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APACHE

ASSESSMENT OF PERIAQIRE IN CURRENT AORERATIONS AND &N
CONCEPTS OF OPERMIIKDR ITS HOLIENEIANCEMENT

This Documeritis part of a project that has received funding from the SESAR Joint Undertaking under
IANF yG FANBSYSYyld b2 codhpooy dzy RSNI 9dzNRBLISIY ! yAz2y
programme.

Abstract

The APACHE project proposes a new approach to assess &urdj®l performance based on
simulation, optimization and performance assessment tools that will be able to capture the complex
interdependencies between KPAs at different modelling scales.

This document is the baseline for the Project and defines theaijmeral context which encompasses

the evaluation studies that will be carried out in the Projethe baseline and SESAR 2020 target
operations definition within the context of APACWH permit to settle the scope of the project and

trace it within the ontext of the SESAR programme. This traceability is carried out as per SESAR
solutions to be assessed, that could be assessed or that enable other solutions to be assessed within
the Project.

l¢kS 2LMAYyA2ya SELINBaAaSR KSNBAY NBTFt SO0 (KS JbiddinKeztakibgbe OA S6 2
responsible for any use that may be made of the information contained herein.
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1 Introduction

1.1 Purpose, context and scope of the document

The APACHE Project covers the topR11-2015 ¢ ATM Performance within the area of ATM
Operations, Architecture, Performance aN@lidation and proposes a new approach based on
simulation, optimization and performance assessment tools, which aims to capture complex
interdependencies between Key Performance Areas (KPA) at different modelling scales (micro, meso
andmacro).

This DelrerableD2.1- Scope and definition of the concept of operatifarghe project can be seen as
the baseline document of the Project. It is the sole output of Project's work package (\WHD22:
Scope and definition of the concept of operatiansg aimgo set the different contexts of operations
that will be considered in the new APACHE system developed within the PFajatithis operational
context, the scope of théProjectis concreted and a seif SESAR solutioiiss identified to be subject
of study during the assessing activities of the Proj&wally, D2.1 aims to set up the pavement of the
potential evolution of the concept towards higher levels of maturity.

This Document is the main input for WPBey performance indicators (KPI) review and definition of
novel KPlswhere a review of current KPIs for the contexts of operations identified in this D2.1 will be
performed, together with a proposal for new indicatprghich could becomputed with theAPACHE
system developed in this Proje@s resultWP3 will producé®eliverableD3.1- Review of current KPIs
and proposal for new one#loreover, D2.1 and D3.1 will provide with the essential information to
identify the functional requirements for the ACHE frameworkThus, a final output for WP3,
Deliverable D3.2 Functional requirements and specification for the ATM performance assessment
framework will be produced, serving as starting point fa¥P4 - Development of the APACHE
framework(seeFigurel-1 below).

WP2 - Scope and definition of the concept of operations

D2.1 - Scope and definition of the
concept of operations for the project

1

WP3 - KPI review and definition of new KPIs

WP4 - Development
D3.2 - Functional requirements and of the APACHE

D3.1 — Review of current KPIs specifications for the ATM

and proposal for new ones performance assessment framework e
Figurel-1. Context of deliverable D2.1
Founding Members © ¢ 2016¢ APACHE consortit 7
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1.2 Document structure

The document is structured as follows:

I Sectin 1: Purpose, context and scope of the document; document structure; SESAR context
and definitions, Glossary and definition of terms.

1 Section 2:;The APACHE Project is presented, summarising its background and motivation, its
hightlevel objectives and outcomes and, briefly, the research approach proposed.

1 Section 3:The APACHE system is described, including the basic elements of both the current
ATM paradigm and the SESAR 2@@@et ATM paradigm that should be modelled to capture
the main actors and stakeholders of the ATM, together with their principal performance
drivers and interrelations between the same.

9 Section 4concludes this report

1.3 SEBR 2020 context and definitions

As the project is encompassed within the SESAR 2020 framework, some concepts need to be clarified
in order to understand the context of this document. This section details several SESAR definitions and
concepts.

1.3.1 SESAR Solom

The{ 9{!w HAHAN LINRPINIYYS 2dzildzi A& RSTFAYSR IyR LI (
Solutions contain outputs from R&I activities which relate to either an Operational Improvement (Ol)

step or group of Ol steps and associated enablers whigh baen designed, developed and validated

in response to validation targets that when implemented, will deliver performance improvements to
European ATM (SESAR Joint Undertaking, 2015b).

Appendix A of this document contains a complete lighefSESAR solutions that have been identified
in the course of activities of APACHE WP2 (SESAR Joint Undertaking, 2016a, 2016b).

1.3.2 Capability

A Capability is the collective ability to deliver a specified type of effect or a specified course of action.
Within the context of the SESAR Programme, a capability is therefore the ability to support the delivery
of a specific operational concept to an agreed levgdaformance(EUROCONTROL, 2015e)

1.3.3 Operating Environments

The R&D solutions under SESAR 2020, will bomrito the improvements and benefits to be realised
through the gradual implementation and deployment of the SESAR ConOps. The following aspects of
four operational environments (airport, eroute, TMA and network) need to be considered for SESAR
2020 (SBAR Joint Undertaking, 2016c):

9 Traffic Characteristics (including AirportPresented by Long term forecasting with horizons
of up to twenty years, as indicated in (EUROCONTROL, 2013).

8 © ¢ 2016¢ APACHE consortium Founding Members
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9 Capacity Characteristics (SESAR Joint Undertaking, 2015a):

o0 Airports: @mbination of Utilisation / Layout.

o TMA: Low Medium/High Complexity.

o En Route:For En Route Operating Environments, the categories are based on the
Complexity score (a composite measure combining traffic density (concentration of
traffic in space and timewith structural complexity (structure of traffic flows)
described in the PRR Report 2013 (EUROCONTROL, 2014). See2e2tbrhis
document for more informaon.

9 Airport Capacity Presented in (EUROCONTROL, 2013)
1 Environmental ImpactPresented in (EUROCONTROL, 2013)

1.4 Glossary and Definition of Terms

A list of the important terminology and acronyms used in this document is presented below. They are
taken, wtren available, from the SESAR ATM LeXEQ ROCONTROL, 2015€)

Term Explanation
(A)FUA (Advanced) Flexible Use of Airspace
ACAS Airborne Collision Avoidance System

ACC Area Control Centre

ADP ATFCM Daily Plan

ADSB Automatic Dependent SurveillanceBroadcast
ADSC Automatic Dependant Surveillane€ontract
AeroMACS Aeronautical mobile airport communication system
AIRE Atlantic Interoperability Initiative

AMAN Arrival Management

ANM ATFCM Notification Message

ANSP Air Navigation Serviderovider

AO Aircraft Operator

AOC Airport Operations Centre

AOP Airport Operations Plan

APACHE Assessment of performance in current ATM operations and of new concepts of
operations for its holistic enhancement
A-PNT Alternative Position, Navigaticemd Timing

ARES Airspace Reservation/Restriction

ASAS Airborne Separation Assurance System

AOM Airspace Organisation and Management
ASP Airspace Planning (APACHE system module)
ASM Airspace Management

ATC Air Traffic Control

ATCO Air TrafficController
ATFCM Air traffic flow and capacity management

ATFM Air traffic flow management
ATM Air traffic management
ATS Air Traffic Service
ATSU Air Traffic Services Unit
Founding Members © ¢ 2016¢ APACHE consortit 9
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Term Explanation
AU Airspace User
CANSO Civil Air Navigation Services Organisation
CASA Computer Assisted Slot Allocation
CAT Category
CCC Continuous Cruise Climb
CCO Continuous Climb Operations
CDM Collaborative Decision Making
CDO Continuous Descent Operations
CNS Communication, Navigation and Surveillance
COBT Calculated OfBlock Time
ConOps  Concept of operations
CORA Conflict Resolution Assistant
CPDLC ControllerPilot DataLink Communications
CTA Controlled Time of Arrival
CTO Controlled Time Over
CTOT Calculated Takeff Time
CWP Controller WorkindPosition
DAC Dynamic Airspace Configuration
DCB Demand and Capacity Balance
DCM Dynamic Capacity Management
dDCB Dynamic Demand and Capacity Balancing
DMAN Departure Management
DOD Detailed operational description
D-TAXI Datalink taxi clearancéelivery
DUC Determined Unit Cost
EAP Extended ATC Planning
ECAC European Civil Aviation Conference
EN Enabler
EOBT Estimated OfBlock Time
EoSM Effectiveness of Safety Management
ER Exploratory research
ETD Estimated Time of Departure
ETFMS Enhanced Tactical Flow Management System
ETO Estimated Time Over
ETOT Estimated Tak®ff Time
EU European Union
FAB Functional Airspace Block
FCI Future Communications Infrastructure
FIR Flight Information Region
FL Flight Level
FLP Flight Plan
FMP Flow Management Position
FMS Flow Management System
FOC Flight Operations Centre
10 © ¢ 2016¢ APACHE consortium Founding Members
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Term Explanation
FRA Free Route Airspace
FRT Fixed Radius Transition
G/IG Groundto-Ground
GA General Aviation
GBAS Ground Based Augmentation System
GLS GNSS Landing System
GNSS Global Navigation Satellite System
GPS Global Positioning System
ICAO International Civil Aviation Organisation
IFPS Initial FPL Processing System
IFR Instrument Flight Rules
ILS Instrument Landing System
INAP Integrated Network Management arteixtended ATC Planning
INP Initial Network Plan
KPA Key Performance Area
KPI Key Performance Indicator
LoA Letter of Agreement
LPV Localizer performance with vertical guidance
LTM Local Traffic Management
LvC Low Visibility Conditions
LVP LowVisibility Procedures
MCP Mandatory Cherry Pick
MDI Minimum Departure Intervals
MET Meteorology/Meteorological information
MIT Miles in Trail
MO Management Objective
MSP Multi Sector Planning
MTCD Medium-Term Conflict Detection
NM Network Manager
NMF Network Manager Function
NMOC Network Manager Operations Centre
NMPP Network Manager Performance Plan
NOP Network Operations Plan
NSA National Supervisory Authority
NSP Network Strategy Plan
OE Operating Environment
OFA Operational Focus Area
Ol Operational improvement
Ols Operational Improvements steps
OSED Operational Service and Environment Definition
P&S Processes and Services
PBO Performance Based Operations
PCP Pilot Common Project
PRB Performance RevieBody
Founding Members © ¢ 2016¢ APACHE consortit 11
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Term Explanation

PRU Performance Review Unit

RA Risk Assessment (APACHE system module)
RBT Reference Business Trajectory

RMT Reference Mission Trajectory

RNP Required Navigation performance

RPAS Remotely Piloted Aircraft Systems

SBT Shared Business Trajectory

SES Single European Sky

SESAR Single European Sky ATM Research

SJU SESAR Joint Undertaking

SMT Shared Mission Trajectory

SPR Safety and Performance Requirements

STAM Short Term ATFCM Measures

STCA Short Term Conflict Alert

SWIM System widenformation management

TAP Trajectory and airspace planner

TBO Trajectory Based Operations

TCP Traffic and Capacity Planning (APACHE system module)
TGSA Trajectory Control by (Ground Based) Speed Adjustments
TCT Tactical Controller Tool

TMA Terminal Manoeuvring Area

TP Trajectory Planning (APACHE system module)
TRACT Trajectory Adjustment through Constraint of Time

Tablel-1. Glossary of terms

12 © ¢ 2016¢ APACHE consortium
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2 The APACHE Project

At present, the European Air Traffic Management (ATM) is evolving in a coordinated manner aiming at
improving the overall efficiency of air navigation services across séwsrakrformance areas (KPAS).

In this context, novel operational and technicahcepts are proposed in the SESAR programme, and
the evolution of these concepts is driven by the European ATM Master Plan through a seivafeEU
performance targets with the help of the Single European Sky (SES) Performance Scheme, which
establishes an greed methodological framework for performance targeting, measuring, baselining
and benchmarking in ATM.

The APACHE project proposesiew approach to assess European ATM performance based on
simulation, optimization and performance assessment todtet will be able to capture the complex
interdependencies between KPAs at different modelling scales (micro, meso and macro).

This section details the scope of the APACHE project. First, some background is given on the Single
European Sky (SES) programme puhiicing the motivation for the current project. Then the APACHE
project and objectives are presented, along with the proposed research approach.

2.1 Background and motivation

The International Civil Aviation Organization (ICAO) launched in 2003 a worldwide initiative to ensure
that the future global ATM system is performance based. For that purpose, ICAO has developed two
documents: ICAO Doc. 9882 (ICAO, 2008) and Doc. 9883, (RD09). Worldwide support to ICAO
initiative is also given by the CANSO (Civil Air Navigation Services Organisation) which published a
R20dzyYSyidyY awSO2YYSYRSR YS& tSNF2NXNIFYyOS LYRAOI
t SNF2NXI yOS¢ Ay ath tN®iKitiative) suprebt ATN peffokmAre assessment is
addressed in Europe through thliRerformance Schemdefined in the Implementing Regulation No
390/2013 (European Commission, 2013). As stated in such document, the performance scheme should
contribute to sustainable development of the air transport system by improving the overall efficiency

of air navigation services across the key performance areas of safety, environment, capacity and cost
efficiency.

The Single European Sky (SES) High Levelgeaislitical targets set by the European Commission
with the support of the Single Sky Committee. The scope of the SE&d¥igihGoals is the full ATM
performance outcome resulting from the combined implementation of the SES pillars and instruments
as well as industry developments not driven directly by the EU. In 2012, the Commission stated its
political vision and set higlkevel goals for the SES to be met by 2035 and beyond. In (SESAR Joint
Undertaking, 2015) these goals are updated, with respecbtmeline year 2012, as:

I enable a Zold increase in capacity and thus reducing delays both on ground and in the air;
1 improve safety by a factor of3;

Founding Members © ¢ 2016¢ APACHE consortit 13
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1 enhance the operational flight efficiency by reducing the fuel burnt ir6&3per flight and the
trip duration in a 510% per flight;

I enable a 510 % reduction in the effects flights have on the environment; and

1 provide ATM services to the airspace users at a cost of at lea#@%B0less.

These overarching goals are the initial foundation of the SES Raakdghus must be always kept in

mind when assessing Performance in ATM in Europe. SE& d¥igihGoals receive the contribution

from all the SES Pillars, including SESAR and the Performance Scheme. As such, both will be analysed
in APACHE project and catlered when working on the definition of new Performance Metrics.

The SESAR 2020 Concept of Operations (SESAR Joint Undertaking, 2016c) refers to innovative concepts
such as TBO and PBDajectory Based OperatiorendPerformance Based Operationd)nderthese
paradigms, a more dynamic optimisation and allocation of airspace to enable the airspace users to
access required airspace with minimum constraints is also foreseen. It is expected that these new
concepts will have a significant impact in ATM pearfance anchew metrics and models to capture

it will be needed Moreover, it will also be essential to understand tmmplex interdependences

that exist among the different KPAsand how improving one particular area might eventually affect

the performanceof other area(s).

2.2 Project scope and objectives

The highlevel objective othe APACHIProjectisto provide withnew methodologies to capture the
performance impact of ATM operationsn different stakeholders in line with SESAR 2020 ConOps
(SESAR Joibindertaking, 2016¢}aking into account a wide range of KPAs anaposing innovative

or enhancednetrics andndicators.In this context, pecific objectives of the Project are:

1 to propose new metrics and indicators capable of effectively capturing Eyean ATM
performance under eithecurrent or future concept of operationsfostering a progressive
performancedriven introduction of new operational and technical concepts in ATM in line
with SESAR goals;

1 tomake an (initial)jmpact assessment dbng-term ATMconcepts(in line with some relevant
SESARolutions), with the new APACHE Performance Schemasuring the impact on ATM
KPAs under different asmptionsand hypothesesand

9 to analyse the interdependencies between the different KP#yscapturingthe Paretofront
of ATM performance, by finding the theoretical optimal limits for each KPA and assessing how
the promotion of one KPA may actually reduce (and in which proportion) the performance of
other KPAs.

2.2.1 Assumptions and limitations of théroject

Taking into account the exploratory nature of the APACHE project and its duration (2 years), the
following assumptions are applied:

1 Only the enroute airspace structure is considered: TMA operations differ significantly from
en-route ones and are not to beonsidered. Since the limit between -eoute and
departure/arrival phases is not always the same and depends on the TMA configuration, as a
first approximation, only those portions of trajectories above FL195 will be considered.

14 © ¢ 2016¢ APACHE consortium Founding Members
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This corresponds with the upper altitude limit of the majority of TMAs in the ECa#ie2-1

below shows the upper limit of the main European TMAs and the FIR/UIR limits in the ECAC
area. This assumption does not mean that aircraft climbing/descending are not considered,
since at ths altitude aircraft are certainly still climbing or already descending.

1 Only Instrumental Flight Rules (IFR) traffic will be considered in the simulations, neglecting
Visual Flight Rules (VFR) traffic.

1 All simulated airspace (ECAC level) is consideredvibusage only and therefore segregated
airspace or (advanced) flexible use of airspace (A)FUA concepts are not considered-(no civil
military coordination will be considered).

1 Remotely Piloted Aircraft Systems (RPAS) and Unmanned Aircraft Systemsp&ras)ns
will not be considered.

1 Only nominal flight operations will be simulated: contingency or emergency procedures will
not be taken into account.

1 Interactions with airports will not be considered. Thus, all delays due to airport operations will
be neglected. Similarly, all delay attributable to airspace users (such as maintenance issues)
will also not be modelled. It should be noted, however, that these types of delay could
eventually be introduced "manually” into the simulation platform by defining accordingly
some input scenario parameters and/or by modelling these delays as part of the uncertainty
associated to the initial flight timetamp. In other words, airport/airline delay could be
considered as independent input variables in the simutajdout will not be modelled as part
of the ATM process.

1 Similar to previous point, interactions with TMA operations will not be considered. Thus, all
delay and changes in the flight trajectory produced by arrival/departure managersMA/D)
or by tactich ATC intervention (such as path stretching) will not be considered.

TMA Upper limit Reference TMA Upper limit  Reference

London  FL195 (EUROCONTROL, 20C Lisboa FL245 (IVAGPT, 2016)

Paris FL195 (EUROCONTROL, 20C Stockholm  FL195 (Dervic & Rank, 2015)
Frankfurt FL100 (EUROCONTROL, 20C Zurich FL195 (Skyguide, 2016)
Madrid FL245 (ENAIRE, 2016) Brussels FL195 (Belgocontrol, 2016)

(Air Traffic Control the Copenhague

Schiphol  FL095 Netherlands, 2016) _Kastrup FL195 (IVAO Nordic Region)
Roma FL195 (ENAV2014) Scottish FL195 (NATS, 2016)

Milano FL195 (ENAV, 2014) Athens FL245 (IVAO, 2009)

Munich N/A Malta FL195 (Transport Malta, 2016)

Barcelona FL245 (ENAIRE, 2016)
Table2-1. Upper limit of mainEuropean TMAs

2.2.2 Operating Environments and Stakeholders

The SESABperating Environmen{OE) applicable to the APACHE project and thus to the Operational
Context defined in this documentisiroute. The subcategories of this OE amv, Medium and High
complexity (SESAR Joint Undertaking, 2016c). These categories are based on the complexity score, a
composite measure combining traffic density (concentration of traffic in space and time) with
structural complexity (structure of traffic flows) describedtire PRR 2013 Report (EUROCONTROL,
2014):
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1 low complexity erroute has a complexity score of less than 2;
1 medium complexity emoute has a complexity score of between 2 and 6; and
1 high complexity efroute has a complexity score of more than 6.

APACHE assessntswill bedone initially at functional airspace block (FAB) level; and a later stage, at
ECAC level. Specific scenarios will be created to reproduce low, medium and high complexity operating
environments.

Stakeholdersare organisations and entities W are in charge of the deployment, the timeframe and
the operating environments where the changes will impact and deliver benefits. The stakeholders
relevant in the APACHE project &ABSPs and Airspace Users.

2.2.3 Link with SESAR Solutions

To trace the scopef the APACHE project within the context of the SESAR programme, a group of
SESAR solutions have been identified as relevant in the framework of the Project. From the complete
list of 151 solutions found (se€eomplete SESAR Solutionsitigkppendix A, 23 have identified taking

into account the projecscope and limitationsand consi@ring only SESAR solutions proposed in the
SESAR 2020rogram Furthermore, another relevant aspect for this selection has been taken into
account: the capabilities that are expected by the APACHE Framework, given the duration and planned
effort of the Prgect.

Table 22 shows the list of solutions selected. Thelutionshave been grouped ithree different
categories, which correspond to the following criteria:

I SESAR solutions to be (initially) assessed in APAGHEN the assumptions and limitations
of the APACHE frameworkgesection2.2.1), these solutions will be considered in the Project
and modelled in the APACHE system. This will allow to perform anl jpéréormance
assessment of these solutions. The APAGM&Eemwill be able to enable/disable these
particular solutions (or group of solutions). Specific simulation scenarios and case studies will
be designed to carry out these assessments (see sectBbioldetails of the APACHE system
and proposedscenario$.

1 SESAR solutions which impact could be assessed by APACHE if some extra modules and/or
input data are providedsolutions that are out of the scope of the Project, but which impact
could be assessl with the APACHE System, providing that some extra modules and/or input
data is given (such for example ATFM slot swapping algorithms, or UDPP mechanisms). Impact
of some of these solutions could be eventually assessed if the effidrschedule constrais
of the Project permit so. They also can be seen as possible future applications or studies of the
APACHBystem

1 Supporting SESAR solutions for APACHE assessnSatigions which impact will be implicitly
assessed in APACHE since they are considsredablers for other SESAR solutions. However,
they will not be modelled in APACHE (will be certainly assumed to be enabled in the context
of operations) and therefore cannot be enabled/disabled in the APACHE framework.
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Solution ID SESAR Solution Name Program Remarks
SESAR solutions to Ifmitially) assessed in APACHE
Not identified as SESAR solutior
but identified in other programs
Continuous Cruise Climb (CCC) such as AIRHEs impact can be
Operations assessed in APACHE and can
serve as baseline for maximum
fuel efficiency flights.
Optimized traffic management to
PJ.0601 enabIE:‘ Free Routlrjg in high and SESAR 2020
very high complexity
environments.
Management oPerformance
PJ.0602 Based Free Routing in lower SESAR 2020
Airspace
PJ.0701 AU _P_rqcesses for Trajectory SESAR 2020
Definition
PJ 0801 Man_agem_ent of Dynamic Airspac SESAR 2020
configurations
PJ.0901 Network Prediction and SESAR 2020
Performance
PJ.0902 Integrated Local DCB Processes SESAR 2020
PJ.0903 Collaborative Network SESAR 2020

Management Functions

SESAR solutions wdti impact could be assessed by ACHE if some extra modules and/or input data art
provided

PJ.0702

AU FleePrioritization and
Preferences (UDPP)

SESAR 2020

Could be assessed with APACH
the UDPP mechanism is provide
and programmed into the
APACHHAP tool.

PJ.0802

Dynamic Airspace Configuration
supporting moving areas

SESAR 2020

Could be assessed wWikPACHE i
the DMA and some kind of chvil
military coordination is
implemented into the APACHE
TAP tool.

PJ.101a

High Productivity Controller Tearnr
Organisation

SESAR 2020

Could be assessed with APACH
some extra modules and/or inpu
data were providedworkload
limit, tasks that influence
workload, etc.) linked with MSP.

PJ.1801

Subregional Demand Capacity
Balancing Service

SESAR 2020

Could be assessed with APACH
the configuration parameters of
subregional DCB service are
defined and thdlifferent services
implemented into the APACHE
TAP tool.

Founding Members
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Solution ID SESAR Solution Name Program Remarks
Supporting SESAR solutions for APACHE assessments
Enabler for strategic
. . deconfliction, free routing,
PJ.0704 AU TraJe.ctory Execution from FO SESAR 2020 continuous cruise climbs,
perspective ;
collaborative network
managemenfunctions etc.
: Enabler for strategic
PJ.1002b Q(l\:]aanceergei?paratlon SESAR 2020  deconfliction, free routing,
g O2y(Aydzda ONYZ
. . Enabler for strategic
PJ.1604 ﬁ)dFII-:OﬁtDDeEEEatlon of Separation SESAR 2020  deconfliction, free routing,
g O2yiAydzda ONYZ
Enhanced Airborne Collision Enabler for free route,
Avoidance for Commercial Air continuousclimb operations
PJ.LIAL Transport normal operations SESARD20 o/ /1 /0 X lFa AYl
ACAS Xa mechanism.
Enabler for free route,
ACAS for Commercial Air Transpi continuousclimb operations
PJLIAS specific operationg ACAS Xo SESAR 2020 o/l / 0z X lFa AYl
mechanism.
Enabler for free route,
Enhanced Grounbased Safety continuousclimb operations
PJ.1IGT Nets adapted to future operations SESAR 2020 o/l / 0z X lFa AYl
mechanism.
Enabler for collaborative networl
PJ.1508 Trajectory Prediction Service SESAR 2020 ma”age”!e”‘ functions, strategic
deconfliction, demand and
capacity balance, etc.
Work Station, Service Interface Enabler fo dynamicsectorisation
PJ.1603 Definition & Virtual Centre SESAR 2020 regardless of country boundaries
Concept (FAB level or even SES).
S I Purle Profl o S
PJ.1701 Air/Ground Advisory Information SESAR 2020 gem ' 9
. deconfliction, demand and
Sharing .
capacity balance, etc.
. . Enabler for collaborative networl
Integration of trajectory managementdinctions, strategic
PJ.1802 management processes in SESAR 2020 gem ' 9
. . deconfliction, demand and
planning and execution .
capacity balance, etc.
Management and sharing of data Enabler for dynamic
PJ.1804 used in trajectory (AIM, METEO) SESAR 2020 sectorisation, free routing, etc.
PJ.1806 Performance Based Trajectory SESAR 2020 Enabler for dynamic

Prediction

sectorisation, free routing, etc.

Table2-2. SESAR solutions relevant to the APACHE project

2.3 Research approach

APACHE revolves aroundnavel systemthat is expected to generate optimal trajectories at
microscopic level, with the consideration of the business models of the airspace users, and integrate

18 © ¢ 2016¢ APACHE consortium
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them into a futuristic air traffic flow management scheme where trajectories are strategically de
conflicted at the same time than airspace complexity is also assessed.

This system will be capable of capturing complex interdependencies at different scales across the main
KPAs that define ATM performance. The same system can be configured to reproduer cu
operations (structured emoute network, flight level allocation and orientation schemes, conventional

air traffic flow management, static sectorisations, etc.). Figufieshows the overall concept of the
APACHE simulator framework, which is sumaadtias follows:

9 Different scenariosto be studied will be defined, setting up different options regarding the
demand of traffic and airspace capacities; the SESAR solutions to be tested; and the level of
uncertainty to be studied.

1 TheAPACHHAP(trajectory and airspace planner) will be able to compute a sedmifmal
(ideal) trajectories and airspace sectorisationas a function of the input scenario variables,
in such a way that safety and complexity levels are maintained below an acceptabldlesel.
set of optimal trajectories and sectorisations will form the different baselines for the new
indicators proposed in APACHE to assess ATM performalmcether words, they will be the
reference@l £ dzS& G6KSNB GKS RATTSNEBY peratbrS)iwilllbéd ¢ 6 RS
computed.

1 Theperformance analysemodule will be in charge of assessing these outputs (i.e. optimal
baselines of traffic and sectors) generated by the APATAEand according to the different
metrics implemented in the inner perforance scheme (current and/or new indicators
proposed in the APACHE).

9 This approach can contribute to generate knowledge on the complex interrelations among
the different KPAs and may be useful to find the Pardtont of the ATM performance.

simulator

Scenario configuration " APACHE System | " Knowledge generation
\ -~ APACHE-TAP
Traffic demand ConOps H ) ) KPAs trade-offs Impact assessment
) Trajectory planning Perforlmance (Pareto-front) of new ConOps
4 X A ( ( analyser

‘ Historical FLPs ‘ ngsgs;y ‘ Trajectory Trajectory ‘ Safety ‘ ‘ EU-wide 2DFR ‘
\ optimizer simulator Current N "
EErr— (SRIFR, \ I\ Performance \ Capacity || EUwide3DFR |
‘ jectori ‘ | FL/CCCE) Scheme | ATM Cost-Efficiency | | Dynamic Sectoring |

trajectories — ‘ y ! g
P Airspace Traffic & capacity planning — | Flight Efficiency | ‘ Newnigl;:rsa“‘)” ‘
‘ New FELS ‘ _ConOps ' 7 \ / 3 New APACHE . - . .

scenarios (static, dynamic) Conflict Conflict Performance ‘ Predictability ‘ ‘Collab. Flight Plannlng‘

prediction resolution Scheme KPAs

Capacities Uncertainties . VN ) ¥ To rgeting & base-lining Historical assessments
p Historical - " Wind prediction - DCB/dDCB Real-time KPAs for future RPs ‘ of ATM performance
‘ sectorisation ‘ error ‘ (STAM strategies) E(lfsosrisyir;‘lrilr;t ‘ Safety ‘ ‘ Safety ‘
p S p S § planning) ‘ Capacity ‘ ‘ Capacity ‘

Nominal Operational Airspace planning (sectorin: f
‘ capacities ‘ ‘ delays ‘ g o U;) ¢ \ ‘ ATM Cost-Efficiency ‘ ‘ ATM Cost-Efficiency ‘
Benchmarking
Sector Sector i Flight Efficienc Flight Efficienc
New ANSP (scenarios or ‘ g Y ‘ ‘ g Y ‘

‘ Thunderstorms ‘ optimizer perf. schemes)

‘ Predictability Predictability

scenarios

Figure2-1. The APACHE simulator framework
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envisioned in a high TRL maturity (i.e., TRL9), in which by means dideiifli simulations and

enhanced indicators the ATM performance could be measured accurately (and possibly in real time),
enabling in this way the future paradigmPérformance Based Operations. The APACHE System (part

of the simulator framework, as shown Kigure2-1) is the tool that will be actually built during the
Founding Members © ¢ 2016¢ APACHE consortit 19
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scope otthis Project, at an early TRL (thus far from the ideally described APACHE concept) and subject
to some limitations (some identified in the present section and some in segfion

The objective of this Deliverable D2.1 is to define the scope of the "APACHE System" (simulator)
generating the right expectations in the context of the project, and setting up the pavement of the
potential evolution of the APACHE Concepvards higher levels of maturity.

Table 2-3 provides an overview of the preliminary scenarios proposedadoressthe resarch
objectives of the project and to illustrate the advantages of the APACHE System in assessing ATM
performance It should be noted that the APACHE systsith also be able to partially assess the
current ATMwith the aimto establish a baseline for the operational concepts considerbd final list

of scenarios and testases (variants within the same scenaria)ll be established later oim the
Project,within the activities of WP5.1Scenario and Case studies

EUwide ConOps Capacities DCB/dDCB planner Uncertainties Main Interest
id Traffic Demand: Historical trajectory records (recreation)
StructuredRoute Conflict detection APACHHramework

Historical nominal

Flight Levels - .
S0 9 sectorisation (recreation)

Static sectors

and hotspot No adjustment
detection (for benchmarking)

Traffic Demand: Historical FPLs (optimization: maximum flight efficiency givenGloisOp$

Structured

. . Conflict detection Baseline scenario
Route Historical nominal .
S1 . L . and hotspot No (for benchmarking and
Flight Levels sectorisation (recreation) . . .
. detection comparison with S0O)
Static sectors
Structured Minimize number of sectors . . ATM CostEfficiency
. . Conflict detection
Route (balancing the complexity (compare number of
S2 . . and hotspot No . .
Flight Levels among sectors; max . sectors needed in S1 with
. . . detection . .
Dynamic sectors complexity from scenario S1 optimal in S2)
Safety and capacity
Free RoutdFR) o . Conflict detection ((How much the # of
. Historical nominal . .
S3 Flight Levels sectorisation (recreation) and hotspot No conflicts, thecomplexity
Static sectors detection and # of hotspots increast
in S3 wrt S1&S37?)
ATM CostEfficiency and
Free RoutgFR) M(Igéﬂﬁgi: urt?wt;eéc?r;s?:;ic;rs Conflict detection (fuellzt)guhragglccle?:igions
S4 Flight Levels g plexity and hotspot No '

among sectors; max detection and number of sectors
complexity fromscenario S1) required to supporfR +
CC@ompared with S1)

Dynamic sectors

Conflict detection
Minimize number of sectors and hotspot
(balancing the complexity detection

Safety, Capacity, ATM

Free Route CostEfficiency, Flight

S5 Flight Levels . . . No efficiency
. among sectors; max Strategic trajectory .
Dynamic sectors . . s (compare with S1, S3 anc
complexity from scenario S1 de-confliction and S4)
STAM measures
20 © ¢ 2016¢ APACHE consortium Founding Members
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EUwide ConOps Capacities DCB/dDCB planner Uncertainties Main Interest
Conflict detection Safety,Capacity, ATM
Minimize number of sectors and hotspot Yes CostEfficiency, Flight
Free Route . . . . .
(Balancing the complexity detection (wind pred. efficiency,

S6 Flight Levels

. among sectors; max Strategic trajectory errors & APT Robustness/predictability
Dynamicsectors

complexity from scenario S1 de-confliction and delays) (compare with S1, S3 anc

STAM measures S4)
Safety, Capacity
Free Rpute L . Conflict detection (How much the # of
No vertical Historical nominal . .
S7 : L . and hotspot No conflicts, the complexity
constraints sectorisation (recreation) . .
detection and # of hotspots increast

Static sectors in S3 wrt S1&S37?)

ATM CostEfficiency,

Free Route Minimize number of sectors Flight efficiency

) ; . Conflict detection (fuel burned, emissions
No vertical (balancing the complexity
S8 . . and hotspot No and number of sectors
constraints among sectors; max . .
Dynamic sectors complexity fromscenario S1) detection required to SupporfR +
b CC@ompared with S1 anc
S4)
Conflict detection
Free Route Minimize number of sectors and hotspot Safety, Capacity, ATM
s9 No vertical (balancing the complexity detection No CostEfficiency, Flight
constraints among sectors; max Srategic trajectory efficiency
Dynamic sectors complexity from scenario S1 de-confliction and (compare with S1 and S5
STAM measures
Conflict detection Safety, Capacity, ATM
Free Route Minimize number of sectors and hotspot Yes CostEfficiency, Flight
s10 No vertical (balancing the complexity detection (wind pred. efficiency,
constraints among sectors; max Strategic trajectory errors & APT Robustness/predictability
Dynamic sectors complexity from scenario S1 de-confliction and delays) (compare with S1, S3 anc
STAM measures S4)
Safety, Capacity,
Structured . . Robustness/resilience
o . Conflict detection Yes
Route Historical nominal . ((How many sectors and
S11 . L . and hotspot (hist. severe . .
Flight Levels sectorisation (recreation) . traj. are affected? What is
. detection weather) . .
Static sectors the associated risk?
Compare vs S1)
Conflict detection Safety, Capacity,
Minimize number of sectors and hotspot Robustness/resilience
Free Route . . . Yes
(balancing the complexity detection (How many sectors and

S12 Flight Levels (hist. severe

among sectors; max Strategic trajectory traj. are affected? What is

Dynamic sectors complexity from scenario S1 de-confliction and weather) the associated risk?
STAM measures Compare vs S1)
Safety, Capacity,
Free Route o . Conflict detection Yes Robustness/resilience
. Historical nominal . (How many sectors and
S13 Flight Levels L . and hotspot (hist.severe . .
. sectorisation (recreation) . traj. are affected? What is
Static sectors detection weather) . .
the associated risk?
Compare vs S1)
Founding Members © ¢ 2016¢ APACHE consortit 21
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EUwide ConOps Capacities DCB/dDCB planner Uncertainties Main Interest

S2- Traffic DemandS1 + x2 traffic demand predictiongp{imization)

Structured N . Conflict detection )
Route Historical nominal Safety, Capacity
S14 . . . and hotspot No )
Flight Levels sectorisation (recreation) detection (compare with S1)

Static sectors

Conlflict detection
Minimize number of sectors and hotspot
(balancing the complexity detection
among sectorsmax Strategic trajectory
complexity fromscenario S1) de-confliction and
STAM measures

Safety
No Capacity
(compare with S5 and S1:

Free Route
S15  Flight Levels
Dynamic sectors

Free Route Minimize number of sectors Conflict & hotspot

N ical (balancing the complexity detection Safety, Capacity
s16 Lo vertica : Strategic trajectory  No (compare with S9, S11 an
constraints among sectors; max L
de-confliction and S12)

Dynamic sectors complexity fromscenario S1) STAM measures

Table2-3. Preliminaryset of scenariosor research

Section 3 of this document presents thAPACHEYStem, providing some background of the baseline
operational concepts (i.ecurrent ATM mode) that will be assessed in ABHE and ating the SESAR
2020ATM target concept of operations (i.éuture ATM) that will also be assessed in the Project. For
both current and future ATM paradigms, it will be outlineaw they will be modelled in the context

of APACHEand discussechow far the APACHE system can reproduce and assess the ATM
performance drivers and their interrelations and tradeffs.

2.4 Research gestionsand expected outcomes

The effective integration of micro and macro models in the APASYBtEMWiIll allow capturing the
complexinterdependencies among KPAs, which in turn will shed some light on the following (initial)
research questions:

1 Canthe APACHE system provide new indicators to assess the impact of certain SESAR solutions
acrossall the KPAs proposed by the SESAR 2020oPmance Framework(SESAR Joint
Undertaking, 2016

1 With regards to thdimits of flight efficiency, how much fuel and emission reductions can be
achieved by enabling us@referred free routes at EAide level? If the aircraft operators can
fly their opimal trajectories without any fixed ATM or airspace constraint (i.e., free routing
including continuous cruise climbs)?

1 What is the expecteimpact in safety and capacitif free routing and/or continuous cruise
climbs are implementedWhich are thecapacty needs(in terms of nhumber of sectors and
configuration) to implement those in Europe if trajectories could be strategicalbodéicted
to reduce complexity at sectors?

1 With regards to the limits oATM costefficiency, what is (approximately) the mimum
number of sectors needed to support the current operations and traffic demand to minimize
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ATFM delays? And to support Free Routing or continuous cruise climbsvat&dr FABs
level? And what if the level of demand is a 50% higher, as forecast2d36f

1 With regards of ATM KPAs, cdlme Paretofront be estimatel? That is to obtain a
representative set of Paretefficient solutions in such a way that it is impossible to make any
improvement in one particular KPA without making at least one other KPA @orse

1 In the presence ofypical sources of flight uncertaintiessuch @ wind prediction errors or
airport delays, which might be the expected impactpnedictability and robustnesof the
planning? Which strategies could be implemented to increase predictability and robustness
and what might be the impact on other KPAs?

TheAPACHE system has sevarglortant featuresthat are worth mentioning

9 the simulation and optimization tools included in the APACHE framework can be configured to
represent different future hypothetical scenarios and operational capabilities;

1 the APACHsystemcan be configured to reproduce historical scenarios (i.e., recorded flight
trajectories and airspace sectorisations), enabling in this way the sreses of current ATM
operations;

1 the new (or enhanced) set of performance indicators that the AfAGystem can compute
might be useful to other institutions (such as the Performance Review Unit) to assess ATM
performance.

The APACHE framework could be also set up as dimealprototype for monitoring and targeting

ATM performance. These retine capabilities could contribute to the effective implementation of
Performance Based Operations (PBO) in the future, i.e. could serve as technological enabler for future
PBO paradigm.

Some tangible and practical outcomes of APACHE framework are the following:

1 initial assessment on the benefits (and performance traffs) when introducing certain
SESAR solutions at FAB or ECAC level;

1 assessment how the newjor enhanced) performance indicatorsan capture the ATM
performance under current and future ATM pargufis;

1 quantitative approximation of the theoretical limits of each KPA in current and future ATM
paradigms;

1 generation of knowledge and identificatiaf systembottleneck on the complex interrelations
among KPAs at the Paretmntier; and

9 provision of conclusions and recommendations to improve the ATM performance based on
traffic patterns and sectorisations provided the APACHE system.
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3 The APACHE System

The purpose of this section is to identify the APACHE systerevep functional rguirements
(distinguishing betweethe modelling needs ofurrent and future operations), as part of the project
scope description. Such functional requirements will be aligned (as detailed below) with thievedh
requirements defined by SESAR 2020 Qandfor each of the SESAR solutions that wil(ib&ially)
assesseth APACHEEigure3-1 highlights the main modules of the system.

' ™~
/APACHE System
o APACHE-TAP s, .
Trajectory planning Performance
( N A analyser
Trajectory Trajectory ’ A
optimizer simulator Current
\ Py € Y Performance
Scheme
i \
Traffic & capacity planning EEEE—
r N New APACHE
Conflict Conflict Performance
prediction resolution ‘ Scheme
V. 2
a . A
DCB/dDCB Real-time KPAs
(STAM strategies) assessment
(for dynamic
planning)
Airspace planning (sectoring) PR
f )V Benchmarking
Sector Sector (scenarios or
optimizer simulator perf. schemes)
) \ /

J i

Figure3-1. The APACHE System

Following sectio.1introduces the existing tools that form the basis of the APACHE system. Sections
0 and3.3describe the basic ATM elements that should be modelled in the APACHE &3estefngure

3-1) in order to capture the main ATMctors/stakeholders and theimain performance drivers,
together with the interrelations and tradeffs among them. Sectiofl explains how the APACHE
system will be configured to reproduce therpent (baseline) ATM operations, while Sect®a will

show the way of modelling the future SES2Z0R20 concept of operations. Sectidh4 gives details
about the Performance Analyser module that will be in charge of applying the new APACHE
Performance Framework and assess the current and future ATM operations for poatalgsis and
discussion.
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3.1 Background Tools

For the development of the APACHE system, a set of existing tools is brought in by the different
partners that compose the APACHE consortium. These tools, so far developed separately, will be
integrated in a singl modular architecture.

Table 3-1 shows a summary of these existing tools, detailing the corresponding APACHE model
supported (sed-igure3-1), appropriateness for the APACHE project and the-le@gél enhancements

that will be required to implement to fulfil APACHE objectives.

Existing tool Module Appropriateness for APACHE Enhancements required for
(partner) supported project APACHE project
Trajectory estimation (based on LAllow for optimisation

DYNAMO: fig rll . trac)lis) and trajectory considering weather forecasts.

dynamic aircraft Trajectory optimisation to compute 2. Allow for optimisation taking

trajectory Planning preferred trajectories for the into account separation
predictor and aircraft operatorsor constraints(pair-wise)

optimiser (UPC) environmentally optimal 3. Enlarge the set of airdiaypes

trajectories. simulated.
1. Add new functionality to detec
hotspots and apply flow

Conflict Detection . _cc strategies (STAM_) _

and Resolution Capacity System able of detecting conflicts . Ex_te_nd strateg lc trajectory d ©

integrated inTest Planning and deconflicting trajectoriesri a - confliction aIgonthms 0 tal_<e |_nto
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Further details on the referred tools will be given throughout the following sections as corresponding
functionalities of the APACHE system are introduced.

3.2 Baseline Operations (current ATM model)

Air transportation is enabled by a variety of Communication, Navigation and Surveillance (CNS)
systems and human resources that compose the Air Traffic Management (ATM) system to guarantee
the safe and efficient execution of flights from airport to airpdn this sense, the International Civil
Aviation Organisation (ICAO) defines the ATM'the aggregation of the airborne functions and
groundbased functions required to ensure the safe and efficient movement of aircraft during all phases
of operations"(ICAO, 2001)

According to the above, the ATM system can be seen as a service that aims to facilitate, above all, an
orderly and safe air transportation system with a very high target level of safety for airspace users
(AUs) operations. In order to modahd capture these tradeffs among the main performance areas

of the ATM, it is necessary to pay attention to the féwat the final clients are the airlines, the
passengers and the society. On the other hand, the main constraint of the ATM is the gdpacit
allocate the flight trajectories demanded by the AUs with the available resources (CNS infrastructure,
airspace and airport capacity, etc.) while the required levels of safety are provided. Operational
capacity (often referred just as 'capacity’) letefore dimensioned with enough room to provide
safety in a robust and resilient way, which indeed limits the maximum number of flights that can be
operatedin a given periodWhen the capacity limits are reached, and since AUs, passengers and
society unerstand that'safety is first new ATM constraints are allocated to some flights, which may
cause important operational costs to the final ATM service holders.

Figure3-2 shows a simplified architecture of the main safety layers of the current ATM architecture
using the welknown Swiss Cheese Mod&eason, 1990)As seen in the figure, currently there are
four layers in the ATM that protect against incidents and deis, sorted from more strategic
separation of traffic flows up to the separation of trajectories during flight operations provided by Air
Traffic Control (ATC) services, ending with a-lasbrt safety net layer that can help on avoiding
imminent accidets if the rest of the previous layers fail.

By design and safety philosophy of the ATM, the safety net systems are considered as an independent
safety layer that cannot be accounted nor integrated during the design and operation of previous
layers, in pdicular with regards to the separation provision of fliglit€AO, 2008)This means that

the three main pillars of current ATM are:

1 Airspace Organisation and Management (AQM)ainly in charge of developing ATS (air traffic
services) routes and TMA (teimal manoeuvring area) procedures; designing and
implementing ATS sectorisations; analysing the allocation of ATS sector capacities; defining
the type and class of airspaces; and designing and modelling the airspace and coordinating civil
and militaryairspaces

1 Air traffic flow and capacity management (ATFCNbyeventing air traffic demand exceeding
declared capacitiesat airports or ATS sectar with the objective of improving safety,
throughput and efficiency, but also aiming at using as much as possible ATS capacity.

1 Airtraffic services (ATSYvhich is ayeneric term meaning variously, flight information service,
alerting service, air traffiadvisory service, air traffic control (ATC) service (area control service,
approach control service or aerodrome control serv(it€AO, 2001)ATC has the main
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responsibility to maintain separation among aircraft (airborne or in ground), and also to
expdlite and maintain an orderly flow of air traffic.

AOM (Definition of routes, FLS and sectors)
C Very long-term and static strategic de-confliction of flows

Hazards ATFCM (capacity and resilience mgnt)

N

ATC separation provision

Safety nets

o) (when present)
\ d o

Incident or accident

Figure3-2. Swiss Cheese Model representing the main safety layers of current ATM

The AOM, ATFCM and ATC layers must be designed and operated to redtsle dfi@ccident to the
required target safety level (TLS) without the consideration of any potentially existing safety net
system. Thereforein APACHE only the main ATM layers, i.e., AOM, ATFCM and ATC, will be
modelled, while the safety net systems Whe considered as complementaryfemforcinglayerthat
doesnot need to be included in the main safety performance analyses. Note thastate®nservative
simplificationthat is valid for an ATM performance assessmeinice the TLS value for the AElbtem

is set with no consideration of such lasisort safety net laye(i.e., safety nets must be independent
from the rest of the ATM hazard mitigation layers)

Four main ATM components are therefore going to be modelled in AP&Gidiroduce the currat

ATM operationsi.e., the AUs, who will try to optimise their flight operations, and the three main ATM
hazard mitigation layers (AOM, ATFCM and ATC). The last three will be in charge of applying different
ATM constraints to AUs during flight planningdalight execution processes to ensure the safety of

the operations at network level.

Figure3-3 shows the configuration of the APACHE system to model the above four ATM actors for the
current baseline operations.

Note that the AOM constraints on airspace infrastructure, mostly airwsipsctures and sector
configuration designs, will be modelled as a given input of static data obtained from the

9! wh/ hbe¢wh[ Qa S5AIAGIE 5FGF wSLIaAlG2NE 655w0d ¢ K)
very longterm decisioamaking and quite stic ATM layer. Theimulated AUs will optimise their

operations based on realistic traffic demand (from historical flight plans) and the Network Manager
(adopting the role of ATFCM) will perform the Demand and Capacity Balance activity to protect the
potential overloading of sectors (thus protecting capacity and resilience of the system).

ATC separation instructions will be modelled to reach a realistic and meaningful set of 'executed’ (and
separated) flight trajectories from which the different performarindicators will be measured with
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the Performance Analyser. More details about the Highel requirements of models, limitations and
performance tradeoffs among each of the ATM actors are given in the followingseations.

Origin/destination ' Airspace Organisation & Management (AOM)
pairs and schedules

ATM constraints
(ATS routes, FLs...)

Typical catalogue of sectorisations
with typical capacity limits

‘ Trajectory ‘ Separated iraiectories |
. Planning | Demand and - >epara eamrfjeco 1es
Airspace User 1 capacity balance | Static sectorisation & | demand & capacity
' ' separation provision | Palanced network
Network Manager |~
w (ATFCM) ) ANSPs (ASM & ATC) |
AT? flight :: Regutated traffic Set of trajectories
plans (with ATFM slots) and sector
configurations to
—_—— assess ATM
Trajectory performance
Planning ;
Airspace User n H Sector
C it capacities
Mlcro-modelllng R Meso- and macro-modelhng ............... ; Mlcro—modelllng

Figure3-3. APACHE System configuration to model current ATM operations
3.2.1 Airspace Organisation and Management

3.2.1.1 Description of the concept, actors, performance drivers and traofés

Airspace Organisation and Management (AOM) servicesoaimprove airspace design and utilisation

in order to ensure delivery of the performance targets for the ATM system while conciliating different
types of airspace users and needs (i.e., commercial, general and military aviation). It is managed at
severallevels, each having an impact on the others: from strategic airspace infrastructure planning up
to more pretactical and tactical dajo-day airspace allocation. General approach is presented in
Figure3-4.

Airspace infrastructure design

Airspace infrastructure design consists of planning and implementation of improvements in the ATS
Route Network, and of optimised civil and military airspace structures and ATC sectors, that guarantee
safe and expeditious traffic moveme(EUROCONTROMNetwork Manager, 2015c¢)

The objective of Airspace infrastructure design is to ensure an efficient, flexible and dynamic airspace
structure, based on mukbption routeings and areas of Free Route operations, supported by
adaptable ATC sectorisation, thatrcaccommodate the expected future air traffic demand and meet
the performance requirements. More specifically, the objective of ATS route network design is to
provide airspace users with the possibility of choosing their preferred routes and calculate the
preferred trajectories from origin to destination within the ATM network. Nevertheless, this level of
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service is usually confronted with the objective of airspace sectorization that has to ensure that the
capacity and safety targets are met at netwogekel.

NETWORK ORIENTED APPROACH

Network oriented development
to fit in with Traffic Demand

REQUIREMENT Traffic Flow Definition Military Requirements

Connectivity to ATS Route
Terminal Airspace
(Link Routes)

Network Design

A
Airspace
Reservation/
Restriction

Availability (CDR)
@ “MODUS OPERANDI" (Airspace Structure Utilisation)

OPTIMAL USE OF ROUTES AND SECTORS

Figure3-4. Network oriented approach for airspace organization and manageméet/ROCONTRONetwork Manager,
2015c)

The pocess of ATS route network design begins with the identification of knallems and uses
forecast traffic demand to formulate route proposals for the major traffic flows, taking into account all
civil and military requirements. Although all states in the ECAC area are responsible for their airspace,
in order to fulfil both AMP's requirements and broad operational requirements at the ECAC level, the
development and implementation of airspace structures is carried out in a cooperative manner with
support of the NM. ATS routes are therefore adapted to main traffic flows in BE@A&M at including

direct route segments to the largest possible extent to enable shortest possible route from any point
of departure to any destination in the network.

Once the ATS routes have been designed and the navigation analysis of the desigpléte; the

sectorisation of the airspace volume begins. The airspace sectorisation consists of determining the
3S2YSUNRO F2N)¥ 2F &aSO02NAR ¢KAOK 2LIAYAT Sa aSg@SN
transfer traffic minimization, etc., while rpecting a number of geometrical and safety constraints.

For detailed list of design principles, please refefEdROCONTREOWetwork Manager, 2015a)

ATS route and ATC sector design requirements are usually confronted. Although it is accepted that a
large number of ATS routes can improve route capacity and increase flight efficiency, it is also
recognised that a large number of crossing points, especially in congested areas, can reduce sector
capacity and have negative effect on ceffiectiveness. Thefere, airspace design is an iterative
process where additional route network modifications may be required to enable better airspace
sectorisation.

Airspace management

Airspace Management (ASM) is one of ATM services whose primary objective is maximising the
utilisation of available airspace by dynamic thstearing and, at times, segregating the airspace among
various categories of users based on sherm needsfEUROCKTROL Network Manager, 2015d)

Founding Members © ¢ 2016¢ APACHE consortit 29
All rights reserved. Licensed to the SESAR Joint Undertaking under cor

* * %

M

] 3 l
x x

EUROPEAN UNION  EUROCONTROL



EDITION 01.00.00

Over the course of a day, traffic demand changes in volume and pattern of the major flows. This has
influence on the control workload that fluctuates based on demand. Therefore, the main goal of ASM
is to better adapt syst®m capacity (route/sector capacity, arrival/departure airport capacity) to
continuously changing traffic demand. Beside the general-leighl objective, on the regional control

level, ASM is responsible for providing a fair distribution of traffic loadrentbe active ATC sectors,

by balancing sector occupancy, minimizing traffic peaks and flight transfers, among other techniques.

ATC sector configuration is a part of ASM and it is performed at the level of regional control centre
(ACC) in coordination witthe NM. In order to adapt to the fluctuating demand, ATC sector
configuration process uses a grouping/deuping principle, i.e., combining or separating-defined
sectors into airspace configuration. During the period of low traffic sectors are gdorgrlucing a
number of required control teams (thus, enhancing the ATM -effglctiveness performance).
Alternatively, when traffic demand is expected to increase some of the most overloaded sectors are
split into smaller (predesigned) sectors and a neairspace configuration is proposed. However, this
sub-division of the airspace into smaller sectors is a finite strategy and a saturation point is reached
when the benefit of further reduction is outweighed by other factors, particularly the corresponding
increase in coordination workload. In addition, the opening of additional sector has a&tiglomic

cost, particularly in terms of ATC working positions required, which at the end is translated to the AUs
in form of higher operational direct costs relatexthe ATM service provision. Therefore, an optimised
airspace configuration schedule or sector opening scheme is calculated on a daily basis and published
in accordance with the traffic forecasted and the number of controllers available on duty (shift
planning).

ASM and ATC sector configuration has a direct impact on ATM system capacity that should be sufficient

to accommodate the demand without imposing significant operational and economic penalties.
Therefore any imbalance between capacity and demandhtenializes in ATFM delays or flight
NENRdziAy3a NBRdzOAY3a FtAIKG SFFAOASYOe YR AYONBI
additional capaity has a cost, and the best solution is often found as a balance between user/ANSP

cost and system befits.

In the current operational system, ATC sector configuration is carried out empirically by each regional
control centre, where experts managing the airspace group and ungroup sectors in anticipation of
traffic flows. For each period, an operator sdke the best configuration from a subset of possible
configurations according to the number of available controllers. This is highly combinatorial multi
objective problem since the subset of configurations at each period depends on the choices previously
made and it involves several confronted objectives. Due to obvious limitations of human operators,
the set of possible configurations is rather small and the choice of the best configuration is subjective
and usually subject to past experience of the operafperiod of the day, day in the week,
month/period of the year, etc.). With proper decision suppimwls, it would be possible to overcome

this limitation and build dynamically configurations basedontheR@®@ ¥ Ay S 1 ¢/ &aSO02NA X
ATCO cogtive process and operation are reliant on rigid route structures anetefened ATC sectors.

However, flight routing paradigm shift toward free flight, that enables more flexible/direct/wind
efficient route, is in direct conflict with use of predefined@$ectors that has to be adapted to the
ATS route network (flight trajectories). Since flown routes will constantly change, it will be impossible
to design finite number of ATC sectors that are adapted to all unforeseen routes. Therefore, ATC
sectors, asautes, have to become flexible allowing more dynamic change of their shape.
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The introduction of the dynamic ATC sectors should be accompanied by introduction of- highly
automatic decision support tools that will help controllers in their work.

3.2.1.2 APACHEBigh-level system requirements and scope

For simulation of baseline operations (current ATM model) by the APACHE systesirstiece
infrastructure desigrwill be introduced as a givenput from the DDR/NEST and/or National A(gee
Figure3-3). It should be noted that in the current ATM the airspace design processes are performed
mainly by expert judgement, using empirical data and best engineering practices. The [Bal@Ess

with a longterm strategic perspective, and therefore the resulting routes and sectorisations are quite
static once implemented. Therefore, the reproduction of current airspace infrastructures is expected
to lead to more realistic results in thewtext of APACHE project.

For each traffic demand scenario simulated, thiespacePlanning- ASPmodule (seeFigure3-1 and
Figure3-3) will compute optimal Sector opening scheme per ACC by selecting best combingtien of
defined sector configuration$or each period of time (usually 280 minutes although a given sector
configuration typically can be active for at least 2 hgussich that ATC sector capacities are respected.
This process will be performed based on the set of flight trajectories provided by the Trajectory
Planning TP)and Traffic and Capacity Plann{iigCPinodules of the APACHE system, using the existing
ATS route network and preefined airspace configurations for each ACC in the observed area (FAB or
ECAC)The way of modelling the airspace management functionality for the current ATM operations
will be simiar to the one detailed in sectid® 3.3for the future SESAR ATM but constrained to a limited
catalogue of sector configuratiomvailable.

The resulting scheme will proviagtimal number of ATCO per periofbr the given traffic demand.
Note that the optimal numbewmill not be always the minimum since other criteria like workload
balance, traffic transfers, etc. will be taken into accounter&ffore, this problem will be modelled as
multi-criteria optimization problemand solved usingtochastic optimization techniques

Main limitations of the APACHE system in the context of airspace organisation and management, for
the modelling of baselinec(irrent) ATM systemgre linked to theinfrastructure designand military
operations Since military operation is out of the scope of APACHE project, activation of military zones,
conditional routes and FUA concept in general are not considered. Thigtiomitmust be taken into
account at the moment of interpreting the results of the performance analysis of the current ATM
operations.

3.2.2 Demand and Capacity Balancing (DCB)

3.2.2.1 Description of the concept, actors, performance drivers and traafés

The air traffc flow and capacity management (ATFCM) service is provided by the Network Manager
Operations Centre (NMOC) to the airspace users throughout the European Civil Aviation Conference
(ECAC) states (presently 44 states). Nowadays, the key process of the A HuCdpe is the Demand

and Capacity Balancing (DCB), also known as Load and Capacity Mandg&meEnCONTROL, 2013b)

DCB is an ATM process performed by the NM@®@ough the Enhanced Tactical Flow Management
System (ETFM&)hat compares the traffic dmand with the available ATC (sector) capacity in order
to detect potential overloads at airspace and/or airports, and mitigate them by enhancing capacity or
regulating demand with enough anticipation. When the ladiead time is in the same day of
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operations (most typically from-8 hours up to 3810 minutes before the time of operations), the DCB
LINEOSaa Aa alAR (2 0SS Wil OGAOItQ !'¢C/ ad

To predict the potential sector capacity overloads (a.k.a. 'hotspots') the current DCB takes into account
the prediction ¢ sector entry and occupancy counts, which require anticipated flight profile
calculations. Once a hotspot is identified, the ATFCM operator responsible tries to interact with the
affected ANSPs in order to try to increase the capacity for such a perigd ¢banging the sector
configuration). If the capacity increase is not possible or not enough, then the NM tries to offer the
AUs new route and/or flight level alternatives to-a#ocate part of the demand to other sectors.
Finally, if no balance can beached by these interactions, the NM can ap@lgulationsthat are also
known asATFM delays

ATFM delays are consequence of a lack of capacity in the network and that is why they are often used
as a metric of ATM capacity.

The prevention of hotspots in the network can be seen as a safety layer in which the ATFCM reduces
the density of the traffic in congested sectors and, therefore it also indirectly reduces the probability
of separation and the complexity for the ATC officéo manage the traffic in a safe way and with
acceptable levels of workload. The main performance driver in this DCB process is therefore to
preserve the traffic loads at each sector under the-pgeelared capacity levels, with the aim to
preserve the AW safety and resilience (understood here as the capacity of the system to correct any
trajectory deviation and/or conflict among trajectories).

ATFM delays cause large costs to the AUs and indirectly to the society. Tactical costs of delays are
partially absorbed by the AUs by means of applying buffers to the flight schedules, however at the
expense of increasing the strategic costs of the planning.

Higher predictability in the ATM operations might contribute to reduce the strategic and tactical costs
of the operators while reduce the need for flexibility of the AUs. Due to the lack of predictability, the
capacity estimated and declared by the ANSPs to the NM is today also subject to a lot of uncertainty
and relatively large safety buffers are applied k@ tmaximum number of flights allowed in a sector
with the aim of maintaining the safety of the operations and the workload of the ATCOs under
acceptable levels for all the likely traffic scenarios.

A precise operational capacity estimation (i.e., how sndlights can be safely handled in a sector
preserving the ATC workload at acceptable levels) is paramount nowadays to enable the usage of the
actual/real capacity at any moment and therefore, to reduce the level of ATFM delays applied to the
AUs. This imdeed one of the main purposes of the paradigm shift proposed by SESAR that introduces
the concept of TBO as a way to increase the predictability of the operations and to increase the
capacity of the ATM system.

The amount of delay in the last decade H@en a major issue in the ATM, due to the high costs
supported by the AUs that affects to the competitiveness of the European air traffic system and
indirectly diminishes the macroeconomic indicators. A large increase of capacity (at leasfadwo
increase) is required by SESAR for the next 2020+ horizons, in which the forecasted demand should be
ideally allocated with minimum deviation with regards the AUs and passengers demand.
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3.2.2.2 APACHE systemigh-level requirements and scope

TheDCB functionalitywill be modelled in the APACHE system with similar but simplified methods as
the NM uses todayThis new functionality will be coded in the Traffic and Capacity Balancing module
(see Figure 3-1 and Figure 3-3), that will be adapted as a traffic simulation tool generating and
providing mitigatiormeasures to model the current ATM concept.

The sector configurationsused during the day of operationsdmputed by the Airspacé’lanning
module) of the selected traffic scenario will be taken as a reference together with the sector capacities
pre-declaral for that day. The number of flights within a sector will be taken into account (occupancy
count) at any moment of the predicted operations during the planning ph&se.that purpose, the
TCPmodule will be fed with the trajectories calculated by the I module (models for trajectory
estimation will be simplistically assumed to be the sdoréboth NM and AUs sides).

Hotspot detection will be performed and regulations in a sector will happen if the forecasted
occupancy count is greater than the capadt@edeclared by each ANSP. The latiead time will

be adjusted fron2-3 hours up to 30 minutes in advanad the takingoff of flights. Airborne flights
and flights departing from airportsutside theECAC region will not be considered for the allocation of
ATFM regulationéout they will considered in the occupancy of the sectors they cross)

The ATFCM model in APACHE will replicate the algorithm CASA (Computer Assisted Slot Allocation),
with some ginplifications, such as that in APACHE it basically will assign delays in form of departure
slots to the flights in &irst Planned First Served order

One important simplificatiofimitation done in APACHEue to its current maturity levelis the
absene of uncertainties that can unexpectedly reduce the capacities available at sectors, for instance,
severe weather, fog, or the unavailability of ATC staff. Therefore, hotspots will be found during the
simulations only as a consequence of excessive demgimdjtto cross a given sector at same periods.

3.2.3 Flight Planning

3.2.3.1 Description of the concept, actors, performance drivers and traofés

Flight planning is the process in which the airspace user starts to decide which flight trajectory should
be executed to Bhance the operational efficiency according to their business needs.

Currently, the route field of a flight plan indicates each point at which either a change of speed or level,
a change of ATS route, and/or a change of flight rules is planned, followtw l[wesignator of the
next ATS route segment, even if the same as the previous one (ICAO, 2001).

Moreover, enroute (and also departure, arrival and approach) procedures are published in the AIP
(aeronautical information publication) by the correspondagyonautical information services (AlS) of
each country. When planning an IFR flight, the aircraft operator is responsible to check the latest AlIP
revision, plan the route(s) accordingly and file a flight plan. Flight plans are therefore used as a
coordindion tool between the AUs and the ATM services (NM and ANSPs), which therefore is used for
airspace and traffic planning purposes.

With the information obtained from flight plans the network manager (the CFMU in Europe) is able to
¢roughlyg calculate the stimated position and altitude of the aircraft at different time stamps and
detect demand and capacity imbalances by counting occupancy at sectors. Moreover, ATC services
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also use flight plans (e.g., the estimated time of entering into the sector) toipatictheir tasks, such
as early conflict detection, haroff and handover conditions, etc.

Nevertheless, the participation of the AUs in current ATM planning is almost limited to the expression
of their flight intents through (very basic) flight plansmeans that today AUs mostly are passive
agents in the decisiemaking of the ATM, so any restriction applied to flights is taken without having
clear awareness about the impact of such decisions on their operations, and without having fully into
accounttheir preferences and business needs. Due to that, the current organisation of the ATM layers
to facilitate the navigation and the safety of the operations causes large distortions between what the
AUs would like to fly and the actual trajectories flovnce the flights are planned, there is little
flexibility for the flight operators to replan their operations, thus causing large inefficiencies even
when in some cases such planning modifications could impact positively in the safety, capacity and/or
efficiency performances of the ATM operations.

The presence of uncertainties that affect trajectory prediction is propagated to the +wHe
affecting the accuracy of the predictions of the actual capacity that will be available at the moment of
flights exeution. On the other hand, the lack of situational awareness that the NM and ANSPs have
regarding the AUs intents and preferences causes that the actual times of departure and accurate
trajectory predictions are not available, thus forcing to take congergameasures regarding the
estimation of sector capacities and demand and capacity balancing. This way of operating often causes
the application of extra restrictions and constraints to the flights, thus increasing the operational costs
for the AUs and iimoducing even more uncertainty in the trajectory predictions thatergorces the
problem.

The lack of active participation of AUs and the trajectory prediction inaccuracies also impact largely
negatively to the ATC processes. In particular, the lackredigtability of traffic separation losses
forces the conflict management to be activated with only some minutes of anticipation, thus forcing
the ATCOs to dedicate a lot of workload to the monitoring of the traffic and the resolution of conflicts
and therefore degrading the capacity at sectors. Since the conflict management is done in-a time
critical phase, there is little room for the ATCOs to take into account the preferences of the AUs in the
resolutions processes (thus most likely affecting negatiteelthe operational flight efficiency). The

lack of coordination among AUs, ATCOs from different ANPSs and NM, causes the ATM operations to
be more chaotic, thus impeding to have more proactive and robust traffic and network plans.

3.2.3.2 APACHE systehigh-level requirements and scope

Flight planning will be replicated by the APACHE system through the Trajectory Pl@rjagd
Traffic and Capacity Plannig§CP)modules (sed-igure3-1, Figure3-3). Particularly, the trajectory
computed by the TP module will represent the airspace users planning their trajectories subject to
airspace ifrastructure constraints (mainly airways available and flight level allocation and orientation
schemes).

This functionality of APACHE system is based on the background tool developed by UPC named
DYNAMO (Dynamic Optimiser)The proposed Trajectory prediction suodule generates and
simulates traffic scenario based on real or future traffic demafftight plans)and weather data
DYNAMO uses information and data from airspace infrastructuiadaes (WPs, routes, STARs, SIDs),
and demandschedules in order to provide, as output, realidtight trajectories that will feed theest

of the APACHE architecture modules
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In order to synthetize the trajectories, the TP system requires the followitey da

1 Database with aircraft performance data for all aircraft types considered (in .bin)

i Database with the schedules for each flight (in .xml). These will also include the ATM
constraints coming from the airspace design and route structures. ATC trajact@rydments
(if any) will be modelled as ATM constraints and thus will be introduced in the resulting flight
plans in the form of waypoints and vertical, temporal and speed constraints.

1 GRIB file for the weather

9 Options file (to model the characteristicschnonfiguration of each aircraft)

1 ECAC graph in binary format

A bash script will launch an instance of DYNAMO for each flight of the traffic demand, each of them
with the corresponding input files stated abov@&me assumptions and simplifications will beade

during the modelling of the different types of AUs (e.g., the usage of typical cost index and payloads
for trajectory optimisation)but the trajectories computed will bassumed to be ptimal for the airline
operator (e.g., to assess operational €ifhcy)

The overall DYNAMO architecture is broken in four modules with different functionalities, whose
interactions are depicted iRigure3-5. The input fileso DYNAMO are also shown in this fig@eng
with their file type.

DYNAMO decouples the optimisation of the lateral and vertical profiles. The lateral profile optimisation
module (LPOM) is in charge of optimising the sequence of waypoints from origin toadest and to
model all the turns with a lateral aircraft dynamics maqdehile the vertical profile optimisation
module (VPOM) optimises the altitude and speed profiles with a fixed lateral profile.

The core part of thevPOMis written in GAMS, given éhfacility and robustness it provides to
implement OCPand the multiple NLRolver engines to which it seamlessly links.the current
DYNAMO configuration, the finite variable NLP problem is solved by using solvers CONOPT (as NLP)
and SBB as MINLP (mixateger nonlinear programming)All otherVPOM componentare written

in C++, including a wrapper to tl@AMSunctionality.

The atmosphere and wind module (AWKk8ceivesthe weather data in GRIB formatted files and
provides temperature, pressure, north wind and east wind data as a function of latitude, longitude,
geopotential altitude and time (e.g., 4D position) to titOMand VPOM modules.

The aircraft performance made (APM) receives binary formatted files which encode the knots and
control points of tensor product splines functions representing the thrust, flmh and drag
coefficient and provides aircraft performance data to the VPOM.

Figure3-6 shows an example of trajectory calculated by DYNAMO subject to ATS route constraints.
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Figure3-6. Example of trajectory calculated with DYNAMO

3.2.4 Separation and Conflict Management

3.2.4.1 Description of the concept, actors, performance drivers and traofés

Separation and conflict management is the process of k&pan aircraft outside a minimum distance
(horizontally or vertically) from another aircraft to reduce the risk of 4aiidcollision as well as to
prevent accidents due to secondary factors, such as for instance wake turbulence encounters.
Separation islao applied to protect flights against terrain, obstacles, and restricted airspace.

This process is performed through different ATM layers starting from strategic level (airspace
management, flow and capacity management and complexity management) ardrfgist tactical

level (tactical conflict management, consisting of conflict detection and conflict resolution within a
typical lookahead time from 20 up to 1 minutes).
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Separation management starts at strategic level, with airspace infrastructure désigrATS route
network design, flight level allocation schemes and flight level orientation scheme. Both ASM and DCB
functions working together help to mitigate the hazards by protecting the sectors from- over
congestion and too much traffic complexity filne ATC. On the tactical level (from-320 minutes up

to 1 minute in advance) separation and conflict management are responsibility of the ATCOs. A team
of ATCOs usually consisting of executive (EC) and planning controller (PC) are in charge afgacilitati
the navigation and providing the separation minima to the traffic flying within a sector. ATCOs apply
pre-defined separation rules to keep aircraft at a safe distance from each other, horizontally and
vertically, by applying various manoeuvres (heagditight level, speed change) transmitted to the
pilots.

Conflict management performed by PC is a continuous process triggered on a cyclical basis in order to
detect and solve potential conflicts at every step of the coordination process (e.g. receipoifes,
selection of a suitable sector exit level etc.). Conflict resolution in planning terms may involve the
identification of alternative cabrdination conditions (level, route, etc.) at either the entry and/or exit
boundaries of the sector (intesecor coordination). Alternatively, it may involve a trajectory revision

by modifying either the lateral (route) or the vertical (altitude) flight profile.

Following a conflict resolution implementation at the planning separation management level, the PC
will inform the EC to improve his/her situational awareness. Often the PC can consider more
appropriate that the EC takes some tactical action to resolve/monitor a detected conflict (Skybrary,
2016).

Conflicts between aircraft are detected by comparing thedicted evolution of trajectories (simple
linear prediction) in order to identify potential losses of separation. Conflict resolution may involve the
identification of different solutions, e.g. by modifying the trajectory laterally, vertically or in tefms o
speed adjustments. Both the PC and EC monitor the progress of the aircraft with respect to the given
clearance to ensure that the conflict resolution has been appropriately implemented.

If the above two layers fail in praing due separation to traffithen a set of tools called safety nets
can stillavoid a midair collision (e.g.TCAS, when available).

Safety is paramount in ATM and ATC. Therefore, the goal of separation and conflict management is to
keep actual level of safety bellow or equal toggisafety target levels no matter how this will influence
AUs performances (flight efficiency and delay) and ATM throughput.

ATCOs also aim at facilitating and optimising the flight trajectories within a sector (when safety is not
compromised), and due tthat it is usual to find ATCOs clearing 'direct to' instructions to shorten the
flight tracks, thus impacting positively to the flight efficiency of the flights and making a better use of
the capacity available at the sector (i.e., increasing throughput).

Efficiency of the deonflicting methods and tools depends on the selected {abkad time periods,

and on the quality of trajectory information available. If the predictions are not accurate, the detection
of conflicts can produce false alarms, thus gexting extra cost to the flight efficiency and false
clearances, thus increasing the workload of the ATCOs, the actual level of risk and the predictability of
the flights crossing a sector.

Summarising, in separation and conflict management the main pedoce targets are the avoidance
of separation losses, to preserve safety, and the path optimisation for the flights crossing a sector and
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during conflict resolution amendments, to preserve flight efficiency and predictability. A complex
trade-off exists anong safety (represented by number of accidents and incidents), capacity (workload
of the ATCOs and throughput), flight efficiency (extra time and fuel burnt) and environment KPAs
(emissions), which are all affected by this concept. Alsedictability ofthe flights delivered to other
sectors is affected by the tactical amendments of the ATCOs, yet applied to separate the traffic or to
optimise the flight trajectories crossing the sector.

3.2.4.2 APACHE systehigh-level requirements and scope

Separation of tréfc for current ATM operations modelling will involve several modules of the APACHE
system. A set of trajectories generated during the planning phase by Trajectory Planning module,
following the predesigned airways available, and refined by Traffic anga€lgy Planning module,
taking into account the sector configurations and capacities given by the Air§jtaceingmodule,

will reduce the density and complexity of traffic and indeed provide some degree of separation. For
the execution phase, the traffldanned in such a way will be simulated through all the sectors present
in the ECAC airspace.

The tactical conflict detection and separation provision done by ATC will be modelled in the APACHE
system by using and adapting some algorithms that were ajras@®d in previous SESAR research
projects, in particular ithe SESAR WP project called STREAM (Strategic Trajectomgoadiction to

Enable Aircraft separation Management). Further details about this technology are availéBlgzn

S., 2013)The tool implementing such conflict detection and resolution algorithms is called TPAS (Test
bed Platform for ATM Studies).

The conflict detection module will use the trajectories from the trajectory planner to detect conflicts
among themThe algorithnis based on a technology known as Spatial Data Structures (SDSs), present
excellent scalabilities to process all the traffic at ECAC level in a few seconds.

The conflict resolution algorithm will be based on the Geometric Optimisation Approach (GOA)
devdoped by NASABIlimoria K. , 2000and already implemented in TPASgure3-7 shows an
example of two trajectories in conflict and four different resolutions amendtadound by the GOA
algorithm.

Figure3-7. Two trajectories in conflict (red circle) and four different trajectory amendments found by GOA

The algorithm will be adapted to apply several types of manoeuvres (heading angle change, flight
altitude change, speed variation, or a combination of them). For the application of tactical trajectory
de-confliction tasks, the amendment will be fully desitlby the ATC (as nowadays). To model the ATC

actions, the prioritisation shown ifable3-2GF 1 Sy FNRY 9! wh/ hb¢wh[ Q& !/ wt
implemented. The amended trajectories will be verified for compatibility with other surrounding traffic

before being accepted/cleared.

Other simplified rules to model the ATC decisinaking include: a) thimok-ahead time for amending
a trajectory will five minutes before the first instant of separation predicted; b) the conflicts will be
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