly - D1.1). The
deliverable is a high level approach to the A3 emof operations to be developed for a
potencial shift into autonomous en-route operatiartsusy airspace according to current
standards. This deliverables describes the highl leperational procedures for en-route
aircraft operations and defined the airborne ttajgc separation management
responsibilities and tasks within the Self SeparatAirspace (SSA).The document
presents the types of hazards that must be addresden A3 ConOps to ensure that
autonomous aircraft operations in medium to highsdg airspace can be realized at
safety levels that are equal o superior to the tgalevels of the existing ATM
environment.

« WP1.2, “Airline Strategy Concept” described theatdgy concept for airline operations
in an autonomous aircraft environment (iFly — DIIB)s Deliverable provides an
overview of possible airline strategies to makedropt use of operating in an A3. This is
done by a three step approach. First of all, theeati day airline problems are identified,
through extensive literature study on airline opers. Secondly, an extensive list of
candidate strategies are identified which can bedulsy airlines to improve their
operations in an Advanced Autonomous Aircraft emwment. In the third step, an airline
operational concept is identified, which uses thedidate strategies as a starting point
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« WP1.3, “ConOps” describes the overall concept @frapons within the autonomous en-
route ATM environment (iFly - D1.3). This delivetalpresents a conceptual description
of the futue operation of autonomous aircraft ia ém-route of flight as well as the high
level specification for the required equipment.

1.4 Deliverable D1.3 Scope

This document aims to provide a functional and atfes autonomous aircraft, non-ATC

supported Operational Concept that lays down thumdation for the work in subsequent
WPs, by providing information about several baspids, which are required for the

development of airborne self separation applicatioA recollection of these topics is

presented, alongside a very short, one-sentenadeneation of the contents related to them
provided by the AConOps, in order to provide a concise, first-geaimpression:

» Specific new classes of airspaceSelf Separating Airspace (SSA), where no ATC
separating services are provided.

» Specific rules for airspace acces®Requirements for transition into or out of SSA are
presented.

» Standards for airborne separation minim8uitable airborne separation minima, taking
into account projected increases in navigation perfance and ongoing researgihave
been defined in section 8.3 - Aircraft Separation.

*  Specific autonomous flight rulesA-set of Autonomous Flight Rules (AFR), which serve
as a framework for autonomous aircraft operatics® presented.

* Roles, tasks and responsibilities for flight crevasd controllers —Tasks and
responsibilities regarding flight crews are analgsend described.

* Trajectory management and separation assistancédsir-A complete description of an
airborne multi-layered trajectory management systiat provides airborne collision
avoidance, airborne separation assistance and lotgen trajectory management is
provided.

* Aircraft communications and surveillance capalasti— Both Air-Air Data Link and
SWIM communications are fused to provide adequatiict situational awareness to
flight crews; additional automated ground supparhdtions are added to enable these
capabilities without putting too much pressure ba technological requirements on the
airborne side.

* High-Level equipment and technology requirementsoider to enable autonomous
aircraft operations -High level conceptual descriptions of recommendediesired
equipment characteristics are provided, in termsnafiimum performance requirements
in order to comply with the operational assumptipnssented in this ConOps.

1 EC — RESET project (RST-WPX-AEN-033 - List of vegd separation standards for prioritization - el
Report-vV1.1).
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1.5 Organisation of this report

This A*> ConOps document is organised as follows:

Chapter | — Introduction and Backgroungbresents an overview of the current and foreseen
ATM environment demands and the iFly project, WRd B1.3 structure and objectives:

» Section 1 offers a description of the structure alpjgctives of the iFly project, as well as
the demands and requirements placed upon Work Badkavork. It also summarizes the
topics that are considered in the ConOps, givesiekgeview of some of the statements
that are presented, and showcases the overaltwstewa the document.

» Section 2 describes and explains both the curmhfEure air traffic situation, in terms
of the air traffic demands placed upon the curfenivl system, the future demands to be
expected and of the future changes that are fanedseseccommodate them.

Chapter Il — Concept of Operationsonsists of the main body of contents presentdtim
document; the AConOps is properly described hereunder.

» Section 3 provides an airspace classification thixbduces Self Separating Airspace
(SSA), and explores the resulting airspace streaad boundaries.

«  Section 4 lists the general assumptions made éAthConOps, which delimit the field
of application of this operational concept and préghe initial requirements needed for
A® operations.

* Section 5 lists the enablers: those elements tigatl@emed necessary for the succesful
development of the AConOps.

* Section 6 presents a basic flight description, fomparture TMA to arrival TMA.

» Section 7 explains the pre-flight process of Sgiaté&-low Management, which aims at
providing a strategically deconflicted airspaceégipto the actual flights taking place.

* Section 8,Autonomous Flight Operationpresents a description of aircraft operations
under the A ConOps which is divided in:
o flight crew roles, tasks and responsibilities;
o the conflict environment that aircraft encounteilevin-flight;
o definition of the aircraft Protected Airspace Zo(leAZ) in terms of
airborne separation minima,
the defined set of Autonomous Flight Rules (AFR);
the conflict detection and resolution process;
the considered priority rules;
transition operations;
military operations, and;
non-normal and emergency operations.

O O O O O O
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« Section 9 provides a description of thé 8ystems, both the communications and
surveillance system scheme and functionalities dne cockpit/airborne system
architecture and functionalities. Human factors stderations about human/machine
interactions, responsibilities and workload are @lsesented here.

Chapter Il — Regulations and Conclusionpresents additional material that will allow for a
more complete immersion in the environment of tR&CAncept of Operations.

* Section 10 deals with considerations on regulafiditstly on the current state of
regulations regarding Airborne Separation AssisgtaBgstems (ASAS) and then on the
measures needed in the future to allow for theesfatimplementation of an operational
concept similar to the AConOps.

e Section 11 is a presentation of the most relevapécets of the ConOps, as well as a self-
assessment of the work done, pointing in a prelnyirway at all those aspects to be
improved in the iFly Design Cycle 2 iteration.

The Appendicesonsist of additional background material:

» Appendix | provides a set of operational scenariggh the purpose of illustrating
situations that may expose interesting featured farssibly weaknesses and bottlenecks)
of the A® ConOps.

« Appendix Il consists of a description of the reaships of the AConOps with ATM
strategic research programs (SESAR in Europe antG¢a in the US).

* Appendix lll presents a compilation of the statettd-art in ASAS and self separation
research.

* Appendix IV provides a list of relevant ICAO regtdey texts.

* Finally, Appendix V presents an acronyms list, agbendix VI provides a list of
references.
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2 Background — Air Traffic demands

This section is based on the adapted text of N&BAR deliverables, in particular:

D1, Air Transport Framework — The Current Situatioonsidering the description of the
current ATM systerh

« D3, The ATM Target Concehtand D4, The ATM Deployment Sequefjceonsidering
the future ATM System.

Further details about the relationship betweehaAd the SESAR and NextGen strategic
programs are provided in Appendix I.

2.1 Current ATM System

From a business perspective, the current role df1A3 to deliver air navigation services
(ANS) to airspace users primarily in the form otrente and airport ATC services. This is
done using procedures, people and engineeringmsgdtecated mainly within en-route ATC
centres and at airports. At these locations datagsssing systems are connected to ground
based communications, navigation and surveillar€hlS) infrastructure systems which
provide information support services that are fiomglly compatible with corresponding
systems on-board the aircraft. The role of ATM lsoao conduct, in conjunction with the
airspace users, the airspace management processedeto as Airspace Organisation &
Management (AOM), which also embraces the “orgdioisaof airspace as determined by
the airspace providers on behalf of their sovergigvernments. This must balance the needs
of commercial airspace users with those of thetdfyi, General Aviation and others. ATM
also provides Air Traffic Flow Management (ATFM) lfigh operates to support a regime of
demand / capacity balancing (DCB)) as well as mretegical and Aeronautical Information
Services (AIS).

As stated above, the current provision of ANS isdolbon the concept of ATC being provided
by ground ANS Provider (ANSP) services. The eva@uikTM System of today has over time
maintained this basic concept and introduced imgmants to it to supply capacity whilst
maintaining safe operation. However, in generaséhimprovements have been made in a
piecemeal manner. In Europe there are numerous &N@/legacy systems and operational
procedures in service today, which have varyingabdpies and various degrees of
complexity. They are deployed to meet the growimgndnd for ANS, but without any
overarching ATM concept or functional architectudakign involving all ATM stakeholders,
or the framework to create an efficient, perfornreahased ATM System.

From the operational point of view, the presenteyscapacity is highly dependent upon the
role of the controllers, their ability and the leeétechnical system support provided to them.
Current automation levels are limited in their fuocal capability to support the human
operator to build a 4-D traffic picture; it is leti the controllers and their skills and training t

2 SESAR D1, DLM-0602-00http://www.sesar-consortium.aero/delivl.php
¥ SESAR D3, DLM-0612-001-02-00http://www.sesar-consortium.aero/deliv3.php
* SESAR D4, DLM-0706-001-02-Qittp://www.sesar-consortium.aero/deliv4.php
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reach the performance levels required. Withoutajeropriate supporting tools the human's
ability to build 4-D traffic pictures is limited.nitial steps have been taken to improve
coordination between controllers and the ATC grosystems and facilities. The operation is
hindered by the limited availability of informatioand constraints in the sharing of
information between the stakeholders, as well a&s fthgmentation of airspaces and the
excessive required coordination between all paiais.

SESAR D1 document concludes the analysis of theeourATM system with a set of
conclusions and recommendations that include:

« ATM today is predominantly a tactical air traffiorttrol process supported by a number
of management planning functions.

« ATM service provision in Europe is considered to é&epensive, especially when
compared to the US. This is due to the fragmengddre of the way in which the terms
of the 1944 Chicago Convention have been implendeotea State-by-State basis. This
has led to the development of national infrastmegtuwhich have low levels of
interoperability, limited sharing of data, little@perative planning in the way their assets
are managed, replaced and upgraded and many areal @@ntres which are considered
to be sub-optimal in size with respect to the Is\wltraffic they handle.

» Today's ATM process is based upon a *“first comest fiserved” principle, so
accommodating the needs and providing ANS to atlpaice users. However, this is not
adequately geared to maintaining the schedulesrohwercial airspace users.

» Access to and use of the radio spectrum is vitattfe continued provision of safe ATM
services, these being based upon the ability tivelemnd exchange high integrity
information between the various infrastructure ey which underpin them.

 The adaptability of the current ATM System is liedt Many aspects, such as route
structures, airspace sector structures, contrefiedations, procedures, the functionality
of the ground systems, etc., have, in the past) bired by design. As a result there is an
inherent mismatch between the long lead timeskggdo bring new ATM capacity into
operation and the shorter time it takes for aidiie open new routes and services.
Therefore, in the main, demand has always exceemj@aCity.

» At European level there is no clear architectuesigh or notion of an ATM System. The
one which exists in operational service today isdpminantly a plethora of legacy
systems which have been designed, procured andeingoited from a national
perspective and are often widely distributed oeege geographic areas. Any integration
of these systems has been done, in design terons at*bottom-up” perspective.

* The current ATM System has humans at the centxértofally all activities and this has
been at the heart of providing safe, high qualily reavigation services. However,
expectations are that in some cases the humamatilbe able to deal with the future
level of traffic and its complexity in the same wagy it is done today. There is a need for
a paradigm shift in the current concept of operstito break through the “capacity
barrier” predicted to occur between 2013 and 2048 # meet the future business
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challenges. This shift will include an increasee w§ automation to do some tasks
traditionally performed by humans.

» Although en-route delay is at a historically lowdé and since capacity at airports is
primarily the limiting factor of overall System cagpty, it is unclear whether the potential
for additional delays in the en-route sector armdpémasked” by other factors. This
should be investigated.

 Today's ATM System is predominantly centred onubke of ground-based systems, but
much information and functionality exists in sysgeon-board the aircraft which can be
significantly exploited to improve ATM performanbeth today and in the future.

* Itis anticipated that the design of the future AByistem will, when viewed from the top
down, have a functional architecture which defirthe information flows needed
between the principal entities which make up thet&w. Therefore, there will be one
System design which incorporates both the groursgdband airborne systems, treating
them as a whole.

* In the future, applied R&D must focus upon the agions needed to achieve System
performance and then identify the technologicalsohs to deliver them.

It is considered that quite a number of short-teplutions can be found to overcome many
current shortcomings, but for the medium and lagatit is essential to rejuvenate the ATM
concept of operation according to performance nesds expectations by the air transport
industry as a wholeThe requirement is that the future ATM System csissbf both the
airborne and ground segments being designed totegral parts of it, so enabling a holistic
approach to be taken to grow air traffic safely affatiently.

Expectations are that significant capacity gain e obtained with the efficient use of
advanced technology and improved airspace managenidm® shifting of roles and
responsibilities within the ATM System then cannb&de to match the strengths of the human
operator with the power of automation in a welldvaled and carefully managed manner.

2.2 Future ATM System

The future ATM system described in the SESAR ATMdEa Concept [D3] is based on the
main principle that each flight shall be executedckbbse as possible to the intention of its
owner. This Airspace User’s intention with respexta given flight is represented by the
business trajectory (for military “mission trajetq. Air traffic management services which
are necessary to execute this trajectory will emghat it is carried out safely and cost
efficiently within the infrastructural and enviromemtal constraints. Changes to the business
trajectory must be kept to a minimum, alteringntyofor reasons of separation and/or safety
or in case the Airspace Users’ and ATM network gdatlating to performances in terms of
capacity, environment and economy) are best metugfir maintenance of capacity and
throughput rather than optimization of an indivitilight.
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In this context, the SESAR ATM Concept of Operasidor 2020 represents a paradigm shift
from an airspace-based environment to a trajedtased environment with the following
characteristics:

1. Trajectory Management is introducing a new approachto airspace design and
management; Trajectory-based operations imply a new approachirfspace design
and management to avoid, whenever possible, agspacoming a constraint on the
trajectories. Airspace User preferred routing, wuth pre-defined routes will be
applicable everywhere, other than in some termaneds and below a designated level
in some areas.

2. Collaborative planning continuously reflected in tte Network Operations Plan
(NOP); Collaborative layered planning undertaken at locsdib-regional and
European level will balance capacity and demanth¢gito account constraints and
diverse events. Efficient queue management willovall optimized access to
constrained resources (mainly airports). The resolt these processes will be
permanently reflected in a continuously updatedaMdet Operations Plan ensuring a
degree of strategic de-conflicting whilst minimigiholding and ground queues.

3. Integrated Airport operations contributing to capacity gains; Airports will become
an integral part of the ATM system due to the esitam of trajectory management.
Increased throughput and reduced environmental amfarough e.g. turnaround
management, reduction of the impact of low visipitonditions, etc.) is envisaged.
With improved Airport Resource Planning procesbesd will be greater coordination
between the stakeholders and thereby an improvediavailable capacity to meet
the increased demand.

4. New separation modes to allow for increased capagit New separation modes
gradually being implemented over time, supportedcbmtroller and airborne tools,
will use trajectory control and airborne separatgystems to minimize potential
conflicts and controllers’ interventions.

5. System Wide Information Management — integrating dl ATM business related
data; Underpinning the entire ATM system, and essentiatist efficient operation, is a
System Wide Information Management (SWIM) environindat includes aircraft as
well as all ground facilities. It will support calborative decision-making processes
using efficient end-user applications to exploé gower of shared information.

6. Humans will be central in the future European ATM s/stem as managers and
decision-makers; In the ATM Target Concept it is recognized that lams (with
appropriate skills and competences, duly authoyizétl constitute the core of the
future European ATM System’s operations. Howeveraccommodate the expected
traffic increase, an advanced level of automatioppsrt for the humans will be
required.

The A ConOps described in this document is in compliamite the SESAR target concept,

however, from an operational view it goes beyorat thhat is envisaged by ICAO, NextGen
and SESAR. The ICAO Global ATM Operational Conceas$ stated that in the future ATM

system the pre-determined separator will be the airspaseryunless safety or ATM system
design requires a separation provision seric@ESAR and NextGen both incorporate the
idea that the flight crew can act as separatohoaljh they play down the idea that the
predetermined separator will be the airspace user.

On the contrary, Aen-route operations are based on the assumporilight crews are the
sole separator from traffic and all other hazardgery the appropriate infrastructure,
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equipment and training. In this context @ontributes to the New Separation Modes aspect of
the SESAR concept; however, it focuses on the tagstem, not on the transition phase
related to the gradual implementation of new floratiities. At the same time,>Aloes not
consider mixed operations including both ATC ant@ine separated flights, as it is believed
that this complex problem cannot be solved withptreceding detail design and analysis of
both component subsystems. Besides the differatessibed above, the>£onOps follows

the SESAR ATM Target Concept and uses insight ftbe ASAS Thematic Network 2
project (ASAS-TN2), which is sponsored by the Ewap Commission (Directorate General
Research).

The main characteristics of theé £onOps ATM system, which uses elements of the ASAS
TN2 concept of operation, include:

« A® will depend on a net-centric, System Wide Infoiiovat Management (SWIM)
environment, including both aircraft and groundilfaes. It will include aircraft
trajectories, surveillance data, constraints, amnboal information of all types and
meteorological data. All users will share a comnpicture of operational information
allowing them to identify the course of action tieboth feasible and best matches their
needs.

« A3is inherently based on the Airspace User’s prefaes principle expressed in terms of
the business trajectory. Airspace users shouldokeeta adopt or generate the trajectory
that best meets their objectives. Constraints W@l imposed only for projected
congestion, or for security, safety or environmeng@asons. These constraints will be
shared on the SWIM network, allowing users to adbptcourse of action that is both
feasible and best matches their needs.

«  All aircraft in A® will be self-separating, so that the flight creave operating without the
supervision or support of a controller; that does mean that they are invisible to the
ATM system, nor that they are necessarily freelyonrhere they choose. ANSPs may
monitor aircraft that are self-separating, e.g.ffow control, to anticipate the arrival of
the aircraft in controlled airspace or simply favrameness, but will not have the ability or
a commitment to control or intervene when self-asapon fails.

* Automation will monitor the environment, detect @ants and provide positive guidance
to the pilots in the selection of a resolution.

Communications will have evolved to the point wheata-link will be the predominant
means of communication. Voice will still be availtbut used mainly for emergency
operations and as backup for time-critical commations.

* The premise for the airborne surveillance functisrthat it will be developed based
principally on information received via direct Ato Air Data-link augmented by
information coming from SWIM. The A document is only concerned with the
operational use of the function and as such doeslesrribe the means of surveillance.
Within the SESAR D4, it is anticipated that the lerpentation of either a second new
Automatic Dependent Surveillance — Broadcast (ADSJBk or a significant
enhancement of the existing one is required to augelf separation application.
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» Aircraft will have to adhere to flow constraintsdatinere will be distinct procedures for
entering and leaving ATC Managed Airspace.

2.3 ATM Change Process

A change in the ATM System implies synchronized ifications of a combination of
procedures, crew and staff working methods, airfb@md/or ground systems, legislative and
regulatory framework and supporting aeronauticdbh.ddhree approaches are possible to
change systems: maintenance, modernisation (renefv#érge parts of the system), or
complete replacement. Due to the lack of modulaigiein the current ATM, the change of
old systems generally implies a complete replaceémemportant modernisation with higher
associated risks. This is a blocking point foritherovement of the overall ATM network.

The ground system transition generally implies Wbar@peration of the new and the old

system, specific procedures during the transitiemmog and a possibility of a prompt return to

the previous situation in case of problems. Theigdosystem transition can only happen in a
specific operational time window (natural low tiaffperiod and/or imposed reduced

capacity). The airborne system upgrades are fedified and then made available for new
aircraft. Existing aircraft will be retrofitted, vei it is suitable for the aircraft owner, if the

change is mandated or beneficial.

Considering the large number and differences ofgtioeind ATM systems and aircraft flying
in Europe, the ATM network cannot change in ong diet only in a continuous manner
system by system. The backward compatibility anginddrdization are of paramount
importance to ensure the continuity of service witbdified and unmodified systems.
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Chapter Il Concept of Operations

3 Airspace
3.1 Airspace Definition

The exclusion of ATC as a controlling entity inyHias led to a redefinition of the airspace
compared to the definition used by SESAR. TheGbnOps introduces the concept of Self
Separating Airspace (SSA) where the separatoeigitispace user.

« The A’ airspace is divided into 3 categories:

o Managed Airspace (MA)it is limited to High Density — TMA Areas and
other dynamically designed zones (e.g. Restricted Wirspace, Military
Airspace).

o Unmanaged Airspace (UA)all airspace where Air Traffic Control (ATC)
services cannot be provided and the pre-determisehrator is the
Airspace User.

o Self Separating Airspace (SSA%ll airspace whose boundaries are defined
in time and space by the dynamic allocation of Mgthand Unmanaged
airspace.

Self Separating Airspace
Separator: Airspace User

Unmanaged Airspace
Separator: Airspace User

Unmanaged Airspace
Separator: Airspace User

Figure 3-1 Airspace classification

» SSA requires that all aircraft are visible to tleparator. This could be accomplished by
both ground uplink and direct Air - Air Data Link.

 In SSA, Autonomous aircraft are responsible forasefon, in accordance with pre-
defined Autonomous Flight Rules (AFR) (see 8.4).

* In MA, all flights are subject to ATC clearancespddations assignment — under
Instrument Flight Rules (IFR), Visual Flight Rul€gFR), Night Visual Flight Rules
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(NVFR), or Special Visual Flight Rules (SVFR) — arlde associated separation
responsibilities allocation will be managed by grdtbased ATM.

«  While not part of the AConOps, AFR operations may be conducted in UApag as
Self Separation capable aircraft are certified pragherly equipped to do so.

* In SSA, operations are conducted under AFR, wiplerations under Visual Flight Rules
(VFR) will be allowed only below a given altitud&q 500 ft MSL for example).

« The A® en-route phase of flight of commercial and tramspércraft will entirely take
place inside SSA

3.2 Self Separating Airspace Structure

» SSA airspace may possesflight level structure however, itwill not be binding for
AFR aircraft, i.e. AFR aircraft are allowed to take whatevambling/descent profile
they may prefer, with the only limitations beingetrequirement of self separation, and
the safety and comfort of the manoeuvres. Hencetettwill not be any kind of
hemispherical rule or any other similar static flolassification applied to AFR aircratft.

»  User-preferred routingwill be applied throughout.

« Restricted airspace aregRAA) will be treated as non-moving conflict zoResith the
same rules applying as with other aircraft conftiches: AFR aircraft are responsible for
maintaining the required separation with restricedpace.

* Weather hazards area$WHA) will be treated as slow-moving & changingnéict
zones (for WHA outside the on-board weather radsisar range a sufficient rate of
weather information update from SWIM is needed touaately reflect the dynamic
changes of these zones). The same separationegemuis as for RAA apply to WHA.

&.
¥ =

-

TERRAIN

Figure 3-2 SSA conflict environment

* All conflict sources have their own characteristibat differentiate them operatively;
however, the goal for a safe navigation is to awtid¢onflicts, regardless of the nature of

® The ‘en-route phase of flight' is considered ifstBonOps to comprise the flight from the deparfiidA to
the arriving TMA.
® The possibility of moving RAA is considered for Ergency Operations; see 8.11.1
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the area to avoid, be it Protected Airspace ZoR&Z] belonging to other aircraft, RAA,
WHA, terrain, or other obstacles.

3.3 Airspace Boundaries

* SSA s delimited, together with MA and UA, by dynarallocation, in a service-oriented
approach: the ANSPs will issue through SWIM thedcdtion of airspace, as part of the
Collaborative Decision Making (CDM) flow managemenbcess with Flight Operations
Centres (FOCs).
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4 Assumptions

The Scope of the iFly AConOps is limited to en-route operations in whadhaircraft are
self-separating without involvement from ATC. TiafFlow Constraints will exist at TMA
entry fixes to regulate the traffic flow and toias# the transition towards Managed Airspace
(MA). The assumptions used in this ConOps include:

« An A’flight is defined as the flight between a depayfifMA exit point, and an arriving
TMA entry point, constrained by a Controlled Timk Arrival (CTA) at the arriving
TMA entry point (Figure 4-1). Throughout the® AZonOps, the expression ‘en-route
phase of flight’ will be used to refer to thé flight definition.

>

CTA at the arriving
TMA point

@ ATM specified 4D
’ departure TMA

exit point

Figure 4-1 A’ en-route flight

» Along this flight, the aircraft flies its Referen®@usiness Trajectory (RBT), which is
defined as the trajectory that the airspace usezeagto fly and the service provider
agrees to facilitate, while:

o Maintaining separation from all other aircraft aoither conflict elements,
and
o Adhering to Traffic Flow Management constraints &S].

» All aircraft are equipped and certified for selfpaeation; this may include data link
capability, Human Machine Interface requiremenis$ support automation.

* Precision navigation will be standard. In particulat least RNP 1 (equivalent to P-
RNAV) navigation conformance is envisioned duriredf separation operations. This
will facilitate adherence to intended (2D/3D) tcdies that provide predictability and
consistency.

» The tasks regarding Conflict Prevention, Separatidgsurance and Trajectory
Management in SSA fall upon the aircraft crewshia context of the AConOps.

«  Within A® ConOps it is assumed that intent information Wwél available. The airborne
system is designed to ensure self separation eithouv this data; however, in this case,
the maximal attainable ATM performance will befelient.

»  Aircraft fly under Autonomous Flight Rules (AFR)es Section 8.4).
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» SSA may be monitored by ground/external surveikasygstems, but no ATC separation
services will be provided to the aircraft whileiges

* Operations in Unmanaged Airspace (UA) or transgtidnom/to UA will not be
considered in this ConOps.

» Traffic Flow Management requirements for the traoss from SSA to MA (High
Density — TMA) are described; however, detailedcpdures concerning ATC during
this transition will not be considered.

«  The time frame for the AConOps is expected to be 2025+ (beyond SESAR ¥cope
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5 A3 enablers

« The A* ConOps enablers are those elements that allothéosuccesful operations under
the A’ ConOps. The Aenablers include:
o System Wide Information Management System: SWIM
o Air-Ground and Air-Air Data Link Communications an8urveillance
Broadcast
o  On-board Decision Support Tools (including ASAS)
Advanced Airborne automated applications
o Advanced Ground surveillance support which alloars f
= Communicating the presence of other aircraft in thiecraft's
awareness zone, and
= Detecting complex and/or congested areas
Advanced Human Machine Interfaces
New Procedures
Flight Management System
Airborne Collision Avoidance System (ACAS)

o

o O O O

« The A% ConOps foresees the availability of a System Widermation Management
network which will provide all stakeholders withetdata they need to perform any given
tasks in a timely, reliable and accurate manner.

* The means envisioned to obtain information on surding aircraft is primarily through
Air-Air Data Link (e.g.,. ADS-B). Data for aircraftutside the detection range (as current
for ADS-B ~100-200NM) can be obtained through SWibt, that the ConOps foresees
an Air-Ground Data Link with SWIM ATM ground suppa@ervices.

« All A®airborne systems are designed as on board dedisjgwort tool, i.e., tools that
aid fligth crew in the decision making processg{(econflict detection and resolution,
strategic trajectory management) and thus will Gbate to the safe and efficient
operation of the aircraft. These tools will monititve environment, alert the crew of
possible conflicts and provide resolutions wheresesary.

» Advanced airborne automation is foreseen to impr8igational Awareness (SA) and
aid in the decision process. These applications milude new weather data fusion
applications, warning functions and guidance atbors.

* Advanced ground surveillance support functions wifbrm aircraft of other proximity
traffic that can be of influence to the flight. Faermore these functions can also provide
information on complex and/or congested areas. igfibrmation will be available
through SWIM.

« The new functions foreseen in thé £onOps will require an appropiately designed
Human Machine Interface to obtain the requiredlle¥&ituational Awareness (SA) and
to aid in the decision making process.
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« New procedures and flight rules will be requirecbfrerate under the*AConOps, these
include the rules for autonomous operations.

« The A ConOps foresees the use of a future Flight Manage®ystem that is integrated
with the Decision Support Tools (DST) for autonomaperations.

«  ACAS will be part of the AConOps and will serve as a safety backup.

30 January 2010 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 29/130



iFly

6" Framework programme Deliverable D1.3

6 Basic Flight description

«  Prior to an A flight, the following actions will have taken pkxc
o Pre-flight Strategic Flow Management will have pd®d a strategic
deconflicted Shared Business Trajectory (SBT) for a given day.
o Start of flight execution: taxiing, take off andgfit through the departure
TMA. This phase of flight is out of scope of thiso®ps and is not
described in this document. As soon as the takam# is known, a RBT is
generated from the up-to-date Shared Businesscioaye

«  From then on, a normal®Alight will proceed as follows (see Figure 6-1 feference):
1. The Aircraft exits the departure TMA and enters S8#this point:

a.

d.

The departure TMA ATCo has made sure that the aires conflict-
free (up to a TBD look-ahead time, e.g. 10 minutes) from all other
aircraft in SSA.

The aircraft RBT is active, up-to-date and knowitcSWIM-users.
The aircraft has a CTA assigned at the arriving Tl its ANSP,
along with a time conformance window that is a fiorc of the flight
characteristics.

The aircraft becomes autonomous and has to opacateding to AFR
rules (see section 8.4).

2. The aircraft flies its preferred RBT, as providegthe FMS. The aircraft is
performing the following communications and suragite functions
throughout:

a.

b.
C.

d.

e.

Broadcast of its own state and intent, separafi@sscand priority level
through Air — Air DL.

Updates of its own state and intent, and RBT to [8WI

Receiving and integrating other aircraft state ament information
from Air —Air DL or SWIM to achieve traffic SA.

Communicating through SWIM for weather, forecasd anea updates
where applicable data will be fused with data framboard sensors.
Communicating through SWIM with its Flight OperateoCentre  (if
the aircraft is operating with a FOC) to allow fairline fleet
monitoring.

3. The arriving CTA may (through datalink) be (re-)oggted by the flight crew
or entry TMA controller:

a.

b.

The CTA can be renegotiated by the flight crewetftect the course of
the flight (i.e. not able to maintain)

The CTA can be renegotiated by the TMA controltarthe purpose of
flow management (i.e. different desired sequence).

4. Upon arriving at an Arrival Manager (AMAN) capabléMA (~100-200 NM
before Metering Fix) the aircraft will lock intoehPAMAN system, which will:

a.
b.

Sequence all arriving aircraft.
Issue a CTA with a fixed required time for TMA eyttt

" Traffic flows that have no conflicts by design

8 This time would be part of a specific researcheairto define it, out of the A3 ConOps scope.

° Distinction in separation minima (i.e. 7 Nm vsN&) to indicate current CNS capability or to accooate
special flight operations (military, head-of-state.)
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In addition:

c. The onboard system will increase the ‘priority’ ééand broadcast this
to other aircraft, so that it has priority over @th non-TMA
approaching aircraft (departures, en-route aircraft

d. The responsibility for separation with other aifcn@mains with the
flight crew, but the design of TMA entry points {boin space and
time) should in principle allow the aircraft to ens separation from
other traffic while being able to conform to its £T

e. The aircraft may also be given a Traffic To FollIF) and Spacing
Interval (Sl) to enable airborne spacing.

5. The aircraft reaches the arriving TMA in complianagh its CTA at a
predefined TMA entrance point, and conforms to AlreTraffic Management
requirements inside the arriving TMA. When enterthg TMA the aircraft
will cease to perform self separation and will agae controlled by ATC.

= 2

Figure 6-1 Reference Figure for a basic flight d=eription

19 For non AMAN capable TMA’s, the CTA will be issugitrough SWIM by CFMU or the controlling entity of
that airspace.
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7 Pre-flight Strategic Flow Management

« The aim of Pre-flight Strategic Flow Managementtas provide a structure to the
airspace, which is strategically de-conflicted. sThieans that for each flight the entire
Shared Business Trajectory (SBT) is scheduled t@ Ipeiori’ traffic conflict-free™, and
also free of areas (in space and time) where thieadiic complexity or congestion reach
unacceptable levels for the normal course of thexaipns. This does not imply that once
the aircraft start flying, there will be no conflcin the Reference Business Trajectory
(RBT). The goal is merely to prevent conflicts ®sn.

* The following pre-flight actors are considered:
o  Flight Operations Centr&s(FOC)
o Non-FOC Airspace Users (NFU)
o  Air Navigation Services Providers (ANSP)

«  The pre-flight actors in the AConOps are those entities and/or organisatiorts frioan
the user’s perspective, contribute to the developroéthe Shared Business Trajectory
(SBT), as defined in SESAR D3 document.

* The SBT will contain all the pre-planned flightjeetory data, from take-off to landing,
ideally being integrated with the taxiing and hamgliprocesses in a gate-to-gate ATM
concept.

« The A’ ConOps only focuses on the en-route phase oftflilerefore in this document
‘SBT’ is used to refer only to that phase of flight

* The part of the SBT that takes place in the enerquiiase of flight expresses the user’'s
preferences, but it does not result in any oblayatn the airspace user to conform to it
while actually in-flight. Other parts of the SBThigh may involve a contract between
the ANSP and the airspace user, are not discusgbasiConOps.

* Pre-flight actors will express their preferenceasdaiven flight by issuing a SBT request
to the Air Traffic Authorities®, and by negotiating in a CDM process. The, resgl8BT
will be published in SWIM, and made available tbha@ispace users and ANSPs.

 The CDM process, which takes place in the developrokthe Network Operations Plan
(NOP), as defined in SESAR, must take place inmgvANSPs, FOCs and NFUs to
refine the SBTs and determine the 4D points (locatind Controlled Times of Arrival
(CTAS)) that concern the flight in the SSA:

" Traffic flows that have no conflicts by design

12 Flight Operation Centre is a generic term coveriigine (or Wing) Operation Centre (FOC) ATM and
Airspace User agent (SESAR D5 — SESAR Master Rifin,DLM - 0710 - 001 - 02 - 00 April 2008; web
addresshttp://www.sesar-consortium.aero/delivs.php

The Flight Operation Centre is focused at aircrafiting, scheduling, and disruption recovery to diarthe
irregularities During the tactical phase of thecaift operations the Flight Operation Centre (FO&)tre makes
coordinated decisions regarding the operations¢pkito the account the constraints and availab#®urces
within the supporting groups.

13 Organization(s) in charge of Flow Control
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o High Density — TMA exit point at the flight's depare
o High Density — TMA entry point at the flight’s avll
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PLANS
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Figure 7-1 Network Operations Plan Structure (SE&BR D3: ATM Target Concept)

* NFUs will also be introduced in the SBT determioatprocess, by issuing SBTs which
must take into account the FOCs, NFUs and ANSPs Qibdtess. They will be
integrated in the ATM organization by ANSPs, siticey might lack the infrastructure
that airlines possess to participate in the higiell€DM process. Nevertheless, a certain
degree of negotiation might be conducted betweeSRdNand NFUs, in order to provide
them with the greatest possible degree of satisfatb their SBT demands.

* The resulting SBT arrangement should ensure:
o ‘A priori’ conflict-free trajectory from TMA exitdé TMA entry.
o Avoiding the creation of zones of excessive ene@mamplexity**
o A reasonably good achievement of the interestshefROCs and NFUs,
with the ultimate goal of allowing them to operatdgthout ANSP
dependence.

14 Only a static distribution of aircraft trajectasies considered at this pre-flight level.
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o That once the actual RBTs are issued, it is pass$tbprovide CTAs for the
arriving TMAs, that will ensure smooth operations the airports and also
meet the requirements of the airspace users tgrdagest possible extent.

FOC I FOC I ................................. FOC
\ \ |

Preliminary SBT Configuration

%
Process

Final SBT Configuration

Figure 7-2 Pre-flight CDM Process

7.1 Flight Operations Centres

FOCs are responsible for the safe planning andwzimdy of their own airliners’ flights,
with the goal of providing operational benefitsthe airline.The roles of the FOCs are
involved withStrategic Flow Managemerdnd within-flight Traffic Monitoring :

7.1.1 FOC involvement with Strategic Flow Management (SFNI

» FOCs goal is to provide the SBTs of the flightstlodir fleet to be executed in a given
time period (e.g. daily).

* FOCs will take into account airport slot assignmeemd their own commercial interests to
create a preliminary version of the preferred SBFgheir flights. Free Scheduling when
possible is at this stage the norm.

*  The main focus for airlines is in meeting time ded® estimated times of arrival are the

main parameter of the SBT negotiation at this let@jether with efficiency, economy
and time-saving considerations.

7.1.2 In-flight Traffic Monitoring by FOC

FOCs will track the operation of their fleet thrédu§wWIM:
o For performance analysis and economic assessments
o To support their aircraft for the purpose of flonamagement; from a
strategic point of view (to avoid congested arebs} also from an
operational point of view
o To co-ordinate departures and arrivals with ANSPs
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o To evaluate contingency and emergency situatiodsarable to assess and
adjust accordingly in near-real time

Data Link communications will be the primary meawfscommunication with their
aircraft and will allow FOCs to update RBT-relatatbrmation for SFM issues or in the
case of a contingency/emergency situation.

A voice channel will be maintained for emergencyposes.

For those aircraft operating with FOC, the norn@alrse of the operations will be carried
out under two-way data exchanges between the #iesrd their FOCs.

Emergency voice

ANSP channel

N __ o

.

Figure 7-3 In-Flight Traffic FOC Monitoring Scheme

Aircraft

Emergency voice

FOC

channel

Non-FOC Airspace Users

The SBT CDM process is also available to NFUs. Haredue to the limitations in
their operations, NFU’s might opt to collaboratehM-OC-operating airlines to receive
the benefits of the full system.

NFUs may include:
o Charter and Low-Cost airlines that lack the resesifor a FOC
o Business jets, operating privately or in companies
o General aviation operating in SSA
o Military and official aircraft

In some cases, certain NFUs can be offered prisegspecially in the case of military
and official operations, in order to allow themprform a specific mission.

Ground Support

While ATC is not a controlling entity in the®AConOps, other ground-based actors are
required for SFM and flight support. This maintaithe notion that this ConOps is
ground supported, however, without the presenceld.
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The role of Ground Support in thé £onOps concerns:
o Pre-flight Strategic Flow Management.
o Transition Operations from MA to SSA and vice versa
o The support services that are defined in tHeCAnOps for the aircraft to
achieve an adequate situational awareness.

A major role will be provided by SWIM, which willesve as the primary source of
information for flight optimization and long termea avoidance.

Ground support tools that enable SWIM to transfiecraft information for traffic
relevant to the own ship but which resides outtiigeaircraft detectable range.

SWIM will also play a major role during Non-norrmeatd Emergency operations.

7.3.1 ANSPs at Terminal Airspace Area

It is recognized that it is not possible to cooadenthe overall SBT configuration when
regarding departures from/arrivals at TMAs withaie participation of the Air
Navigation Services Provider that manages the TMA.

ANSPs at TMAs will be considered as the Air Traffiathority when there is need for
arbitration regarding SBT proposals that are cotiflg in their TMA.

However, the role of ANSPs at TMAs is limited toeglight SFM aspects and NOT
separation management during the autonomous pdheoflight. The main instrument
for SFM will be the assignments of entry constisiat the arrival TMA. This constraint
(in the form of a CTA) will be uploaded to the aaft via SWIM. During the flight this
constraint can change in accordance with the cafrge flight (see Section 6).

7.3.2 ANSP involvement in Transition Operations

An ANSP of neigbouring Managed Airspace (MA) wilarficipate in the transition

operations as a natural consequence of their ATdpaesibilities inside MA; although

the A* ConOps does not describe transition operationdetail, there are some rough
guidelines given Section 8.9.

7.3.3 Support Services

The allocation of airspace for special uses (Restili Military Airspace, etc.) will come
from national or trans-national authorities; themea will apply to sources of
meteorological & hazards information. The main ef@rfor communication with these
sources will be SWIM.

Data from support services will also be used bghtlicrews to make changes to their
active RBT.
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8 Autonomous Flight Operations

The flight operations in which the flight crew hasesponsibility for self separation and is
required to operate according to specific autononsoulight rules are defined as
Autonomous Flight Operations.

*  Autonomous Flight Operations will be considerederttie following circumstances:

o Normal Operations all equipment is functioning nominally and thegffit
crew is able to perform their ATM functions as regd.

o Non-normal Operationsthere is a degradation in any, several or all:

= On-board equipment performance

= Flight crew performance

=  SWIM network performance

= Aircraft performance
in a given (or various) aircraft, but the remainpgformance of the overall
system is such that self separation operationsruth@eA’ ConOps can be
maintained, while the safety requirements are ledgx.

o Emergency Operationghere is a degradation in any, several or all:

= On-board equipment performance

= Flight crew performance

=  SWIM network performance

= Aircraft performance
in a given (or various) aircraft that does not wallfor the continuation of
operations under the*AConOps, while retaining the accepted safety levels
This may include severe Surveillance - Broadcapalséities loss in one or
more aircraft, SWIM, Air - Air or Air - Ground datédnk performance
degradation, or a hazard of such magnitude thatnbt possible to maintain
the required safety level in the operations; thérgaal of the description of
emergency operations is to delimit up to which pdhe autonomous A
operation can be continued, rather than estabfstiia procedures in these
cases.

o A Minimum Equipment List (MEL) for autonomous opgoais can aid in
the determination of the appropriate flight coruatiti It lists the instruments
and equipment that may be inoperative without jedipang the safety or
capabilities of the aircraft. It is developed fosecific aircraft and type of
operation and is approved by the appropriate aityh@ihe FAA for civil
registered aircraft in the United States, EASAdmil registered aircraft in
Europe, etc). It also includes procedures for fligrews to follow when
securing or deactivating inoperative instrumenteguipment

8.1 Flight crew roles, tasks and responsibilities

* The flight crew is responsible for the safe, effidi and on-time operation of the flight.
Within this task the flight crew will have to:

o Conduct any pilot-initiated trajectory changes @anmeuvres provided they
are clear of conflicts.
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o Change trajectory as proposed by automation systeatcordance with
alert levels and associated procedures
o Operate aircraft within established parametersefautomation system

* The flight crew is responsible for separation wathother aircraft and adhering to flow
management constraints.

* During the self separation part of the flight, thght crew will have the following new
and/or modified responsibilities:

o  Strategic conflict management
= Avoidance of high complexity areas
= Avoidance of WHA and RAA
=  SFM constraints (CTA/RTAS) compliance
= Qverall trajectory optimization

o  Separation provision:
= Avoidance of traffic separation losses
= Avoidance of high complexity areas
= Avoidance of WHA and RAA

o Collision avoidance

o Monitoring of data communications.

* Although there is a number of modified or additionaw functions to be performed,
preliminary human factor studies and simulation] [@3 3 to 6 times current day traffic
densities have shown that, with proper automat&sistance, they are not expected to
represent an unmanageable increase in current trghv workload during the en-route
phase of flight.

* In addition, the workload that results from thefpanance of these extra functions is
offset by a reduction in several tasks that cutygmbse a rather heavy burden in flight
crew workload:

o Voice communication.

o Radio frequency changing and sector monitoring.

o Achievement of nearby traffic situational awarenegsough radio
communications monitoring and ‘out of the windowewing.

* The flight crew will have new Decision Support Te®alhich will help reduce mental
workload. Traffic & navigation-related informatiomill be displayed through a Human-
Machine Interface (HMI) that allows for quick andsg decision making, and easy
manoeuvre implementation. The design of the DetiSapport Tools will give each
crewmember usable, flexible and informative meamsstipporting SA and aid in their
specific decision making task.

* The primary guidance mode of operation will be tlgio a Flight Management System
and fully automated. Crews may (at their own chogsopt to disconnect from the FMS,
however this will reduce the system capability (etge available look-ahead time for
conflict detection will be reduced, which will limmedium and long term conflict
resolution). This also applies to aircraft thatwhithout FMS equippage.

* The flight crew will manage the flight at differeletvels:
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1. Overall flight SFM constraints compliance: the goélany given flight is to
meet its assigned CTA at the specific TMA areayepdint. This objective sets
up the whole ATM operation performed throughout fifight; trajectory
management has to consider the corresponding adgusst in course, altitude
and speed to allow the aircraft to maintain CTAuiegments.

2. Strategic/Long term area conflict detection and idaace and trajectory
management: SWIM will provide the flight crew witirspace information,
meteorological data and weather hazards, so tieapassible to consider these
aspects in long-term trajectory planning.

3. Tactical/Medium term conflict detection and avoidanusing traffic intent and
state information from Air — Air DL and supplemethtey SWIM.

4. Short term conflict detection and avoidance.

An ACAS system will act as an back-up system ardependently of in-flight ATM
functions.

If a flight crew for whatever reason is not ablep&rform their self separation task, the
tasks involving separation assurance will fall upo@arby aircraft (the inability to
perform self separation could be indicated by mexdre transponder code, ADS-B flag
or based on time to LoS).

Conflict environment

A conflict occurs when an aircraft Protected Airsp@one (PAZ), which is described in
Section 8.3, is predicted to be penetrated by:
o A Restricted Airspace Area (RAA).
A Weather Hazard Area (WHA).
A Terrain/Obstacle restriction.
Other aircratft.

o O O

In other words, a conflict does not imply that LaxsSeparation (LoS) has already
occured but it implies that a LoS will probably acd no action is taken.

Look-ahead times for Conflict Detection (CD) mayfeli according to the information
used, but most commonly lie between 3-5 min forteéSteased CD and 15-20 min for
Intent based CD.

It is important to note that the process of detectind resoving conflicts is part of the
normal operations performed by a self separatingait; the appearance of a conflict
does not indicate a non-normal or emergency sgoati

Aircraft separation - Protected Airspace Zone (PAZ )

PAZ represents legal separation requirements adeffised as a vertical cylinder centred
in the aircraft.
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* A Loss of Separation (LoS) occurs if the lateral &artical distance between two aircraft
is less than the PAZ dimensions. In other wordd|leMPAZ zones may overlap, aircraft
may not enter the PAZ of other aircratft.

» The EC-TREN Reduced Separation Minima (RESET) Etdjas indicated that while a
reduction in Separation Mimima (SM) may increase #Hvailable airspace capacity,
controller workload and not separation betweenraiités the limiting factor for en-route
capacity growth. Furthermore, wake vortex influemoel Human Factors (among other
issues) also need to be investigated before a tiedu;m SM can be considered.
Reductions proposed by RESET Project for en-routeadt minumun separation are:

o Longitudinal Separatiorfrom 5NM to 3NM

o Vertical Separationto 900 ft(between FL290 and FL410)

o Lateral Separation to 5NM (between fixed routes/dynamic routes/
reference trajectories)

«  For the expected timeframe of thé BonOps, it is likely that the reduction in SM wdul
have been investigated and implemented; theretoras decided to implement different
SM criteria for the:

o Comfort Separation Zone (CSZ)the volume around the aircraft that is
used for separation assurance, which provides iaddit margins for
maintaining separation with the Minimum Separatibone, even in the
presence of uncertainties.

o Minimum Separation Zone (MSZ)it represents the volume that another
aircraft cannot penetrate in order to maintaingatety levels considered in
A® ConOps Operations.

* For the PAZ dimensions it is not yet sure whether RESET based reduction makes it
physically possible to increase the en-route tratfipacity by more than a factor two.
These dimensions are defined (in agreement wittRESET project) as follows.:

o Horizontal: 5 NM radius CSZ, 3 NM diameter MSZ
o Vertical: 1000 ft half height CSZ, 900 ft half hbigVSZ

5 NM Radius

900 ft 1000 ft
- - = — = —rt}:‘*“ﬁ;ﬁ‘_‘i“/‘s—‘ —— L ¥ _ _ ¥

Do 1000 ft

3 NM Radius

Minimum Separation Zone (MSZ)

Confort Separation Zone (CSZ)

Figure 8-1 Protected Airspace Zone
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* On-board ASAS systems are required to detect asulve any conflicts (predicted LoS)
with the PAZ Comfort Separation Zone. Loss of Safian with the Minimum
Separation Zone should at all times be prevented.

« The A® ConOps does not provide a definition for a CallisiAvoidance Zone (CAZ), as
collision avoidance functionalities are providedbtigh ACAS.

* In order to accommodate military or special fligigerations it might be necessary to
include different separation classes with individsaparation standards. This needs
further study.

* Individual separation classes will be broadcastetiadso made available through SWIM.

8.4 Autonomous Flight Rules

* Autonomous aircraft (Aircraft that operate in SS#ddhat perform self separation) have
to abide to the following rules:

o Autonomous aircraft are responsible for maintaingeparation with all
other aircraft.

o Autonomous aircraft are required to maintain sep@rafrom designated
areas and no-fly zones.

o Autonomous aircraft are required to adhere to floanagement constraints.
Renegotiation will have to take place if these t@nsts can not be met.

o Lower priority autonomous aircraft involved in a dnem term Intent based
conflict ruled by priority are required to manoeeito solve it sufficiently
in advance, so that the conflict does not contumid the conflict resolution
becomes a short term cooperative conflict.

o Autonomous aircraft shall not manoeuvre in a wat threates a short term
(3 to 5 minutes) cooperative conflict.

o The trajectory of autonomous aircraft shall at inwetplace the aircraft in a
2 minutes state vector conflict (blunder protection

o Autonomous aircraft shall not enter Managed Airgpathout the approval
of the controlling entity of that airspace.

8.5 Surveillance/Awareness zones

* One of the difficulties of an autonomous aircrafihcept is the limited availability of
information about the surrounding environment. Tikidue to a limited range of airborne
sensors (Weather Radar - WXR ~200-300NM) and i adsair traffic also a limited
range of direct air-air communication (e.g., ADS-B00-200 Nm). The A ConOps
proposes a system that aims to overcome theseafionis and provide a safe and
efficient ATM system.

«  Within A® each aircraft will provide three levels of surlaice information regarding
own flight:
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1. State data— current position and velocity vector, priorigvel and separation
class, broadcasted independently through datgdirgk, ADS-B). Update rate is in
the order of seconds.

2. Intent data — trajectory change and conformance monitoringa dabadcasted
through data link and also provided to SWH A® does not define the contents
or format of the intent message as this is alreadybject of intensive research in
the ATM community (e.g., AP16). However, it is asmd that this data enables a
reconstruction of the predicted actual 4D trajector given amount of look-ahead
time (~10-20min) with the accuracy specified by anformance boundary
(estimated conformance parameter(s) (reflecting., ethe actual navigation
performance) being a part of the intent messagbg [htent data is regarded
invalid if aircraft operates outside conformanceutaries. Update rate for the
complete intent data is in the order of tens obsés.

3. Reference Business Trajectory (RBT)— planned 4D trajectory provided to
SWIM and FOC (if available). Based on State andrihtiata and augmented with
planned route data, this information is not used dblyer airborne systems;
however, it can be used for dynamic on-board ttajgoptimization.

* The purpose of the different levels of surveillamt®rmation is to provide an accurate
prediction of the aircraft state and future posiio However, the credibility of the
resulting trajectory information will differ consdably depending on the dataset used.
Three timeframes are defined in relation to thelpneinant type of data employed:

1. Short term timeframe — typically up to 3-5 minutes, represents the tlmezon
up to which the trajectory obtained by a state-thasgtrapolation may still
represent a reasonable approximation.

2. Medium term timeframe — typically up to 10-20 minutes, represents thmeeti
horizon up to which the trajectory can be recorséd from intent data.

3. Long term timeframe — typically more than 30 minutes, represents theet
horizon used for dynamic on-board trajectory optiion. Only RBT-based data
may provide useful information about flights inghimeframe.

« Safe A operations require a continuous availability dfralevant information of the
aircraft environment. In this context:
o It is assumed that traffic information related te tshort-term timeframe
will be obtained through direct air-air communiocats.
o For medium and long term time horizons, it is dptited that an important
amount of information will be provided through SWINIhe Awareness
Zones are dynamically defined to enable processing ofevent
information.
1. Medium term Awareness Zone (MTAZ) covers aircraft environment
for the medium term timeframe of its flight.
2. Long Term Awareness Zone(LTAZ) covers aircraft environment for
the long term timeframe of its flight.

* Animportant operational difference between the MTad the LTAZ is that:
o Airborne self separation is performed only withne tMTAZ.

15 Ajr-Air data link (ADS-B) is the primary means obtaining Intent data
1% |ntent data of aircraft that are not within ADSkBnge and are of interest to the aircraft will Heamed
through SWIM
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o The Long Term Awareness Zone is used for flightroation and flow

management.

Note, that the Long Term Awareness Zone is honheefias a complement to the Medium

Term Awareness Zone but as an overall encompasseq i.e., including the space of
MTAZ.

Figure 8-2 depicts an overview of the proposed &llance Hierarchy. The
configuration and range of LTAZ is yet to be detinbut will not exceed the border of
SSA. They will depend basically on the availabibfylong term information.
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8.6 Conflict Detection and Resolution

» The following table summarizes all the Conflict Betion and Resolution (CD&R) and

6" Framework programme

Figure 8-2 Surveillance Hierarchy Overview

ACAS modules considered within thé &onOps:

Deliverable D1.3

Look ahead Priority Do not create Type of
time Coordination Principle of use Rules secondary resolution
for CD Conflict algorithm
LTACDY >30 min Not applicable RBT Not app. Not app. No resolution
MTCD&R*® Upzéo nﬁ]to Not required Intent YES Do not Intent Based
sTcpgr® |UPto3to5 Implicit State (1st level of NO Do not lonN
min intent)
ACAS <1min Explicit Pure State NO Try not lonl

* The ‘Look ahead time for CD’ relates to ConflicttBetion and is not an indication of
what CD&R module to use for resolution. For exampleonflict can be detected by the
MTCD module (intent conflict), but require a shtetm resolutiof® and therefore be
solved by the Short Term CR module. All CD and C&dmies work in parallel, and the
Conflict Processing module may assign conflicts iognfrom any CD module to the
appropiate CR module.

* The coordination is expected to be:
o  Explicit (i.e. handshakirfg) for Collision Avoidance.
o Implicit for Short Term Conflict Resolution (by usé similar algorithms
and rules).
o Not Required for Medium Term Conflict Resolution @vhusing priority
rules.
o Not applicable to Long Term Area Conflict Detection

*  Priority rules determine which aircraft has thehtigf way and which aircraft has to
manoeuvre.

«  The types of resolution algorithAisonsidered include:
o “Intent based”: resolve all conflicts and provideesolution that is conflict
free up to a TBD time (e.g.,10 min) beyond the lablead time.

' LTACD: Long Term Area Conflict Detection

8 MTCD&R: Medium Term Conflict Detection and Resadut

19 STCD&R: Short Term Conflict Detection and Resauti

2 \Whether or not an Intent conflict requires a sherm resolution is determined by time to LoS.

ZlHandshaking is an automated process of negotiation that dyceliyisets parameters of a communications
channel established between two entities beforanabrcommunication over the channel begins. It is a
predetermined hardware or software activity desigtwe establish or maintain two machines or programs
synchronisation. Handshaking often concerns thbange of messages or packets of data between stensy
with limited buffers. (The Free Dictionarfgttp://www.thefreedictionary.com/

% These algorithms are used in the different scesatéfined. Paragraph. 8.6.1, 8.6.2, 8.6.3, 8.6.4
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o “1 on N”: resolve all instantaneous conflicts witthdurther requirement of
remaining conflict free beyond the look-ahead time.
o “1on 1" in case of multiple conflicts resolve theost critical conflict first.

Algorithms that can provide functionality beyondethrequired minimum will be
preferred.

CR algorithm implementations should allow for tmelusion of user preferences and
provide useful alternatives in case pilots rejgetprovided solution.

Traffic separation assurance is only applied withim MTAZ, using all available CD&R
modules. Conflict information from the CD moduleslivbe fed into the Conflict
Processing module which will determine the urgeatyhe situation and consider the
appropriate resolution module.

One of the AFR rule implies that the aircraft tcaggy can at no time place the aircraft in
a 2 minute state vector conflict with another aiftrthis requires that algorithms have to
check the extended state vector at Trajectory Ghahgnts (TCP) for possible state
conflicts.

All CD modules work in parallel and therefore a ttieh can be detected simultaneously
by both Medium Term CD as well as Short Term CDe Tihformation from both
detection modules will be provided to the ConflRebcessing unit which will determine
the appropriate CR module.

An alert level will be issued by the Conflict Presang unit based on the time to Loss of
Separation. Each alert level will be associatedahbgifferent attention getter (aural or
otherwise)

In the following, each CD&R module is describedthe explanatory diagrams that come
with each description, the following color codingshbeen established:
o Dark Grey: long term trajectory information (aircraft flighath / RBT).
o Green: medium term trajectory information (aircrafttent, up to 15 — 20
minutes look-ahead time).
o Yellow: short term trajectory information (aircraft firkvel of intent®
and/or aircraft state, representative up to 5 nemiaok-ahead time).
o Red: ACAS (pure state, 1 minute look-ahead time).
o Blue: extended 2 minute state vector projection. A dedtdaded arrow is
used to differentiate this from planned airplaregetctories.

% Level of Intent can be: a) target state, b) orgéltory Change Point (TCP) or c) full intent (riplé TCP's).
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Medium-term

(intent) trajectory Flight Path
ACAS >
1-min ranae

=7 me vector

extrapolation

Figure 8-3 CD&R Colour coding

8.6.1 Long Term Area Conflict Detection (LTACD)

Aircraft
flight path/RBT

/k Area to avoid

Figure 8-4 Area Conflict

 The Long Term Area Conflict Detection functionalit§il apply to the LTAZ and detect
any conflicts with “areas to avoid”. The crew wié informed of these conflicts so that
appropriate action can be takén

8.6.2 Medium Term Conflict Detection & Resolution (MTCD&R)

Aircraft >< Traffic

medium-term medium-term
(intent) trajectory (intent) trajectory 7

Figure 8-5 Medium Term Conflict

4 Resolution will be provided by TM module.
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» The Medium Term Conflict Detection and Resolutiondule takes into account own
trajectory intent information and that of surrourgltraffic, up to 15 — 20 minutes (up to
the time that it is possible to obtain reliableommhation) and area information.

o

Traffic Conflict Resolution uses priority rules tietermine which aircraft

has the right of way and which aircraft has to nearvoe.

The aircraft which has to manoeuvre is requiredldoso, as stated in the

AFR Rules, so that the conflict resolution is netayed up until the point

the conflict has to be resolved by both aircraft.

Resolutions will be displayed in the form of a nfatl route which can be

implemented automatically or manually through tHgtf Management

System.

The flight crew should be able to consider the appate conflict

resolution manoeuvre, evaluate several options, exgtute any given

manoeuvre, with the only constraints being:

= The manoeuvre has to solve all conflicts.

= The manoeuvre shall not create new conflicts andoodict free up to
a TBD timé” (e.g.,10min) beyond the medium term look aheaé tim

Medium term CR will, under normal circumstancesespnt the most cost-

effective traffic separation assurance option, eimomparatively small

changes in the trajectory will be sufficient to eresaircraft separation.

The resolution algorithms will have to ensure thamo time during the

flight, the aircraft trajectory will place the aiedt in a 2 minute state vector

conflict (see Figure 8-6).

% To be investigated by future research.
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Traffic
medium-term
trajectory

Traffic 2-min %
Aircraft state vector N
medium-term projection
trajectory Aircraft 2-min

state vector
projection

Figure 8-6 Cross-checking of state vector conflig along the intent track. If the 2 min state vecto
predicted distance is less than the separation mmum (i.e. 3 Nm /900 ft.) a conflict is detectednlthis
example the predicted lateral distance is zero Nnmgs a result a conflict is detected.

8.6.3 Short Term Conflict Detection and Resolution (STCD&R)

Figure 8-7 Short Term Conflict

* The Short Term Conflict Detection and Resolutiondie considers the best traffic
information available up to the 3 to 5 minutes ®ngs well as area information. The
traffic information may include the first level oitent (i.e., turn point or level-off altitude
within 3 to 5 minutes). It is assumed that undemrad operations the ownship aircraft
will always be able to consider at least its owstfievel of intent.
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o Target State information, which is providing infation on the horizontal
and vertical targets (heading, speed and altitdide)the active flight
segment, can be used as first level of intent.

o The traffic state vector extrapolation is consideie be representative up to
5 minutes ahead.

o Short Term CR will enable a quick execution of toaflict resolution; this
will involve:

» Fast automated assessment and calculations

= Presentation of simple manoeuvre options to tighticrew

= Primary focus will be on CR execution instead ofjdctory
management

o Implicitly coordinated Short Term traffic CR reges that all aircraft use
compatible resolution algorithms with a cooperatiset of resolution
manoeuvres. As the coordination among these manegwill be implicit,
there will be no direct communication between aiftcfor manoeuvre
coordination.

o Short Term traffic CR algorithms will have to belalo resolve conflicts
which involve several other aircraft (‘1 on N’ céyddy), and not create
new conflicts.

o When using trajectory change information the alpons will have to
ensure that at no time during the flight, the aficwill be placed in a 2
minutes state vector conflict.

Traffic 2-min state
vector extrapolation

P 4 Aircraft
2-min state
vector extrapolation

ﬁ-;/ },

Figure 8-8 Two-minutes short term state vector atflict (level-off attitude example) If the 2 min shate
vector predicted distance is less than the separati minimum (i.e. 3 Nm/ 900 ft.) a conflict is detged. In
this example the predicted vertical distance is zerfeet; as a result a conflict is detected.

8.7 Airborne Collision Avoidance System (ACAS)

* The A3 ConOps to be studied within iFly adopts eatrACAS in the form of TCAS-II
* Beyond the iFly project it may be a valuable optiorstudy the mitigation of possibly
simultaneous and conflicting resolution advisobhgASAS and ACAS.
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Traffic ACAS\ /Aircraft ACAS
1-min look-ahead 1-min look-ahead

Figure 8-9 ACAS Conflict Detection works withoutintent and therefore may differ from ASAS conflict
detection

8.8 Priority rules

*  Priority rules only apply to Medium Term ConfliceBolution.

* In accordance with the autonomous flight rulescrait with lower priority have to
manouevres to prevent the conflict from becominghart term conflict, which would
then have to be resolved cooperatively.

A TBD set of rules, which will be identical to @ircraft, will determine the priority level
of each aircraft. This priority level (or statusjjlwe broadcasted so that it can be used by
other aircraft. Considerations that have to be rtak#o account that determine the
priority level:
1. CTA requirements
2. Manoeuvrability
3. Mission Statement

* In case of identical priority levels, an arbitrgmpcedure (based in the aircraft call signs
for example) will be used to ensure that prior#yaiways unambiguous.

8.8.1 CTA requirements considerations

* As aircraft get closer to the TMA arriving point €éring Fix), the Arrival Manager
(AMAN) or the controlling entity of that airspacellcan issue an updated CTA with a
reduced window size. As a result the onboard pyideivel will increase accordingly. In
other words, when aircraft get a tighter constréety also have a higher priority. The
priority level is no indication of position in tharival sequence but is only used for
MediumTerm conflict resolution.
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* Once an aircraft has a fixed CTA or is actively@spg, the priority assigned to that
aircraft will be the highest under normal operasiolowever, this does not relieve the
aircraft from the self-separation resposibilitieguired in SSA.

Normal Ope rations Priority Levels — CTA-related
Priority level Aircraft status
X Normal priority level according to TBD priority rules
X+1 Smaller CTA time window than the other aircraft
X+2 Fixed CTA assigned or actively spacing aircraft

8.8.2 Manoeuvrability considerations

* The aircraft manoeuvrability classification, conuaq:
o Speed envelope
o  Turning radius
o  Climb rate
will be considered in the priority level determiiait

8.8.3 Mission statement categories for priority determinaion

* The aircraft mission will be reflected in its pitgrlevel. The following table summarizes
some of the categories considered for priority heiteation:

Category Circumstances for Selection

EMERGENCY Emergency \When an aircraft is in an emergency condition

Unable to broadcast its state and/or intent, its position only|
NON-NORMAL Non-own surveillance capable detected through primary radar

Aircraft can perform all its normal tasks, except self
Non-self separation capable separation

When a flight is operating as an air ambulance and the|
patient is in a life threatening condition, or requires stable
Ambulance flight flight operations.

Applies to those military aircraft which are performing
surveillance broadcasting (does not apply to fighters in an
Military aircraft in a nationalinterception mission, spy aircraft or other which do not
defence mission broadcast their state and intent)

When a military aircraft is carrying sensitive ordnance|
(weapons, explosives, or other harmful materials) in a
Military ordnance transport transport mission

Special Transport Civil aircraft carrying dangerous or sensitive goods

When an aircraft is operating at the scene of a search areq
or is operating as a scene of search co-ordinator. If an
aircraft is en-route to or from a scene of search, it should be

NORMAL

Scene of Search treated as a normal aircraft

High level government officials (not Head-of-states) which
Prioritized VIP aircraft have been given a higher level of priority
Normal Aircraft \When non of the above is applicable

* Non-normal and emergency aircraft will broadcagthbr priority levels than normal
operating aircraft. The condition of the aircrafaiyrhave to be manually entered into the
system as to update the priority level.
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8.9 Transition Operations

The A® ConOps does not consider transition operationsutnSSA, however a few
outlines are given in order to provide a more catglvision of this Operational
Concept.

ANSPs managing TMAs are responsible for separai@hflow management for aircraft
inside their MA. The following relationship existetween the part of the aircraft’'s
trajectories that takes place in SSA and the triansio MA:
o ANSPs will issue arriving and exiting CTA restrantis in order to maintain
safe and efficient operations inside the TMAs.
o When required by circumstances, ANSPs will broadceesv CTAs for
aircraft entering or exiting TMAs.

Aircraft will leave the departure TMA in a positiotime and course specified by their
4D take off and departure trajectory contract. ANSP will have to ensure that the
active RBT will be conflict free for a TBD timefraan(e.g., 10 min) when leaving the
TMA.

The aircraft will have to meet the arriving TMA CTukder the following conditions:
o The aircraft has to be conflict free when entefihMdA airspace.
o The aircraft speed and course will conform to atéHpectory contract into
TMA.
o The aircraft needs to be able to anticipate anluraito meet the CTA
requirement and inform the ANSP in advance, so titCTA and entry
requirements can be adjusted accordingly.

CTAs will be produced by CDM (Collaborative Decisidaking) between the Pre-
Flight actors and ANSPs. The resulting exit/entMA organization (at the SFM level)
should ensure, in principle:

o Conflict-free normal operations (i.e. if aircraib @domply with CTAs, they
will be conflict-free in the immediate vicinity adhe High Density — TMA
boundary).

o The achievement of a safe, orderly and expeditilows of traffic.

o The goal is to avoid generation, at a managinglleseany ‘a priori’
conflicts.

Controlled Times of Arrival araot exact times for arrival. Rather, they represetitne
window whose margins are refined in the courséefflight:

o Initially, the ANSP gives the aircraft a CDM-origited CTA, along with a
time window, representing the original estimation that particular aircraft
arrival.

o As the flight progresses, the time window is redljgeflecting the aircraft
actual manoeuvres; this process takes place wittlmutneed of a RBT
modification (for example: an aircraft has had #ve several conflicts and
thus its CTA-compliance is displaced towards arlsit@e, but it is still
inside the original CTA interval; a new and redudetgrval is defined in
order to allow the aircraft to still comply to CTA)
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o At the final stages of the aircraft's en-route ghas$ flight, a ‘CTA lock-
down’ is issued in the form of a fixed CTA, alongtlwan appropriate
priority level increase for that aircraft; at thpeint the time for the aircraft
arrival is fixed.

» The ANSP may issue spacing instructions (TTF anddequipped aircraft in order to
enable them to transition from a 4D operation Mexging and Spacing (MS) operation.
Aircraft that are actively spacing outside the TM#e still required to remain separated
from all other aircraft. However, spacing aircrafill have priority over normal non-
spacing or non CTA constrained aircratft.

8.10 Military operations

« The A% ConOps is primarily aimed at the operation of Icikansport aircraft. However,
aircraft performing military or national tasks dae accomodated in this concept.

* All military aircraft (fighters, transport, UAVs,t@ have to be properly equipped,
capable of self separation and follow AFR ruledbéoable to enter and operate in SSA,
just like all other aircratft.

* While it is outside the scope of this ConOps teassll possible military operations, two
cases are considered, in order to show the pokdetiébility of the A*> ConOps:
o The interception of a civil aircraft by an air dese fighter.
o The operations of a head-of-state aircraft.

8.10.1 Intercept missions

* The mission requirements of air defense fightearatft in an interception mission may be
opposite from the main basic assumptions presantdiis ConOps: while the goal for
autonomous aircraft is to maintain separation,raget missions require that fighter
aircraft get close enough to the target aircrafhout being detected.

* Inorder to avoid detection by the target, thercgpting aircraft may:
o deactivate the Air-Air DL, while retaining ‘IN’ (eiving) functions
operative, allowing it to achieve traffic SA thrdugir-Air DL and SWIM,;
o indicate to SWIM that own position updates will ia# made available to
other SWIM users.

* Due to the fact that intercepting aircraft cannetdetected by other aircraft, interceptors
will have the sole resposibility to maintain sepiarawith all other aircraft.

* The following picture (Figure 8-10) shows a schemdescription of the interception
mission communications/surveillance functions:
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Figure 8-10 Military Interception Mission Communications and Operations Scheme

8.10.2 Head-of-state aircraft operations

» Head-of-State (HS) aircraft will require that ottarspace users maintain a larger than
normal separation distance. Furthermore, there aisy be a requirement that other
aircraft should be unaware of the presence of aucilued aircraft.

* HS aircraft may opt to use a common / generic sigih which will make the aircraft
indistinguishable from other traffic aircraft.

* HS aircraft may also be using a higher separatiasscand/or priority value, which will
force other aircraft to maintain a larger separatistance and require them to move first
in case of conflict.

8.11 Non-normal and Emergency Operations

8.11.1 General considerations

«  The terms ‘Non-normal operations’ and ‘Emergencyef@fions’ in the A ConOps refer
to:

o Non-normal Operations:those operations that require a modification of
normal operations, as they have been defined imth@onOps, but where
the aircraft can still meet the required safetyelsvunder the general
assumptions made.

o Emergency Operationsoperations where safety levels for the aircraft
cannot be maintained under the general assumptiomde in the A
ConOps.
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* In general, the following considerations apply ftlon-normal and Emergency
operations:

o Concerning overall self separation capabilitiegircraft that are aware of
the fact that they are no longer capable to sgl&se will be required to
enter Managed Airspace as soon as they are albler @tcraft will have to
perform all separation requirements regarding plaaticular aircraft when it
still is inside SSA. Non-normal aircraft may be ueggd to transmit their
operational performance level, which is an indmatof their self separating
capabilities. See table in section 9.2.4.

o Concerning medium term conflict managementYhen an aircraft is in a
non-normal or emergency situation the crew or aat®mn will update the
condition level of the aircraft. The condition irhigh the aircraft operates
will affect the priority level that will be broadsted. Aircraft in a non-
normal or emergency situation will broadcast a argtriority level.

o Concerning short term conflict managementcooperative resolution
manoeuvres in State Based CR will ensure thatdhéict will be resolved
even if the participating Non-normal aircraft isatshe to manoeuvre.

o Concerning surveillance capabilities:

= Loss of Air-Air DL will have to be indicated to tH&WIM network by
any means possible. Ground applications will camdirio track the
aircraft through position reports and/or radar metu Other aircraft will
continue to receive surveillance updates for thisraft through the
SWIM network as long as the aircraft is in SSA.

= When an aircraft trajectory information is not dahie through any of
the normal means, SWIM might provide dynamic RAAwrd a non-
self separating aircraft. Affected traffic will adothat RAA as an area
conflict.

Traffic RAA avoidance
manoeuvres

Non Self
Separating
Aircraft

RAA broadcasted
through SWIM

Figure 8-11 Dynamic RAA around a non-self separatg aircraft
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o Concerning Navigation Performancesany aircraft that is not able to
conform to its broadcasted intent, will have toicgate this to the SWIM
network The procedure may require the aircraftrmabicast a different SM
class in order to maintain the safety level ofdperations.

8.11.2 Non-normal Operations

* The degradation in the specified levels of perfaragafor non-normal operations, will
require modifications of the operational proceducemaintain the required safety levels
under the A ConOps.

* Non-normal ATM performances can be classified eedaction in:
o Navigation performances
o Communication/Surveillance performances
o  Trajectory and conflict management performances

8.11.2.1Navigation performances

* The proposed ATM system will depend on the airtgability to adhere to a required
accuracy of their broadcasted trajectory intent.

 Required Navigation Performance Capability (RNPG®) defined as a parameter
describing lateral deviations from assigned or stdd track as well as along track
position fixing accuracy on the basis of an appiafe containment levéf. RNP types
specify the minimum navigation performance accuracplired in an airspace.

* If an aircraft is not able to conform to its broasied trajectory (a certain RNP being
considered), it will broadcast its ‘non-conformansgatus — when there is a non-
conformance with the RBT — and/or a message ottait Navigation Equipment Status
- diminished’, along with the reduced RNP typestsed in the Information Flows table
of section 9.2.4.

 The Separation Minima class regarding the non-gomifty aircraft may have to be
adjusted to reflect diminished navigation perfors&nrhe SM class of the aircraft will
be broadcasted and made available to the SWIM mktwihe flight crew of other
aircraft will be able to distinguish the differe8M class, but otherwise will proceed as
normal.

8.11.2.2Communication/Surveillance performances

* A Communication/Surveillance performance drop maypact either:
o An aircraft’s ability to determine its position atrdjectory (Surveillance).
o An aircraft's ability to communicate its positionnd trajectory
(Communication).

% As defined by the FANS Committee, ICAO Doc 9613/887 Manual on Required Navigation Performance.
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» Surveillance:if an aircraft is not able to accurately determitseposition and trajectory,
then this information will have to be made avaiabd all surrounding traffic. SWIM
may continue to provide position updates for thsn-mormal aircraft correlating
available data with other secondary surveillancemse(e.g. primary radar). The non-
normal aircraft may still be able to provide rediicelf separation capabilities. As with
the case of reduced navigation performance, thenvomal aircraft SM class may have
to be increased to reflect the reduced positioatwiracy.

*  Communications:

o Loss of Air-Air DL communications will be compenedt by SWIM.
However, the SWIM update rate and accuracy miglituce ASAS
performances. The non-normal aircraft will commaiécits operational
performance level and its SM will be reclassifieddflect the situation.

o Loss of SWIM communication will merely cause a rein in ASAS
efficiency and trajectory management capabilityf kll not result in
greatly diminished ASAS performance. Aircraft's Sivhy not have to be
reclassified.

o  Simultaneous Air-Air DL and SWIM loss will effecly make the avionics
of that aircraft ‘blind’, and therefore incapablé self separating. The
aircraft is required to reach MA as soon as abid, #se all means available
to communicate its position to other aircraft. Ttasks of maintaining
separation from that aircraft will fall upon neardiycraft’'s flight crews.

8.11.2.3Trajectory and conflict management performances

* If an aircraft has only a partial loss of its CD&Rrformances, and it is still capable of
performing self separation, given that the situatio
o Does not require too much effort from the fligh¢wr and
o Does not represent problems that are too complea feduced capabilities
on-board system,
the aircraft will continue to operate under therappiate priority levels and SM class.

8.11.3 Emergency Operations

* An emergency occurs when an unforeseen event sraab@zard to the passengers, the
crew, or the aircraft, which requires immediatdarctin the context of the AConOps,
an emergency is considered to be any situationhiciwthe safety levels for the aircraft
cannot be maintained under the assumptions made.

* Main rule: Emergency aircraft will obtain the highest prigri¢vel and will be required
to exit SSA and reach Managed Airspace as sodmegsare able.

* When an aircraft crew belives it’s aircraft is memergency situation, then that aircrew
will be able to declare an emergency through athmmnication means available:
o  Through the aircraft emergency frequency (Inteoreti Air Distress (121.5
MHz) for civil aircraft, Military Air Distress (243 MHz) for military
aircraft).
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o Through the enabled voice communication frequentythiat particular
sector.

o Through Air-Air DL and SWIM (emergency/priority $ts message).

o Adjusting the SSR transponder to reply on Mode Gtle 7700.

The aircraft emergency status will also be madesmnto all actors through SWIM.

The emergency aircraft will in collaboration withetgoverning ANSP be able to choose
a preferred route into Managed Airspace.

Separation responsibility from aircraft which haleclared an emergency will fall upon
nearby traffic.

The SM classification used for the emergency afrevdl take into account:
o Possible deviations from the aircraft declarecettgry.
o A possible surveillance capabilities degradation.
o The aircraft actually not providing any surveill@naformation, which will
mean having to rely upon SWIM data, which will lesd accurate and with
a lower update rate.
o The hazard that an emergency aircraft presentsdtog traffic, by itself.

The procedures (which will involve ATC) concernitige transition of an emergency
aircraft from SSA to MA are not considered.

In order to prioritize the entrance of the emergenocraft into MA, the governing
ANSP may have to issue a new set of CTAs to akmwo#ircraft. CTA changes to other
aircraft, as a result of an emergency, will notsdjected to negotiation between the
other aircraft and the ANSPs.
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9 A®Systems

9.1 Communications

» Aircraft data links may use various networking pauls. Currently the most commonly
used protocol is ACARS (Aircraft Communication Addsing and Reporting System),
however, in a near future there are plans to repllae outdated ACARS technology with
ATN/CLNP (Air Traffic Network, Connectionless NetwoProtocol). In a distant future,
network communication will possibly change to Imtérnet Protocol), which is
nowadays the most widespread network protocol.

*  The communications will be utilized for
o Requests for flight/trajectory changes.
o Data exchange for distributed decision making.
o Digital audio/video transmissions.
o Shared data exchange with SWIM.

* It will enable data transmission, particularly:
o Point to point data transfer (air to ground, grotmdir, air to air).
o Broadcast data transfer (air to air and air to gdju

A WA COM

i SWIM
i data exchange

SAT CO
ground infrastructure

SAT CO
ground infrastructure

[ground infrastructure

Figure 9-1 Overview of the communication data liks considered in &

* For different transmitted information a differengithl data encoding may be used (as
mentioned by SESAR WP8). The task of data encoding provide data safety, security
(confidentiality, integrity, non-repudiation) anacrease attack resilience.

« The data encoding and transport issues cannot begated to ground; both
communicating peers must collaborate on this.

 There are many hazards related to communicatiors iBhespecially important when
Commercial Off-The-Shelf (COTS) technologies lilkeewill be used.
o Communications must be resilient to attacks onidentiality, availability,
integrity, or non-repudiation.
o The system must be resilient to delays or serviteriuptions caused by
network congestion or transmission errors on playsayer.
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9.2 Automated Ground Surveillance Support

» To cope with possible limitations of the direct-air communication (at least for
currently studied data links) and to provide a ¢stest availability of the information for
the individual awareness zones, different (groundolving) information gathering
mechanisms, shown in Figure 9-2 are foreseen:

o For MTAZ a fully automated information sharing meaism with the
ground surveillance tools is considered:
= A Traffic Proximity Detection function will, according to the
definition of the MTAZ, provide each aircraft atlisf all aircraft that
are of influence to the operation of that aircraft.
= Based on this list, onboard automation can queeySWIM network
for missing State and Intent information (not obéai through direct
Air-Air Data Link).
o For LTAZ the information about areas-to-avoid apdoaded to aircraft.
These areas include complex areas determined byroandrbased
automatedComplexity Predictor.

Air - Air Datalink Range MTAZ LTAZ

List of aircraft
in MTAZ

ents Cor,
N QGSt
/ SWI M eqd A’eas
Traffic Proximity Complexity
Detection Predictor

Figure 9-2 Surveillance information communicationstructure

9.2.1 Information Sharing System

* The System Wide Information Management network (BYWWwill provide different
means to obtain the data:

o Pull-model: Some data will be available “upon resju¢query) , e.g., State
and Intent data of aircraft outside the Air-Air BEk range.

o Push-model: Some data will be periodically senthe aircraft, e.g.,i.e.,
Areas to avoid, weather information. Depending atadmportance, this
may or may not be based on a subscription (thdtimdicate the refresh
frequency).
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On the airborne side, the information processingt ua responsible for the
communication with SWIM.

State, Intent
RBT
SWIM infrastructure
A 4 h 4 A
State, RBT Meteo Areas
Intent
Prohibited areas
v 4 h 4
Traffic Analyzer Meteo
Analyzer
v v
MTAZ Traffic Congestion » Areas* o LTAZ
Filter [ Situation Detector T » " Filter
\ 4 4
List of aircraft Areas-to-avoid
in MTAZ (LTAZ)
State, Intent
Meteo

List of aircraft in MTAZ
Areas-to-avoid (LTAZ)

Figure 9-3 Overview of SWIM functionalities antidpated in A*

9.2.2 Traffic Proximity Detection

This tool will regularly detect all aircraft crosgj the MTAZ of each aircraft within the

medium term timeframe. The corresponding list ist4e each aircraft and used by its
on-board systems to request missing (not obtaihedgh direct air-air communication)

data of other aircraft from SWIM.

9.2.3 Complexity Predictor

This automated tool will use the RBTs (stored in IBNVto evaluate a suitable traffic
complexity metric across the airspace. Based orpthdefined threshold(s) (there may
be more levels of complexity) complex areas areaet and together with other areas-
to-avoid provided to aircraft. This approach mayeptially also be used for indirect
strategic flow management by using a selectivededseas-to-avoid.

9.2.4 Information Communication Structure

In the ensuing Information Flows table, an accairihe possible information exchanges
between all actors is provided. Each column pravitie following information:
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the message was received.
o Description: a brief text outlining the meaningeaich message.
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Information flow: the subject of the informationatrange.

Message: the contents on the subject of the infobomaxchange.

Sender: which AConOps actor is emitting the message.

Means: which communication channel (Air-Air DL, SM/br both) is used.
Destination: which AConOps actors are receiving the message.
Acknowledgement: which receiving actors have towamnsacknowledging

Information Acknowledge
Flow Message Sender Means Destination ment Description
SBT Aircraft | SBT Aircraft |Pre-flight Trajectory|
SBT Planned ANSP SWIM Information; analogous i
FOCs FOCs current Flight Plan.
Ground RBT is the flight trajectory|
Support !nfomf1|a§ion whi_le_tt‘h:e airgBa¥
i ; is ying; initial
Initial Aircraft SWIM EOCs None e B Gees Jis,
before take off (procedures
RBT gNSPZ fall outside A3 ConOps).
Sl:gggrt Manoeuvres made by the
. aircraft, CTA actualizations
Updates Aircraft SWIM FOCs None and trajectory changes in-
flight are reflected in RBT]
ANSP updates.
_ ) Ground ] .
MTAZ Proximity Timely . . JAircraft are notified of all
Traffic Updates based SWIM Aircraft Aircraft  fratic  present in  their
application MTAZ.
The aircraft State infol
SWIM. Ai comprises  the  position,
Aircraft STATE | State Info | Aircraft Vo AT IMTAZ Aircraft|  None  [velocity, course & altitude
Air DL information, along with an
aircraft 1D, separation class
and a priority tag.
The aircraft Intent info
SWIM. Air- consists of  Trajectory
Aircraft INTENT Intent Info Aircraft Al I5L MTAZ Aircraft None Change Points (TCPs) and|
Ir conformance monitoring|
data.
Aircraft own Initially, the aircraft will be|
FOC notified of its CTA by the|
ANSP, along with an
Initial ANSP SWIM Aircraft uncertainty time  window
Aircraft which will depend on t‘he
duration and characteristicS
of the flight.
CTA _ The CTA will be refined
Aircraft own along the flight, depending|
FOC on the conditions the aircraft}
; lencounters. This includes
Updates ANSP SWIM Aircraft both CTA time  window
. reducing and (only iff
Aircraft necessary) CTA relocation
beyond the time window.
Aircraft own |As the aircraft gets close to|
FOC the arriving TMA, it will be|
RTA Final ANSP SWIM Aircraft  |provided with a fixed CTA
. This will result in a highe
Aircraft priority level in the arriving
phase of its flight.
Very Short Term Secondary : : Conflict Resolution at veryj
Traffic Alert Sstr? tet—TVery Aircraft Air-Air CanIIth(—id CanIIth(—id short  term (including
(ACAS system) (eine Comm. liife] lieife] collision  avoidance) s
explicitly coordinated.
Medium  Term  Conflict
Aircraft Priori ] i ] Resolutlonlls pnonty—ba;ed;
Status vy Normal Aircraft SVXIiIMI’DﬁIr MTAZ Aircraft None aircraft  will communicate|

their priority level through

their State Vector message.
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Information Acknowledge
Flow Message Sender Means Destination ment Description
In the case of a non-normal
situation, the aircraft priority]
) SWIM. Air- ] level is increased,
Non-normal Aircraft Al I’DL MTAZ Aircraft None separation class is changed
Ir and a 'non-normal
indication will be sent as|
ell.
Congested and/or complex|
Congested/Com Ground areas are used in LTAZ
plex Areas Area Info based SWIM All Aircraft None here they are determined
Information application by ~a  ground-based
application.
Ground Aircraft will send a 'RBT]
Adherence Aircraft SWIM Support None conformance _ status
message at certain tim
Own FOC intervals.
RBT Ground If an aircraft detects a loss
Conformance Support of conformance with its
Alert Aircraft SWIM None  [RBT. it sends an ale
message and its status]
Own FOC changes to 'RBT non
conformance'.
.. IMTAZ Aircraft
bl (I:Iass Aircraft vali:wa"r None
Aircraft Own FOC Aircraft in normal condition
SM il have a Class | SM;
i aircraft ~ in non-normal
s Other Aircraft SWIM, Air- MTAZ Aircraft None conditions will have al
SM class Air DL Own EOC different SM Class which
results in greater SM.
JAircraft will send a 'Nav|
] ] SWIM. Air- ] systems nominal'  status
Nominal Aircraft Al I5L MTAZ Aircraft None message at certain time|
Ir intervals, along with their]
RNP level.
MTAZ Aircraft If an aircraft is not able to|
S ) SWIM. Air- ) comply with its nominal
Diminished Aircraft P MTAZ Aircraft[RNP, it will send a 'Na
Aircraft Air DL Own FOC systems diminished', and al
Navigation RNP level if possible.
Equipment
Status MTAZ Aircraft|MTAZ Aircratt
. . SWIM, Air-
Failure Aircraft Air DL Own FOC
A 'Nav systems Failure]
Own FOC message implies an
ANSP Emergency Situation. See
Emergency Operations.
ircraft will send an 'ASAS|
i i SWIM. Air- ) systems nominal' status
Nominal Aircraft Air I5L MTAZ Aircraft None message at certain time|
intervals, along with their]
JASAS performance level.
MTAZ Aircraft If an aircraft has diminished
Aircraft ASAS . IASAS  capabilities, it will
Equipment Diminished | Aircraft | SW/IM. Air- MTAZ Aircraft[S€nd_an 'ASAS systems
Status Air DL own FOC diminished’, and an ASAS
performance level iff
possible.
. |MTAZ Aircraft| MTAZ Aircraft |An 'ASAS systems Failure’
Failure Aircraft SWI.M’ el Own FOC pEsEEgE implies &l
Air DL Own FOC [Emergency Situation. See|
ANSP Emergency Operations.
MTAZ Aircraft |MTAZ Aircratt L' _®9°%Y °°"e§S‘t’:r‘]fSr
performance losses thaf
i may affect the aircraft abilit
Diminished Aircraft SVXIiIMI’DﬁIr Own FOC Own FOC - [ maintain self separation,
A '‘Diminished’ statu
Aircraft System implies the loss of certain
Status ANSP ANSP capabilities (e.g]
Manoeuvrability).
MTAZ Aircraft| MTAZ Aircraft )
) _ SWIM. Air- A ‘Systems Failure
Failure Aircraft Air I’DL Own FOC Own FOC |Message implies an
ANSP ANSP Emergency Situation. See

lemergency Operations.
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Information Acknowledge
Flow Message Sender Means Destination ment Description
All Aircraft
Weather
Meteo Data Server SWIM FOCs None Air data forecasts will be
ANSP broadcasted to all aircraft.
All Aircraft A ‘Restrj(;:tions' messagde
may provide areas to avoid,
Restrictions Vgeather SWIM FOCs None maximum speed
Weather erver indications, or othe
ANSP operational constraints.
All Aircraft A 'Warning' message is of]
the same format as 4
Warning Weather SWIM FOCs None restrictions' message, but isl
Server used for severe conditions|
ANSP that may threaten the safety]
of the flights.
o All Aircraft NSP will issue Airspace|
Restriction ANSP SWIM FOCs Restrictions in the form of
FOCs Areas to avoid.
Airspace All Aircraft
Restoration ANSP SWIM FOCs This message implies the
FOCs lifting of a given airspace]
restriction.

9.3 Cockpit/airborne System

* Due to the fact that within autonomous operatiorartasks and responsibilities will
fall on the operating crews, the wholéairborne system is designed as a pilot's decision
supporting tool.

* The process described above assumes three newnairdgaplications & functionalities:

o Information Processing Unit — that gathers information from external
sources and categorises these into appropriateseisa

o Airborne Separation Assistance System (ASAS} that assists in both
strategic conflict management as well as separaironision, which will
result in tactical changes of the RBT.

o Trajectory Management — that increases the performance of the flight
through strategic RBT changes.

* A possible Airborne System Functional Architectisghown in Figure 9-4:
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Figure 9-4 Airborne System functional architectue

9.3.1 Information Processing Unit

* The information management system will receive sillance data from airborne and
ground based surveillance functions, particularly:

o

30 January 2010

Information (state, intent) coming through diredt-ar communication
links (e.g., ADS-B/C).

Information (state, intent, areas, weather) confiogn direct air-ground
communication links (e.g., TIS-B/C).

Information coming from SWIM information services.

Information from on-board sensors, namely weatagar or EGPWS.
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* The system will provide the highest possible piieaisit will detect missing or obsolete
information. If possible, the system may:

o  Approximate missing information (e.g., using Kalnfdier).

o Query the information from SWIM or neighbouringaaft.

o Compose the data from multiple sources (data fQsibar example, the
system will use the state information (having highpdate rate) for intent
conformance monitoring. This information will supplent the
conformance information within the intent message.

* The information accuracy may decrease due to conuation errors. The system will
therefore indicate a confidence level for the siggpinformation. When errors occur, the
system will supply degraded data and indicate laxeafidence.

* The main goal of the information processing unitaseep updated the four on-board
information sets:

1. State traffic information set — contains all updated state information (position &
velocity vectors, priority level and separationsslpcoming mainly from direct air-air
communication (SWIM can also provide State infoipratf needed).

2. Intent traffic information set — contains updated 4D trajectories (state and intent
trajectories) of all aircraft crossing the MTAZ hih the medium term timeframe. The
trajectories are based on the data obtained vextd&ir-Air Data Link channels or
automatically queried from SWIM.

3. Areas information set — contains updated information about hazardousatfves,
congested...) and restricted areas within the LTAZtaDwill be provided by SWIM
(update frequency in order of tens of minutes) tlogrewith on-board systems (e.g.
weather radar, EGPWS). Complex areas outside of KlB#e determined by a
ground-based application (within the MTAZ, traftomplexity is determined by an
on-board system).

4. Meteo set— contains updated information about measured ata cand about
forecasted wind and temperature conditions forrémeaining part of the flight. This
data is obtained through on-board sensors andiaugh SWIM.

e The information processing unit will be based omptex algorithms combining all
available data about each aircraft to determiearbst reliable and accurate information
for individual information sets.

9.3.2 Airborne Separation Assistance System (ASAS)

« The A’ airborne separation management process consitte &dllowing main phases:
o  Conflict Detection
o  Conflict Processing
o  Conflict Resolution
o Business Trajectory Synthesis
o Execution
* While the Conflict Detection (CD) and Conflict Résiion (CR) phases are split to
several parallel modules, the Conflict Processimd) Brajectory Synthesis are integrative
phases processing information from all related nexsiu
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 The Conflict Detection functionality is divided arding to the type of trajectory
information. On the contrary, Conflict Resolutionnttions are split based on the
urgency of conflicts. In previous research, thege gplitting are typically aligned to each
other (state-based conflicts are always solved $lycat-term CR, etc.). While %allows
this kind of logic, it does not restrict algorithdevelopers to it. The only connection
between the CD and CR modules is that CR algorithmast be able to process the
trajectory information used to detect a conflictswlve. Additional requirements may
arise from the necessity to process trajectoryrin&tion for prevention of secondary
conflicts. In this context, AConOps allows that the boundary between MediunmTer
and Short Term CR is designed independently oCfdgprocess.

9.3.2.1 Conflict Detection

* Conflict detection process is split into three ipeledent modules which differ in the use
of the individual information sets. This allows avelopment of targeted and optimized
algorithms for specific tasks:

1. Short Term CD uses information from the State Information sejetber with
own state and first level of Intent (i.e., turnmtoor level-off altitude within 3 to 5
minutes) to perform CD for the short term timeframe

2. Medium Term CD uses information from Intent Information Set togethvith
own state and intent and performs intent-based @Dnfedium term timeframe
(including short term). In the case of missing mitenformation, best available
intent is used, including the use of an extrapotatf the state information to build
a “provisory intent” with a limited timeframe (e,-6 minutes). The Intent CD
function will also detect areas of high complex{assessed by an appropriate
complexity metric) and/or monitor the own aircrafanoeuvring flexibility.

3. Long Term Areas CD uses information from the Areas Information Setetbgr
with own state and intent and checks for possikleefration of undesirable areas
within the long term timeframe (across all threesidered timeframes).

» If a conflict is detected by any of the conflictteletion modules, it passes through to the
Conflict Processing module, which will process tinéormation and send it to the
resolution modules and via the HMI to the flighewr

9.3.2.2 Conflict Processing

*  Within the Conflict Processing module all conflicssued by CD modules are processed
and the suitable action is determined. If the sibmarequires a modification of own
trajectory, one of theorrective actionsis selected:

o Short Term CR - is selected when an immediate call for actioreggired
(i.e. within seconds).

o Medium Term CR - is selected when a timely call for action is nieeql
(i.e. within minutes).

o In case of detected conflicts outside the mediumm téimeframe the
Trajectory Management (not ASAS function) is activated.
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Situations which would only become dangerous ilufas occur (e.g., FMS failure to
follow lateral path), also know as blunder conflictone or both of the following actions
will be taken:
o The situation is registered and further analyzethduollowing iterations.
o A caution indication is provided through the HMI to make ttrew aware
of the situation.

It is anticipated that the processing logic maycbeplex and be subject of extensive
research and validation. It has to be developethgalkito account the specifications of
available algorithms.

If applicable, priority rules will be evaluated amaken into account in the selected
action.

When a conflict is to be presented to the fligrgwerit must be given in a timely and
effective manner. The amount and content of infagilmnawhich is needed by the flight
crew to enter the decision making process regardomglict resolution is subject to
investigation.

9.3.2.3 Conflict Resolution

Depending on the urgency of the conflicting sitoatithere are two different CR
modules. They differ in the time that is required d&ction and in the form and execution
of the CR manoeuvre(s):

o Short Term CR addresses conflicts with a short time to Lossegaation
(LoS) — (up to ~3-5 min). In this context immediaetion is required
(research parameter, typically about 30 s). Theul@denerates only an
isolated CR manoeuvre, not a consistent RBT up¢is is resolved
subsequently by Trajectory Synthesizer). The piNdt decide to execute
the manoeuvre manually or via the mode control painthe autopilot.

o Medium Term CR addresses conflicts with a longer time to Loss of
Separation (LoS) — (up to ~10-20min). In this cahtBmely action is
required (research parameter, typically 1-2 miut@&thin Medium Term
CR manoeuvres are generated in the form of a densiBRBT updates that
can be provided to the FMS and executed. In thig steategic constraints
are taken into account as well as the manoeuvimization.

The CR modules receive all relevant informationualibe triggering conflict. In addition
they may access all information in the individuaformation sets, based on the
algorithms needs.

Short Term CR algorithm characteristics:
CR algorithm will be capable of resolving confliatsth multiple aircraft (1 on N) at

once. Otherwise, the impact of a lack of this fiowality on the overall system
performance and safety must be analyzed.
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It is assumed in the AConOps that the CR algorithms will ensure an igipli

coordination of the manoeuvres between the comfjchircraft. An alternative approach
is possible but in this case its impact on the aj@ns and the overall #performance

and safety must be analyzed and described in detalil

Both state and intent information will be usedhe CR algorithm.

The CR will not generate secondary conflicts witthe specified look-ahead time (e.g.,
short-term timeframe). Alternatively, a ConflicteRention (CP) system (not included in
our scheme) to avoid new short-term conflicts maybsed.

The CR module may generate several possible maregeuv

The CR manoeuvre(s) is/are immediately presentadeqilot and at his/her discretion
either executed through the autopilot (Mode Corfahel) or by manually execution.

The information about the manoeuvre is also pravitke Trajectory Synthesizdsee
9.3.2.4)

Medium Term CR algorithm characteristics:
Both state and intent information will be usedhe CR algorithm.

The CR algorithm will generate a resolution trapegtthat is conflict-free (including
areas) within MTAZ. The conflicting areas outsidefAZ are not taken into account
within this step.

Coordination between conflicting aircraft is nogjuéed and is not considered in thid A
ConOps. If it is decided to include coordinatiorthie Medium Term CR, the appropriate
changes of operations must be analyzed and deddribeetail. However, even in this
case the related CR algorithm must always be ablesdlve conflicts without
coordination.

In absence of coordination, priority rules will bged.

It is possible to consider some constraint forirefm the original RBT, e.g., the exit
point of the original RBT from LTAZ.

The CR module will internally generate several g@esmanoeuvres and will prioritize
them. It is a subject of research how (and how n@fnyem) they will be presented to
the crew.

For the choice of a suitable CR manoeuvre the ioptgut complexity, i.e., a complexity
change induced by the manoeuvre, may be considered.

Within CR trajectory generation several optimizataspects will be considered.

The proposed new trajectory is provided to thedatajry Synthesizer for a completion of
the RBT update.
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9.3.2.4 Trajectory Synthesizer (TS)

* This module will ensure that after all tactical frdstrategic trajectory changes a new
consistent (complete) conflict and areas-to-avoee RBT respecting AFR exit condition
(if possible) is constructed and inserted to tMSEFor these purposes it may call other
functions. The typical scenarios are:

o Short Term (state) CR manoeuvre As this manoeuvre must be executed
without delay, it is directly sent to the pilot fekecution. At the same time
the information about the manoeuvre is also senth& TS, which will
generate a connecting conflict free trajectory rigkinto account the
constraints and some level of optimization. Thiw majectory is then (after
pilot's input) inserted into the FMS.

o Medium Term (intent) CR manoeuvre.While the Intent CR will generate
an optimized and conflict free trajectory for thigtit within the MTAZ, the
TS will ensure the optimization of the connectimgjectory outside of
MTAZ.

* In addition, the trajectory synthesizer should dismdle the RBT changes initiated by
the flight crew. In particular, a modified routeserted into the FMS will be
automatically provided to the TS, which can calévant CD functions to verify that the
route is free of conflicts. After this verificatipthe flight plan may be safely activated.

9.3.2.5 Trajectory management (long term)

* The Trajectory Management module will update the phthe trajectory outside of the
MTAZ either when updated weather information isefeed, user preferences have
changed or when some penetration of an area-taavaoletected.

*  This module will consider the following input:
o Areas to avoid in LTAZ from Areas information set.
o Updated weather information (hnamely wind conditjons
o FOC and/or flight crew preferences and RBT changes.

» Trajectory modifications generated by this moduikk mot alter the trajectory within the
MTAZ.

* The proposed new trajectory is sent to TS moduksgnted to the pilot, and if accepted
uploaded to FMS. When refused the pilot should lle to modify user preferences to
generate a new trajectory. The pilot should alscable to modify the proposed new
trajectory by altering its parameters before acos.

9.3.3 Airborne Collision Avoidance System (ACAS)

Within the iFly context the A3 ConOps is assumed/itok with current ACAS.

Future development of ASAS technology will need¢dosider the implementation of the
ASAS/ACAS interface.
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» Because ASAS and ACAS work differently, there mag tonflicting resolution
proposals. One of the iFly aims is to identify htasge this problem is. However any
further study of this issue falls outside the scop#ly.

9.3.4 Human Machine Interface — Recommended design guideks

» The effect of the introduction of advanced toolsstgpport the flight crew during the
separation manoeuvre related to situational awasgrteam situational awareness and
vigilance must be addressed. Safety impacts thgtresult from changes in these areas
also have to be addressed.

«  Concerning the design of supporting tools (conflietection and resolution) and its HMI

(display) the guidelines as stated in the ICAOuWac 249-AN/149 must be followed:
o The human must be in command.

To command effectively, the human must be involved.

To be involved, the human must be informed.

Functions must be automated only if there is a geadon for doing so.

The human must be able to monitor the automatdérsys

Automated systems must, therefore, be predictable.

Automated systems must be able to monitor the husparator.

Each element of the system must have knowleddgeeobther’s intent.

Automation must be designed to be simple to leathaperate.

O 0O O O O o0 O O

While the calculations will be automated, the decisnaking process will be left to
the human.

9.3.4.1 Mode awareness

» Conflict detection and conflict resolution advisgsiwill be presented to the flight crew in
a way that they become aware of what the systafoiigy and which information comes
at which time into play, so that the flight crewna@act suitably also in case of a system
failure. Attention shall be placed on the effectsantomation on pilots’ situational
awareness and workload, especially in case of normal situations. This will include
different kinds of feedback to keep the pilot ‘hretloop’.

* Toolsshould be designed and integrated into the co&pitronment in such a manner
that:

o  Their functionality and use can easily be compreleen

o They do not compete or conflict with existing coitlgguipment.

o They do not require too much attention, since wuosild result in increased
head-down time and less attention attributed teroidssks.

o Tools shall be considered as an immediate meacsnomunication, clearly
representing the planning without the need of ol verbal
communication.

o Information depicted on a display shall be well amiged, clear,
unambiguous and easy to read.
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o New supporting tools should contain visual as vesllaural alerts which
shall not conflict with existing cockpit equipment.

o The use of Airborne Traffic SA tools shall havemegative effect on flight
crew performance and SA. Traffic shall be displayeuhtuitive formats.

o Future conflicts shall be indicated in an accurafective and timely
manner.

o Information processing bottlenecks will be mitighte

o New or redesigned tools shall have compatible fetsma

9.3.4.2 Traffic awareness

* To ensure a high level of traffic situational awaess:
o All traffic in the vicinity of the own-ship shalldbdisplayed appropriately on
a Cockpit Display of Traffic Information (CD¥).
o  The solution advisories and possible new alertdl sl conflict with each
other and shall not lead to confusing situationstifie flight crew which
could be critical to safety.

9.3.4.3 Conflict Resolution

* The airborne decision support tools assist théflaggew in their new self separation task.
CD&R advisories shall have the following desiratiharacteristics:

o CD&R advisories should be inline with flight crewsay of thinking.

o Resolution manoeuvres should be straightforward agpecially Short
Term CR advisories should be designed accordimgyigting flight rules;

o The ability to specify priorities (e.g. fuel, timegather, comfort, etc) in the
calculation of conflict resolution advisories shibube investigated (the
flight crew must be kept in the loop. They havektmw how accurate the
information within the algorithm is, and if thisfarmation reflects the
actual situation).

o In case of missing/wrong information (e.g. no weathnformation
available, no information of congested areas, #te)flight crew must be
informed.

9.3.4.4 CDTI - basic functionality

 To perform airborne self separation, the cockmiwcmust have accurate information on
the surrounding trafffé.

* A CDTI shall assist the flight crew in performinigeir self separation task. Information
requirements for the HMI and CDTI concerning thdlolwing subtasks have to be
defined:

o  Traffic monitoring
o  Conflict prevention
o  Conflict detection

27 See CDTI section (9.3.4.1.4) for specifications.
% Today’s cockpit does not provide sufficient infarion to aid in this task — a change in cockpibaids is a
necessity to introduce the proposed ATM concept.
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Conflict resolution
Replanning
Inter-traffic/ traffic-FOC communication

Some of the information requirements needed inrai@@accomplish each of the subtasks
are explained in the following points:

« Traffic Monitoring (to assist Perception) The CDTI should include the following

functions:

O O O 0O O O

Indicate traffic position.

Indicate traffic speeds.

Indicate identification of traffic: call sign or code.

Indicate aircraft future state: based on intergtate information.

Indicate direction and attitude: track, climb/desgaate.

Traffic information shall be in the same frame dw tnavigation
information.

An indication shall be given concerning the levélaocuracy of the data
(state or intent based information shall be indidat

The crew should be able to de-clutter (deselea) ttaffic information
manually.

The capability of selecting of altitude bands skido¢ provided for conflict
de-clutter.

«  Conflict Prevention Conflict Prevention tools should assist the ciewthe decision
making process. The system predicts which manosuwik lead to a conflict before
these manoeuvres are executed. Several studiesshawn the usability of presenting
the information of such a system in the form of -qad bands on speed, heading and
vertical speed tape. Indications of such “no-gohds must not conflict with other
alerts/information and must not lead to confusidmclv could have impact on safety.
Other implementations include FMS integrated préeensystems that poll for conflicts
on the modified route. Some of the information timéght be displayed for the purpose of
Conflict Prevention will:

o

Show unsuitable headings, climb/descent senseadesl Ispeed ranges so as
to avoid short term conflicts.

Show conflict zones.

Show high density traffic areas (overloaded area$$A) — Congestion
Prediction.

Show hazardous areas.

Show specific areas in SSA: segregated areas,tdergraffic in entry/exit
points/areas.

Show SSA boundaries.

Show projected information (e.g. separation reguéets along route for
aircraft, objects and airspace; deviation betwespasation and prescribed
limits; relative projected aircraft routes; relaitrming across routes).

* Conflict Detection (to assist Comprehension):

o

30 January 2010

In case of conflicts the flight crew shall be aderin a way which will also
be effective when the flight crew is not monitoriagspecific display (e.g.
aural alert).
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o Information about the conflict shall be providedhem, where, who and
nature of conflict.

o In case of multiple simultaneous conflicts a ptyrorder should be
indicated (for use by 1-on-1 conflict resolutiorg@ithms — mainly at
Medium Term CD&R).

o A clear indication as to which of the aircraft imved in the conflict has
priority will be provided (i.e. when using priorityules or due to an
emergency).

o It is necessary to provide transparency as to weyslystem predicts the
conflict.

* Conflict Resolution (to assist Projection]he CD&R system shall:
o Provide the crew with the means to be informed alamd choose among
various CR options.
o Assist the crew in the execution of resolution nenoes (the flight crew
shall always be in command).
o The final decision making in CD&R is up to the figcrew.
o If required, the CDTI must show:
= The resolution manoeuvres of other aircraft
= Back-up options (fail-safe), in order to increaatety
= The impact of potential route changes (e.g. amotiohanges required,;
aircraft capabilities to perform changes; incredserease in length of
route; cost/benefit of changes; impact of proposeahge on: aircraft
separation, arrival requirements, number of pad¢mionflicts, aircraft
fuel and comfort)
= The time limit to perform a manoeuvre

* Replanning (assists Projectionthe tools for replanning the trajectory after B&R
situation (Trajectory Synthesizer) will enable tfight crew to determine the best
moment of recovery, i.e. when they can return ®&rtbriginal intended path, if this is
required, taking into account that the recovery oeavre should be part of the conflict
solution.

* Inter-traffic/ traffic-FOC communications:

o Data Link and SWIM interfaces will be the primaryeams for
communication for flight crews. Operations are dgeed in a way that
direct communication between flight crews is notessary in regular
operations, but there is the provision for estaltig contact through these
means in case of need. Radio will be preserved laackup for aircraft-
aircraft communications.

o Communications with FOC and ANSP (to negotiate QTAse also
performed through data link, with radio as a backup

o The messages will make extensive use of the irtterabetween FMS,
CDTI and the communications equipment in orderlimaafor a quick and
easy transfer of RBT parameters and other data.

o The call sign/SSR code will be provided on thefitahformation display
to identify other aircraft and to enable the cr@acbntact them in case of
need (the call sign is also useful for crew coaation within own ship).
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o In addition to Air-Air Data Link, a R/T frequencyahd will be devoted to
flight crew contingency and emergency communicatjomwith the
development of the specific rules regarding the afsthis R/T frequencies
falling outside the scope of the £onOps.

9.3.4.5 General requirements for the CDTI design:

Minimize impact on cockpit (cockpit layout, new Hesare, changes in existing
equipment, etc).

Minimize clutter; traffic symbols should present asuch information as possible
(necessary) without clutter.

Provide crew with means to configure display wehkpect to:
o Displayed information;
o Selected range (e.g. long range can be used fdliatatetection, and short
range could be used for conflict resolution).

Minimize training demands.

Minimize human misunderstanding and action erroysabh ergonomic study of the
display and the interfaces, e.qg.:

o The CDTI might be located in the pilots’ primaryaaczone.

o The CDTI shall have an acceptable size, resolutisbility... etc.

Minimize crew actions.

Keep consistency in the display of information dfeslent sources (e.g. Surveillance vs.
ACAS data)

Concerning collision alerts:
o Display Traffic Alerts (TA) with the relevant assaited trajectories.
o Clearly indicate when passing from Separation Amste to Collision
Avoidance mode.

Congested areas, weather development and comfarimation has to be integrated in a
way that pilots can collect all relevant data arakena proper decision.

Supporting tools shall enable the comprehensi@nwrgencies/equipment malfunctions
and alerts from both, ownship and other traffic ragigag in the SSA (e.g. equipment
affected, flight time on remaining fuel, etc).

Effects of false alarms on the flight crew and thigcisions have to be kept in mind.

9.3.4.6 General issues regarding Flight Deck integrationffborne Traffic Management

systems:

The airborne system will be integrated with theoawgs system of the aircraft in such a
way that the system has access to current airatate, autoflight mode, aircraft
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configuration and performance, surveillance infaiorg navigation capabilities,
constraints, and programmed trajectory informatityen available and relevant.

» The ASAS system is independent from any Aircraftlli€on Avoidance System
(ACAS), and yet the two systems should be desigoete inter-operable and non-
conflicting.

9.3.4.7 Workload

» Pilot’'s workload shall be kept within acceptablaitis. Therefore it is needed to:

o Correctly define the procedures (covering normalcpdures in SSA and
contingency & emergency events);

o Develop reliable systems including safety and wagriools;

o Develop emergency and recovery procedures for Eenesgand Non-
Normal events;

o Assess and formulate task distribution within thekpit crew;

o In order to minimize the additional demands requi@ gather and process
the additional information, the choice of conteatsl the mode of display
are crucial concerns that need to be taken intowatcat an early stage of
the HMI design, and;

o Self separation shall be easy to handle; for im&amput of new data into
the system should be as easy as possible, shotulcteste an increase in
workload, should not lead to long head down time.

o False alarms have to be considered.

9.3.4.8 Training

* Pilots as well as Air Traffic Controllers must kenfiliarized with all changes that will
arise due to their new or changed responsibilidied tasks. This familiarization shall
include changes in operational procedures as weltha usage of new or changed
equipment.

* In order to ensure a high level of safety all idleed stakeholders have to be provided

with suitable trainings to strengthen their confide in and deepen their knowledge of
new procedures and supporting tools.
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CHAPTER Ill Regulations and Conclusions

10 Regulations

10.1 Background on ASAS regulations

In order to establish a regulatory background te # ConOps, the current and future
developments in regulations have been assessdwsltbeen decided to focus on ICAO
practices, since this organization provides the tmoternationally accepted legal and
regulatory background for ATM.

If the practices, methods, technologies, rulesm@ndedures presented in this ConOps were to
be put into practice, the text contained in thdofeing documents will be susceptible to
change, which in some cases will be quite extensive

ICAO has taken some steps towards the assimilatioth standardisation of Airborne
Separation Assistance Systems (ASAS):

e 1995 — Presentation of ASAS at ICAO.

2003 — the 11 Air Navigation Conference endorsed the global Agdmcept introducing
the separator either airborne or on the groundagmneled upon:

o ADS-B concept of use and the ASAS circular

o Atimeline towards stardardisation:

2006 — 2008 2010 — 2012 2014+
High level ADS-B . .
Annex 10 SARPS AlrbornSe SStléxglllance
ADS-B out already! Y
Technical RSP for airborne
o Air derived data ASAS surveillance
Specifications o
applications
rd
Operational Phrase(;llrct)ige)é for 3 ATSA-VSA Provisions S&M Provisions
Specifications P ASAS-ITP Provisions
Concept of use

The current work being undertaken by ICAO on ASASpleations and technologies
comprises the following initiatives:

* The Separation and Airspace Safety Panel (SASPpioakiced the Separation Minima
Standards for ADS-B (5 NM) - Provisions are beiakein for PANS-ATM (Doc 4444).

» The Operations Panel (OPSP) is responsible foradiroperations and is dealing with
the introduction of a CDTI, as well as phraseoldgy third parties — Provisions for
PANS-OPS (Doc 8168).

* The Aeronautical Surveillance Panel (ASP) is wogkim ADS-B requirements on 1090
MHz both from ground and airborne perspectivesiand charge of the development of
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the Required Surveillance Performance (RSP) — Ardiiefor High level, detailed specs
on Doc 9871.

ICAO will express SARPs based on required perfocadior CNS systems and for the
system as a whole.

RSPs are already in place; RSPs are being devetegadling the following items:
o RSP value

Accuracy

Reliability

Integrity

Latency

Update Rate

Continuity

Coverage

O 0O O O O O O

Starting in 2008, ICAO will publish material rehai to the display of ACAS targets on
multi-purpose traffic displays.

Work is being undertaken in the high level defontiof data provided by aircraft ADS-
B-in.

In a medium-scale timeframe, ICAO expects to preduc
o Airborne surveillance SARPs
o RSP to support airborne surveillance

o Technical Specifications for the use of CDTI for rmoauvres in
uncontrolled airspace

o ATSA-ITP standard for 2009/2010
o Merging and Spacing (ASPA-M&S) for 2011

The challenge for ICAO is as follows: how to ensgiebal interoperatibility of ASAS
applications without dictating detailed or specsmutions to industry. Regarding this, ICAO
believes that RSP and PANS will be sufficient tadeASAS architectural solutions.

It may be preferable to gain some experience wétlv aystems thanks to some pioneering —
although limited — applications before standardorgtas it happened with ACAS: TCAS
existed before ACAS was standardized and mandated.

The legal aspects of ASAS applications will be &rli on the three stages of Traffic Conflict

Management:
Stratgglc Separation Avoida w
Conflict K. [l
Provision Safety ‘
R Jcment (ACAS, i
| HHHHHH

Figure 10-1 Traffic Conflict Management Stages
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Self separation applications are still quite awayrf ICAO’s current scope; nevertheless, the
current and subsequent efforts will eventuallywalfor the implementation of some forms of
self separation, through:

* Operational experience derived from the pioneefomgs of ASAS applications, in:
o Man-hours and equipment cycles
o The definition and clarification of roles and respibilities
o The refinement in the design and performance ofipagent, rules and
procedures
o The mistakes and errors that will surely be madkcanrected

» Application of the rules of the air, standards aedommended practices and their
subsequent refinement.

* Change in the current ATM paradigm with the implatagon of a more flexible and
user-oriented ATM system.

There is currently no solid effort being undertakemstablish self separation operationally by
ICAO or other governing agencies; this is due te kck of a solid ground regarding the
application of ASAS technology in this field, aslinas to the fact that ASAS applications are
still in their relative infancy. The iFly projectimas to provide a foundation for future
developments of self separation by taking a lod& self separation as an established mode of
operations.

10.2 Considerations about self separation regulations
10.2.1 Operational environment

The A* ConOps provides insight in some crucial areasrdigg the operational environment
that has been defined:

» Development of specific new classes of airspa88A airspace has been defined in order
to accommodate pure AFR operations.

e Standards for airborne separation minimahey are provided through the definition of
the characteristics of Protected Airspace Zones.

» Specific flight rules: AFR flight rules have been defined, and it hasnbeearly stated
that aircraft have to abide to them in order t@bke to operate autonomously in SSA.

These aspects, along with specific rules for agspaccess (which are not considered in this
ConOps), have to be upheld by mirroring regulatiamsich will be expected to provide, in
the ConOps application time frame, standardisasibmternational level in order to allow
aircraft operators to obtain the expected ben#fasresult from the concept.

The operational environment that this ConOps pissean be considered as radically
different from the one considered in the currentMAParadigm. Although this is in many
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ways not completely true, it is recognized thawegi the nature of regulatory texts, the
changes needed to be applied to them will be exterend that it will take some time to
accomplish this work.

10.2.2 Separation Responsibility

In order to apply a concept of operations, the oesibility areas for the different actors
present in the concept have to be delimited, sbttiee is no doubt as to which parcel of
responsibility is allocated to each actor of theaapt.

In self separation, the key area of responsiblilty with the flight crew, which is considered

solely responsible for the flight safety with regyao the en-route phase of flight; this is
translated, in the ATM environment, to avoid vigdat of a set of minimum distances

(separation minima) from the aircraft to the olggatesent in this environment (traffic, areas-
to-avoid, etc). This is called self separation when

 The flight crew ensures separation of their aitcfedm all surrounding traffic (and
possibly other objects).

* The controller has no responsibility for separation

A consolidated set of flight rules (AFR), which thiecraft will have to abide to, will need to

be upheld by regulatory bodies when the time foplementation of self separation comes;
responsibility distribution has to remain clearihsituations to all actors following from the

application of this set of rules. The inherent in&ionality of the ATM paradigm proposed

determines that it is up to international reguhkatorganisms (i.e. mainly ICAO) to provide the
regulations framework needed to apply a conceppefations such as this.

As it is supposed that airborne separation wilhi@@ntained by the flight crew’s appliance of
standardised separation minima, the establishmietitese ‘airborne separation minima’ in
order to maintain safe operations is a major isgu@n international level. It is possible that
current ATC radar separation minima could be gyestiuced through the application of a
self separation paradigm, thus allowing for largpacity increases; but this will give a much
greater importance to the study of some issueshtdnag remained largely untouched, such as
en-route wake vortex encounters.

10.2.3 ACAS & self separation interactions

The interactions of self separation systems witlbcgine collision avoidance are of the
greatest importance to ensure the overall safetgllef the ATM system. Since it is
conceivable that ACAS might start providing cobhisiavoidance alerts and advisories before
the applicable separation minimum has been infdngeis essential to establish adequate
regulation regarding both using ASAS and ACAS.

Some of the aspects to be considered are:
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»  Priority of ACAS over ASASIt is obvious that, under a certain time-to-catiisrange,
ACAS should have priority over ASAS. Inversely, ASAvill have priority over ACAS
if the conflict is detected sufficiently in advanddowever, there is a time-to-collision
zone between these two extremes where prioritynef ystem over the other could be
unclear.

* Nature of ACAS and ASAS resolution®Regulations should explicitly state that the
resolutions for collision alerts (ACAS) and detect®nflicts (ASAS) will be compatible
in the time-range where both layers overlap.

10.2.4 Separation assurance requirements transference

In Section 8.11 of this document (Non-normal andeEyancy operations), it is stated that,
when an aircraft is not capable of autonomous tligither aircraft will have to perform all
separation requirements regarding that particularcaaft when it still is inside SSAThis is
possible because the nature of the proposed ATNEermsyss such that it operates as a
distributed and redundant system. This makes fhsoach more fail-safe than other, more
centralized, alternatives. Since every aircrafgrafrom the non-self separation capable one,
retains its individual capabilities, the failure arfie aircraft can be compensated by the rest of
the elements of the system.

From the regulatory perspective, this implies thatthe case of one aircraft losing self
separation capabilitiethere is not a transfer of separation responsipilibm the flight crew

of that aircraft to the rest. Unlike having to relg external, ground-based ATC (and having
to perform aseparation responsibility transferencader what can be critical conditions for
the affected flight crew), the other flight crew an the same way as before, responsible for
maintaining separation, because they already warested with separation responsibility
from all traffic. The flight crew which has lostetin ability to perform the self separation task
is relieved of any kind of responsibility as it aamlonger perform this task

In such a system, then, what happens in thesetisitgais a separation assurance
requirements transferenc&om the troubled aircraft’s flight crew to aleighbouring traffic
crews. This loosens the requirements for the praesdto be implemented in these cases,
liberating the troubled flight crew from additionabrkload, and providing greater freedom to
the nearby traffic crews. Regulatory texts on thmiatter will have to reflect this different
approach to non-normal and emergency situations.

10.2.5 Manufacturers and ATSEP responsibility

In order to be able to present standards to thenaatical manufacturers and maintenance
personnel communities, that ensure safety forraimsport and at the same time allow for
continuing development and innovation, the curdmeéad among regulatory bodies is to
provide all parts affected with performance staddarequirements, rather than specific
solutions in order to achieve these standards.eftwer, any technical solution that is up to the
required performance level can be implemented, thisdallows for greater initiative in the

development of new equipment. The instauration sglaseparation ATM paradigm will only

be possible if extensive areas in avionics, autmmathuman/machine interfaces are
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developed in ways that are nowadays only hintechmdt this will only be possible if the
regulatory framework for manufacturers and techgpldevelopers is favourable to them.

The implementation of extensive automation in tbekpit arises an issue in responsibility
distribution: if, for example, the flight crew islfowing the trajectory modification advisories
an automated CD&R system is presenting them witll, & loss of separation occurs, who
should be made responsible cannot be determinadllyri Probably a distributed concept in
which all actors involved have a particular areaedponsibility should be applied, but this
will bring additional complexity to the problem. iBhwill affect equipment manufacturers and
ATSEP (Air Traffic Safety Electronics Personnehgdat is envisioned that future regulations
will include these actors in the distribution ofpensibility. As it is said in SESAR D4T6
increase capacity and efficiency, advanced autamatill support or may even take over
specific human tasks. The situation awareness ofraiers, ATSEPS and pilots will
therefore change. As a consequence, human openatthnsot any longer be in a position to
take over manually in case of automation degradgatio many cases, specifically designed
secondary automation will have to function as &tk in case the primary automation fails.
Legal accountability and liability (for example ioase of malfunctions, incidents and
accidents) will in those cases shift from the cotrend users (typically pilots and air traffic
controllers) to the system designers, manufactuasig maintenance engineéfS.However,

at this point it is still adventurous to point ttieection of these future developments.

29 SESAR Definition Phase: Deliverable 4, ATM Deplaymh Sequence, DLM-0706-001-00-008
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11 Concluding remarks

This section summarizes the objective of this repiire A ConOps developed, and the
follow-on work on refining the AConOps within the iFly project.

11.1 Obijective of this report

The objective of this report has been to providéeacription of an Autonomous Aircraft
Advanced (&) ConOps which can safely accommodate a factoettusix times more traffic
then at current busy traffic levels. The currerdtesf-the-art in Airborne Separation
Assistance System (ASAS) research, future advamsedTraffic Management (ATM)
research environments (SESAR and NextGen), as agefpreviously released deliverables
from WP1 (High level A ConOps report D1.1) and WP2 (Human factors arslgeports
D2.1 and D2.2) have been used as a starting pmihé description of the AConOps.

This report is a key deliverable in the iFly prdjeas it provides the input for those Work
Packages which will either focus on developing tedhgies whose requirements arise from
the ConOps (WPs 3, 4 & 5), or will perform cost/enand risk/safety assessments of the
ConOps itself (WPs 6 & 7).

11.2 A3 ConOps developed

The A’ ConOps can be seen as a conceptual descripti@nfature (2025+) airborne self
separation operation in the en-route phase oftflighe flight crews of such aircraft will be
able to ensure separation from neighboring traffid other obstacles, without the assistance
of ground-based Air Traffic Control (ATC). This enabled by advanced airborne systems
with new surveillance and trajectory managemenabdiies and new ground automation. In
addition to separation management these systems & effective trajectory optimization,
while meeting traffic flow constraints.

The users of the AConOps may take part in a net-centric environntferugh the inclusion
of a System Wide Information Management (SWIM) raty in which users share a
common picture of operational information, allowihgm to identify the course of action that
is both feasible and best matches their needstnhafiion that is shared will include aircraft
trajectories, surveillance data, constraints, amrtoal information and meteorological data.

The A% ConOps introduces the concept of Self SeparatingpAce (SSA) where the separator
is the airspace user. In SSA all aircraft are etedtaly visible by means of both direct Air -
Air Data Link (DL) and ground uplink and are respiate for separation, in accordance with
pre-defined Autonomous Flight Rules (AFR) througWI®!. Information from both air and
ground can be used by on-board systems for Longh Peea avoidance, Medium and Short
Term Conflict Detection & Resolution, Conflict Pextion and Collision Avoidance. The on-
board systems will also include functions to deted avoid areas of high traffic complexity.
Combined with an airborne Trajectory Management th@ system will provide trajectories
optimized for safety, efficiency and passenger aytnf
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Within the scope of the concept, arf fght is defined as the flight between a depatin
Terminal Area (TMA) exit point, and an arriving TMAntry point, constrained by a
Controlled Time of Arrival (CTA) at the arriving TM entry point. Along the flight, the

aircraft will broadcast its own state and inteefparation class and priority level through Air
— Air Datalink. Updates of this information togethwith RBT updates will also be

communicated to SWIM. Received data from otherraftc augmented with data from
SWIM, will be fused with data from onboard sensmrsachieve traffic SA and perform the
required surveillance functions.

Dedicated Decision Support Tool (DST) needs hawenlaefined, which will help reduce
mental workload and aid in the decision making pssc These tools will make use of all data
available according to three predefined timefranireshe Short term timeframe — typically

up to 3-5 minutes, own and other aircraft trajectmformation is used by a state-based
extrapolation. In thd&ledium term timeframe — typically up to 10-20 minutes, the trajectory
can be reconstructed from intent data and folLthey term timeframe — typically more than
30 minutes, RBT-based data is used. Airborne sgamation is only performed within the
short and medium term timeframe, the long term fiamee is used for flight optimization and
flow management.

The Conflict Detection and Resolution (CD&R) moduli®r the short and medium term
timeframe are designed to work in parallel. Theinfation from the detection modules will
be provided to a Conflict Processing unit whichlwiétermine the appropriate resolution
module. Based on the time to loss of separati@oludons will be presented as modifications
of the FMS flight path or as tactical heading, sbaed/or altitude changes. The need for an
independent collision avoidance system has beenatkflt is considered that this system
could be potentially integrated with very shorimef~1 min) state based separation assurance
with collision avoidance in order to enable a srhottansition from ASAS to ACAS
functionalities and to ensure compatible resoluéidwisories.

The A* ConOps also defines procedures to accommodateaonal, emergency and non-
civilian operations. These operations are madeilplesthrough the introduction of separation
classes, priority rules and the definition of nestd airspace around aircraft. Aircraft with
diminished separation capabilities will indicatesithcapabilities to other aircraft and to
SWIM. As a result the separation class may be altemd the priority level may change,
resulting in the fact that the separation respalitsilbe transferred to other nearby aircraft.

In addition to operational aspects thé &onOps document also provides guidelines in
support of Human Factors, Human Machine Interfdd¢®ll] development and operational
scenarios, which include examples for normal, normal and emergency operations.

11.3 Follow-on work

As previously stated, this report is a key delibézan the iFly project, as it provides the input
for other Work Packages. WP2 performs a human facidented critical analysis of the’ A
ConOps and subsequently develops proposals fangeovement. In WP3 the ConOps will
be used to study and develop methods for the tiqmedgliction of potentially complex traffic
conditions. WP4 will use the AConOps in developing techniques for detecting iptess
situation awareness mismatches between autonongmrgsain autonomous flight control
scheme and determine whether the ConOps is viabMew of these potential situation
awareness mismatches. WP5 will use the ConOpshaseline to investigate and push the
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limits of conflict resolution algorithms. The op&amal benefits and costs associated with the
introduction of A the concept will be identified in WP6. This WP Malso determine the
conditions under which the proposed concept islgialm WP7 the A ConOps will be
assessed to determine what traffic demand canyshé&laccommodated by this advanced
operational concept. This analysis is done throhghard identification and Monte Carlo
simulation on accident risk as a function of taffiemand. WP8 and WP9 will further refine
the A® ConOps using the outcome of WP2 through WP7, arOWill also develop
preliminary Airborne system design requirements.
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Appendices

|  Operational Scenarios

This appendix provides some example Operationah&@aes which showcase some of the
possibly challenges posed to thé @onOps. It is important to note that these scesaaie
not intended to be hard requirements for other WRsy are merely presented to identify
some of the potential situations for which the@onOps may be evaluated.

This ConOps presents a generic ATM paradigm that icaprinciple, be implemented in any
geographical location and therefore the Operatiddednarios do not provide a specific
geographical location for each of the examples mgiiResearchers can opt to choose a
geographical setting according to their specifiedse

The operational scenarios are selected based ofotleving two criteria:

» Likelihood: whether the particular operational scenario is nti&sty to occur, it will
have a higher score in this aspect.

* Operational Impact:if the situation described may potentially leadatdigger and/or
more critical impact in the operations as describetie A* ConOps, it will score higher.

The chosen scenarios are further classified in IBeséperational Scenario (Normal),

Specific Configuration Scenarios, Event Driven Zoes, Intruder Based Scenarios and
Reduced Performance Scenarios.

.1 Baseline Operational Scenario

The Baseline Operational Scenario is intended &esas the global performance of the
proposed ConOps under normal operative conditiBrerequisite is that a sufficiently large
number of aircraft is represented, in order to havwealistic representation of traffic flow
through the considered area.

The characteristics of this scenario include:

* An ‘unconstrained’ airspace, with no weather, rettd airspace or terrain areas (for a
more realistic approach, static areas-to-avoid bewncluded).

* A sset of TMAs where aircraft depart from and arrige
* An ‘a priori’ Conflict-free trajectories arrangenten

* A representative variety of aircraft types andia@$ (these will impact upon the overall
behaviour of the system through FOC/own fleet axtgon).
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All traffic
is AFR

v\xq@\ﬁl ram

Figure | - 1 Baseline Operational Scenario

These characteristics can be used to assess taffaviour in terms of:

» Traffic density (this will be an independent vatalof the scenario, in order to assess
performances vs. capacity).

* Capacity (the maximum traffic density obtained whiaintaing a pre-determined safety
level).

» Safety (closest point of approach, conflicts anddes of Separation as a function of
traffic density).

» Efficiency (CTA meeting as a function of traffic riaty, statistics on aircraft trajectory
deviation).

» Traffic flow structure (different TMA configuratiento study and to evaluate different
traffic flow patterns).

 Complexity (an intrinsic airspace complexity metcan be applied to measure overall
traffic complexity).

Aircraft will enter the scenario at the origin TMEXit point and leave the scenario once they
transition into the destination TMA.3AConOps functionalities that are expected to be irse
this scenario are:

*  Pre-flight CDM process in order to produce a sgiatly deconflicted traffic flow.

* ASAS and trajectory management capabilities (fodlls or simplified) for every aircratft.
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»  Envisioned communications and surveillance capaslior every aircratft.

* ATM Ground Support utilities (complexity and conges prediction, traffic proximity
detection).

* CTA (and time windows) assignment at the arrivingAs.

This scenario will assess the general operatid®SA, therefore the Aimplementation detail
(or aircraft flight performances modelling) is exped to be the highest possible as well as the
number of modelled aircratft.

The scenario can also be scaled down in orderdsept different traffic configurations for

the evaluation of Conflict Detection and Resolutialgorithms performance. Here, the
modelling detail of aircraft behaviour could be reased to more precisely evaluate the
‘quality’ of the CR manoeuvres.

.2 Specific Configuration Scenarios

1.2.1 Dynamically changing weather scenario

The first operational scenario aims to asse3spérformances using a static traffic flow
configuration (essentially, not time-dependanty@aligh each aircraft is following a trajectory
— and solving conflicts — the overall traffic flosan be considered to be static). In order to
assess Aperformances in a more dynamic environment, the ftonstraints imposed to the
airspace need to be modified.

TMA

i Time
¢ dependant
< WHAs

Trajectory
for T=1

Figure | - 2 Dynamically changing weather constrants
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Time-dependant WHAs will be introduced in a scemaimilar to the baseline operational
scenario in order to assess the following:

» Is the system capable of adjusting to dynamic ceshg
*  System capacity in the presence of WHA constraints.
« CTA/RTA compliance as a function of time.

 The number, percentage of airspace covered and ¢tfv&/HA constraints that the
system can cope with for a given capacity.

* Interaction of WHA with complex/congested areascliigan either be:
o Introduced ‘a priori’
o Generated by the system’s behaviour under chamginditions

Some aspects of this scenario that can be moddieitirther assessment are:

» Part of the flight where the weather constrainsngfe — is it in the middle of the en-route
flight, or closer to a TMA?

* Time that aircraft have to react to WHA appearana®d they appear on the LTAZ, or
close to the aircraft?

In addition to the baseline*AConOps functionalities that have been listed i@ Iaseline
operational scenario, the following more specifindtionalities will play an important part:

« ATM Ground Support performances.
* Fusion of weather data from ground based forecastsairborne weather radar.

« ASAS and Trajectory Management performances inpresence of time-dependant
trajectory constraints.

 Dynamic CTA reallocation to those aircraft whiche anot capable of making their
assigned CTA.

SWIM and Air-Air Data Link update rate and infornwat quality.
1.2.2 Interfering TMAs Scenario

This scenario is designed to evaluate the interterdetween two traffic flows into adjacent
TMAs, which may produce conflicts as a result & TMA entry configuration.

The scenario design will feature the following eéats:

*  Two crossing traffic flows in which aircraft areoskly spaced.
A CTA arrangement that may produce conflicts attth#fic flow intersection point.
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This arrangement will result in aircraft having react to conflicts, which may disrupt the
traffic flows (and henceforth CTA/RTA compliance).

Some of the parameters that have to be determareti§ scenario are:

« TMA arrangement (distance between both TMAs, TMAfaguration, area coverage).
* Airport traffic.
*  TMAs with single or multiple airports configuration

Traffic Flow
to TMA 1

\3\3
—F TN o ™A 2

Traffic Flow
to TMA 2

TMA 1

Figure | - 3 Interfering TMAs
The issues to be investigated, involvin@onOps performance in this scenario include:

* Explore the system’s inherent capabilities to dedh conflicting TMA configurations
(CTA/RTA compliance without any additional flow magement).

* Explore the performances of CR algorithms, in teafns
o Conformance to allocated priority (which will beni-dependant since
aircraft are in relative close proximity to TMAsdthe CTA time windows
will be reducing, with some aircraft locked into AN).

o CR solutions, which have to solve all conflicts lghhaving the least
possible impact on CTA compliance.

» Evaluate the need for the introduction of airspa@magement (in the form of CTA &
waypoints constraints) outside the TMAs and/or TeMension into SSA:
o What kind of constraint configuration to use
o How many constraints are needed (the less, therpett

o Determine the optimal positioning of these constsi(closer or further
away from the TMAS)

o Explore the possibility of addressing the confpcint in the preflight SBT
arrangement.

The A® functionalities that are predominantly investightin this scenario are the
performances of CR algorithms when aircraft arselim meeting their CTA/RTA.
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1.2.3 ‘Hole in the clouds’ Scenario

This scenario is designed in order to evaluatepr®rmance of CR algorithms in a severely
laterally constraint airspace. The scenario comégon is as follows:

A wall of convective weather (Weather Hazardousa&re WHAS), closes an airspace
and leaves only a small opening through which @wrlyorganized and structure traffic
flow can pass. This element can be either placedrmite or close to a TMA.

* The aircraft may either choose to go through thenop or go around the WHAs (which
will be big enough to cause a significant trajegtohange and the possible inability to
meet the assigned aircraft CTAS).

* In a more advanced conception, it is possible tasem a ‘maze’ of WHAs that force
aircraft to follow very precise ‘corridors’ betweelouds.

* Atime-dependant evolution of this scenario may dle applied, where the pass-through
corridor broadens, narrows or disappears altogether

More direct
route between
WHAs

TMA

Figure 1 - 4 ‘Hole in the clouds’ Scenario

The objectives of this operational scenario include

* Explore the functionalities of CR algorithms to feem under severely laterally
constraint conditions.

*  Explore maximum capacity levels without the nedgssi flow management

* Analyze the dependence of the overall system behawin the complexity and density
of the airspace.
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The most important Afunctionalities that will be investigated are fherformances of the CR
algorithms and trajectory management in times wthen manoeuvring space is severely
constrained in one of the planes.

.3 Event Driven Scenarios

[.3.1 TMA closure Scenario

To test the transitory performances and flexibilitiy the A ConOps ATM system, this
operational scenario is designed to stage a mashiften traffic flows, by suddenly closing
an important TMA. All aircraft that were flying tawds a designated TMA have to be
redirected to neighbouring TMASs, which results imassive new CTA/RTA assignment.

The goal of this scenario is to assess the airsgéiteture in terms of strategic flow
restructuring, and how aircraft cope with suddepespances of congested and/or complex
areas.

S
Traffic is diverted ‘ ‘ ¢ ! I > g
to other TMAs v TMA/K KL
A X Rearranged
\KX Traffic Flow

v
o T e

TMA

Pre-TMA closure
Traffic Flow

Figure 1 -5 TMA Closure Scenario — Flow rearrangment

The scenario configuration will follow the prinogsd outlined in the baseline operational
scenario, but place greater importance to the TMAfiguration design. Some factors that
may have a relative high significance in the desifjthe scenario include:

* Geographical location and area coverage of the TMAs

» Aircraft’s time to react. How they re-route to thewly assigned TMAs?
» Airport capacity (which will have an impact on CB&signment).
 TMA entry and exit configurations.

* Introduction of multiple airport TMAs.
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The A’ ConOps related factors that can be analyzed irclud
» Assess flight crew and on-board systems performendeal with the changing situation.
 CTA compliance.

* Interaction with scheduled aircraft arriving at th@pen’ TMAs, and disturbance
produced by the additional re-scheduled aircraft.

» Traffic flows time-dependant structure, and theesgvpnce of complex and/or congested
areas.

* Additional conflict rate, compared to baseline lsve

The A’ functionalities that will be put to the test instlscenario include:

* Trajectory Management and FMS, operating at alétirmames (from the long term to the
short term) to allow for trajectory modifications hile maintaining CTA/RTA
compliance.

* SWIM and Data Link communications.

 ATM Ground Based scheduling tools.

*  Flight crew abilities to assess and react to a gimgnsituation.
[.3.2 Sudden publication of a RAA Scenario

This scenario is designed to assess the transiteriprmances of the AConOps ATM
system to deal with the sudden publication of a RAA&Ing the baseline operational scenario
an RAA unexpectedly appears, covering a volume igpace and catching all traffic
unaware: there will be some aircraft inside it;esghabout to cross through and others whose
RBT will only be affected in the medium and/or Ialegm. All aircraft will react, according to
their proximity to the RAA, using whichever CR maelis appropiate.

30 January 2010 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 93/130



iFly 6" Framework programme Deliverable D1.3

Pre-RAA
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Aircraft
change
trajectories

to exit/avoid
RAA

Figure I - 6 Unexpected SWIM update scenario
To evaluate the performance of the system, thevatig will need to be assessed:

* Time required to resolve conflicts with the RAAl&ted to the RAA size).

*  Flow disturbances, in terms of:
o CTA/RTA compliance at the arriving TMAS.
o Efficiency of aircraft trajectories.

* Interaction between areas complexity & congestioadigtion and dynamic — but
arbitrary — changes to the airspace structure.

* The new flow structure that will appear once thstaym has again reached a stationary
state.

Area CD&R and SWIM communications functionalitiesliwbe addressed, as well as
Trajectory Management and the interaction betweaftMsand the envisioned ATM Ground
Support functionalities.

.4 Intruder Based Scenarios

1.4.1 Air defence fighter interception Scenario

As described under section 8.10.1, when perfornmibgrcept missions, fighter aircraft will
have to self separate from all traffic while intgpting a target aircraft. This is a result of the
fighter aircraft not updating its position. Otherceaft including the intercepted aircraft will
not receive surveillance information from the fightand are therefore not aware of its
presence.
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Figure | - 7 Interception of a civil aircraft

Based on a scaled-down baseline operational scerlais scenario will provide insight into:

* How the task of self separation influences thetégh mission performances (e.g. time
to intercept).

« The introduction of aircraft with different flightenvelope and performance
characteristics.

All the usual parameters and elements (traffic te@sd complexity, WHAs, RAAS, etc) can
be considered to evaluate this scenario underdiffeconditions.

l.4.2 Fast-moving RAA Scenario

Under Non-normal and Emergency conditions, tHeCAnOps considers that, if an aircraft is
not able to meet AFR requirements, SWIM might pdevdynamic RAA around an aircraft
and update its position through position reportsaglar returns. Aircraft in the vicinity will
have to avoid the RAA as if it was an area conflsete section 8.11.1).

That area will (instead of not moving at all, orvimg relatively very slowly) move at the
aircraft's speed but, unlike an aircraft, will nptovide trajectory information. Airborne
systems should be able to infer the area’s coungespeed by interpolation of current and
past positions, but this information would be inaate and incomplete when compared to
normal aircraft trajectory information. The relaly low update rate of SWIM may further
complicate the situation.
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Figure | - 8 Fast moving RAA Scenario

This scenario will consist of a fast-moving RAAwdich other aircraft have to react to. The
baseline operational scenario can serve as a ftoadisis scenario. The evaluation will focus
on:

* RAA trajectory assessment by surrounding aircraft.
» Area conflict detection and resolution by aircratft.

» Disturbance of the traffic patterns in relatiornthe RAA size — possible complexity and
congestion interactions.

. RAA violations.

The critical functionality evaluated by this sceoawill be the Area CD and CR
performances; it is expected that, being able beesa fast-moving RAA conflict, the system
will be able to cope with all other area conflidescribed in the AConOps.

1.4.3 Emergency operation Scenario

This scenario will showcase the ATM ConOps abditte deal with an emergency, or non-
normal aircraft, which is no longer capable of sglparating, and therefore required, as stated
under 8.11.1, to leave SSA and enter MA as so@blas All other aircraft will get the burden
to separate themselves from this aircraft whilésistill inside SSA (the fact that this is
possible shows the inherent redundancy of tAe€C8nOps). The behaviour of the proposed
ATM system will be evaluated by this or other semiscenarios.

Based on a scaled-down version of the baselineabpeal scenario, the scenario will include
an aircraft which announces an emergency and lees/bsoadcasted trajectory and heads for
a particular TMA (that can be modelled as an acepalume the aircraft tries to reach). The
level of surveillance information available for thaircraft can range from full
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communications/surveillance capabilities to jusheovery basic state information, depending
on the nature of the emergency which might haviingtto do with ASAS capabilities.

traffic that arrived

; atthe TMA... 24

.. might have to
re-route

Emergency
aircraft flies
to nearest TMA

traffic has to

avoid RAA
Original
aircraft
trajectory

Emergency
aircraft RAA

Original traffic crosses
X the emergency aircraft
trajectory

Figure 1 - 9 Emergency Operation Scenario

Set in various traffic density and complexity eoviments, the following can be assessed:
* Appearance of short-term conflicts.
* SWIMrole:
o Is the update rate of aircraft surveillance proditty SWIM high enough to
deal with these situations?
o  Switching from airborne surveillance to ground-lzhserveillance.
» The chance of an emergency aircraft encounterimgsedf separating traffic.
* Time of emergency (mid-route or closer to arriviiigA).
* Impact on the flow structure.
* Time to conflict for other aircraft.

* CTA reassignment at the TMA the emergency airésafping to.

The full suit of ASAS capabilities will be assessedhis scenario. An interesting feature is
that the scenario can be configured to generaterals of simultaneous traffic conflicts.
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l.4.4 Rogue aircraft Scenario

In order to assess the redundancy in the propoded gystem, it is possible to adapt the
baseline operational scenario in order to havetaiogpercentage of aircraft not deviating, for
CR reasons, from their broadcasted state and iniéeise aircraft will neither be in a non-
normal or emergency state, nor will they be expeiigg a loss of autonomous performances;
it is possible to treat them as ‘rogue’ aircraftiethdisregard conflicts and continue to fly
their original RBTs. Aircraft can also be given ifinitely high priority level to evaluate
Short Term CR performances.

Normal
aircraft
are flying
AFR

Figure I - 10 Rogue Aircraft Scenario

The questions to be addressed by this operaticeabsio are:

* How does the Loss of Separation rate relate top#reentage of non-self separating
aircraft? Loss of Separation in this scenario migdpen due to:

o Aircraft which are self separating cannot cope wite number of aircraft
which are disregarding conflicts.

o Above a certain ratio, aircraft that disregard tiotd will start to encounter
each other and produce unresolved conflicts. Haenothis happens at a
given traffic density will provide a measure of te#ects caused by some
A3 ConOps elements like:
= The reduction of the SM to 3 NM horizontal and 30@ertical
= Letting go of the ATM airspace structure (flightéds and airways)

» Self separation aircraft behaviour in the presesfagon-self separation aircraft, in terms
of CR algorithm performances. Both Medium Term &tabrt Term CR algorithms can
be evaluated. The Medium Term CR can be evaluategiiing the non-self separating
aircraft the highest priority. The Short Term CDndae evaluated by giving aircraft
which are not resolving conflicts the lowest pitipr{so other aircraft will not react in
Medium Term) and allow the conflicts to reach thers term.
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* Interaction between rogue aircraft and non-nornnamergency aircraft can be assessed
by adding non-normal aircraft to the scenario.

All the variables to be evaluated and th& fAnctionalities and assumptions made are the
same as those for the baseline operational scenario

.5 Reduced Performance Scenarios

[.5.1 Reduced air-air communication range Scenario

In this scenario, using the Baseline Operationaénddo as a starting point, air-air
communication range will (in a certain area of #irspace) be reduced as a result of weather
interferences.

To obtain information about traffic outside Air-ADL range, aircraft will rely on SWIM;
however, in a situation like this the requiremeplsced upon this system’s bandwidth, in
order to be able to broadcast more information thamally, will be greater. Furthermore,
the quality and update rate of traffic trajectanjormation will also be reduced from normal
levels.

-

SWIM communications /
4

= | ¢
Reduced Air-Air DL Range (

p— Y
\

SWIM Range

Figure 1 - 11 Reduced air-air communication rangeScenario

The following aspects may be investigated:
«  SWIM capabilities needed to support aircraft irsthcenario.

 Impact of reduced quality in aircraft trajectoryfarmation (specially in terms of
trajectory update rate) on ASAS performance.
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1.5.2 Loss of long/medium term information Scenario

This scenario assumes aircraft are not receivimg Iterm traffic and area information.
Aircraft will only be aware of traffic inside Air-i DL range. Other medium term ground
functions may still be regarded operative. The logdong term information will imply
degradations in the following aspects:

*  Flight crew situational awareness.
*  Conflict Detection performances.

* Restrictions placed upon CR algorithms due to thek |of reliable longer term
information.

*  Flight crew decision-taking and manoeuvre executiivie.

* Quality and update rate of traffic trajectory infation.

The problem is furthermore complicated by the latlconsistency in situational awareness
that will arise; traffic inside air-air communicati range will still be broadcasting their full

intent information, providing reliable informatiamp to the 15 — 20 minutes time frame, while
trajectory information for traffic just outside A&ir DL range may not be available.

d d
N Air-Air DL
\r\ S
d
£ SWIM does not provide

traffic trajectory
information, but Ground
Support is working

e
1_

Figure 1 - 12 Loss of long term information Scenao

This scenario, together with the ‘Reduced air-ammunication range Scenario’, can be
useful to:

» Evaluate the relative performances of Air-Air DLda8WIM.

» Assess CD&R performance when fed with different dsinof traffic trajectory
information.

* Evaluate flight crew workload levels in differerdraitions.
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1.5.3 Diminished Ground Support Scenario

In order to evaluate the relative importance todherall ATM system of the envisioned® A
ConOps Ground Support functionalities, this scenaiill hypothesize a reduction in ground
support functionalities. This will impose consttginwith a varying degree of severity upon
the following aspects:

* Complexity and congestion prediction
* Long term areas information

e MTAZ aircraft presence

» CTA/RTA data information

 FOC data support

*  Weather services

The use of radio communications to substitute tiakafor vital information (e.g. CTA/RTA)
can be implemented, although reduced performarmrddbe expected.

: (Possible) 7
P N~ SWIM communications , "
‘— Air-Air DL As— /

~ \ pR—
\J\ \ \ p

PR} \
.I:‘? & / J
b N Y ¥ 4 B

SWIM Range

NO Ground Support

Figure | - 13 Diminished Ground Support Scenario
The following aspects should be analyzed:

* Impact on flow management and TMA arrival timing.

» Appearance of overly complex and congested areastaldimited aircraft trajectory
management.

» CTA/RTA compliance.

All the variables to be evaluated and th&fénctionalities and assumptions made, except for
those involving Ground Support, are the same asethar the baseline operational scenario.
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Il Relationships with strategy programs

The following sources were used for considering ghebal strategic context of theA
Concept of Operations:

»  Concept of Operations:

o ICAO Doc 9854: Global Air Traffic Management Opéoaal Concept
(2005)

o NextGen: Concept of Operations for the Next GeinanatAir
Transportation System (ver. 2.0 — 13 June 2007)

o SESAR D3: The ATM Target Concept (September 2007)

o FAA/EUROCONTROL Cooperative R&D, Action Plan 23The
Operational Role of Airborne Surveillance in Separg Traffic, (version
0.1, December 2007)

* Implementation/Deployment Plans:
o SESAR D4: The ATM Deployment Sequence (January 008
o SESAR D5: Master Plan (April 2008)
o NextGen: Integrated Work Plan (ver. 0.2 — 15 Fety@808)

1.1 SESAR

The SESAR description provided in this Appendibased on the adapted text from the main
deliverables:

* D1, Air Transport Framework The Current Situation

D2, The Performance Target

D3, The ATM Target Concept

» D4, The Deployment Sequence

» D5, SESAR Master Plan

D6, Work Programme for 2008-2013 (not considereéhe

SESAR follows the performance-based approach dedsia ICAO Global Performance
Manual. In this context, D2 (The Performance T3grget performance expectations which the
ATM industry should deliver and established a SES#fRormance framework based upon
the 11 ICAO Key Performance Areas (shown in Figurel), setting performance objectives
for each of them, with associated indicators angetg. Summary of these 2020 Performance
Targets is shown in Table Il - 1 and Table Il - 2.
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High Visibility
Effects are societal
and of a political nature

6" Framework programme

Medium Visibility

Effects are business-level,
on users and operators

Deliverable D1.3

Low Visibility

Not a direct interest to
airspace user customers

Societal Operational Performance
Outcome Performance Enablers
Safety Cost Effectiveness Access and Equity
+ + +
Security Capacity Participation
+ + +
Environmental Efficiency Interoperability
Sustainability

+
Flexibility
+
Predictability

Figure Il -1 11 ICAO Key Performance Areas (KPA3 (SESAR D2)

In response to the performance objectives and tar@8 has defined the Target Concept
(shortly described within the Chapter 3) and D4 tatsined the overall deployment sequence
for implementing it.

Key Performance Indicator (KPI) Baseline 2020 Target
Value Absolute  Relative
Capacity Annual IFR flights in Europe 2005 9.2 M 16 M + 73%
Daily IFR flights in Europe 2005 29,000 50,000 +73%
Best In Class (BIC) declared airport capacity in VMC 2008 50 60 +20%
(1 RWY), mow/hr
BIC declared airport capacity in VMC 2008 90 90 +0%
(2 parallel dependent RWYs), mov/hr
BIC declared airport capacity in VMC 2008 90 120 +25%
(2 parallel independent RWYs), mov/hr
BIC declared airport capacity in IMC (1 RWY), mov/hr 2008 25 48 +90%
BIC declared airport capacity in IMC 2008 45 72 +60%
(2 parallel dependent RWYs), mov/hr
BIC declared airport capacity in IMC 2008 45 96 +110%
(2 parallel independent RWYs), mov/hr
Cost Effectiveness | Total annual en-route and terminal ANS 2004 800 400 -50%
cost in Europe, €/light
Efficiency Scheduled flights departing on time (as planned) >98%
Avg delay of the remaining scheduled flights <10 min
Flights with block-to-block time as planned >95%
Avg. block-to-block time extension of the remaining flights <10 min
Flights with fuel consumption as planned >95%
Avg. additional fuel consumption of the remaining flights <5%
Flexibility Accommodation of VFR-IFR change requests >98%
Unscheduled flights departing on time (as requested) >98%
Avg delay of the remaining unscheduled flights <5 min
Scheduled flights with departure time as requested >98%
(after change request)
Avg delay of the remaining scheduled flights <5 min

Table Il -1 Summary of the 2020 Performance Targts — Part | (SESAR D5)
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Key Performance Indicator (KPI) Baseline 2020 Target
Year Value Absolute  Relative

Predictability Coefficient of variation for actual block-to-block times: <1.5%

for repeatedly flown routes

Flights arriving on time (as planned) >95%

Avg arrival delay of the remaining flights <10 min

Total reactionary delay 2010 -60%

Reactionary flight cancellation rate 2010 -50%

Total service disruption delay 2010 -50%

Percentage of diversions caused by service disruption 2010 -50%
Safety Annual European-wide absolute number of ATM induced 2005 No increase

accidents and serious or risk bearing incidents

Safety level (per flight) 2005 X3
Environmental Avg. fuel savings per flight as a result of ATM improvements | 2005 10%
Sustainability Avg. CO, emission per flight as a result of ATM improvements | 2005 -10%

Compliance with local environmental rules 100%

Number of proposed environmentally related ATM 100%

constraints subjected to a transparent assessment

with an environment and socio-economic scope

Table Il - 2 Summary of the 2020 Performance Tarets —Part Il (SESAR D5)

Within the D4, the Target Concept of Operations waganized into so-called Lines of
Change (LoC) describing the main areas and dinestad essential progress to be made. The
list and short description of these LoC is providedable Il - 3.4 and Table Il - 4.

All aspects of creating, sharing, obtaining, Basic and essential support for all aspects of the

Information Management providing, protecting and using information. ConOps. Support to CDM

All aspects related to trajectory based opera-
tions including the steps required to move from | Airspace categories. Trajectory based operations.
Moving from airspace to the airspace based to the trajectory-based User preferred routing environment. Enhanced inte-
trajectory based operations | concept. Includes all aspects related to opera- | gration of diverse airspace use. Access and equity.
tions that continue to be airspace based (e.g. Minimising segregation.

military).

All aspects related to the initiation, deve-
lopment, refinement, sharing and updating of
the Business/Mission Trajectories and all
aspects related to the development and use of
Collaborative planning using | the NOPLA. Also includes all aspects related to
the Network Operations the creation of the NOP using NOPLA. Includes
Planner also longer term resource planning. Includes all
aspects related to the sharing of flight data,
processing of incoming and generation of
outgoing ICAO E-FPL.

Includes user preferred routing.

Collaborative planning. Trajectory based operations.
Network Operations Plan and related applications.
Trajectory sharing. Flight data input. All planning
horizons. Airport planning

All aspects related to the development and
management of the ATM network, including the
provision of the necessary resources to cater Regional and Sub-regional network management.
for demand Includes all aspects related to Demand and capacity balancing

automated configuration tools. Includes free
route operations (network aspects).

Managing the Network

Table Il - 3 Lines of Change (LoCs) of the SESARarget Concept — Part | (SESAR D4)
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All aspects related to the execution of user or

Managing Business ATM originated changes to the trajectory Managing/implementing constraints. Trajectory
Trajectories (Military Mission | actually being flown (for conflict management, | management requirements. ATC coordination using
Trajectories) in real time. implementing queue management constraints, | shared trajectories. Complexity management

avoiding weather or restricted areas, etc.).

All aspects related to decision-making auto-
mation (e.g. ground based conflict detection
and resolution, what-if, ASAS conflict probe,
etc.)

Cooperative ground and
airborne decision making
tools.

Controller and pilot automation tools

All aspects related to tools used to set up and
Queue management tools manage queues (except for implementing the Arrival and departure management. UDPP.
results, see 5 above). Includes UDPP.

5 All aspects related to realising the various ANSP modes. Airborne modes. Mixed mode opera-
New separation modes . ) .
ANSP and airborne separation modes. tions.
Improved cooperative All aspects related to advanced STCA and
ground and airborne safety ACAS. Includes the management of variable Collision avoidance.
nets. separation minima.

All aspects related to airport throughput from
terminal operations through final, ground Spacing on final. Runway operations. Taxi guidance
movement and turn round as well as departure | and operations. Runway safety.

until established on departure route. Also
includes all aspects related to airside safety.

Airport throughput, Safety
and Environment

Table Il - 4 Lines of Change (LoCs) of the SESARarget Concept — Part Il (SESAR D4)

Along each LoC the specific and detailed changgaired to transition from today’s system
(called “Operational Improvements (Ol) steps”) whedefined together with the
corresponding time frame.

In the Master Plan (D5), the Ols have been furitasctured in a series of ATM Service
Levels (0-5) and organized in Implementation Paeka@P) 1-3 depending upon the date at
which the corresponding capability can become djmgral (Initial Operational Capability
(I0C) date):

* IP1 - Implementation Package 1 (short-term: |IO@slap to 2012)
o Covers ATM Service Levels 0 and 1

* IP2 — Implementation Package 2 (medium term: I0@slan the period 2013-2019)
o Covers ATM Service Levels 2 and 3

* IP3 - Implementation Package 3 (long term: IOC sl&tam 2020 onwards)
o Covers ATM Service Level 4 and 5

The list of Ol Steps within the LoC#8 (New SepamtModes) is given in Table Il - 5.
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LO8 CM-0501 4D-PTC for Equipped Aircraft with Extended Clearance 4D-PTC | En-Route IP3 | SETS3-¢
Precision Trajectory Clearances (PTC)-2D Based On Pre-defined | TMA, SETS2-c
L08 OM-0601 1 51 Routes En-Route | P2 |sETS2-d
Precision Trajectory Clearances (PTC)-3D Based On Pre-defined | TMA, SETS2-c
Loa CM-0802 | 35 Routes En-Route P2 | sETse-d
Precision Trajectory Clearances (PTC)-2D On User Preferred TMA, SETS2-c
L08 CM-0603 Trajectories En-Route P2 | seTs0-d
L08 CM-0604 Precision Trajectory Clearances (PTC)-3D On User Preferred TMA, P3 SETS3-¢
Trajectories (Dynamically applied 3D routes/profiles) En-Route SETS3-d
. e . SETS1-e
LO8 AUO-0401 | Air Traffic Situational Awareness (ATSAW) on the Airport Surface | APT IP1
Air Traffic Situational Awareness (ATSAW) during Flight TMA, SETS1-c
Lo8 AUO-0402 Operations En-Route IP1 | SETsi-d
LO8 AUO-0503 | In-trail Procedure in Oceanic Airspace (ATSA-ITP) En-Route IP1 [ SETS1-c
-~ Ad Hoc Delegation of Separation to Flight Deck - In Trail " _
Lo8 CM-0701 Procedure (ASEP-ITP) En-Route IP2 | SETS2-¢
L08 CM-0702 Ad H_oc Delegation of Separation to Flight Deck - Crossing and En-Route B3 | sETS3-c
Passing (C&F)
ASAS Sequencing and Merging as Contribution to Traffic
Lo8 TS-0105 | gunchronisation in TMA (ASPA-S&M) TMA IP2 | SETS2-d
LO8 TS-0107 ASAS Manually Controlled Sequencing and Merging TMA IP1 | SETS1-d
. . . . SETS3-d
LO8 AUO-0504 | Seli-Adjustment of Spacing Depending on Wake Vortices APT, TMA IP3 SETS3-8
LO8 CM-0704 Self Separation in Mixed Mode En-Route IP3 | SETS3-c

Table Il - 5 Ol Steps in LoC#8 — New Separation Mdes (SESAR D4)

The SESAR Master Plan outline of the anticipate@ lfates for various ATM Service Levels
and of their high-level description is shown in trig 11 - 2.

Accommodating full 4D
trajectory management
based on user preferred
trajectories

Dynamic Sector shapes
ASEP WV spacing,

o : ASAS Self separation
Available for Operations ~/J'or e

R&D Extending operations with advanced separation modes
[ Dynamic Mobile Area, 3D-PTG User preferred trajectories
4 Implementation ASEP C8P, SVS in low visibility conditions

Available for Operati ‘Compatibility between Airborne and Ground Safety nets.
Wvallable for Operation:
f

R&D

5 Implemientation

R&D ] Achieving advanced au ion in a shared trajectory environment
Dynamic TMAs and Flexible Military structures

Dynamic ATFM using RBT

3 Lok Management Revision of RBT using Datalink
o Implefnentation: Full set of Advanced Controller tools using RBT/SBT
g ASEP-ITP
[} i k . 2D-PTC on User Preferred Trajectories
= IR SEOPE 005D SD-FTC on Pradefined Routes
=8 i
= 'S | R&D ! 1ting net. tric trajectory [e] it
3 = SWIM enabled NOP using RBT/SBT
w | Full set of Complexity Management Tools
Implementation i ASPA S&M
2 k 2D-PTC on Predsfined Routes
) \ Automated Surface Movement Planning and Routing
Available for Operatiops Adjustment of Separation Based on Ground Wake Vortex detection
|
T
R&D Jm Preparing Trajectory based operations
= Interactive rolling NOP, Manual UDPP
Implementation AMAN/DMAN integration
1 ATSAW in flight and on surface, ATSA-ITP
IAVRIaEiE forOne rShohs Improved Low Visibility Procedures
1 I T
Rolling out current Best Practices
O Imp!e ntation (CDA, Flexible sectorisation, Continucus Climb Departure, Initial Data link, Automatic Flight Conformance Menitoring,

Basic Departure Management (DMAN), Ground Based Safety Nets, Use of Runway Occupancy Time (ROT) Reduction Techniques)

Available for Operations

! ; : i Date of Initial
2009 2013 2017 2020 2025 Dot inte

Capability

Note: Long R&D and Implementation durations are the result of combining many data but
do not reflect the time needed to introduce a specific Improvement at a specific location.

Figure Il - 2 SESAR Master Plan Overview (SESAR B)
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As shown in Figure 1l - 2, the airborne self sepiarais included in Service Level 5 within
the Implementation Package 3 (beyond 2020). Thieipated ATM changes related to the
Service Level 5 are shown in Table Il - 6.

LoC#2-Moving from Airspace to Trajectory Based Operations

Dynamic Sector shapes: ATC sector shapes and volumes are adapted in real-time to respond to dynamic changes in traffic patterns
and/or short-term changes in users” intentions.

R&D

Elaborate the concepts of Dynamic Sectors and Dynamic TMAs in respect of: the operational contexts (airspace, complexity level, traffic
mix...) in which they apply. Assess the integration and impact on capacity planning, DCB/ASM, scenario management and flight planning
processes.

LoC#8-New Separation Mode

ASEP WV spacing: Deploy Self-Adjustment of spacing depending on Wake Vortices. The spacing is adjusted dynamically by the pilot
based on the actual position of the vortex of the predecessor.

Self-separation: Deploy the delegation of the separation by the controller between an aircraft and all the other aircraft in mixed-mode
environment through new air broadcast and reception of trajectory data and new onboard conflict detection and resolution functions.

4D-PTC: Deploy the 4D-PTC using longitudinal navigation performance management from the aircraft.
R&D
Elaborate the concepts of A/A services, including exchange of weather hazards and Wake-Vortexes information.

Develop and validate 4D-PTC with extended clearance. This should identify the trajectory management requirements and the separation
minima applicable to 4D-PTC with extended clearance and should take into account the improved RNP capability of aircraft.
Compare alternative means of separation management like airborne seff management; cooperative self-separation for business jet in

low density high altitude airspace (e.g. above FL410) should be started as early as possible to validate the self-separation concept. Inves-
tigate potential Human Factor impact of the mixed mode operation on both pilots and controllers.

Table Il - 6 Service Level 5 required changes (SEAR D5)
According to D4, it is anticipated that within theplementation Package 3:

* Uncertainty of trajectory prediction is reduced thg implementation of the Trajectory
Management Requirements.

* There is an implementation of SWIM full service.

* There is an implementation of air-air servicesh@itthrough a second ADS-B link or
through a significant enhancement of the existing)o

* Only 2 categories of airspace exist: managed anthnaged.
*  Free routing will be in place except TMA.

* Dynamically shaped airspace and terminal areausén

» 3D Precision Trajectory Clearances is implemented.

» Adjustment of spacing based on airborne wake vategction is implemented.
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1.2 NextGen

The ASAS self separation notion within NextGenearty the same as in SESAR and also the
implementation timeframe is very similar. The esstiimplementation of self separation is
expected in oceanic and remote airspace, probalityseparation standards between current
procedural standards and actual radar-based stlndar

The anticipated global NextGen airspace strucsighown in Figure Il - 3.

Managed Airspace |
N ANSR provides AT slmises: sapsration Non-Managed Airspace
disbegpinted lnthﬁqnlgpﬂd @lrerafy

“Trajectory-Based Classic
Alrspace Alrspace
& SenvicesCperations. & Sgrvices based on
based on precise clearances
Irajectony execution ® Includes Classic VFR
& IFR Opesations

Self-Saparation
Operations

Superdensity
ArrivallDeparture

Diperations

Figure Il - 3 NextGen airspace Structure Overview(NextGen ConOps)

In addition to the factors contained in the SESARXxtGen introduces the concept of so-
called “flow corridors” for the super dense trafftonditions typically experienced in the
terminal areas:

“When demand is very high, the ANSP may implemdlotw corridors” for large numbers of
separation-capable aircraft travelling in the safimection on very similar routes (see Figure
Il - 4). Flow corridors consist of long tubes orufidlles” of near-parallel 4DT assignments,
which consequently achieve a very high traffic tigioput, while allowing traffic to shift as
necessary to enable more effective weather avogaeduce congestion, and meet defence
and security requirements. The airspace for atr@pérating in flow corridors is protected,;
aircraft not part of the flow do not penetrate toeridor”.

It is anticipated that the airborne self separatiihbe used also within these corridors.

-
-""-n-.

Figure Il - 4 NextGen Flow Corridors (NextGen CorOps)
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Considering the deployment/implementation plang MNextGen Separation Management
Operation Improvement roadmap is shown in Figuresli

01-0344: Reduced Oceanic Separation - 30NM for Pair-wise Maneuvers

01-0343: Reduced Separation - High Density En Route, 3-mile

01-0347: Reduced Separation - Non-Radar Airspace, 5-mile

O1-0349- Special Aircraft Variable Separation Standards

01-0353: Reduced Oceanic Separation - Altitude Change Pair-wise Maneuvers

O1-0354: Reduced Oceanic Separation - Co-Altitude Pair-wise Maneuvers

Q1-0356: Delegated Separation - Pair-wise Maneuvers p22)
01-0359: Delegated Separation - Oceanic p22)

01-0362: Self-Separation - Self-Separation Airspace P22

2025!0
P —————

Figure Il - 5 Separation Management Operational inprovement Roadmap (NextGen Integrated Work
Plan)

01-0348: Reduce Separation - High Density Terminal, Less than 3-mile

01-0363: Delegated Separation - Complex Procedures
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1l Relation to other research
1.1 Summary of the state of the art

The A ConOps is an autonomous aircraft operational qund®it this is just one aspect
among many that are currently being investigatedhm Airborne Separation Assistance
Systems (ASAS) quickly developing field. The folliony sections present a concise picture of
the state of the art in the ASAS world when regagdioth conceptual developments in self
separation (under the title ‘Self separation pphes of operation’) and developing
applications (under the title ‘ASAS applicationsessment’), with the aim of providing the
reader a quick review of the ASAS R&D initiatives.

[11.1.1 Self separation principles of operation

The document Principles of Operation for the use of Airborne Samtion Assurance
Systems® elaborated by the FAA/EUROCONTROL R&D Committeeeveloped the
principles of operation for airborne self sepamtapplications. This chapter’s text has been
extracted and adapted from this document.

[11.1.1.1 ASAS categories
Four ASAS categories are defined:

» Airborne traffic situational awarenessis aimed at enhancing the flight crews’
knowledge of the surrounding traffic situation.

* Airborne spacing,which requires the flight crews to achieve and naama given
spacing with designated aircraft, as specified mewa ATC instruction.

» Airborne separation, where the controller delegates separation respiihsi and
transfers the corresponding separation tasks tdfligge crew, who ensures that the
applicable airborne separation minima are met.

» Airborne self separationwhich requires flight crews to separate theirhtigrom all
surrounding traffic, in accordance with the apglieaairborne separation standards and
rules of flight.

[11.1.1.2 Airborne self separation applications

Typical Airborne Self separation applications irtgu

* Airborne self separation in ATC-controlled airspacea controller can delegate full

responsibility for self separation to the flightcleof suitably equipped aircraft through a
new clearance.

39 PO-ASAS v7.1 (released 19/06/200iip://adsb.tc.faa.gov/RFG/po-asas71.pdf
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» Airborne self separation in segregated en-route sgace:this application requires the
flight crews to self-separate from other traffisiote that airspace without ATC support.

» Airborne self separation in mixed-equipage en-rousgrspace:while in the en-route
airspace, appropriately equipped aircraft (refetceds “autonomous aircraft”) are given
the authority, capability, and procedures needecdkxecute user-preferred trajectory
changes without requesting ATS provider clearanaiotso.

[11.1.2 ASAS Applications assessment

This appendix presents a table showing the typolafgfk<SAS applications. Within ASAS-
TN2 WP3 ASAS application maturity assessmétt (March, 2008), several ADS-B
applications were grouped in five categories dependon whether they could be
characterised as ADS-B surveillance or by the #A8AS categories. The applications per
category are as follows:

CATEGORY APPLICATIONS
Airport surface surveillance (ADS-B-APT)
ADS-B ATC surveillance in radar airspace (ADS-B-RAD)
surveillance ATC surveillance in non-radar areas (ADS-B-NRA)

Aircraft derived data for ground tools (ADS-B-ADD)

_ ) Enhanced traffic situational awareness during flight operations (ATSA-AIRB)
A|rst;&r2t?otrr]z{f|c Enhanced traffic situational awareness on the airport surface (ATSA-SURF)
awareness In-trail procedure in procedural airspace (ATSA-ITP)
Enhanced visual separation on approach (ATSA-VSA)

Sequencing and merging operations (ASPA-S&M)
Enhanced crossing and passing operations (ASPA-C&P)

Airborne spacing

Lateral crossing and passing (ASEP-LC&P)

Vertical crossing and passing (ASEP-VC&P)
Airborne In-trail procedure (ASEP-ITP)

Separation In-trail follow (ASEP-ITF)

Sequencing and merging operations (ASEP-S&M)

In-trail Merge (ASEP-ITM)

Self separation in segregated free flight airspace (SSEP-FFAS)
Self separation in managed airspace (SSEP-MAS)
Self separation in an organised track system (SSEP-FFT)

Airborne Self
separation

[11.2 Previous research projects

In the previous iFly’s deliverable D1.JAttonomous Aircraft Advanced 3AHigh Level
ConOps in order to select the most interesting inputscandidate elements of the concept
among a large list of projects proposed from thevious state-of-the-art aeronautics research
results and be able to define a “baseline” opemati¢ligh Level concept and alternatives,
common criteria among all partners involved werknael. It was agreed that useful projects
should include references to the following key veod questions:

31 Document Ref: ASAS-TN2/WP3/Report/3tatp://www.asas-tn.org/reports
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Autonomous Aircraft

Conflict Prediction

Separation Minima

Complexity Prediction (Clustering)

Free Flight procedures and implementation optiaes,conflict resolution based

on priority rules or on co-operative actions, legetoordination between aircratft,

etc.

f. Conflict Resolution: ASAS (Airborne Separation Asance System), ACAS
(Airborne Collision Avoidance System), etc.

g. ASAS-TCAS (Traffic Alert and Collision Avoidance §&gm) interaction

h. Conflict resolution algorithms, i.e. solving mulgp conflicts one by one or
according to a full concurrent way

i. Distribution of Conflict Resolution responsibilifgutomation/human, ground/air)

j.  Human factors and goal settings of pilatl of airlines

k. Identification of elements such as pilots flyingiaitying, systems components
and entities (like the aircraft's position evolutiand the Conflict Management
Support systems), air traffic controller, globalvigation and surveillance
equipment (like the communication frequencies dedsatellite system), etc.

I. Current and future technological issues, equipnmmrformance and airborne
requirements for Free Flight: air-ground commundaat(e.g. TIS-B), air-air
communication, systems, displays, etc. Focuseduantibnalities more than on
the description of the technology

m. Merging and Spacing

Free Flight Airspace (FFAS), Free Route Airspaca Restrictions for Free Flight

on European airspace

Airspace Division

p. Risk & Safety Assessment as a function of traffenslty increase. Does the
selected project/paper tackle the Free Flightasdessments weaknesses detected?

g. Benefits & Cost Assessment, impact on economy chbseorganisational and
institutional issues derived of the introductiontloé autonomous aircraft advanced
operations en-route

r. Overall Air Traffic ConOps

PO T®

>

o

Taking into account this agreed set of topics @hevo the ConOps, the iFly team built a
repository of existing research and technology qutsj as a working matrix to offer an
overview of the projects identified. A project wamsidered as a relevant input if it:

» Was able to introduce something new about the $oppgted in the agreed common
criteria, or

» Offered an evaluation of some methods already deeel.
The following list is a reduction of the work presed in Deliverable D1.1, where only those

projects which have been considered relevant toighees presented in the ConOps are
considered. The following table shows the listha projects selected:

3FMS Free Flight — Flight Management System
AATT Advanced Air Transportation Technologies
ARTAS ATM suRveillance Tracker And Server
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CARE-ASAS Co-pperative Actions of R&D in EUROCONTROL / Airborne Separation
Assistance System
Distributed Air/Ground Traffic Management Concept Element 5: En-route Free
DAG-TM CE5 Maneuvering for User-Preferred Separation Assurance and Local TFM
Conformance
EMERTA Emerging Technologies and Opportunities for ATM
ERASMUS En-route Air Traffic Soft Management Ultimate System
FACES Free flight Autonomous and Coordinated Embarked Solver
FALBALA First Assessment of the operational Limitations, Benefits & Applicability for a List
of package | AS applications
FIlySAFE - No extended title -
FRAP Free Route Airspace Project
FREER Free-Route Experimental Encounter Resolution
HYBRIDGE Distributed Control and Stochastic Analysis of Hybrid Systems Supporting Safety
Critical Real-Time Systems Design
IAPA Impllications on Airporne C.oIIision Avoidance Syst(_am (ACAS) .Performances due
to Airborne Separation Assistance System (ASAS) implementation
INTENT The Transition towards Global Air and Ground Collaboration In Traffic Separation
Assurance
MA-AFAS More Autonomous Aircraft in the Future ATM System
MFF Mediterranean Free Flight Programme
NEAN North European ADS-B Network
NEAP North European CNS/ATM Application Project
NUP NEAN Update Programme
RESET Reduced Separation Minima
Safe Flight 21 - No extended title -

A brief description of each of these projects fap showcasing the key areas of interest to
iFly and, more specifically, to the®AConOps.

3FMS

The objective of the 3FMS project is to preparesarly functional definition of the European
Flight Management System for free-flight operatibhe main expected 3FMS achievements
are the definition of the Free Flight functions gdiant with the new AIRBUS FMS, their
evaluation and demonstration in an AIRBUS flightsiator and a list of recommendations
for their implementation in the future European ABystem. As a baseline to be reviewed in
the course of the project, the on-board tacticghfl management functions are aircraft
separation, anticipatory terrain avoidance, weath@nagement, and route of preference. The
3FMS technical approach will follow a classical Ré&lide-cycle: definition, design and
prototyping, development, integration, functionaligation and operational evaluation.

This project aimed to provide new capabilities,hsas separation assistance algorithms, and
aimed to further develop existing capabilities sashterrain and weather databases. The
simulation of technologies such as ADS-B, CPDLC addanced Human Machine Interfaces
(HMIs) were used to provide useful indications ok trequired performance of these
technologies.

AATT
The AATT Project was completed on September 30420be major focus of the AATT

Project was to improve the capacity of transportraft operations at and between major
airports in the National Airspace System (NAS) kveloping decision support tools and
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concepts to help air traffic controllers, airlinsghtchers, and pilots improve the air traffic
management and control process from gate-to-gatel TAaddressed some of the most
difficult air traffic management issues, includingerations in complex airspace and the
implementation of distributed air/ground resporigibs for separation.

Technologies developed in the Project include teattiransition/en-route airspace tools for
arrival, surface, and departure operations; amghtfldeck and ground-based tools to support
free flight concepts.

ARTAS

It calculates an overall radar image on the bakigosition references provided by several
radar inputs. ARTAS enables the radar displays bgezkyguide’s air traffic controllers to be
renewed every 4 seconds.

The new concept of free flight will require fromasaaircraft overlying the intended airspace
to be "updated with the most accurate picture" @ surrounding traffic, as well as an
anticipated awareness of the approaching aircexftovs. This "accurate" picture, based on
processed radar data reports to form a best estiofathe current Air Traffic situation, is
provided to all Users interested in air traffic.

CARE-ASAS

Although CARE-ASAS was conducting R&D activitieslated to ASAS, it could not be
considered as an R&D project on ASAS. The main gdaCARE-ASAS was to help the
organisations working on ASAS R&D to speak the sdamguage and to work together. It
provides general considerations for airborne seffagation as well as widely accepted
terminology. The project was concluded in 2004.

It also defines principles of operation for diffeteategories of ASAS application.
DAG-TM CE5

DAG-TM (Distributed Air/Ground Traffic Management a NASA concept for gate-to-gate
operations beyond the year 2015. It will addressadyic constraints such as bad weather,
Special Use Airspace and arrival metering/spadiduyy. of a total of 15 concept elements, 4
have been selected for initial studies. The sedalloncept Element 5 is calleBn-route
Free Maneuvering for User-Preferred Separation Assue and Local TFM Conformarice
and its major purpose is to distribute the sepamadissurance and tactical traffic management
functions to the flight crew.

A fully developed concept of operations that isdzagpon a similar philosophy than that of

the A’ ConOps, it is a major reference for any works utadten in the field of ASAS and self
separation.
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EMERTA
The objectives of this project are:

* To establish the feasibility of using emerging NGS&Bvices 'as they are' to meet Air
Traffic Service (ATS) and Airline Operation Cent(EOC) requirements. This will
include the definition of a European-level NGSS dastration/validation project.

* To support a European input to international stedidation activities in such forums as
ICAO and RTCA/EUROCAE, insofar as they are concémth the technologies and
concepts covered by Project EMERTA.

* To provide inputs to the specification of detaitequirements for a second generation of
Low/Medium Earth Orbit (LEO/MEQ) satellite systerasd services, for deployment
beyond the year 2005.

» To assess the practical feasibility of the earlyroduction, in the European ATM
environment, of one or more selected ADS-B/ASAS liappon scenarios, paying
particular attention to safety and transition aspethis will be supported by an outline
indication of the cost/benefit issues associatd thie scenario(s).

* To develop initial indications and guidelines omhim deploy ADS-B in Europe, in the
context of the ASAS concept, in terms of the pogmequirement for reserved airspace
and how best to deal with a mixed aircraft popalat{where some aircraft have an
ASAS capability, but others do not).

ERASMUS

The aim of ERASMUS is to improve the split of respibility between humans and
machines, ensuring that while for safety reasomsams retain ultimate control, machines can
take on an increasing number of tasks.

ERASMUS proposes to open a new approach of ATMmaatimn and will make proposals in
three specific applications ranging from low levefsautomation where the computer acts as
an advisor to the controller to much more develdpedls of automation where the computer
acts in a subliminal way on behalf of the contmollas a first step, it will examine how to
increase trajectory prediction strengthening the afsexisting air/ground data-link facilities
while at the same time incorporate the cognitivgidof air traffic controllers into existent
Medium Term Conflict Detection systems . Then, iit make proposals on how to reduce the
traffic complexity by developing ‘subliminal’ prodin resolution actions (minor speed
regulation not perceivable by the Air traffic caniter) to be performed by the machine. It is
assumed that reducing the traffic complexity wodidéase some of the Air Traffic controller
cognitive resource which would be used to perfotheptasks, or to manage more aircraft

FACES

FACES is an autonomous and coordinated embarkeddard) conflict solver for Free Flight

airspace. It solves conflict by computing simpleneeuvres that guarantees conflict free
trajectories for the next 5 minutes (min). Coordima is ensured by giving sequential
manoeuvres to aircraft with a token allocationtsggg. FACES can be implemented with the
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current positioning, broadcasting and flight mamaget technology. Moreover, it is robust to
communication or system failure for time up to @néwo minutes.

The project introduces a distributed algorithm, elhprovides an order of priority for aircraft
in a cluster. A one against many algorithm is thpplied in the given order.

FALBALA

The project brings elements for consideration leyftiiure CDTI (Cockpit Display of Traffic
Information ) designers. These elements should laddp defining required performances of
an Airborne Surveillance and Data Processing systetine European airspace. The analysis
of the maximum numbers of visible aircraft has alesmonstrated the need for traffic filtering
on-board the aircratft.

FIySAFE

FIyYSAFE designs, develops, implements, tests arnidiatas a complete Next Generation
Integrated Surveillance System (NG ISS), going aegaion further than the emerging
integrated safety systems. The project is the t&sir@’ follow-on to the ISAWARE and
ISAWARE Il projects in which the emphasis was more"terrain and traffic" information
presentation to the pilot.

The 3 First-Level Objectives of FLYSAFE are:

1. To develop, validate and test an innovative, edfitiand competitive on-board
integrated surveillance system (NG ISS), basedwnfean resources, and prove that
it increases safety.

2. To develop, validate and test ground weather m@a#tsISs) to provide aircraft with
weather safety related information and prove thay increase safety.

3. To develop international standards to support tf@endion of the two systems (on-
board and on-ground) above.

FRAP

The project is part of the organisation's stratlEgyimproving airspace management for the
year 2000 and beyond. FRAP is designed to offerafiroperators direct routes through the
upper airspace of eight European states from @it to exit point without having to follow
a fixed-route structure

FREER

Freer Flight (formally FREER) is the historic nanfeASAS activities at EEC. It investigates
the enhancement of air traffic services throughreatgr involvement of the flight crew and
the aircraft systems in a tighter co-operation vatimtrollers and the ATM systems through
the introduction of new spacing instructions.

Since 2002, the project has been (re)named CoSpadeis now in the SSP (Sector Safety

and Productivity) business area. The objectivehef CoSpace project is to determine the
operational feasibility and potential benefits bk tuse of spacing instructions ("airborne
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spacing”). The CoSpace project covers concept itlefinup to validation aspects through
human-in-the-loop and model-based simulations.

HYBRIDGE

It has developed innovative approaches to handinmogrtainty in air traffic management. iFly
can be considered a follow-on to the Hybridge poje

At the end of (and following) Hybridge an autonoraa@ircraft concept (AMFF) was assessed
[Web Ref. 3].

IAPA

It investigates the potential issue of airborndigioh avoidance system (ACAS) and airborne
separation assistance system (ASAS) interactiothén ECAC airspace. It is focused on
identifying potential operational issues, and pdow recommendations, related to the
potential interaction between the ACAS logic antifea ASAS application procedures. Phase
| of the IAPA project is now completed: an initiglet substantive, analysis of the potential
ACAS / ASAS interaction issue was undertaken withASAS 'Package 1' application, and
the framework has been established for an in-dept#stigation within Phases Il and III.

The recommendations of IAPA project about the ACARSAS interaction should be
respected.

e The ACAS constraint must be taken into account whendeveloping ASAS
applications envisaged for implementation.
o In this perspective, the IAPA study should helpidentifying potential
ACAS / ASAS interaction issues and providing guides for the
development of future ASAS applications.

*  Further in-depth analysis of the identified ACAS /ASAS interaction issues should
be performed.

o The approach adopted within IAPA Phase Il should sigport this more
in-depth investigation of the ACAS / ASAS interactiissue.

o The performance of simulations based on differenrces of data should
compensate for the limitations related to any ohéhem, and to identify
and assess a comprehensive set of issues.

o The use of a common simulation framework during ttagious data-
oriented studies should allow for the validation tbe ACAS / ASAS
interaction trends identified with each source atied

* The impact of ASAS operations on safety benefits prided by ACAS requires to be
investigated.

o In this perspective, the safety case (based on HDE8A OSA
methodology) to be conducted within IAPA Phase rbni an ACAS
perspective should well support this ACAS safetglgsis during ASAS
operations.
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The IAPA methodology has proven successful in aasgshe ACAS / ASAS interaction
issue and would equally benefit to any future itigegion of the interaction between ACAS
and ATM changes in the provision of separation.

INTENT?

The research question of INTENT is "How does theell®f aircraft INTENT information,
shared among ATM users and actors, relate to th&adfic system capacity, the avionics
design and ATM system design?". To answer this toquesa relationship between aircraft
intent information, the place of responsibility fiie traffic separation assurance process and
airspace capacity was investigated using comprdssed simulations containing human
characteristics.

The results of this project show that Conflict [¢ien and Resolution (CD&R) tools
including intent information for both controllerac airborne were found to have little or no
significant result on workload, and thus on airgpaghen compared to the airborne state-
based reference. However, conflict detection ansbladion systems based on intent
information are preferred over state-based systboth,on the ground and in the air.

Fast-time simulations have shown that systems basedtent information are more efficient
in terms of time, distance and fuel than systemsedaon only state information, both in
ground and airborne concepts. This suggests thabuh exchanging aircraft intent
information does not appear to increase airspapaciy, it might be very beneficial from a
flight efficiency point of view.

The research suggested that, in the long term, AyMems based on concepts where flight
crews have the primary responsibility for separatave likely to offer several times the
capacity of those based on ground control concepts.

A function analysis was performed for the CD&R ftion and the subsequent function
allocation process identified three potential AT¥tems: a ground-based system (all CD&R
functions on the ground), an airborne system (&8I8& functions in the air) and a hybrid
system (part of the CD&R functions on the groundrtgn the air). From the function
allocation process, it was concluded that theravaogporomising systems to look into further:

» Airborne system, because of the large capacitysgasrfound in the experiments
» Hybrid system, because of the expected more optm@iconvergent overall solutions

Although promising, a list of issues was identifigdthin the function allocation task
regarding these two systems, such as human invelverhtasks, solution convergence,
safety, certification and legal aspects. Thesees&hould be further studied before (one of)
these ATM systems can be implemented. Moreovehybed system, which was not studied
within INTENT, should be further studied in termfspotential capacity gains.

Finally, an implementation roadmap was derivedbioth the airborne and hybrid system. It
was found that emphasis on the ground will be @ ftllowing systems for CD&R with
intent information for the hybrid system:

%2 Final results adapted from INTENT D4.Project Executive summatyINTENT _D4-1_v02_24-06-2003_P
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* ADS-B receivers

»  Controller-Pilot Datalink (CPDLC)

» Surveillance Data Processing (SDP)

* Flight Data Processing (FDP)

»  Controller Working Position (CWP)

* Conflict Detection and Resolution (CD&R)

MA-AFAS

MA-AFAS developed and flew an advanced avionicgesysthat supported Cockpit Display
of Traffic Information, station keeping and autormm crossing, sequencing and merging
procedures.

MFF

Mediterranean Free Flight Programme studied inmesatoncepts based on a set of defined
technical requirements designed to improve the gemant of air traffic in the
Mediterranean area.

Between 2000 and 2005, MFF validation activitieaged from Free Routing techniques
enabling user preferred trajectories to ASAS seffasation (Free Flight) in which aircraft
maintain their own separation from others in sgcdesignated airspace [Ref. 13].

NEAN

Under this project, an ADS-B capability is beingatied through a network of ground stations
and mobile VDL Mode 4 equipment that is being ihksthin commercial aircraft and airport
vehicles.

NEAP

The overall project objectives were to investigatgecify, develop, test and evaluate civil

aviation user applications and services within r@egrated communications, navigation and
surveillance (CNS) concept. Activities focused loa tollowing domains:

. Enhanced surveillance for Air Traffic Control.
* Pilot situational awareness.

* GNSS (Global Navigation Satellite System) precisianigation capability for all phases
of flight.

Each of these domains includes one or more applitathat cover aspects of different phases
of flight in a gate-to-gate concept.
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NUP

The main objectives of this project are:

»  Study the use of VDL (VHF DL) mode 4 for variougpégpations.
* Examine the certification requirements for thesgliaptions.

» Develop the airborne and ground ADS-B equipment.

* Examine the frequency allocation problems.

RESET

It identifies, per flight phase, feasible SM redos contributing to safely reaching the traffic
increase.

It also develops methods to safely (fulfiling ICAESARR requirements) and cost-

effectively assess the prioritised separation mamaductions. This includes developing a
multi-criteria assessment method that will be ablentegrate and synthesize results of the
Safety, Human Factors, Efficiency and Economy Assesits.

Safe flight 21
The Safe Flight 21 program is developing and evalgahe use of Automatic Dependent
Surveillance — Broadcast (ADS-B) capabilities foo\pding highly accurate aircraft location,

identification, and status (e.g., altitude, growspked, heading) to air traffic controllers on
their radar displays and to other pilots via a QuitcRisplay of Traffic Information (CDTI).
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IV Relevant standards & regulations listing

In order to establish a regulatory background te & ConOps, official documentation
regarding ATM procedures has been identified. I li@en decided to focus on ICAO
documentation, since it provides the broadest andt nmternationally accepted position on
this matters.

ICAO Annex 2 to the Convention on International Civil Aviation — Rules of the Air

o Contains the International Standards — Rules of Alvg which govern,
together with the Standards and Recommended RraaticAnnex 11, the
application of the PANS-ATM (Doc 4444), and th&egional
Supplementary Procedures Rules of the Air and Air Traffic Services,
contained in Doc 7030.

o The text of the Annex is used without major chantggeshe text, in the
national regulations of the majority of the Contnag States.

* ICAO Annex 10 to the Convention on International Cvil Aviation — Volume Il —
Communication Systems
o Standards and Recommended Practices for Aeronhutica
Telecommunications were first adopted by the ICAQuil on 1949, and
restructured to current configuration as a resulttlee adoption of
Amendment 70 on 1995.

* ICAO Annex 10 to the Convention on International Cvil Aviation — Volume IV —
Surveillance Radar and Collision Avoidance Systems
o Volume IV of Annex 10 deals mainly with two syster8SR and ACAS.

* ICAO Annex 11 to the Convention on International Cvil Aviation — Air Traffic
Services — Air Traffic Control Service, Flight Information Service, Alerting Service
o The Standards and Recommended Practices in thisygiott, together with
the Standards in Annex 2, govern the applicatiothef‘Procedures for Air
Navigation Services — Air Traffic Management” anbet “Regional
Supplementary Procedures — Rules of the Air andTAaffic Services”.
Annex 11 pertains to the establishment of airspacgts and services
necessary to promote a safe, orderly and expedifiow of air traffic. A
clear distinction is made between air traffic cohtrservice, flight
information service and alerting service.

ICAO Doc 4444 ATM/501 Procedures for Air Navigation Services — Air Traffic
Management (PANS-ATM)

o The Procedures for Air Navigation Services — Airaffic Management
(PANS-ATM) specify, in greater detail than in theta&dards and
Recommended Practices, the actual procedures &ppleed by air traffic
services units in providing the various air traBervices to air traffic.

ICAO Doc 7030 Regional Supplementary Procedures (FUPS)
o They form the procedural part of the Air Navigati®han developed by
Regional Air Navigation (RAN) Meetings to meet thaseeds of specific
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areas which are not covered in the worldwide pars#ti They complement
the statement of requirements for facilities anwises contained in the Air
Navigation Plan publications.

o PANS and SUPPS are approved by the Council, the FPANIng
recommended to Contracting States for worldwide wdelst the SUPPS
are recommended to Contracting States for applicaitn the groups of
flight information regions to which they are releva

* ICAO Doc 8168 Procedures for Air Navigation Service — Aircraft Operations
(PANS-OPS) — Volume I: Flight Procedures
o Volume | of the PANS-OPS describes operational gdaces recommended
for the guidance of flight operations personnel dinght crew. It also
outlines the various parameters on which the caiterVolume Il are based
so as to illustrate the need to adhere strictltheopublished procedures in
order to achieve and maintain an acceptable |éhafety in operations.

« ICAO Doc 8168 Procedures for Air Navigation Service — Aircraft Operations
(PANS-OPS) - Volume II: Construction of Visual and Instrument Flight
Procedures

o Volume Il is intended for the guidance of procedursgpecialists and
describes the essential areas and obstacle clearagairements for the
achievement of safe, regular instrument flight agiens. It provides the
basic guidelines to States, and those operator®@gathizations producing
instrument flight charts that will result in unifar practices at all
aerodromes where instrument flight procedures amied out. Both
volumes present coverage of operational practitaisare beyond the scope
of Standards and Recommended Practices but withecego which a
measure of international uniformity is desirable.

* ICAO Doc 9426-AN/924 Air Traffic Services PlanningManual

o The manual contains information which can, or stiplde taken into
account in the formulation of development programmgthin States or
regions, and also material which can, or shouldajygied directly to the
planning and operation of the ATS system.

o To this extent, the manual consists of the guidamagerial that was
previously contained in various attachmentsAionex 11 - Air Traffic
Servicesand theProcedures for Air Navigation Services - Ruleshaf Air
and Air Traffic Service$PANS-RAC, Doc 4444 — previous version of the
current PANS-ATM), updated as necessary to refigetst developments,
and also new material concerning important aspec#sTS planning which
had not been covered until the publication of ttusument.

 ICAO Doc 9574-AN/934 Manual on Implementation of a&300 m (1000 ft) Vertical
Separation Minimum Between FL 29’ and FL 410 Inclus/e
o The basic purpose of this manual is to provide argi planning groups
(RPGs) with a basis for the development of docusjeptocedures and
programmes to enable the introduction of a 300 @0 ft) VSM above FL
290 within their particular regions in accordancéhwthe criteria and
requirements developed by ICAO. More detailed figstiion and
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explanation of the various criteria, requirememd aethodology outlined

in this manual are provided in the report of the@8P/6 Meeting (Doc

9536).

It also provides:

*= guidance to State aviation authorities on thosesomea necessary to
ensure that the criteria and requirements are nitbinntheir area of
responsibility; and

= background information for operators to assist thethe development
of operating manuals and flight crew procedures.

 ICAO Doc 9613-AN/937 Manual on Required NavigatiorPerformance (RNP)

o

Required Navigation Performance (RNP) is defined aasparameter

describing lateral deviations from assigned orcdetetrack as well as along
track position fixing accuracy on the basis of gprapriate containment
level. RNP types specify the minimum navigationf@enance accuracy
required in an airspace.

This manual explains the concept and provision&®RNP, identifies how

RNP affects the system providers and system uaats provides regional

planning groups with a basis for the developmerdazfuments, procedures
and programmes to introduce RNP into the airspace.

* ICAO Doc 9689-AN/953 Manual on Airspace Planning Minodology for the
determination of Separation Minima

o

The primary objective of this manual is to guidespace planners, ICAO
Regional Offices and the regional planning groupd # assist them with
implementation of CNS/ATM systems, particularly relation to airspace
planning, implementation of the required navigatperformance (RNP)

concept and area navigation techniques.

The methodology presented in this document proviaesamework by

which airspace characteristics, aircraft capabditg traffic demand can be
assessed for the purpose of determining safe separinima for en-route

operations.

* ICAO Doc 9854-AN/458 Global Air Traffic ManagementOperational Concept

o

This document presents an operational concept whkiamtended to guide
the implementation of CNS/ATM technology by providia description of
how the emerging and future ATM system should deerEhis, in turn, will
assist the aviation community to transition frone thir traffic control
environment of the twentieth century to develop finegrated and
collaborative air traffic management system neddedeet aviation’s needs
in the twenty-first century.

* ICAO Doc 9750-AN/963 Global Air Navigation Plan

o

30 January 2010

This updated and revised version of the Global Ravigation Plan for
CNS/ATM Systems, re-titled as the Global Air Natiga Plan, was
developed in consideration of the operational cph@nd the Strategic
Objectives of ICAO.

It contains near and medium term guidance on auigatdon system
improvements necessary to support a uniform triamsib the ATM system
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envisioned in the operational concept. Long-teritiatives will be added to
the Global Plan as the technology matures anduppaosting provisions are
developed.

In summary, the Global ATM Operational Concept juleg the vision. The
Global Air Navigation Plan, with its initiatives drassociated interactive
planning tools, serves as a strategic documentigingy the planning

methodology that will lead to global harmonization.
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Acronym Definition
A Autonomous Aircraft Advanced
ACARS Aircraft Communication Addressing and Reporting System
ACAS Airborne Collision Avoidance System
ADS-B Automatic Dependant Surveillance - Broadcast
ADS-C Automatic Dependant Surveillance - Contract
AFR Autonomous Flight Rules
AIS Aeronautical Information Service
AMAN Arrival Manager
AMFF Autonomous Mediterranean Free Flight
ANS Air Navigation Services
ANSP Air Navigation Services Provider
AOM Airspace Organisation & Management
ASAS Airborne Separation Assistance System
ASAS-TN2 |ASAS Thematic Network 2
ASEP Airborne Separation
ASP Aeronautical Surveillance Panel
ATC Air Traffic Control
ATCo Air Traffic Controller
ATFM Air Traffic Flow Management
ATM Air Traffic Management
ATN/CLNP  |Air Traffic Network/Connectionless Network Protocol
ATS Air Traffic Services
ATSEP Air Traffic Safety Electronics Personnel
CAZ Collision Avoidance Zone
CD Conflict Detection
CD&R Conflict Detection and Resolution
CDM Collaborative Decision Making
CDTI Cockpit Display of Traffic Information
CNS Communication, Navigation and Surveillance
ConOps Concept of Operations
COTS Commercial Off-The-Shelf
CP Conflict Prevention
CR Conflict Resolution
Csz Comfort Separation Zone
CTA Controlled Time of Arrival
DCB Demand and Capacity Balancing
DL Data Link
DST Decision Support Tools
EASA European Aviation Safety Agency
EGPWS Enhanced Ground Proximity Warning System
FAA Federal Aviation Administration
FFAS Free Flight Airspace (outdated)
FMS Flight Management System
FOC Flight Operations Centre
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GA General Aviation
GNSS Global Navigation Surveillance System
HF Human Factors
HMI Human Machine Interface
HS Head of State
ICAO International Civil Aircraft Association
IFR Instrumental Flight Rules
I0C Initial Operational Capability
IP Implementation Package
IP Internet Protocol
LoC Lines of Change
LoS Loss of Separation
LTACD Long Term Area Conflict Detection
LTAZ Long Term Awareness Zone
MA Managed Airspace
MEL Minimum Equipment List
MET Meteorological Service
MOC Minimum Obstacle Clearance
MSZ Minimum Separation Zone
MTAZ Medium Term Awareness Zone
MTCD&R  |Medium Term CD&R
NFU Non-FOC Airspace User
NOP Network Operations Plan
NVFR Night Visual Flight Rules
ol Operational Improvement
OPSP Operations Panel
PANS Procedures for Air Navigation Services
PAZ Protected Airspace Zone
P-RNAV Precision Area Navigation
RIT Radio Telecommunications
RAA Restricted Airspace Area
RBT Reference Business Trajectory
RNP Required Navigation Performance
RNPC RNP Capability
RSP Required Surveillance Performance
RTA Required Time of Arrival
RTD Research, Technology and Development
S&M Sequencing and Merging
SA Situational Awareness
SARP Standards and Recommended Practices
SASP Separation and Airspace Safety Panel
SBT Shared Business Trajectory
SES Single European Sky
SESAR SES Advanced Research
SFM Strategic Flow Management
Sl Spacing Interval
SM Separation Minima
SSAS Self Separation airspace
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SSEP Airborne Self Separation
SSR Secondary Surveillance Radar
STAZ Short Term Awareness Zone
STCD&R Short Term CD&R
SVFR Special Visual Flight Rules
SWIM System Wide Information Management System
TA Traffic Alert
TBD To Be Defined
TCAS Tactical Collision Avoidance System
TCP Trajectory Change Point
TIS-B Traffic Information Service - Broadcast
TIS-C TIS-Contract
TMA Terminal Manoeuvring Area
TS Trajectory Synthesizer
TTF Traffic To Follow
UA Unmanaged Airspace
UAV Unmanned Air Vehicle
VFR Visual Flight Rules
VMC Visual Meteorological Conditions
WHA Weather Hazard Areas
WP Work Package
WXR Weather Radar
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