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Abstract

The current document is thignal version of the OSED. It complements thermediateissue with:
- Matured concept definition an€omplete list of requirements
In addition this issue clarifies further more the concept, using work performed in VALFsand

The OSED aims at defining operational services and environments within the scope WR309
¢CKS {9{!w 2n {2fdziA2y nnX a5yl YAO ! ANBLI OS /2y
solutions PJO®1 and PJ0O2.

The core focus of the solioh is the integration of DAC and Integrated Network Management ATC
Planning (INAP) concepts, especially on the INAP timeframe where the two overlap, in a seamless way
thanks to:

- Further development of the DAC concept, notably optimised configurationseahless
integration of DAC at prtactical and tactical phases,

- Adequate automatic support for spots detection, traffic analysis and measures
monitoring,

- Development of new features to support analysis and resolution, namely -ifvfzeid
what-else,
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- Developnent of new indicators to findune analysis and ease monitoring, namely the
complexity and the uncertainty,

- Alignment of processes, roles and measures, based on the above mentioned features,
ensuring the right level of coordination and shared situatioragemess at local, sub
regional and regional network levels.
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1 Executive Summary

This document aims at defining operational services and environments within the scope 6¥\23.09
nned ¢KS {9{!w 2un {2fdziA2y yhnos a5 FAYAA (b dzAAfNE LdzLd2S/
solutions PJ0®1 and PJ092.

The current maturity of the solution is V2 and is expected to reach V3 by the end of Wave 2 (end of
2022). To achieve this, a thread®éxercises is planned from Q4 2021Q4 2022.

The core focus of the solution is the integration of DAC and Integrated Network Management ATC
Planning (INAP) concepts, especially on the INAP timeframe where the two overlap, in a seamless way,
thanks to:

- Further development of the DAC concept (see ddtaiow), notably optimised configurations and
seamless integration of DAC at getical and tactical phases,

- Adequate automatic support for spots detection, traffic analysis and measures monitoring,

- Development of new features to support analysis angbiation, namely whatf and whatelse,

- Development of new indicators to fiAeine analysis and ease monitoring, namely the complexity
and the uncertainty,

- Alignment of processes, roles and measures, based on the ahemtioned features, ensuring
the right level of coordination and shared situation awareness at locakreglonal and regional
network levels.
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2 Introduction

2.1 Purpose of the document

This document provides the requirements specification, covering functional;furational and
interface aspectselated to SESAR Solution PMI244, V3 phase. It is part of the SESAR Solution
Datapack for V3 maturity.

It is composed of several parts:

-  PART | provides the Safety and Performance Requirements (SPR) and Interoperability
Requirements (INTEROP), retht® a SESAR Solution, that will be defined prior validation
activities at V3 Level and validated after the validation activities. This part is considered as the
core document,

- PART Il to IV relates to assessment reports on Safety, Environment, Performandeman
Performance.

It is to be noted that the Security Assessment report is a-disalosable document and is therefore
not included in the OSED hawoder.

This document is completed by various appendix, the Benefit Mechanism, showing how the SESAR
sdution elements contribute (positively or negatively) to the delivery of performance benefits, the
Storyboard and the MEGA Models.

The present issue is thignal draft composed of PART |, from chapters 15tand the Appendix A
Benefit Mechanism, B Stdrgards and C the MEGA Models.

2.2 Scope

This document describes the concepts which will be addressed at V3 level by the eight exercises
scheduled from Q4 2021 ©@4 2022to validate the Ols under the scope of this solution (refer3dli

This final version of the OSED is enriched withments and work from Human Performance, Safety
and Security Reports workshops.

The final OSED will be handed over witie assessment reports (with the exception of the security
assessment due to its nedisclosable status): Parts 11

In order to ease readability and make the most of the present document, the authors strongly suggest
readers to get familiar with Wlonicepts described in the WRJ08 and WdPJ09 OSED38] & [39],

as the new methods described in this document are built on these concepts, integrating them together
and bringing them a step further for the benefit of the operational actors and stakelslder

This concerns in particular the following concepts:
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- DAC (refer t¢39], especially 83.1),

DCB (refer 1¢39] 83.2.1.2),
- INAP (refer t438] 83.5.2.5),
- Free Route Operations (refer[89] - §3.2.1.5).

In addition, as this document is built op results and activities performed during Wave 1, the authors
also suggest readers to take into consideration the final project reports of the soluticRJ®& and
W1¢PJ0939] & [38].

2.3 Intended readership

This document is aimed at the following stakeholders:

- PJ.09W2-44 solution members, which will decline the presented consegtd use cased
on their validation exercises and ensure they are align with the solution full spectrum,

- PJ.O9W2-45 and PJ.09V2-49 solution members, as part of the PJW2 project for
mutual awareness of solutions progress and contents as they aredoterected (see
fig.1 for dependencies),

- SJU Program representatives, as the owner and final approver of the document,

- SESAR Wave 2 Solution 93 and SESAR Wave 3 PJ32, which will be recipient of DAC
principles, especially cross border operations.

2.4 Backgroum

¢KS {9{!'w 2n {2fdziA2y nnX a58ylFYAO ! ANBRLI OS /2y
PJ0801 and PJ092.

As stated above, the following documents should be taken into consideration:
- OSED PJGg39] to get familiar with DAC related concepts,
- OSED PJG938] to get familiar with INAP related concepts,

- VALR PJ0g42], VALR PJ0$40], FPR PJ0§43], FPR PJ0$41] to get familiar with previous
work, results obtained and recommendations for the wave 2.

2.5 Structure of the document

The present document (PART I) is composed of 5 chapters:
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- Chapter 1 gives an overview of concepts and elements adddes

- Chapter 2 provides purpose, scope and background of the present document, as well as a reader

guide and a glossary,

- Chapter 3 describes operational aspects of addressed concepts,

sesar’

JOINT UNDERTAKING

- Chapter 4 gathers requirements related to operational, safety, perfoaand interoperability,

- Chapter 5 provideall applicable and reference documents.

The document also includes three appendices:

Appendix A, which provides benefit & costs mechanism analysis.

Appendix B, which provides INAP storyboard to provideaview of INAP timeframe with activities
and actors involved. This storyboard was a work document to prepare Use cases.

Appendix C, which provides the MEGA models related to the solution.

2.6 Glossary of terms

Term Definition Source of the
definition
AIRREPORT A report from an aircraft in flight prepared in conformi ICAO Annex

with requirements for position, and operational and/
meteorological reporting.

Airspace Block (AB)

A primary volume of airspace which has to be configu
to build workable Sectors of Control defined
Configured sectors in this concept (CS).

SESAR W1 PJ
OSED

Airspace Building Bloc

Elementary volume of modularised airspace (As defi
by the appropriate ANSP) that are too small individu
for controlling purposes, but instead form the bas
constituent parts of a Controlled Airspace Block as
of an optimising process.

SWP 7.2 DOD

Airspace Configuration

Is a predefined and coordinated organisation of routt
and their associated airspacersttures, temporary
airspace reservations and ATC sectorisation.

SWP 7.2 DOD

Airspace Reservatio| Airspace Reservation is a defined volume of airsg European Route
(ARES) temporarily reserved for exclusive or specific use Network
categories of users. Improvement
Plan (ERNIP), Ps
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3 - The ASM
Handbook

Airspace Restriction

Airspace Restriction is a defined volume of airsp
within which, variously, activities dangerous to the flig
of aircraft may be conducted aspecified times (e
WRIY3IASNI I NBFQOT 2NJ adzOK
areas or territorial waters of a State, within which t
flight of aircraft is restricted in accordance with certe
ALISOATASR O2yRAGAZ2YA ol
situated above the land areas or territorial waters of
State, within which the flight of aircraft is prohibited
WLINRPKAOAGSR | NBIF QO

European Route
Network
Improvement
Plan (ERNIP), Ps
3 - The ASM
Handbook

Airspace Structure

Airspace Structures are speciportions of airspace
designed to accommodate the safe operation of
aircraft.

In the context of the FUA Concept, "Airspace Structu
include Controlled Airspace, ATS Route, including C
ATC Sectors, Danger Area (D), Restricted Area
Prohibited Aea (P), Temporary Segregated Area (T
Temporary Reserved Area (TRA), CRmsler Area
(CBA).

European Route
Network
Improvement
Plan (ERNIP), Pa
3 - The ASM
Handbook

Business Trajectory

A 4D trajectory which expresses the business intenti
of the user with or without constrains. It includes bo
ground and airborne segments of the aircraft operati
(gateto-gate) and is built from, and updated with, th
most timely and accurate data available.

P11.01.01
Transversal
consistency of
BT/MT
requirements
(across WPs)

D11.01.011
Definition of
trajectory
requirements for
Step 1, including
gap analysis
support to
standardization
report from
Airspace  User:
perspective

Configured Sector

Configured Sector is the Result of the Sec
Configuration process. This is the actual airspac
controller will be assigned to provide ATS services

SESAR W1 PJi
OSED
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Computed Takeff An Air Traffic Flow & Capacity Management (ATF ICAO Doc 7030/4
Time (CTOT) departure slot, forming part of an Air Traffic Cmit ¢ EUR
(ATC) clearance, which is issued to a flight affectec
Network Management regulations. It is defined by Dl;.Q;.Oﬂ
time and tolerance -6 to +10 minutes) during whic Definition of
period the flight is expected to takeff. trajectory
requirements for
Step 1, including
gap analysis
support to
standardization
report from
Airspace  User:
perspective
Controlled Airspace A Controlled Airspace Block (replacing the curr SWP 7.2 DOD
Block predefined elementary sectors) is a section

modulaized airspace within which a Tactical Air Tra
Controller performs his controlling functions defined
a result of dynamic airspace configuration proce
Controlled Airspace Blocks are created as a result
dynamic airspace configuration processwhich each
controlled block is an optimised grouping of Airspe
Building Blocks under consideration of the forec
traffic  pattern and ATCO availability ar
Safety/Performance metrics. The Controlled Airsp
201 F2N¥a (GKS StB¥Syyil

Collaborative Decisio
Making (CDM)

Collaborative decisiemaking (CDM) is defined as a
process focused on how to decide on a course of ac
articulated between two or more community
members. Through this process, ATM community
members share information related to that decision
and agree o and apply the decisiemaking approach
and principles. The overall objective of the process i
improve the performance of the ATM system as a
whole while balancing the needs of individual ATM
community members.

From a military perspective CDM is apess from which
all participating parties can gain benefits through t
negotiation of proposed options. The negotiation st
either at the moment when all participating partie
agree with the result or when they reach a limit in th
capability to accpt further compromise due to define
priorities.

ICAO Doc 9971 +
B4.2 (mil aspects

SESAR
Concept
Operations
Edition 2017

202
Of
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DAC role

DAC role refers to composition of responsibilities for
carrying out of main DAC management related tasks
activities associated with DAC management proces
at Local or Sub regional levels which include L
planning, assessment, negotiation, publication &
sharing, decision making and implementation.

SESAR W1 PJ
OSED

Dynamic mobile aree
(DMA)

Dynamiamobile area (DMA) is an integral part of the
MT described by a 4D data set, where the velocity
parameter is equal to zero. DMA constitutes a define
volume of airspace that satisfies specific requiremen
from different Airspace Users.

There are two typesf DMA that have been identified
for Step 2:

DMA Type 1 is a volume of airspace of defined
dimensions as integral part of MT at flexible
geographical locations agreed upon a CDM process
satisfying Airspace Users requirements in terms of a
time and/or distance constraint parameters from a
reference point as specified by AU (e.g. Aerodrome
Departure).

DMA Type 2: is a volume of airspace of defir
dimensions described as integral part of MT and agr
upon a CDM process, satisfying the Airspatsers
requirements.

SESAR 202
Concept of
Operations
Edition 2017

Elementary Sector (ES

ATC workable 3D airspace that can be controlled
ATCO for ATS provision and that cannot be split fur
down into workable/controllable sector(s)

SESAR W1 PJi
OED

Flexible boundaries

(FB)

Sector boundaries that can be modified or refined to
facilitate / optimise FRA trajectories. It is expected th
Flexible boundaries can be facilitated through the us
of:

- Flexible Drawing Tool.

SAM (Sharable airspaceodule) - smallest, non
workable volume of airspace that can be dynamic
attached (belong to) to any neighbouring ES or S
used to marginally adapt sector boundaries, i.e:
10nm

SESAR W1 PJ
OSED

Flight Intents/ Flight
Intentions

The future aircaft trajectory expressed as al@ profile
until  destination (taking account of aircra
performance, weather, terrain, and ATM servi

ICAO Doc 9854
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O2yaiNIAyGaoxr OFft OdzZ 4GS
flight management system, and agreed by the pilot.

Flight Operation Centre

(FOC)

Flight Operation Centre is a part (departme
employee) of an Airspace user or a system used b
Airspace user providing FOC services and support
operational control, flight planning, prifight briefing,
in-flight sugport and postflight analyses in accordanc
G2 1'Qa&8 hLISNIGA2YylLf aly
Procedures.

P11.01.01
Transversal
consistency of
BT/MT
requirements
(across WPs)

D11.01.011
Definition of
trajectory
requirements for
Step 1, including
gap andysis,
support to
standardization
report from
Airspace  User:
perspective

Forecast
Trajectory

Busines

4D definition of the trajectory associated with a level
uncertainties which evolved according to the time
horizon. The FBT uncertainties are charasgst by
Time uncertainty, Lateral uncertainty, Vertical
uncertainty.

The purpose is to elaborate the best predictable 4D
Trajectory representation called Forecast Business
Trajectory (FBT) using uncertainty modelling and
including result on FBT itself. TRBT shall be built
from historical data (statistical model) and various
RIFGFoF&aS 6! ANLRNILEZ ! hZ
all along the timeline based on SBT (2D + schedule
3D + schedule or 4D profile), and trajectory element:
that will be knownonly at a later stage of the planning
LIN2E OS&aa O0AYT2NXNIOGAZY 2V

FBT will be complemented by prediction algorithms ¢
simulation tools used to anticipate flight intentior
which are not yet known at the considered anticipat
time (SBT maturity, weather conditions, etc.)

SESAR W1 PJi
OSED

HotSpot

The HotSpot is a 4D volume (defined in time and sp
representing a potential DCB imbalance (not critica
not impairing Safety), identified by ANSP(s)
potentially NM.

OSED P13.02.C
SESAR1
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This imbalance is shared with partners, and AN
define solutions, supported by Collaborative Decis
Making process and tools (either in strategical and- |
tactical phases, or in tactical phase with INAP). A hots
situation represent a nominal, safety namitical and
planned event.

Imbalance Imbalance between Demand and Capacity (measure SESAR W1 PJi
the occupancy rate in a Controlled Airspace Block) OSED

INAP Timeframe INAP covers three main time periods, all referred to: OSED PJ.0&/2-
time of occurrence of the hotspot (i.e. OH): 44

- From-6H to-2H:It is assumed tha®?H is the cubff
time for CASA application, so this implies that m
of the flights are still on ground,

- From-2H to -40Q This period represents the ga
that INAP is filling in the DCB process,

- From-n n Q-m jj 1@ this period smk adjustments
are possible to optimise capacity without a safe
issue.

IMPORTANT NOTICE

The figures provided are indicative and can slightly di
from one ACC to another, depending of the sec
configurations. It should be up to INAP actors to adj
local time periods. To ease readiness of the docum
6hours and 15 minutes will commonly be used
reference in the following sections.

Models A & B (DA
Management Process)

There are two main DAC management process mo
that are covered by this OSED: centralised

distributed DAC management models: Model
Gt I NIDwsttibLitéd@DAC Management Model |
a 2 R S tFully Distributed DAC Management Mogl¢
that are describedbelow.
a2zRSt ! A& GKS aid2L) R2«
characterised by leading role of Network Manager w
is kicking off, coordinating and monitoring the D
planning process with local actors (at national or s
regional level depending on local orgartiea) assisting
NM with local expertise, data and knowledge.

a2zRSt . AazlLJE G oRG/G 2 Y Y I 3
characterised by leading role of local actors (at natia

OSED PJ08 W1
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or subregional level depending on local organisation
DAC management process.

netLoad

The Network Load (netLoad) is an indicator depetb
to determine the severity of areas within the networ
looking at the propagation of imbalances to Rra
nominal and critical areas from a network point of vie

OSED PJ.o82-
49

netSpot

The Network Spot (netSpot) éascaptured geographice
area that ircludes linked airspace clusters predicted
be in nornominal or critical states.

The netSpot represents a reference for all conceri
actors and stakeholders indicating that:

- acongestion is propagating at the network le
moving to a nomominal or critical situations,
- a global strategy will be coordinated ar
implemented to resolve it.

OSED PJ.0O&2-
49

Network
Plan (NOP)

Operations

[NOP consists of]: a set of information and actions
derived and reached collaboratively both relevant to,
and serving as a reference for, the management of t
PanEuropean network in different timeframes for all
ATM stakeholders, which includes, but is not limited
targets, objectives, how to achieve them, anticipated
impact. The NOP has a dynamic andmgllifecycle
starting in the strategic phase and progressively
updated up to and including the execution and post
operations phases.

It supports and reflects the result of the collaborati
ATM planning process: at each phase, stakehol
collaborate at @veloping a common view of th
planned network situation, allowing each of them
take informed decisions considering the network effe
and the Network Manager to ensure the over
coordination of individual decisions needed to supp
network performarce.

SWP 7.2 DOD

OptiSpot

The OptiSpot is a 4D volume (defined in time and sp
representing a traffic situation where opportunity fc
optimization has been identified by ANSP (INAP).
ATFCM situation yet to be optimized represents
nominal, safeand planned event.

OSED PJ09 W1
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Revision of the
Reference Business
Mission Trajectory

The revision of the Reference Business or Mis:
Trajectory (RBT/RMT) is triggered at Controller or Fl
crew initiative when there is the need to change t
route and/or altitude constraints and/or time
constraints, mainly due to hazards (traffic, weathe
fine sequencing (CTA or CTO allocation) or inability
the aircraft system to meet a constraint (CTA missec

SESAR 202
Concept Of
Operations
Edition 2017

Shareable
Block (SAB)

Airspac

non-workable volume of airspace that can |
dynamically configured (Attached) in a pilefined way
to any adjacent Elementary Sector (ES) or Airspace E
(AB) to build Configured Sectors (CS)

SESAR W1 PJ
OSED

SAM (Shardb airspace

smallest, noAworkable volume of airspace that can |

SESAR W1 PJ

module) dynamically attached (belong to) to any neighbouring OSED
or SAB, used to marginally adapt sector boundaries
+/-10nm
Shared Published Business/Mission trajectory that is availa ATM Lexicon
Business/Mission for collaborative ATM planning purposes. T
Trajectory refinement of the SBT/SMT is an iterative process.
Reference The business/mission trajectory which thigspace user ATM Lexicon
Business/Mission agrees to fly and the ANSP and Airports agree
Trajectory facilitate (subject to separation provision). [2] SESAF
Integrated
Dictionary
Vertical Sharable Non workable volumes of airspace vertically split
Airspace Module 1000ft segments which must be configured with
(VSAMS) minimum number of VSAMS to create a CS.
Wing Operations The WOC is a generic term, which gathers P11.01.01
Centre operational processes and services directly related Transversal
the airspace users and linked to Mission Trajectories consistency of
other aerial activities. This definition avoids detailingt BT/MT
diverse organisational structures existing in Euro requirements
It is the Military equivalento the civil Flight Operation; (across WPS)
Centre (FOC)
D11.01.011
Definition of
trajectory
requirements for
Step 1, including
gap analysis
support to
standardization
report from
Page22
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Airspace  User
perspective

Whatif tools a 2 K-L % éouthdssimulations allow selecting a
single flight and perform reoute trials using flight

delay imposed on this single flight is minimized and

the re-route flight.

the EET and route length differences between

alternatives.

route alternatives provided by the system, so that the

there is nooverload on the traffic volumes crossed by

The system automatically provides the benefit a
overload, and also automatically calculates and disp

original flight route and the provied flight route

SESAR W1 PJ
OSED

Tablel: Glossary of terms

[1] SESAR ATM Lexicon

[2] SESAR Integrated Dictionary,
http://www.eurocontrol.int/lexicon/lexicon/en/index.php/SESAR

[3] SESAR 2020 Concept Of Operations Edition 2017

[4] B.05 D86 Guidance on KPIs and [2dHdection support to SESAR 2020

[5] SESAR PJ08 OSED, Ed 03.00.01

2.7 List of Acronyms

transition.

Acronym Definition
AIG Air / Ground
AB Airspace Block
ACC Area Control Center
Al Artificial Intelligence
AMC Airspace Management Cell
AoR Area ofResponsibility
APOC Airport Operations Centre
APW Area Proximity Warning
ARES Airspace Reservation /Restriction
ASM Airspace Management
ATC Air Traffic Control
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ATCO Air Traffic Controller
ATF(C)M Air Traffic Flow (and Capacity) Management
ATM Air Traffic Management
ATS(U) Air Traffic Services (Unit)
AU Airspace Users
CAP Capacity
CB Cumulonimbus (Storm Clouds impacting safety)
CDM Collaborative Decision Making
CDR Conditional Route
CD/R Conflict Detection & Resolution
CNS Communication Navigation and Surveillance
CONOPS Concept of Operations
CSs Collapsed Sectar Configured Sector
CWP Controller Working Position
DAC Dynamic Airspace Configuration
DCB Demand & Capacity Balancing
DDR Demand Data Repository
DMA Dynamic Mobile Area
EATMA European ATM Architecture
EATMS European Air Traffic Management System
EC Executive Controller
ECAC European Civil Aviation Conference
EDAC European DAC
EEG Electroencephalogram
EOBT Estimated OFF Block Time
ES Elementary Sector
FAB Functional Airspace Block
FBT Forecast Business Trajectory
FEFF Flight Efficiency
FL Flight Level
FM Flow Manager
Page?4
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FOC Flight Operations Centre

HEC Hourly Entry Count

HLAPB High Level Airspace Policy Body

HP HumanPerformance

HPAR Human Performance Assessment Report

INAP Integrated Network Management and Extended ATC Planning function

INTEROP Interoperability Requirements

IOP Interoperability

ISA InstantaneousSelf Assessment

KPA Key Performance Area

KPI Key Performance Indicator

LCM Local Capacity Manager

LoA Letter of Agreement

LTM Local Traffic Manager

MBT Military Business Trajectory

MIL MiLitary

MTCD Medium Term Conflict Detection

MV Monitoring Value

NM Network Manager

NMf NetworkManagement function

NOP Network Operations Plan

NSA National Supervisory Authorities

NWP Network Position

oC Occupancy Count

ol Operational Improvement

OSED Operational Service and Environment Definition

PAR Performance Assessment Report

PC Planning Controller

PRED Predictability

RAD Route Availability Document

RASCI Responsible, Accountable, Support, Consulted, Informed
Page?5
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RBT Reference Business Trajectory

RT Radio Transmission

SAB Sharable Airspace Block

SAC Safety Criteria

SAM Sharable Airspace Module

SAR Safety Assessment Report

SBT Shared Business Trajectory

SD&C Sector Design and Configuration

SecAR Security Assessment Report

SESAR Single European Sky ATM Research Programme
SID Standard Instrument Departure

SJu SESAR Joint Undertaking (Agency of the European Commission)
SMT Shared Mission Trajectory

SPR Safety and Performance Requirements
STAR Standard Instrument Arrival

SWIM System Wide Information Model

TDF Traffic Demand Forecast

T™MV TrafficMonitoring Volume

TS Technical Specification

TTA/TTO Target Time on Arrival / Target Time Over
WOC Wing Operations Centre

xFL Exit Flight Level
Page26
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3 Operational Service and Environment
Definition

The following suksections describe theperational environment applicable for the SESAR Solution
W2-S44 under the scope of this deliverable, as well as the context for assessing and establishing
operational, safety, performance and interoperability requirements (which will be captured in the

chapter

4 of this document).

SESAR Solution PJ-0&-44: a summary

¢KS

{9{!'w 2n {2fdziA2y nnX a5&ylYAO

solutions PJ0O8®1 and PJ092.

I ANBELI OS /2y

The core focus of the PJ-092-44 solution is the use dPAC concept into the DCB process including

the Integrated Network Management ATC Planning (INAP) concept, in an integrated way, and not as
two different steps. A particular emphasis will be put on the INAP timeframe where the two overlap.
The INAP timeframcould be established between a few hours to a fewuten before a spot occurs,

e.g. from ~6 hours to ~15 min, the limits thresholds being to be adjusted according to local
specificities (refer t&2.6).

To manage a seamless integration, the solution will investigate:

Further development of the DAC concept for DCB integration, notably the implementation of
the optimised configurations andhé seamless integration of DAC at fiaetical and tactical

phases

Adequate automatic support for spots detection, traffic analysis and measures mogitorin
Development of new features to support the analysis and resolution of hotspots, namely what

if andwhat-else

Development of new indicators to firine analysis and ease monitoring, namely the

complexity and the uncertainty,

Alignment of processes, roles and measures, based on the aheméoned features,
ensuring the right level of coordination amsthared situation awareness at local, sudgional

and regional network levels.

The further development of DAC concept includes:

Page27

Development of optimised functions for hotspots resolution based on both capacity and

demand measures

A Sector Configuration Fermance Based Approach defined according to a set of DAC

KPA/KPI Assessment Criteria and linked to adequate Whaictions

Establishment of guidelines for the design of DAC airspace basic structures, i.e. Airspace

Building Blocks and Controlling Blirlg Blocks
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Identification of proper criteria to set the Airspace Block Attributes, Whoptimise Sector
Configuration,

Integrate the use of complexity, ADCworkload and ATC@vailability within the sector
configuration optimisation process

Reinforcemat of a seamless DCB process (ASM-MATCCDM processes)

Include Cross border Dynamic Airspace Configurations

Full concept Integration within the Network Operations Plan (NOP)

The schema below presents the scope of the solution R&/294 with the main concepts developed
within the solution. It also highlights dependencies with other solutions (in red dotted line) and main
stakeholders impacted (all around the S44 rectangle):

Page?8

Solution PJ.OSV2-n ¢p W/ 2f £ F 02 NI GA DS DbSGE2N] ti6eNaF 2 NV I yC
common framework to assess and share network performance

Solution PJ.092-44 DAGN~hose focus is the DAC/DCB integration within IN&Risages a
set of functions to support spot detection dmesolution at INAP timeframe,

o Amongst them, the whaelse function, which needs to be fed by enhanced traffic
prediction as developed in Solution PIW2-n p WOy Kl yOSR bSGg2N] ¢N
andsh&d SR O2YLX SEAGE NBLNBaSyidldA2y Q>

o Moreover, Solution PJ.3W2-po W5St SIAIL GA2y 2F a&alimadA O0Sa |
interested on the cross borders operations to describe the delegation roles and
responsibilities.In addition and though not represented on the schema as the
dependency is lighter, the Solution Wave 3 PJ32 will be interested as well for similar
topics.

Solution PJ.0W2-44 DAC and the functions supporting it (Spot detection amhitoring,

catalogue of DCB Measures, Wh#tWhat-Else, Complexity Assessment and Uncertainty
Assessment) shall be integrated with the ATFM and Trajectory Managementugtiththe

LTM and EAP can be considered the central roles of the INAP DAC/DCB processes supporting
ATFCM, a CDM process is necessary involving AUs, NM and Airports (through Airport
Operations Centre APOC coordination). To do so, Solution PJW2-0 ¢o  Hhbratitret
FNFYSG2N] YIylFr3IAay3a RStlFe O2yadNIAyGathdy | NNR
collaborative framework,

Solution PJ.OW20oy WIOVYKIYyOSR Ayi{iSaNIidazy 27F 1| G N
YFEYylF3aSYSyid LINE OSaaSa eolufioa asltheyavll beragalysnyBaifipddR A y
2T ! ¢a LI I obts ¢f dperdtigns,! | & Q

N
5

Finally, ATC processes will take place, being the ATC performance dependant of the capability
of the DAC ASM/ATFM processes to provide an airspace capacity adaptbd traffic
demand. Therefore, the ATC DAC procedures and the ATCO human performance in DAC
environment will be assessed as part of Solution PW@314.
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Figurel. PJ.09W2-44 Diagram of concepts

The table below presents the Qeps included in this solution, based on known elements at the time
of the writing, i.e.: based upon Datase? @raft v16.0.

SESAR
Solution
ID

SESAR
Solution
Description

Master

(M or C)

Contributing

Ol Steps ID
and Title (from
EATMA)

Enablers ID anc
Title (from EATMA)

OI/EN Coverage

PJ.09
W2-44

Dynamic M
Airspace
Configuration

AOM-0805:
Collaborative
Airspace
Configuration

AAMS13
scenario
management sub
system  equippec
with  tools  for
assessing the impac
of airspace change
on capacity

ASM

Full

use

AIMS04 (Optional)
Network
management
functions supported
with reaktime
airspace data

Full

Use
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Enablers ID anc
Title (from EATMA)
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OI/EN Coverage

ERAPP ATC 8
Enable ATC Syste
to Use Dynamically
Defined  Airspace
Reservations

Full

Develop

NIMS04: ATFCN
capacity  planning
sub-system
enhanced to take
into account
dynamic sector
shapes

Full

Use

NIMS30 ATFCNM
scenario
management
equipped with tools
for assessing the
impact of DAC an(
capacity changes o
trajectory efficiency

Full

Use

PRG010 (optional)
Procedures to
ensure that all
actors involved in
the airspace
reservations are
well aware about
the real status of
airspace availability
and subsequen
changes

Full

Use

AOM-0809A:

Initial  Sector
Design and
Configurations
Unconstrained

by

NIMSO04: ATFCNM
capacity  planning
sub-system
enhanced to take
into account
dynamic sector
shapes

Full

Develop
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OI/EN Coverage

Predetermined
Boundaries

NIMS30
scenario
management

equipped with tools
for assessing the
impact of DAC anc
capacity changes o
trajectory efficiency

ATFCN

Full

Use

PRQ@010 (optional)
Procedures to
ensure that all
actors involved in
the airspace
reservations are
well aware about
the real status of
airspace availability
and subsequen
changes

Full

Use

CM0102B:
Dynamic
Airspace
Management
based on
complexity

AAMS19 Dynamic
Airspace
Configuration tools
for the Integrated
local DCB workin
position

Full

Develop

DCRB0210: Full
integration of
Dynamic
Airspace
Configurations
into DCB

AAMS02 Dynamic
Airspace
Configuration tools
for the Integrated
Network  Working
Position

Full

Develop

NIMS30
scenario
management

equipped with tools
for assessing the
impact of DAC an(
capacity changes o
trajectory efficiency

ATFCN

Full

Use
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OI/EN Coverage

ID Description (M or C) EATMA)
SVA73 Full
Consumption of G/C
and initial A/IG ASM Use
ATFCM Informatior
Services on Wid¢
Area
communications
CM0104C: ERAPP ATC 1 Full
Automated Enhance Traffic an
Support  to Flow Management Use
INAP sub-systems to
(Integrated support  dynamic
Network flow management in
Management co-ordination with
and Extended local, regional, anc
ATC Planning European levels
Function
NIMS46 Integrated Full
local DCB workin¢ Develop
position
SVA73 Full
Consumption of G/C
and initial A/IG ASM USe
ATFCM Informatior
Services on Wide¢
Area
communications
CM0103B: NIMS36 Enhancec Full
Automated Complexity
Support  for Assessment Tool = Develop
Traffic
Complexity
Assessment

Table2: SESAR Solution PJ0&-44 Scope and related Ol steps/enablers

The table below summarizes the Higével Operational Requirements applicable to the solution.
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Requirement ID

High Level of

Requirement

Concept Operatior
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25309

Reference to relevant Concept ¢
Operations Sections e.g.
Operational Scenario applicabl
to the SESAR Solution

S44HLORO1

Dynamic sh

increase :

airspace management

9 Airspace capacity
9 Flight Predictability
T ANSP coskfficiency

for both civii and military user:
GAOGKAYKEF ONRA& ! b{t:

9 increased granularity and flexibility i
airspace configuration by :

9 integration of concepts and procedure
providing flexible sectorisation boundarie
to be dynamically modifiedbased on
demand (Free Routing trajectories ai
AFUA needs), so that the ATM environme
is able to match resources to hotspots;

flemploying CDM processes relating to D/
and with coordination between DAC ar
DCB to define optimal solutions;

i sharing D& information with
stakeholders via the NOP, with ne
capability to allow AUs to contribute to th
DAC process before its completion;

I management of the RBT in the executi
as the DAC process evolves from 1
planning phase;

futilising automated toofunctionalities for
airspace management processes
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3.1.1 Deviations with respect to the SESAR Solution(s) definition

At the time of the writing, no deviation has been identified.

3.2 DetailedOperational Environment

The key developments of SESAR operational concepts (identified to date), relevant to the development
of PJ.09W2-44, rely on DAC process and INAP related functionalities developed in Wave 1.

The following suksections:

- first presentthe background from Wave 1 with summary of the two main concepts
(83.2.1),

- then provide descriptions of the concepts addressed to allow a seamlesgrDé3s,
with DAC and INAP concepts used in an integrated way and not as two separate steps.

The table below shows the linked SESAR operational nodes :
- In bold, the nodes belonging to the Network Operations area

- In standard, the nodes belonging to othenseas.

Linked SESAR operational nodes Operating Environment

Airspace Organisation Fixed and FRA

Airspace Management Strategic, Prdactical & tactical phases with
Air Traffic Flow & Capacity Management focus on INAP timeframe

Airspace User Ops Support ER & TMA

Airport Ops Support Civil & Military traffic

Table4: Addressed Operational Nodes

The Suboperating environments (OE) associated to this solution MUR%544 that are under the
scope of this document regarding tla@plicable Validation targets are:
1 Capacity En Route very high complexity, En Route high complexity, Terminal Very high
complexity, Terminal high complexity.
1 Operational efficiency (fuel efficiency/punctuality/flight time/predictability) En Route very
high complexity, En Route high complexity
1 Cost effiencyEn Route very high complexity, En Route high complexity.

3.2.1 Basis from Wave 1, a summary
Refer t[39] & [38] for more details on the concepts summarized hereafter

3.2.1.1 DAC Process
DAC process consistsarfanising, planning and managing airspace configurations

- to meet Use Preferred Routing, in a&e Route operating environment,
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- to respond to any change in traffic demand; unexpected events, and update in airspace
reservations in the optimum way
- to allow better distribution of ATCO workload

The objective of the DAC press is toidentify optimised airspace configurationgincluding
configuration plans for transitions) for a defined airspace through the implementation of airspace
design and configuration sytirocesses based on the foretad air traffic complexity, ATC®@orkload

and ATO availability as well as the traditional count methodologies provided by the Imbalance
Prediction and Monitoring Service (Hourly Entry Counts and Occupancy). The identified optimised
airspace configuration shoultheet forecasted traffic derand and reach the defined performance
targets both at Local and Network levels and with minimal impact on the Business/Mission
Trajectories.

With Dynamic Airspace Configuration in place, it will be possible to manage dynamically all capacity
elements and constraints in one singbeamless process.

- Sector configurations are arranged according to an initial set of decision criteria (among which
capacity load and stability, accuracy versus uncertainties, or local paramet&afing,
capacity level calculation or stability parameters)

- The assessment of the criteria results on an airspace configuration that is negotiated through
the DCB Collalative Decision Making Process (CDM) with the ATM Actors, including Military
(negotiating the automated alloc&in Dynamic Mobile Areas, DMA),

- Thefinal configuration plan is made available to the ATSU Supervisor, LTM and EAP. These final
actors, should beble to optimise the configuration plan to adapt capacity to demand and
meet the needs of the ATM community while minimising demand adjustments. To achieve
these objectives, the Whdf service becomes a fundamental asset.

3.2.1.1.1 DAC Toolbox

G588y FYAO 2WMMNEAIZNISIA/2Yyaéd O2yOSLIiz a RSOSE2LISR A
provides ANSPs with different options to manage capacity, through varying the degree of Sector Design

and Configuration dynamicity, the level of automation and the innovation in huneaimpnance and

related training to better support a higher flexibility in the airspace configuration. The set of all possible

DAC options are presented in a DAC Toolbox containing three axis: Design and Configuration Axis,
Automation Axis and Humanandika/ Ay 3 | EAa® hy 2yS aARSTI 5!/ ¢22f
degree of dynamicity in each axis that best fits their needs, on the other it allows to select to the most
adequate combination of the three interdependent variables (e.g. as design andgeration

dynamicity increases, the requirements for automation increase).

Sector Design and Configuration Axis,based on Airspace Building Blocks @udtrolled Airspace
Blockairspace design architecture. It introduces different airspace design elsmemich can be
configured into different configurations resulting in a Configured Sector (CS). Configured Sector is the
Result of the Sector Configuration process. This is the actual airspace a controller will be assigned to
provide ATS services

- Elementay Sector (ES) ATC workable 3D airspace that can be controlled by ATCO for ATS
provision and that cannot be split further down into workable/controllable sector(s)

- Airspace Block (AB) A primary volume of airspace which has to be configured to build
workable Sectors of Control defined as Configured sectors in this concept (CS)
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508

Shareable Airspace Block (SAB)on-workable volume of airspace that can be dynamically
configured (Attachedn a predefined way to any adjacent Elementary Sector (ES) or Airspace
Block (AB) to build Configured Sectors (CS)
Flexible boundaries (FB) Sector boundaries that can be modified or refined to facilitate /
optimise FRA trajectories. It is expectedttRéexible boundaries can be facilitated through the
use of:
A Flexible Drawing Topl
A SAM(Sharable airspace modulesmallest, noavorkable volume of airspace that can
be dynamically attached (belong to) to any neighbouring ES or SAB, used to marginally
adapt sector boundaried.e. +~ 10nm
Vertical Sharable Airspace Module (VSAMSNon workable volumes of airspace vertically
split in 1000ft segments which must be configured with a minimum number of VSAMS to
create a CS.

Six configuration options were @posed by DAC concept wave 1 ((A, B, C, D, E. F) depending of their
use of Elementary Sectors (ES) or Airspace Blocks (AB) isolated or in combination with other elements
(SAB and FB) in the lateral plain. In the Vertical Plain, the concept proposesetyaiioin of the two

options

already available (Standard Vertical Cuts and Sharable Vertical volumes sandwiched between

sectors) with the automated integration of level cuts or the manual cutting of airspace volumes
(ES/AB/SAB/SAM) into 1000ft segments (Bgere below).
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Figure2. Lateral plain and Vertical plain Configuration options

Automation Axiscomprises several categories, suchl@elligence Artificial (IA)in support of data
mining or Machine Learning (ML) methods to pap airspace design algorithms, predict ATFM
thresholds, predict requirements oATCOresources; or in support of real time mulibjective
optimisation. SOA and Welservices solutionmight help to integrate DAC functions in different
workspacesand embedling DAC and DCB functions. Different DAC aspects were appointed as good
candidates to be substantially improved through automation:

- Sector Design and Configuratjon

- DAC tactical operations

- Prediction of periods of imbalance

- Monitoring andassessment of airspace configuratjon

- iSupport Functions to the Human Actor

Human and training Axisvas not developed in wave 1. Training was out of the scope alththeh
need to subject to human analysis and acceptance the outcome of the Design andy@atibn
Process with the selected level of automation was highlighted.

3.2.1.1.2 DAC Timeline
DAC timeline, as developed in SESAR wave 1 concept, comprises the phases described below.

Long term processeaiming at designing the airspace to enable the implementatf the dynamic
configurations and allow the planning of the ATM resources that should be made available to respond
to the various performance objectives. As ATM resource planning are normally constrained by local
procedures and regulations, these proses will normally take place from years tornths before

the relevant flights occur.

Medium Term Processe® Short Term Processes, the processes by which ANSPs make plans for
airspace configurations according to the expected traffic pattern (via a Cibidegs where
appropriate). The processes in medium and stiertn are broadly similar (the principal difference is

that the data reliability/certaintyc particularly for estimated demand). These processes take place
GazyiKa G2 51 @&aé¢ o wSéuks @ortTednNIvebore thy rielevank fRgkts occur.

In the INAP time horizonDynamic Airspace Configuration is a crucial task to assist Demand and
Capacity Balancing activities; DAC is part of the toolset available to the INAP actors to manage
complexity and facilitate users preferred routing, achieving specific performance objectives.

Execution processeare those by which airspace configurations are implemented andtfined if
appropriate according to the running traffic pattern. These procesaks place in the hours before
the relevant flights occur, through to the time that the relevant flights are airborne.

Post Operational Analysis processage those by which the efficiency of the above is reviewed and
recommendations for change made (if ®ssary). These processes can take place any time after the
relevant flights occur.

The use of the different DAC Toolbox elements in the DAC timeline was also identified to account for
the restrictions of use due to its link to system changes, training ireqents or changes of
procedures.
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Figure3. DAC Options Timeline

3.2.1.1.3 DAC Process Model

There were two main DAC management process models covered in wave 1: centralised and distributed
51/ YIyF3aSYSyid Y2RS Ditbuteal DRSNanagemeént Mobidi Al [yiRE @a 2 RS f
oFully Distributed DAC Management Mogleb

ModelAAda (KS ai2LI R2é6yé¢ 5!/ YIEyF3aSYSyd Y2RStf OKI NI (¢
who is kicking off, coordinating and monitoring the DAC planning procels$osiil actors (at national

or subregional level depending on local organisation) assisting NM with local expertise, data and
knowledge. However, the closer to the execution phase the more responsibilities are shifted from NM
towards local DAC managemedavel.

Model BA & G odldél 25! /  YIFylF3aASYSyd Y2RSt OKFNYOGSNREASR
national or sukregional level depending on local organisation) in DAC management process in nominal
case with monitoring, moderating and facilitating rafethe Network Manager.

The selection of one model or the other will have an impact on the allocation of functions and
responsibilities to the actors involved in DAC process.
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3.2.1.2 INAP Function

The INAP function encompasses some of the activities ofdwal Traffic Manager (LTM) in tactical
phase, the activities of the Extended ATC Planning(s) (EAP) and the activities linked to
decomplexification managed by Planner Controller (PC) on Controller Working PosiiéBs ifCa
seamless and closely interméd manner.These local ATM actors, working on different timeframes
and associated levels of uncertainty and granularity, will render better service to Airspace Users, in
close connection with NM, thanks to shared situational awareness regarding the pr®ble
identification, solution means and performance objectives.

EAP role has been introduced in SESAR 1. Solution 09.02 has further investigated and validated this
role, together with associated responsibilities, working methods and toolset, towards fedjratton
with local Network Management function and ATC within INAP.

LTM (Local Traffic Manager) replaces the Flow Manager Position (FMP) with additional responsibilities

and tools, working in close collaboration with the EAP in case of a different ast@dng the same

situation awareness, based on common information sources and extensive means of communication.
/2ta FNB faz2 Ayg@2ft @SR Ay GKS Lb!t LINRPOSaax yz2il
beyond the scope of his/ her Area of Intste

It is important to note that EAP is a role, and not necessarily a dedicated actor: depending on local
management of staff, EAP and LTM roles could very well be ensured by a single person. It will depend
on the ANSP the allocation of the EAP role t@ec#ic actor and define preequisites to fulfil the
position.

120 mn 60 mn 30mn 20mn 10mn Omn
Nq'twork planning/ execution EPrev Elmp Hot “\

i Sector Sector /]

} -

: i A

3
& | 1
LTM ) §
| - \
EAP | ,’ ! y
Situation awareness Analysis/Preparation H‘VLM/
llmD .
]

.

Figured. EATMA Mode}l INAP with EAP role Extract from PJ.09 W1 OSED

pkc

b2GSY Ly GKS FAIANB F020Ss at NBJ: A WiRay F 25\ G (D)
in charge of the implementation of the measure, in order tdadfl the sector where the hotspot has

0SSy ARSYUGATASRYI WLYLIt/ Q adlkyRa F2NJLYLX SYSYy(Ay
Tactical Controller
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3.2.1.3 PJ.09W2-44 overview

The core focus of the solution is the integration of DAC and Integrated Network Management ATC
Planning (INAP) concepts, especially on the INAP timeframe where the two may overlap. This is
expected to be reached by development of adulial features and services presented in this
document.

To identify how to bridge the gap between INAP actors and DAC in an integrated DCB, the solution
OSED contributors have performed brainstorming sessions, resulting in sevecalrstdpts. They are
expected to be refined with the course of the solution progress and the validation exercises results.

The table below provides an overview of the sztdncepts to bedeveloped and the link with the Ols
coverage.

Integrated DCB : DAC & INAP actors in a seamless pra Ols coverage (based on know
elements at the time of the writing)

Refine the DACoperational concept and associate AOM-0805

algorithm

Develop automatic DAC based, sector configurai AOM-0O809A

proposal tool

Align INAP processes, roles and measures to extend CM-0104B & CMO0302 (both are

operations and include DAC as part of DCB proposed to be merged)
DCB0210

Development of new features and indicators : complex CM-0103B

what-if and whatelse, uncertainty CM-0102B

Table5: Summary of concepts to be developed within PJ02-44 and related Ols

3.2.2 Operational Characteristics

The operational environment of this solution, regarding the applicatiomonhtegrated DCB, including

DAC environment where the airspace structure acquires high flexibility level and INAP environment
where a set of demand measures can be mixed with capacity measures to manage imbalances in
tactical phase, is characterised by tlilowing SESAR operational concepts:

-  Demand and Capacity Balancif®CB), a process that aims at adjusting demand and
capacity, mitigating the negative impact of this adjustment on AUs flight profiles and
network performance. The integrated DCB includ®&gmamic Airspace Configurations
measures mixed with INAP measures to manage spots

- Imbalance Prediction & Monitoring Servi¢allowing DCB actors to make decisions on the
most appropriate solution (that could be capacity and/or demand measure(s)) atghee ri
level of granularity, considering the different imbalance prediction methodologies. This
includes the definition, methodologies and granularity of the complexity assessment and
development ofwhat-if and whatelse services,

o Complexity management an enabler for integrated DCB, via improved estimates
of controller workload; derived from the improved predictions of traffic demand
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o What-if & What-Else Services,an enabler for integrated DCB, via simulations of
DCB measures expected impact and efficjenc

o Forecasted traffic demanda result of predicted trajectories through which
configurations plan and DCB measures can be created accordingly with the highest
level of accuracy.

- Collaborative DecisiofMaking (CDM)process between DCB actors, to guarantbe
application of the best consensual solution possible and the integration of different
methods to achieve i{CDM with AUs ialsoaddressed bgn-goingSESAR Solution PJ07)

- NOR an enabler of DCB as it shares the relevant information among the @avabttors

- Performancebased operations environmentwhere a KPI performance framework is
continuously monitored and assessed to support the entire integrated DCB process, and
especially the dynamiairspace configuration process,

- Network performance enhancementa key criterion for decisiemaking and monitoring
of integrated DCB operations, such as sector configuration where the basis to create a
configuration plan is aesies of performance indi¢ars,

- Free Route Operations Environment (FRAlere the integrated DCB process is expected
to be applied and adjusted to specificities compared to fixed route environment.

3.2.3 Roles and Responsibilities

This section describes the Roles involved in theaig@perational Activities (as available in EATMA)
and what their responsibilities and tasks are.

3.2.3.1 General
Within this OSED following terms are used in following corresponding meaning:

Arole is an aspect of a person or organisation that enables them tb &uffarticularfunction
- Avroleis a collection of responsibilities that an ATM actor can take.

A Responsibilityis the obligation to conduct assign&gksksto a successful conclusion

Note: several ATM actors can perform a role. A unique ATM actor camrpeséveral roles.

In the context of this OSED, when describing Dynamic Airspace Configurations operational processes,
Gratltas NBaLRyaArAoAtAlGASaz 1 asS /lasSasz SaOez GKS
al yI 3SNE o

Identification of roles and rgmnsibilities addresses two questions:

- lIdentification (and definition) othe tasks that need to be done,
- Allocation of the tasks to specific roles.

Nodes Roles Functions

FOC (Flight Operations Centre) ATFM
WOC (Win@perations Centre) DAC
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Nodes Roles Functions
Regional Network NM (European Network Management) DAC, ATFM
Management
State HLAPB (High Level Airspace Policy Body) DAC
Air Navigation Service| Strategic & Pr&actical : ANSP ATFCM Un DAC, ATFM
Provider (ANSP) Tactical : LTM (Local Traffic Manager) & B
Local & Sulsegional (Extended ATC Planning)
levels (depending on | ATSU Supervisor DAC, ATFM
ANSPspecificities) ATCQAIr Traffic Controller) ATC
Airport APOC (Airport Operations Centre) ATFM

Table6: Roles Summary

Most of the actors listed above, involved in dynamic DCB processes are practically the same as the
ones exposed IOSEDFom SESAR Solution 08.01 and SESAR Solution 09.02. However, some nuances
are explicit e.g. the actions and related responsibilities defined for DAC Role are suggested to be
allocated to Local Traffic Manger (LTM) who is the responsible to run integrated DCB process in
cooperation with Network Manager (NM).

The major change is the mergingmevious PJO8 role Local Capacity Manager (LCM) with the Local
Traffic Manager (LTM) at tactical level and the introduction of the ANSP ATFCM Unit to manage DCB
activities at strategic & préactical levels.

The main challenge implied within PJ02-44 when compared to PJE&1L DAC OSED and PJ09 INAP
OSED38] & [39] is the inegration of the ASM/ATFM/ATC & CDM processes and definition of proper
timing and conditions for their simultaneous application and/or dynamic switch between them. This
should be further detailed in the New Operating Methagl3 2

3.2.3.2 Airspace User

3.2.3.2.1 Flight OperationLentre (FOC)

The airspace users should provide their intentions and planning at strategic horizon. They will also have
to follow the ATFCM measurestablished, changing and updating accordingly their SBT and RBT
trajectories.

3.2.3.2.2 Wing Operations Centre (WOC)

Local military airspace users are also involved in DCB processes, as they have operational processes
and services that affects directly to the adiyvof other airspace users. The responsibilities this actor
has are summarized as follow:

- Defines ARES (all types of fixed ARES, and DMAS) to be processed by DAC in accordance with
AUs mission request and to enable DAC wipgimainly DMA design principge

- Share and update their Mission Trajectories (via NOP/NM) and ARES in accordance with the
rules and procedures established by national authorjties

- Supports integration of ASM with ATFM by sharing trajectory requests with embedded ARES
(where suitable) nindependent ARES requests. The sharing of trajectories and ARES requests
triggers the CDM process for DAC,
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- Participates in CDM for the parameters (location, volume, FL band, activation period) of the
requested ARES to preserve military AU requirements.

3.2.3.3 State

3.2.3.3.1 High Level Airspace Policy Body (HLAPB)

The High Level Airspace Policy Bodystblished at national or suiegional level (FAB), with
participation of civil and military airspace users as appropriate and supported by the NM. It is
responsible foistrategic ASM policy (at national or stdgional level), planning and coordination, as
well as setting up of strategic aims and high level performance and airspace targets together with their
periodical review. Some of its responsibilities concerning &r€B

- Assure the prerequisites for the most optimum operational Airspace Configuration for the
volume(s) of agpace within its responsibility,

- Coordinate with the adjacent HLAPB actors (in order to ensure that nationalrégidnal
airspace design projézare compatible and consistenttiicrossborder airspace policy,

- Coordinate with the Network Manager to ensure when appropriate that nationaksgonal
airspace design projects are compatible and consistent with all the plans, in particular with the
overall Network Strategy Plan and its implementation through the Network Operations Plan

- Define a strategic framework (actors, roles, responsibilities, process main elements, and
negotiation and priority rulesfor civitmilitary CDM in DAC,

- Rely on the epertise of all the stakeholders within the CDM process, mainly on the national
or subregional expertise as Flow Managers, Airspace Managers, Local Capacity/Traffic
Managers, working ithe area of its responsibility,

- Support National Supervisory Authdes (NSAs) (or its stkegional equivalent) in
performance monitoring activities.

3.2.3.4 Regional Network Management

3.2.3.4.1 Network Manager (NM)

This role has to coordinate and share the information related to DCB measures, including capacity and
demand measures. Heac coordinating and answering requests from local DCB actors, such as
LTM/EAP. Due to this, its responsibilities are:

- Coordinate and advise through CDM process planning and development of Network Dynamic
airspace configurations management process that melefined Network and Local
operational performance targets for referred period in strategic gme-tactical to tactical
phases,

- Coordinate and lead discussions among NM involved actors towards agreement on targeted
performance for reference period in CDibde,

- Develop Network DAC solution scenario as a trigger of DAC planning and management process
aiming at achieving AU requirements

- Failitate Inter FAB coordination,
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- Perform or at least facilitate periodical Network Impact Assessments and monitor re$ults
What-if simulation being done by local DCB actors with regards to denaaadcapacity
measures,
- Detect (planned) Network situations that lead to Network performance degradation below
acceptable levels and associated problems and sughedD€B amendnmés or refinement,
- Maintainandupdd S bht > C. ¢a 655w0X a.¢ax SG0dX:
- lyagSNI G2 201t 5/ . I OdaiNdion N®rjicatoa, @te., O t £ F2 NJ |
- Monitor deviation from defined Network DCB solution scenamd overall Network situation,
- Monitor Network situation.

3.2.3.5 ANSP, local & subegional level

3.2.3.5.1 ANSP management

ANSPs will be responsible for strategapacityand staff planning. As for the strategiapacity their
airspace designers will be the ones that create and develop theseetors and configurations in the

DAC environment. Airspace designers shall evaluate the usability of the airspace structures and refine
them based on data analytics:

- Assessment of the Guidelines for Airspace Building Blocks and Configured,Sectors
- Evaluaton of the Complexity factors
- AT@Usability reports

Monitored KPI of the sector configurations

3.2.3.5.2 ANSP ATFCM Unit

This actor is in charge of DCB tasks in strategic &gutecal timeframes. The actor is also in charge of
performing a joint civimilitary function at national level, whose main role is to manage civil/military
airspace allocation and flow and capacity management, including sector configuration management
role at ANSP level (local and/or stdgional levels).

There should be a deeper coandtion between this actor and other DCB actors in all of the DCB
process phases, from strategic to tactical phase, integrating ASM, ATFM and functionalities so that
their processes can be performed in a combined manner allowing for a cooperative mandgemen
Airspace Configurations and DCB measures.

In a strategic phase, this actor should coordinate the development and design of new sector
configurations based on both demand and capacity measures, as well as the elaboration of an
appropriateconfiguration plas. Also, this coordination is needed in the fieetical and tactical phase,

in coordination with other DCB actors (namely LTM at tactical level) in order to update the

configuration plan to respond to changes in environmental conditions.

At strategic & preactical levels, the main responsibilities of the ANSP ATFCM Unit are the following:

- Plan and develop, or at least assist the NM in planning and develogyngmic airspace
configurations that meet defined Network and Local operatioparformance targets for
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referred period in strategic and pitactical phases, and specifically in development of
Network Reference péormance oriented DAC solution,

- Develop Dynamic airspace configurations for the execution phase, and even deploying them
when a centralised management model (Model A) is established (for information on models A
& B, refer to 8.6),

- Monitor Airspace configuration deplogleeonsideringNetwork and local performance,

- Retrieve and procgs MIL AUs SMTs and shared DMAs,

- ldentifies civilmilitary performance indicators to be processed for a specific airspace
configuration so that to fulfil at optimal extent local/network perfoamce targets and to fully
respond b military mission requirements,

- Assesses impact of DAC on military requirements and advises WOC on possible DMA
adaptationor modifications where suitable,

- Coordinates with civil and military airspace users the impleragom of priority rules for a
specific airspace situation when and if the problem deteagelda A y 3 -AGF2EK i 2t G2 TA
sectorisation, matching the demand witttceptable level of performance,

- If there are no airspace sectorisation matching the dethamith acceptable level of
performance, negotiate with military AUs other DMAs that satisfy required level of
performance (preferably both: local, swtbgionaland network ones),

- As aresult of such new DMA parameters identify SBTs/RBTs that are notasdrapiimore
with new DAC and pass them to DCB for further coordination with Civil AUs, and SMTs that
must be revised by WOC in accordance with new/rfiediDMAs activation parameters,

- Coordinate via CDM process with other DCBs/FAB and NM, as well abo#isubregional
and regional actors involved

- Take final decision on the DAC, when having a centralised management model (Model A) (for
information on models A & B, refer t@ %),

- Make final decision on the DAC planning, concerning sector configuration, and DMAs

- Promulgate new/latest DAC configuratiGDACHn the NOP.

3.2.3.5.3 Local Traffic Manager (LTM)

LTM role is a set of responsibilities related to DCB processes and is invadhexdtéerm into tactical
level.

The LTM is involved in DCB processeshatrtterm into tactical level. LTM ensures consistency

between all DCB measures in close coordination with ATSU Supervisor and ANSP ATHG#ILTiNt.

uses traffic load monitoring tools, to compare demand with declared capacity in the Network
Operations Plan and to asss sectors workloads and complexity compared to predefined thresholds.

¢KS [ 20! ft ¢CNF FFAO alyl3ISNRa NBalLRyaArAoAfAdGASa NB
Capacity Balancing.

1 The development of this role is a major element within this solutkeor. this reason, detailed
tasks and responsibilities provided in new operating method, sectto8.2.6

1 Below is aroverview of the main activities

- The LTM is a majactor of DCB processes for tactical phases. In case of imbalance, (s)he is
responsible for identifying the adequateapacity and demandaneasures to be taken, in
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coordination with the appropriate partners (that could include NM (NetiwManager), other
LT and AU),

- The LTM provides a bridge in understanding between operational perceptions of complexity,
workload and demand and how that translates into ATFCM requirements as deliverable
occupancyandworkload values,

- The LTM works closely with ATSU Supersismd Extended ATC Planning. The LTM is also
likely to be either an ATSU Supervisor, or report to one, and as such will retain local safety
accountability. Any ATFCM initiatives will have to be approved by him/her.

3.2.3.5.4 Extended ATC Planning (EAP)

The EAP lle alleviates the LTM workload by working with him/her on flows. The EAP acts in their given
EAP Area (which can cover several ATC areas of responsibility within the ATSU and are to be defined
locally by each ANSP definition), under close coordinationthv#h. TM, as the LTM has a global view
2P0SN) GKS gK2fS 1 ¢{! Qa I NBF® ¢KS LINAYINEB OKI NI Ol
AT@®@s on CWP, anticipating and solving as much as practicable complexity imbalances that might arise
or remain in vey short timeframe before entry of traffic in ADE Area of Responsibility (AoR), thanks

to analysis and resolution capabilities with finer level of granularity (high certainty and real time update
of traffic prediction). To reach this objective, specif&PEtraining and/ or rating scheme could be
applied to satisfy local organization needs. Depending on the expected level of traffic complexity and
local procedures, EAP position can either be collapsed with LTM position, or be ensured by a specific
EAP acto(when needed). The EAP is indeed not systematically an additional staff member in the ATSU,
it is a role, which covers a set of services/functions and which can be assumed by different people (like
Planning Controller, Multi Sector Planner or LTM) inAR&U, as a standalone role or in combination
with another DCB role. However, specific requirements to cover EAP role can be designed, for the
benefit of the local and subegional Network functions.

Note: tasks and responsibilities are detailed in neerapng methodsection 8.3.2.6

3.2.3.5.5 ATSU Supervisor

ATSU Supervisor is the Chief of the Operations Room, therefore accountable of everything that occurs
in the roomunder his perimeter (it might happen that the ATSU Supervisor is responsible for part of
the room and another one for the rest, as when TMA and ER are located in the same room for instance)
and in particular of the DCB activities. In nhomioahditions, the ATSU Supervisor delegates the
responsibilities of local DCB to LTM. ATSU Supervisors act as an advisor to LTM, monitoring his/her
actions. In any case they have the capability to overrule LTM decisions. They manage and optimize
resources focapacity measures with staff information. In coordination with LTM, they are responsible

for the ACC sector configuratiomsd the tactical management of the airspace configurationder

his perimeter

3.2.3.5.6 ATC controllers

¢/ O2y G4NERBT t SNilites Mtlie Samle gsRhoSsBey lhivg/tédAy; they are responsible
for the aircraft inside their AoR.
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However, with the new DAC environment, they will have to adapt to more frequent sector
configuration changes as well as being trained in new DAC ssmtdigurations, which will be more
dynamic and flexible. This highlights the importance of a good situation awareness level to respond in
a safe and efficient manner in this changing environment. To help ATC controllers to overcome those
difficulties, sone measures are proposed:

- Adequate sectors configurations time parameters
- System support (ATC systems, DCB)

3.2.3.6 Airport

3.2.3.6.1 APOC

The airport operations centre (APOC) is the nerve centre in this concept, allowing an unparalleled
overview of operations and faciliiag effective, fast decisions on how the airport can function most
efficiently, especially under challenging circumstances. The APOC makes use of information from the
airport operations plan (AOP), a single rolling plan agreed upon by all stakeholdes,isviinked to

the network operations plan (NOP)

3.2.4 CNS/ATS description:

There are no severe technical constraints related to CNS airbamaind technology as for the
application of the DCB processes. The proposed new concept of operations icaplé@ented with
the actual CNS systems.

However, DAC will require automation tools to support the design and configuration of the airspace.
These tools will integrate the design criteria into design and configuration algorithms that account for
the speciic ANSP business strategies. Those algorithms shall support INAP actors to select the
appropriate moment to make the change in order to minimise the workload impact on controllers. As
there will be a wide variety of airspace structures, DAC tools shalkepsosupport the users ensuring

that situational awareness is not affected

AT@ operational platform shall incorporate reliable communications systems to ensure multilateral
coordination ensuring an appropriate safety level in this environment, togeth#ér an appropriate

level of reliability for those INARlated communications systems supporting a seamless process. In
addition, ATO CWP should be able to display (e.g. radar label) the ATFCM measures applied to a
particular flight.

There is a need towomate allocation, management and display of frequencies in the ATC system. It
might be needed for instance that the CWP displays the actual frequency of each aircraft and the
required frequencies to support the implementation of the sectorisation change.

Cross Border airspace configuration will require cross border CNS interoperability and/or integration
of transnational systems; required features will be analysed in SESAR Wave 2 Solution 93.

As far as INAP concept is concerned, automated support foalance detection and hotspot
resolution is required (e.g. whdf'what-else services). In addition, it is worth mentioning that the ATM
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systems should be able to share data, such as FDPS updates wihcle@fances, to allow more
efficiency in the collabrative process between INAP actors themselves and with all other actors.

3.2.5 Applicable standards and regulations

3.2.5.1 Regulations

Thebenefits of thePJ09W2-44 solution can already be achieved at local level, even though it has more
impact when performed at rtevork level with all stakeholders. This can be achieved thraotingh
applicable regulations currently existinglo specific regulation is thus foreseen for the DAC
implementation.

3.2.5.2 Standards

Toachieve the benefits of the collaborative and crissders praesses described within the solution

it is critical that the data exchanges among the various stakeholders are harmonized and standardized
to fit with the various local ground systems. This can be achieved through the SWIM and B2B services
and do not reqire additional standardization work.

3.3 Detailed Operating Method

The Previous Operating Method baseline environment are the ones described in SESAR solutions OSED,
refer to [38] & [39]. Thus, in previous operating method, only a summary is provided on the key
elements that will be most impacted by implementation of this solution, namely:

- The optimised configurations
- The hospot management
- The DCB catalogue of measures within INAP timeframe.

The new SESAR Operating method is presented in 3.3.2.

3.3.1 Previous Operating Method

Airspace configuration management is currently performed within two different ATM services: ASM
process daling with ARES delineation, planning and activation; while ATC sectorisation is addressed

by ATFCM service. DAC wording and concept is not implemented, though a certain level of dynamicity

in airspace configuration is in operation. In this section we WiIK SNBEFT2NB (Gl f 1 I 02 d:
[ 2YFAIANT GA2Y al yIF3SYSydiQ LINRPOS&da 6KSYy NBFSNNAyYy3

INAP process is implemented within the DCB process in some ateasrious levels, e.goloser
integration with CWPs and/or an extended timeframaedponsibility closer to ATCO timeframe.
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Both concepts, Airspace Configuration Management and INAP, are almost totally isolated since there
is no integration of the Airspace configuration Management within the INAP process. A limited
AirspaceConfiguration Management (called DAC within SESAR work) has been applied during the INAP
timeframe in PJO9 Wave 1 validation activities, through the consideration of flexible vertical
boundaries in the division of elementary sectors

The schema bellows shadve respective INAP and Airspace Configuration Management Timeframes.

Airspace Configuration Management ¥ - & months INAR [k -G hes *-2hes W -15 rnlnsl [ ATC ]
| Several Years or months [ D-6 o-1 . O+
STRATEGIC PHASE PRE-TACTICAL PHASE TACTICAL PHASE POET-0PS PHASE

Figure5. INAP and Airspace Configuration Management Timeframes

INAP Timeframe (refer also t@.®)

INAP covers three main time periods, all referred to the time of occurrence of the hotspot (i.e. OH):

- From-6H to-2H:1t is assumed tha®2H is the cubff time for CASA application, so this implies
that most of the flights are still on ground

- From-2H to-40QThis period represents the gap that INAP conggfitling in the DCB process,

- From-n n QM jpl@tvis perod small adjustments are possible to optimise capacity without a
safety issue.

The INAP timeframe covers froidH before the occurrence of the hotspottmp Q® | 2 6 SGSNE
not imply that DAC or INAP measures are restricted to this timeframe. In teff@£\C, it could be
applied before the6H cutoff and in terms of INAP Measures, both Regulations and ATFCM Scenarios
could be implemented before that cutff time. The rest of INAP Measures should be applied within

the INAP timeframeTable7below summarises the timeframe of application of each measure.

UNTIL-6H BHTOMPQ O6Lb!t ¢AYS

- Dynamic Airspace
Configuration (DAC)

Dynamic Airspace Configuration (DAC)

ATFCM Scenario (unifiH)

Regulation (untit2H)

Mandatory Cherry Picking (MCP)

Short Term ATFM Measures (STAM) on gro

- Regulation flights (e.g. Flight Lev&apping, Horizontal Re
Routing, etc.)

1 Short Term ATFM Measures (STAMirborne

flights (levelcapping, speed adjustments, etc.

- ATFCM Scenario

= =4 =4 =8 =9

Table7: Summary of the timeframe of application of main DAC & INAP measures

Page49

EUROPEAN PARTNERSHIP Co-funded by
the European Union


https://www.sesarju.eu/

SESAR SOLUTION R¥2914 SPRNTEROP/OSED FOR FART |

{HPJ0g sesar‘

JOINT UNDERTAKING

3.3.1.1 Optimised Configurations

Regarding the current method to propose optimisgzhfigurations, it must be said that many of these
configurations are still based on fixed airspace structures. These structures are the operational sectors
designed based on fixed ATS routes. However, there are already some airspaces where free route is
already implemented and it is expected that almost all the European airspace will be a Free Route
Environment (FRA) by the end of 2024.

The proposed optimised configurations are determined by the availability of suitable human resources
to controltraffic within these configurations (e.g. ATCOs with appropriate licenses and ratings). This is
one of the reasons why the configuration plan is made in a strategic phase, months before the day of
operation. This configuration plan is made by crossing the foredagdeamand for Bday with the
sectors capacity threshold in order to determine the better way to open them and allocate the
predicted traffic, while avoiding sectors overloads and distributing equally the workload between air
traffic controllers.

Once the cafigurations plan is made it can suffer modifications accordinghemges in the situation
(e.g.increase/decrease forecasted demand; increase/decrease of number of ATCOs, etc.) before the
day of operation. Also, there can be changes even during the mbafeperation, but these are rare
changes, as DAC concept is not fully implemented nowadays (although, some ANSPs are already
working with multiple layers in the vertical profile of an airspace volume, which is similar to VSAMS
concept), and the configutimn changes are considered in a more static way.

For more detailed information please consult the sectichi383 of the present document that
compares the current operating method with the new proposed one.

3.3.1.2 INAP Demands & HotSpot Management
The demand measures are the following:

Demand Measure Actors Timeframe Spots Granularity
Coordinated FMP, AU Pretactical, Hotspot Flight
modification of a flight Tactical Phase
plan Flight

preparation
ATFM scenario NM, FMP Strategic, Pre Hotspot Flow

tactical and
tactical phases

Regulation FMP, NM Pretactical & Hotspot Flow
Tactical Phase
Regulation Mandatory FMP, NM Tactical Phase Hotspot Set of
Cherry Picking flights
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Short Term ATFN FMP, Tactical Phase Hotspot Flight
Measures on airborne ATCO
flights (levelcapping,
horizontal rerouting,
speed adjustment
etc.)

Table8: INAP catalogue of measureprevious operating method

Hotspot Management relies on the collection and dissemination by the NM of the forecast demand
computed upon the filingrepository and updated in redime using Local Demand refinement
performed by the FMP using tip-date weather information and relevant historic data.

The FMP detects the hotspot and activates the appropriate measure based on his/her expertise, in
coordination with the other actors.

It does not support:

- other category of spots, (refer ta2& for other spotsdefinitions),
- hotspot monitoring (to detect hotspot regution deviation)

3.3.2 New SESAR Operating Method

The new Operating Method introduces the DAC concept and extends the INAP concept in a perspective
of an integrated DCB process.

In previousSSESAR Operating Method, sectatien and resolution of demand ar@pacity imbalances

was performed independently, resulting in system inefficiencies which aimed to be improved. This
integration of DAC within DCB bridges the gap in the DCB process performed by INAP actors and is
made possible tlough suitableautomationsupport andmprovedsituational awareness.

The integration of DAC within DCB hlasee main objectives:

- first, to respond to local and network performances targets

- then, to manage airspace configuration by accommodating traffic demand, solving camplexi
issuesand balancing wkload and optimizing resources,

- and finally, to serve as a support to DCB Measures implementation, in case the capacity
measures issued from DAC process is not enough and requires to be complemented with
demandmeasures.

The integration of DAC into DCB allows to optimally adapt the capacity to the demand and minimize
demand adjustments. Integrated airspace solutions are obtained through an iterative optimisation and

CDM processes focusing on local &-sepionallevels and involving regional levels. The full integration

of DAC process within the DCB concept contributes to the Network performance through closer
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interaction between ATM operating phases, with consolidated and harmonised solutions integrated in
the Phnning and Execution phases at local,-sedpional and regional levels.

Different DCB phases can be distinguished according to the time horizon:

- Strategic process

- Pretactical process
- Tactical process

- PostOps process

ATHSPACE DEFINITMON SECTOR PLAN OPTINUMSATION -‘__.A’_gt:z LDCAL ATSUS ARD NETWDNRX
IMBALARCE DETTLCTION, HOTSROT DFECLAIATION AND NETWORK IMPACT OF 1 IMISATION
ors 2 MIL NW =5 -
my | £ =  ASSESMGENT :
® [3 2 ‘ @} PREPARATION OF DCBMEASURES: SSLECTION OF FLIGHTS AND FlOWS
&l
b ” .
<« '
™ EAp
Airspace o R oy wf O=0
- ]
! Suigaer -1 arrom Vi = -t e
Airspace Airspace Y 0 Complexity  Managememt Post-Operstions
Design Refinement I ntrraction
Traffic Density Memagoment Management Analysis

*-Gm-ms
x '° mdmuum..{ b6 o "
‘ STRATEGIC PHASE PRE-TACTICAL PHASE i TACTICAL PHASE POST-OPS PHASE

Figure6. DCB integrated timeframe, schematic view

DAC concept is considered in this solution in the same way as presented in SESAR Solution 08.01, new
operating method sectiofi39], enhanced with seamless integration of geetical and tactical DAC
and the implementation of optimised configuratians

INAP concept is considered in this solution in the same way as presented in SESAR Solution 09, new
operating method sectio [38], refined regarding INAP roles and extended to Capacity Management
at tactical level.

The DCB strategy does not rely only on a conseeiniyplementation of a DAC measure and then of

an ATFCM measure to resolve remaining imbalances; the integrated DCB processes, assisted by
decisionsupport tools, enable to refine optimised combined solutions of the different DCB measures,
depending on timénorizon, optimisation criteria and performance targets.

InthiscontextLb! t NREfS FOGa +Fa F O2tt1 02N GABS TN} YSg2
preferencesare taken into consideration when deciding the most suitable solution to fix DCB and
complexity issues. INAP environment enables common situation awareness and offers improved
capabilities for complexity assessment and resolution, identifying contributing causes and proposing
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what-if/what-else functions to find adequate solutions, includaigspace configuration, the primary
option to avoid, if possible, measures on flows and trajectories.

In the INAP time horizon, Dynamic Airspace Configuration is a crucial task to assist Demand and
Capacity Balancing activities; DAC is part of the toalgatiable to the DCB actors in INAP timeframe

to manage complexity and facilitate users preferred routing, achieving specific performance
objectives.

The way DAC is used within INAP role, focuses on the following topics:
- Managing Airspace Configurationaoganise available capacity with the main objectives of

0 accommodating traffic demand, taking into defined performances targets and
considering AUs requests and preferences,

0 solving the induced complexity issues,
o balancing workload and optimizing resoesc

0 combining DAC with demand measures such as Spreldiefined scenarigetc. Once
capacity has been optimized and if imbalances remain to be solved, INAP actors have
to elaborate measures to manage remaining complexity problems. The elaboration of
the olution may trigger a need for airspacecenfiguration to fit with the new picture
of the traffic distribution (e.glevel capping measures may lead to change the sectors
O2y FAAdzNI A2y (2 o6FtlyOS GKS /2taQsg2N]f 2
not standing outside the solution design, but rather as an enabling element of this
solution.

The new operating method is described as follows in the next chapters:

- Imbalance Prediction & Monitoring Service, with the new services: complediat-if, what
else

- DCB spots management

- DCB integrated catalog of measures, included the nemnes, such as Targeted CASA and
optimized configurations

- DCB RASCI matrix with roles definition

- DCB Processes per time horizon

0 Strategic
0 Pretactical
0 Tactical
o Postops
- Links to stakeholders & dependencies
o NM
o CDM
o Cross Borders
o NOP

- DCB Assessment Criteria
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3.3.2.1 Key concepts

3.3.2.1.1 Spot Management

Regardless the methodology used (as of today with Hourly Entry Counts (HEC) or OC (Occupancy
Counts)and2 NJ SYNAOKSR 6AUGK ySg AYRAOFG2NRE 6AGK ¢gSAIAKIA
are characterized with Traffic Monitoring Values (TMVhese thresholds represent different
202SO0AGSa o6al FSGesz NI (S 2 LI refelaked td difergnEme@ninlsi A O f

In wavel, several TMV features have been defined and correspond to different types of spot:

- TMV-safety. Initially introduced in SESAR1 with the peak and sustain thresholds. It aims at
preventing excessive ATC workload adensure that the traffic delivered to ATC
controllers will always be manageable in the safe limits of workload. It represents potential
indications in term of controller workload, and implicitly potential safety risks. Today,
TMVtsafety are defined withwo thresholds (peak, sustain). It defines the context of a
safety potential issue in nominal situations marked out byaspa. Thus, a hotspot is
triggered by TMV (safety marks) violatiafier LTM decision,

- TMV-rate: It aims at preventing bunch (witlut safety issue) and to ensure that the traffic
delivered to ATC controllers will always be manageable in an organised and smoothed way.
It aims also at providing room for better use of spare capacity. It defines the context of an
optimisation issue marlgeout by anOptispot. Thus, an Optispot is triggered by TMV (rate
marks) violatiorafter LTM decision

Peak (TMV-safety)
L Sustain (TMV-safety)
- === Rate (TMV-rate)
08:00 09:10 09:20 09:30 0%:40

Figure7. TMV for Hotspot Management

Thus, different categories of spo&se consideredA spot attribute categorizes the problem to be
managed: Hotspot and Optispot. In addition at network level a third spot is considered, the netSpot.
Though this last one is not to be handled at local /-sedfional levels, collaboratideneeded to ensue
consistency and efficient solvingefer to 8.6Error! Reference source not foundbr definitions).

For each spot category, there is a corresponding Catalogue of Solutions.
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3.3.2.1.2 Imbalance PredictionMonitoring and RepositoryService

Depending on the timeframe and related uncertainties, different imbalgrediction approaches are
proposed to manage the different granularities and nature of demeapacity imbalances. In
addition, dedicated methodologies are proposed to detect the imbalances at the right level of
granularity.

- Traffic density managementyith the aim ofmanaging that there are not too many flights
a particular traffic volume,

0o ¢CKA& Aada YIAyfe oFaSR 2y O2dzyd YSGK2R2f 23A
Occupancy Counts.

- Traffic complexity managementwith the aim of managing that there is not too much
complexity induced by the flights or flows within a particular traffic volume. Although the
agreed timeframe for an effective complexity management has been framed in the [3h
20min] time horizon, due to the air traffivolatility and related uncertainties, complexity
information should be provided as so@s reliable data is available,

0 This relies on the different local complexity assessment methodologies implemented
by each ANSP.

- Traffic interaction managementwith the aim ofmanaging that there are not too many
interactions of a certain type (adapted to the local specificities of the Trdtfiame or flows
under analysis),

0 Thisrelies as well on local specificities and could be supported by ATC layer automated
suppat tools, such as MTCD with an extended latlead horizon.

- AT@workload managementwith the aim ofmanaging the controller workload in ordeo t
avoid mental overloads or ATQ&rformance impairment in at least the followirtgree
situations: when the ACQOis requested to implement a STAM measure by the EAP to solve a
downstream hotspot; when a new unknown sectorisation is presented to theDAna the
extra workload to understand the situation needs to be assessed; or when the traffic
complexity in the faffic Volume under the ATDresponsibility is too hig that a safety issue
may occur,

o This envisages mainly the gathering of subjective controller workload estimations at
the CWP, but may rely as well on predictive models that estimates the ATC actions to
be performed by the AT@for a given air traffic situation

- At pre-tactical and tactical phases, the Network Manager monitors the Network Loads
(netLoad) across the network and the evolution of the performance targets KPIs. This
monitoring provides indidéon on the prediction of linked imbalance clusters and the
emergence of a Network Spot (netSpot). A draft netSpot is identified by the Network Manager
and shared with the concerned local actors (LTM) for coordination. The collaborative
coordination proces shall allow the concerned actors (i.e. NM and Local LTMs) to exchange
information and to discuss the characteristics of the identified draft netSpot (list of actors,
RSTEAYSIGA2yT adGFNI GAYSE SyR GAYS:I af$h@SNAGe:
potential (i.e. draft) netSpot. During this collaborative process, in case of confirmation of the
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netSpot, the NM and the local LTMs shall collaboratively design a network solution for the
identified DCB issue. When an agreement is reached amomgsictors, the NM shall publish

the netSpot on the NOP to inform all NMF & AU stakeholders. After publication, the NM
monitors the published netSpot atinuously until its resolution,

These different methodologies are integrated in a seamless proces$eioaotontinuous imbalance
prediction and monitoring capability. In addition, each methodology should offer:

- Monitoring values, aiming at detecting the deviation between the measured traffic imbalance
with regards to the traffic volume monitoring referena@lues. These monitoring values
should be set on per sector basis based on the sustain/peak complexity/workload that@n ATC
can acceptobtained from expert judgment (LTind ATCOs experience), human factors,
simulations and historical data,

- Automated sypport to the INAP actors, meaning appropriate outputs that could be used as
input by hotspot resolution and sector configuration optimization tooiegrated into the
INAP toolset.

Bearing in mind that count methodologies (Traffic Density Managementhdyreexist and are
integrated into the current ATFCM procedures and that supporting tools such as MTCD to predict
conflicts (Traffic Interaction Management) are used within the tactical phase (partially bu&&ftime
horizon), PJO®V2 activitiesfurther investigate the operating method with regards to the use of local
traffic complexity information and the consolidation of local imbalances at network level along with
the ATO workload.

3.3.2.1.2.1 Traffic Monitoring Values

Regardless the methodology used for the giction of imbalances by the Imbalance Prediction and
Monitoring Service, the identification of imbalances and the declaration of local hotspots rely on the
definition of appropriate traffic monitoring values or thresholds. The following monitoring valaes

been identified as needed:

- Sector capacitymeaning the maximum throughput per unit time (usually 60 min) that can be
sustainable along thatarticular sector and unit time,

- Occupancy Traffic Monitoring ValuefPeak and Sustainedyvith the aim of preventing
excessive AT@workload during peak or sustained periditisit may lead to safety issues,

- Complexity Monitoring Valueswith the aim ofpreventing periods of excessive complexity
that could lead to safety issues (complexity peaks or high complexdiygs sustained along
the time),

- ATCOWorkload Monitoring Values:with the aim of preventing ATO mental overloads
originated by high traffic density, complexity peaks and or sectorisation changes.

In general terms, these traffic monitoring values usually are calculated in advance, at least the initial
reference, by means of fast time simulations, lsé#s of historical data and operational staff support.
However, the need for establishing monitoring values for-poedefined sectors, calculated both in
advance or dynamically during the Tactical Phase, requires ANSPs to take advantage of the latest
developments in the Artificial Intelligence and Machine Learning fields to be able to predict these
thresholds and update them into the NOP (refer &032.9.

3.3.2.1.2.2 Uncertanty
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Demand uncertainty reflects the unknown demand forecast accuracy to be taken into account when
predicting imbalances. Demand forecasts are generated at different time horizons to support decision
making. These demand forecasts become more accurateamgplete as getting closer to operation.
However, it is important to have a measurement of the uncertainty in each timeframe, so to know how
accurate and reliable traffic predictions are and decide on the best DCB actions to implement.

Demand predictionsre a combination of information of aircrafts already airborne with flight plans of
those which are not yet. As already explained, sectors have a maximum throughput per unit of time,
indicated by its capacity. Demand and its associated uncertainty attieaefiame should be managed

to determine whether it is above this sector capacity under study or not so as to set the most
appropriate DCB measure. This could be both a sector configuration change or a demand measure.
The actor in charge should decide whitas the lesser impact.

Uncertainty is intrinsically related with the timeframe in which demand prediction is analysed. In the
strategic phase, information is uncertabbynature, so DCB decisions are not based on uncertainty
calculations. What is usedhsstorical data and expert judgment. As time gets closer to operations, in
the pretactical and tactical phase, the use of uncertainty becomes more relevant, since the selection
of one DCB measure or the other to solve a potential imbalance should be basederal indicators
among which uncertainty is one. Uncertainty becomes an important criterion.

Uncertainty should be presented to the DCB actor in the tool used to monitor the evolution of traffic.
This tool should integrate an uncertainty calculatohigh accounts for the main sources of
uncertainty:

- Timeframe The timeframe of analysis is of thgsmost importance, as in practical to
tactical, much of theinformation availablas still at the level of intentions, while in the tactical
phase informaton is more accurate,

- Type of spot The type of spot analysed will determine how relevant is the indicator of
uncertainty in the decision making. In the cases of optispots, more flexibility is allowed than in
the case of hotspotsn which safety is comproised,

- Trajectory prediction uncertaintywhen computing trajectory predictions, many parameters
are taken into accounts. Some of them are:

o Aircraft intentions: difference between expectednd current behaviour of the
aircraft, based mainly on flight planformation.

0 Meteorological conditions difference between predicted and real weather
conditions.

0 Modelling errors uncertainty derived from trajectory prediction modelling error.

o0 Flight technical errorsinaccuracies in flight control, not possible to nebdr forecast.

- Quality of the information: the quality of the information received and used to compute
uncertainty is ofupmost importance as it is not the same to make calculations based on
information automatically received than in information obtainigdm nonreliable sources.

Based on the uncertainty data of the different sources of information, the calculation is performed,
accounting also for historical data, as they provide a valuable source of information on how the
situation could evolve. The thiled process followed for its calculation will be detailed in future
versions of the OSED.
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The way to present the uncertainty information to the DCB actor relies on the specific needs of each
ANSP. It could be presented as a percentage in a 0 to 1008p wbare 0% indicates no uncertainty

and 100% total uncertainty. Another option is to use a colour scale with 3 ranges, in the sort of a
GONXE RBEKOEX G6KSNB 3INBSY AYRAOFGSaAa 26 dzy OSNII Ay
uncertainty. The pregsgation of the uncertainty will be adapted to the available tool in each ANSP,
although its calculation remains similar to ensure coherency across ANSPs.

Uncertainty impacts the quality of the assessments performed, as well as the representatives of the
different metrics to be used by the DCB actor in action at the phase under analysis. Its use is very
important in the decisiormaking process performed in the whétfunction. (refer to 8.3.2.1.4.

3.3.2.1.2.3 ImbalanceRepositoryService

ANSPs identify local imbalances based on their local methodologies (entry/occupanais, cou
complexity. These local imbalances are shared with NM and need consolidation to assess the
imbalance situation at network level. To ensure the interoperability of the local methodologies, it is
proposed to consider the severity value of the imbalances as elemetts shared.

To support such capability, an imbalance repository is developed to collect all the local imbalances
figures from ANSPs. This Imbalance Repository Service aggregates the local imbalance figures in order
to provide a consolidated network imtzaice view.

3.3.2.1.3 DCB Catalage of measures within INAP timeframe

The cataloge of DCB measures presented in the table below completes the INAP measures presented
in previous operating method 83.1.2. The cataloge has been developed with 3.02 Wave 1 and

is completed and refined within the work of PJ0@-44 solution with Targeted CASA regulation &
optimised configurations. These two measures are detailed in next paragraphs.

The table is to be read as follows : In time Horizon columren wélls are greyed,
it means that the DCB Measure is applicable.

DCB TIME HORIZON ACTOR
MEASURE DEFINITION APPLICATION
INAP } i

H-3h |H-2h :
TIMEFRAME H-6h to H-40' to

H-3h to Hito H- H20"
2h 40
Before resorting other measurg LTM

Dynamic the LTM tries to adjust capac
Airspace values at shornhotice to absorb thiGroup of Secto
Configuratioupcoming traffic overload (Capag
measure). The dynamic optimisat
of the capacity within the ACC can
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DCB
MEASURE
INAP
TIMEFRAME

DEFINITION

APPLICATION

TIME HORIZON

ACTOR

H-6h
H-3h

to

H-3h
to H-
2h

H-2h
to
40'

H-40'
H-20'

o to

done through a temporary sect
configuration change

CTOT

CTOT (Calculated Takdf Time)
Delay incurred on the ground, eith
at the gate or on the taxiwa
A time calculated backward (only
case of TTA/TTO) by NM and s
managed as a departure constrzs
[-5,+10].

Individual Flight

LTM via NV

Ground Levg
Capping (A/
ON GROUNI

Measure limiting the highest flig
level that can be flight planned. T|
Level Capping is used foffloading
an overloaded sector by transferri
the excess of flights into a low
loaded sector or to solve a peak
complexity.

Flows/Individua|
Flights

LTM via NM

Rerouting/
Refiling (FP
Modification)

*Re-Filing: measure whichequireg
to re-file an alternate route/fligh
level in order to resolve ATC capal
problems and minimise dela
(always 2 hours before the EOE
*Re-Reaouting: same measure b
after 2H before EOBT shidube
coordinated with the BC.

Flows/Individual
Flights

Refiling
(up to 2
hours
before
the
EOBT)

Re
filing
(up to
2
hours
beforg
the
EOBT

AU

Re
routing

Re
routing

Ground Dela

Allocation of a small delay that ¢
be assimilated to targeted grou
regulation (PseudeCTOT): sl
allocation on selected flights. T|
flight is assigned a pseudo CTOT
is forced into the slot list and has t
same characteristics as a curr
CASA slot: slot tolerance window
[-5min;+10min].

Individual Flight

LTM viaNM
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DCB
MEASURE
INAP
TIMEFRAME

DEFINITION

APPLICATION

TIME HORIZON

H-6h
H-3h

to

H-3h
to H-
2h

H-2h
to
40'

H-40'
H-20'

o to

ACTOR

TakeOff Not
Before

Small ground delays to target
flights valid until a given tim
Afterwards the flight is ng
constrained on departure time.

Individual Flight

LTM via NM

TakeOff Nof
After

Departure time constraint after
given time: until thespecified time
the flight is not constrained ¢
departure time but afterwards w
be constrained.

Individual Flight

LTM via NM

MDI/ ADI

*MDI (Minimum Departur
Interval): Sequencing specific flig
on ground by applying minimu
departure time intervals. Measu
for flows. The MDI is a minimu
time separation implying a sm
ground delay to some fligh
*ADI (Average Departure Intervg
Same as MDI but not minimu
departure intervalkonstraints

Flows

LTM

TTA

TTA (Target Time of Arrival
congested Airport):DCB Plannir
Constraintset onthe Time of Entr
of flights into an airport hotspq
duringthe SBT phase to smooth
traffic.

Individual Flight

LTM/EAP v
NM

TTO

TTO (Target Time Over 1
congested E/R gint): DCB Plannir
Constraintset on the Time of Entr
of flights over a specific WRluring
the SBT phase to smooth the traf

Individual Flight

LTM/EAP v
NM

MIT

MIT (MiesIn-Trail) is used when
LTM identifies a problematic flg
crossing a sector (i.e. LR
departures) and requests delivery
defined regular intervals (such as

Flows

speed
regulatior|

LTM
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DCB
MEASURE
INAP
TIMEFRAME

DEFINITION

APPLICATION

TIME HORIZON

ACTOR

H-6h
H-3h

to

H-3h |H-2h
to H-to
2h 40'

H-

H-40'
H-20'

to

miles) for a short period of time. I
a procedure where a stream
traffic with samedirection and 4
same cruising flight level is impog
to maintain the same speed/ma
number

Air Leve
Capping (A/
ON AIR)

Measure limiting the highest flig
level that can fly during the R
phase. The Level Capping is ufmt
offloading an overloaded sector
transferring the excess of flights ir
a lower loaded sector or to solve
peak of complexity.

Individual Flight

LTM or EA
via ATC

DPI Sequeng

Departure planning informatig
(DPI). Messages exchanged betw
a CDM aport and ETFMS giving
target take off time, taxtime,
aircraft type/registration and SID

Individual Flight

NM
AOP

and

Speed
Regulation/
TTL/
TTG/Holding

*Speed Regulation: Spe
constraints on airborne flights 4
applied directly by the AT]
*TTL/TTG. time measurenents tg
supportthe building ofa sequenc
following the required spacin
between an aircraft and an
area/point.
*Holding: The length of time that tH
aircraft should maintain track on tl
inbound leg of the holding pattern

Individual Flight

ATC (with d
without
EAP)

tTTA

tTTA (tactical Target Time at tk
Arrival) are similar to TTA measu
but provided during th&kBT revisig
phase for arrival streams

Individual Flight

EAP via AT

tTTo

tTTO (tactical Target Time Ovarg
similar to TTO measures but

Individual Flight

EAP via AT
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DCB TIME HORIZON ACTOR
MEASURE DEFINITION APPLICATION
INAP L L
H-3h |H-2h ,
TIMEERAME H-6h to H-40" to
han [0 O oo
2h |40

provided duringthe RBT revien
phase

Figure8. DCB measures within INAP timeframe

3.3.2.1.3.1 Targeted CASA regulation

Targeted CASA regulations are a DCB measure that mitigates the impact of current CASA regulations
and thus reduces thaumber of minutes of delay at Traffic Volume and Network level, as well as the
number of flights affected by the measures applied. The process described hereafter assumes that
regulations are managed as per now, i.e. CTOT at departure.

It includes workflows required for ACC LTMs étectronically coordinate CASA regulatiptigat are
limited to specific flowswith the NM. The NMOC performsngatwork impact assessmeiitefore
approving the regulation request. The NM infrastructure is used for the coordmdB@B service)
mechanism and to distribute the resulting flight planning updates across the network.

3.3.2.1.3.2 Optimised configurations based on capacity and demand measures

One of the key elements of Demand and Capacity Balance (DCB) process is the Dynaagie Airsp
Configurations (DAC), another process whose objective is to adjust the airspace capacity to traffic
demand needs.

DAC concept adapts capacity to demand through the design and proposal of the sector
configuration which offer the best response to a seft performance criteria looking for the best
possible configuration according to differenbnstrains and optimisation criteria. In order to
maximise the flexibility of the airspace design to achieve the performance targets, DAC concept
develops a DAC Tlhox (see detailed operating method in sectidr2.1.1.], which develops the
sector design and configuration, human factors and automation axis.

A set of different optimisation criteria can lsensideredor the proposition of the best configurain
possible. In the following, some of these criteria are summarised:

1 Sector Imbalance thresholds'here is a need testablish a threshold value above which the
ATCO in charge of the sector cannpkrate it in a safely manner,

1 Flows crossing the airspacé is necessary to identify the main flows that cross the airspace,
so the design of sectors and configurations is done according to these flows. In this way,
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sectors shape will try to follow the main flows direction and, if possible, their borderawwiti
crossing them, prioritising this design criterion as one of the most important ones.

All of these parameters should be considered in a sector configuration algorithm, which will integrate
a set of sector design and configurati®D&ClXriteria (seedetailed operating method isection
3.3.2.1.3.2.2to propose the optimal configuration.

Each ANSP shall decide the level of SD&C granularity (refei3t@ 8.2.}, the automation level and
the training features that best fit its needs and built its own DAC environment, whatever the selection
of the DAC tool elements they sel, they shall respect a number of constraints:

Availability of human resources to provide the AT&pecially the availability of air traffic
controllers. Generally, in an eoute environment, two ATCOs control each opened
sector, an executive and agpiner air traffic controller. On many occasions, when demand
surpasses capacity, even with a more dynamic and finer design of airspace sectors, it is not
possible to meet the new demand because of the deficient amount of human resources.
Additionally, liceasing and proficiency requirements may limit a more flexible allocation of
ATCOs within ATSUs. This could be mitigatee gy nongeographic sector validations.
Complementarily, the lack on human resources could be solved with the delegation of
airspaceamong ATSUs, which would allow a more efficient use of ATCOs and the opening
of a greater number of sectors. This last concept is being developed in SESAR Wave 2
solution93,

The delineation of the sector boundaries to optimise the use of the airspatbe
effectiveness of the proposed DAC configurations for allocating the current traffic demand
is constricted by the external boundaries of the airspace where the DAC concept is applied.
¢tKSaS 02dzyRENASa fAYALG GKS 2 LiiskthatniightRBa A Iy
flows unnecessarily. FAB (Functional Airspace Blocks) concept is related to this constraint.
The restructuration of the airspace in functional blocks could help to mitigate this problem,
as the external borders between ACC will be morerapenally appropriated and not jiis
responding to country borders,

The Human Factowill determine the usability of the proposed configurations, in addition

to the monitoring and optimisation of the number of movements or the required
resources estimated for a sector configuration plan, there are a number of human factor
related aspectshat should be considered and derived in operational constraints. Firstly,
there is a need to ensure that the airspace design can be safely managed by the human
operator, what may derive in setting different constraints related to the shape, time
duration, or level of granularity of the airspace configuration; secondly, there is a need to
identify and develop AT@competences in an ATGraining curricula and set a procedure

to acquire, mairdin and update the existing ATCé&xtificates.

However, as it isaid before, DAC processes do not always solve the problem of capacity and
demand balancing or the solution uniquely based on capacity measures is not necessarily the
best one in terms of safety, capacity, cost efficiency or human Performance. The simpler
example of this situation would be when there is no possibility to open another sector to
accommodate the demand. Other examples are fiblwing situations:
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- When ademand measure would save significant &F€sources with aninimum impact
on trajectory,

- When a capacity measure would lead to additional demand measure but with less impacts
on AUs and ATFCM delay,

- When the most optimal sector configuration encompasses complex orstamdard
airspace configurations (with consequent impact on safety) amdhich could be avoided
if a demand measure is applied.

In thesethree casesa combination of demand and capacity measures are necessary. Some of
the demand measures could lead to changes in the traffic demand in a regionakgiobal
and/or at local le\el.

Combined used of Capacity and Demand measures will attend to the achievement of a local
and Network performance (see detailed KPA/KPI Assessment criteria in se8i®a. 80,
amongst them, it is important to have in mind, the application of demand or capacity measures
that minimises AU impact, so the latter impact is the most transparent possible for the users
Because of this, it would be preferable to solve ttetected demand and capacity imbalances,
together with the improvement of performance levels, by integrating the different demand
and capacity measures into one unique solution and by assessing the impact of those
combined measures into local and netwgrkrformance indicators, trying to implement the
best possible solution.

Also in this situation, there could be a group of configurations that are more suitable for
applying a concrete group of ATFCM measures. For example, the application of a STAM
measue such as level capping could be more useful with a configuration that dithée
airspace into upper and lower sectors, trying to balance the workload between ATCOs and
avoiding unnecessary coordination between them. Hence, these optimised configuwratithn

be based on both capacity and demand measures, and will represent a deeper integration and
combination of those measures (see secti@32.4.2for further ddail).

3.3.2.1.3.2.1 Guidelines for Airspace Building Blocks and Configured Sectors

DAC Toolboxncludes several types of Airspace Structures, namely Elementary Sector (ES), Sharable
Airspace Block (SAB), Sharable Airspace Module (SAM), etc. A set of design guidelines are identified to
ensure theusability and maximum effectivenes®f these structures. These design guidelines have
been identified as useful in PJO8 validation resdi&d and in the COTTON SESAR Exploratory Research
Project[45][46].

- When designing airspace structures, or consolidating Configured rSebsed on the
combination of structures, there is a number of sector shape aspects whose evaluation will
facilitate the building of usable and efficient airspace structures:

0 Achieving certain values @onvexitymight favour minimising the number of +e
entering flights in a Configured Sector. Therefore, it is recommendeddinspace
structures are convex,
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o It will be desirable havingirspace structures following the directions of the main
flows they containas this will reduce the number of coordimat with collateral
controllers,

0 As there must be minimum distance between sector boundaries to the areas where
major interacting flights happento allow the ATCCconflict resolution and proper
coordination, it is recommended that the boundaries of thespace structures keeps
a minimum disance to major interacting areas,

o It will be desirable that airspace structures allow enough vertical cutsiitomise
Balconies(i.e. several lower and/or upper levels within a Configured Sector) and
favour the same loer and/or ugper level in collateral sectors,

o Interacting flows should be contained within the same airspace structurerder to
avoid coordination and ensure safety. Building the airspace structures around
identified areas where flows interact will enguthat interacting areas are not crossed
by sector boundaries. These criteria can lead to undesired results of the application of
the criteria in high traffic density scenarios because an automatic design tool may
propose many airspace divisions in a lwaffic density area and no divisions at all in
a high traffic density area. For this reason, it is recommended to fine tune the
interacting area according to the traffiedsity of the geographical area,

o0 Although airspace structure boundaries shall beltbfdllowing traffic flows, the
boundaries of the configured sectors should be smooth, fas tkason, once the
airspace structure definition based on traffic flows is achieved, a review process will
be carried out to ensure that the configured sectors using them will have boundaries
as smooth as possihle

o / 2y FTAIdzZNBR { SOG 2 Néd by imperaehtig/vertchl ¢uts @at$he same INP &

levels to all the airspace structures in order to avoid configuring sectors with different
low or upper levels and balconies.

Characterising Airspace Structureased on the traffic flows contained on them vigtilitate

the sector design and configuration process, this would allow estimating how easily they can
be integrated to consolidate Configured Sectors, for example those containing same or
interacting flows will be easily integied.

o Traffic flows could & characterised (evolviagruise, density, origin/destination,
uncertainty, converging) in order to help the characterisation to the volume
(potentially inplied procedures or expertise),

0 Historical data could support/update this characterisation, which nsapport
FANRLI OS RSaAaA3IYSNERQ RSOA&AAZ2Y YI{1Ay3a (2
as he workload implied by a change,

0 Report on sector usability might be requested to the @&fter a shift in order to
collect data related to the sector usabyl, which may support refinement of the
structures.
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3.3.2.1.3.2.2 Criteria tolook forthe Sector Configuratiosatisfying the performance targets

Once the pieces of the airspace have been defined using the guidelines established in the previous
section, these pieces ust be used to define a sector configuratjomhich shall provide the needed
capacity (according to the traffic demand) while satisfying in the best manner the achievement of a set
of performance targets and operational constraint$e identification of he needed performance
targets and constraints as well as the prioritisation of their fulfilmeiitdepend on the ANSP business
strategies.

Afterwards, a set gpotential criteria tobe consideredn the sector configuratiomprocess is provided.
Each ofhe criterion may persecute one out of the three different goals: achieve a better demand and
capacity balance; improve ATM performance; or ensure sector configuration operational feasibility
(e.g. comply with regulations or account for resource managemenstraints).But, of course, when
selecting the criteria, the set of selected criteria should address the three goals.

The technical solution to implement them might be through optimisation algorithms or using machine
learning methods. In any case, eacN3P may decide which selection of criteria best reflects its
business strategy

- Maximum number of ATCG@hat could be used during a specific period. This is obviously
related to the number of opened sectors, which can also be treated as a different aniferio
case the ANSP strategytaaninimize the number of sectotsut not only. A strategy could also
be to use a number of ATCOs below the maximum at a given time of the day in order to keep
the maximum number of ATCOs available a little bit later (fdiaivee half an hour when a
peak of traffic is observed),

- Minimum period of sectorisationwhich is the time where the sectorisation is active and there
are no changes. This criterion is very related to the situational awareness of ti@ ATC

- Related to the pevious point, it is necessary to haae impact measurewhich shall quantify
the impact that a sector configuration change will havenparing with any other measure,

- Complexity Sector configuration shall be optimised according to the predictuplexity
based upon the demand predictiaand other elements (e.g. traffic factors, airspace factors,
weather factors)n a certain period. (see al$03.2.1.6,

- Underloads In some cases, sector configuration algorithms are optimised to reduce the
number and the duration of overloads, but some projects have demonstrated that this
optimisation can produce underload periods where the capacity is oweersioned. For this
reason, it is strongly necessarydonsidemot only overloads but also underloads to optimise
the sector configuratio based on the forecast demand,

- Flight duration within the sectorshall be evaluatedat minimise shortime crossing,

- Narrow shapesare demonstrated not being beneficial for situational awareness as require
changes of attention araud different geographical areas,

- Moreover, screen visualisation of the configured sectoshall be considered in order to
improve the ATO situational awareness,

- Thenumber of conflict areago which the ATO will have to pay attention shall be limited.
Moreover, potential conflicts shall not be close to the sector borders in order to produce
seamless coordinationdiween adjacent sectors or ACCs,

- Vertical and horizontal size of the Configured Sectseh®uld be sufficient to allow a minimum
flight crossing duration and a minimuwelume/space to solve conflicts,
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- Procedures The optimisatiorof sectorisations shall include standard procedures, such as SID
or STARS, as well as coordination between sectors and LoAs bet®@Esn A

- Impact of DCB measured he optimisation of sector configuration shall lead to lower the
impact of DCB measures. Itald be notice that this impact is also included and considered
in some of the previous criteria, such as in complexity, flight duration within the sector, etc.

In addition to these criteria, it would be important to implement an additional input that Mfdake
into consideration the ATCfeedback of previous implemented configurations. This viase of
machine learning basealgorithm, it will learn about the usability of previous sectorisaticarsd be
able torefine the proposed onef future usage

3.3.2.1.3.2.3 Airspace Configuration based on flows

When designing airspace sectors, it is preferable that they follow the directions of the main flows that
cross said airspace. The same happens when planning airspace configurations to be implemented.
When proposinga new sector configuration, those sectors should adapt to the existing flows, thus
minimizing possible rentries and shorcrossings (i.e. flights within the sector for less than X seconds,

X being the number of seconds below which the ATC proceduregdeoriisis not worth to transfer

the aircraft), together with reducing the number of coordinations that must be done between
collateral air traffic controllers.

Figure9. Schematic view of a sector and crossing flows

CKSNEF2NBZ ANBLI OS O2yFAIdzZNI GA2Yy LINRPOS&aasz I|f2y:
direction of main flows, not only in the horizontal plane, as shown in the figure above, but also in the
vertical plane, following the same principles.

A change in the direction of some of the main flows and/or an appearance of a new mais Vieny
likelytocausd: OKIl y3S Ay GKS aSOUG2NEQ 02NRSNAER GKIFG O2y ¥:
to the new flows could be performed through multiple design options. For example, the new
implemented Configured Sectors could be made from the saingpace BlockAB) already used in

the previous configuration, but now using different combinations of SAMs asef@onfigured Sectors
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(CS could be made from totally different AB. In any case, the new sectors would be better adapted to
the new flows and the best solution possible from a DCB and performance perspective.

This last idea is represented in the figueddw, in which different sector configurations are proposed.

Also in this figure, the flows crossing the airspace can be observed and are classified using a colour
scale according to the amount of traffic demand they contain (the darker the colour, thre mo
important the flow is). The first sector configuration, at timeitis the previous sector configuration

that is well adapted to the main flows contained inside the airspace. Nonetheless, at time t, this
configuration is no longer the best adaptedersince the two main flows (coloured in red) have
changed their directions’he change in direction of flows should be predicted with enough time before
time t, such that a new configuration (the t+i configuration in Figure 9) can be implemented inlya time
manner and the traffiflows can be managed effectively.

) PR

Uy
£
v

Figurel0. Schematic views of a sector configuration and main flows evolution through time

Timet y Timet
4

3.3.2.1.3.2.4 Identification of Constraints and flows prioritisation feeding DAC

As mentimed before in the previous sections, an identification of the constraints affecting DAC
processes must be performed in the different time horizon phases, where these limitations might not
be the same or at least mso critical depending on the considerptase.

In a strategic phase, that is years to months before D day, the constraints regarding DAC processes
should not be that critical as there is more time to solve or mitigate the unfavourable conditions. In
this phase, limitations such as external sedioundaries should be dealt with, trying to minimize their
negative impact in DAC sector configuration effectiveness and optimising the use of the airspace.

Regarding this last limitation, years before the operation, when the sectors and configuratgonsta

even designed, a modification or adjustment of the external borders of the airspace at issue could be
performed and should be studied. At this time, external borders should not be considered as an actual
limitation sincethey can be modified in thisme horizon. This boundaries change should be made
according to operational needs and following the main flows that cross said airspace.
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Furthermore, other concepts like FAB concept would help to improve this situation by organising the
airspace respondig to operational requirements and not to political borders and enhancing
cooperation among air navigation service providers.

Although this sector boundgiproblems could be solved in the strategic phase, sometimes it is not
possible. In this case, sectborders become a constraint toonsideralso in this strategic phase,
especially months before the operation, when designing sectors and sector configurations.

Additionally, espite not being an actual limitation of this phase, the availability of ATC human
resources must beonsideredwhen deciding how many air traffic controllers to train and have
according to the control needs. Since this training must be done in the sicatbgse from years to
months before the operatioday, how well it is done will determine how critical this constraint will be
in the next phasg

Also, in thisstrategicphase it should be decided and updated the procedures for maintaining and
acquiringATCdicenses.Since DAC concept implieiew operating methodwheresectors will be
more flexible and changeahl¢his will lead, very likelyto new licencing requirements, whetthe
currentregulations regardingTCQicenseswill beno longer applicable. This issue is further developed
in SESAR solution 73.

Another constraint to have in mind in this time horizon, is the usability of sector configurations
regarding Human Perforamce to guarantee the ATC resources can perform their tasks in a safe
YFI'YYSNW ¢KAA dzaloAfAGe gAff O2yRAGAZ2Y (KS RSaAdy

In the pretactical and tactical phase, the three previously mentioned limitations are now considered
more critical constraints and will affect the configurations plan directly.

Availability of
ATC human
resources
Configurations
plan
' /Usability of
s | e

Figurell. Configurations Plan constraints

In those timeframes, if the external borders are not operational feasible the benefits from
implementing DAC conpé will be reduced. A considered bad boundary would be the one that does
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not respond to the main flows, thus producing different shorbssings and more coordination
between the air traffic controllers of collateral sectors, which increases their worklnadcessarily.

In a similar way, the number of traffic controllers will determine the sector configuration proposed in
these time horizonsCurrentlyand most probably, during the first phases of DAC implementation,
theseATCQ@ need to have the right liose to control the sectoin question To maintain and acquire

this license the air traffic controllers should guarantee they know well said sdttivere are not

enough ATCOs, the number of opened sectors could be restricted, limiting the capacipptentially

leading to penalising demand measures with delays, and/or horizontal/vertical reroute as
consequencesAlso, as proposed in SESAR solution 93, a delegation of airspace between ATSUs could
be made to solve the problem of lacking ATC resourndsg@optimise the use of said resources.

The Human Factor is also a vital constraint. Especially the usability of configurations in terms of sector
shape, time duration and the level of granularity. In4eietical and tactical phases most of the sectors

gAtt 0S Tt NSBFRe& RSaAIYSR® b2ySGKStSaasz Ay (KSaS
different SAMs, could modify the previous sectors. While changing these sectors, the usability of the

new composed sectors must always be considered.

Also, thetime duration of a configuration will define the usability of that configuration. Having a sector
configuration open for a very short period of time will not be operationally feasible, since the
implementation of this configuration involves two sector fignration changes that produce a greater
workload for the ATCOs. Therefore, the benefits of applying such configuratiomdbesmpensate

the increase of workload

On the other hand, the main flows feeding the airspace at issue musbbsideredin DACsector
configuration process. There will be some flows that are considered more important from the
perspective of aircraft number and/or for their impact in other main flows and in local/network
performance levels. These flows could be identified at aosedevel or at a FAB level, that is, at local
or subregional level, respectively.

Once the most important flows are identified, the applied sector configurations, together with the
demand measures, should try not to disturb those flows, avoiding dejayiem or rerouting them.

This means there will be a prioritisation of certain flows with respect to others considered less relevant.
The latter flows will be consequently more affected by the needed measures to balance demand and
capacity. All these caiderations should be included in the optimisation algorithm criteria in order to
propose the best sector configuration.

3.3.2.1.3.2.5 Optimised Configuration as a result of predicted trajectories and based oATWD
availability

Looking for an optimisation of airspat®ased on workload anATCQavailability, it is proposed an

optimisation process, which would take place at the-aetical phase (DAC short term to execution

as referred in PJ08.01 OSED, i.e. days to hours before the relevant flights occur to the actual flight) for

those sector cofigurations previously defined during the long term and medium term time horizons.

The proposed process is based on using the trajectories predittia@stimate indicators which

characterise the needed capacits part of it,complexity generators canebused to compute an

indicator per sector, which ranks the usability of the sector. Then the idehaisin using this
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information within the sector configuration processe are able to achievbalanceof the usability
indicatorsconsideringAT@ resourceavailability

Usability

assessment .
Optimise Sector

|:> Configuration

Predicted
trajectories :;

ATCaesources

Figurel2. Outline of the process.

Sector optimisation process starts from a specific airspace in which a sector configuration has been
established. The goal would be revising this configuration based on thiélle flight trajectory
forecast (see Solution 45) and its expected impacfdiCO workloadnd consequently on usability.
Therefore, as input for this optimisation, information for the Traffic Demand Forecast (TDF) is required.

The result of this prows needsto be assessed together with the result of t#erCOresource
management process. It must be noted t#aICResource availability information is normally known
and established at this timeframe, unless unexpected availability &fTa®O

TheTDF wll be more accurate as the operation time approaches. The used forecast will be, depending
on the stage, initial {TDF), updated (@DF), actual (ADF) and podbrecast (pTDF), as Solution 45
establishes. For optimisation processes, it shall congiaefirst three.

- Initial TDKi-TDF)which is based on the distribution of the major air traffic flows and it is
composed by initial Predicted Flight Instance (PREFI). This prediction is provided by an Al
model using historical data and exterrarameters,

- Update TDFu-TDF)i-TDF is updad with an ML integration, confirmed airport schedules,
especial purposes, civil and military airspace reserves, NOTAM and ANSP and ATFCM
measures

- Actual TDFa-TDF)which integrates FPL from Airspace Users andaurécal measures from
FMP/EAP. Thigtage is less important for the process than the other ones, because, by the
time this forecast is made, the optimisation should be done in order to provide the
information and integrate it in this forecast.

Therefore, to attain a forecast with enough cairity to obtain an efficient optimisatioperformance,
historical data and external parameters are needed such as military activities, weather data, airport
schedules, NOTAMs, ANSP and ATFCM measures, airspace reserves and special events.

Once the predicté trajectories are processed, an Assessment Process is launched to evaluate the
usability of the proposed sector configuration considering a set of factors mentioned in the following
paragraphs.
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The first step is detecting potential Cognitive Complexané&sators by means of the predicted short

term trajectories. Once they have been detected, their impact on the workload of assigied(or
expected to be assigned) to that studied airspace is evaluated, considering the location and the type
of each conftt. Some examples of complexity generators that could be used are interaction between
standard flows, oubf-standard flights, evolving flights or potential crossings, or sector shape
complexity factors (see COTTON D2.2 for further information about @xitylgenerators that could

be used). Other complexity factor to consider could be a geometrical comparison between the sector
shape and the trajectory.

hiKSNJ FFEOG2N) GKFG FFFSOGa G2 GKS O2yGNREmSNDa 42
of the more or less coordination between controllers of different sectors. Therefore, as the previous

one, this value shall be considered in order to optimise the airspace. As a combination of the previous
factors, a usability value can be given eaehtsr by an algorithm. In order to clarify concepts, it is

provided the following image.

Figurel3. Usability value allocated to each sector.

As we can see in the pictul®, some values have been given to each sector. These values are those
usability values that are result of the combination of: complexity metrics, number of coordination
communications based on the trajectories that cross a sector and workload producedolty sh
trajectories in each sector.

An estimation of the time needed to resolve all the conflicts in each sector could be another complexity
generator.

Considering the previous values, it shall be obtained an estimated value that expresses the suitability

of the proposed sector configuration. Based on it, it is pretended to achieve an optimal sector
configuration by transforming those sectors that were set up in {rg and by using the tools

specified in3.3.2.1.3.2.1 The objective is to get a split airspace in which the combination of sectors

has the most possible balanced combination of that valeationed in this paragraph, i.@2 y i N2 f f SN
workload is the sam#or the new optimised sectors.
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These modifications would favo@an increment of the size of sectors with less workload, getting more
workload, and a reduction of those with more workload, giving workload to the others. This
optimisation allows an optimalplit airspace from the point of view of ATC workload.

Nevertheless, the process shall be different depending on the time horizons. Due tATG©
availability, the optimisation method should serve to support the identification of appropriate
measures ¢ achieve the most possible balanced distribution of workload amongst the available

controllers.

Figurel4. New optimised sectors, where the usability values (Y1, Y2, Y3) would be balanced

USABILITASSESSME

COMPLEXITY METRICS

Number ofControllers
Needed

TRAJECTORIES IN A SECTOH

SHORT TRAJECTORIES

TIME TO RESOLVE CONFLIC

Figurel5. Sector Optimisation Process

Since the basis of the optimisation is a previously established configuration, the number of sectors is
already fixed, so the modification measures are limited. it is necessary to distinguish between
optimisations that are made ipre-tactical and tacticgbhases

Pager3
EUROPEAN PARTNERSHIP Co-funded by
the European Union


https://www.sesarju.eu/

SESAR SOLUTION R¥2914 SPRNTEROP/OSED FOR FART | .

{HOPIs Sesdr

JOINT UNDERTAKING

The measures that can be madepire-tacticalto manage the optimisation are:

- Modifications in the horizontal boundaries of the sectors to reassign trajectories/flows from
one sector to another to balance theorkload in the studiedirspace,

- Maodifications in the vertical limits of the sectorstivthe same previous objective,

- Split sectors if the change in the required resource can be matched by the available
resources. This would suppose a lesange awareness for controllers,

- Merge sectors to mitigate the excess of planned aapawith regards to the demand,

- Review of ATCO roster shall be da@oasideringegulatory standards (maximum shift
duration, minimum break, etc.) and the restrictioimsposed to keep their licenses,

- The tetinical objective of these measures is to obtain the most balanced values of expected
workload between sectors without the need to apply a demand measure.

During tactical period, there is a sure input of what th&TCQOavailability will be. Therefore, the
flexibility is even lower and the modifications to be made will be final oae. measures that the
process can carry out iacticalare:

- Changes in the horizontal boundaries of the sectors to reassign trajectories/flows from one
sector to another to balace the workload in the analysed airspace based on a fixed
availability value

- Changes in the vertical limits of the sectors with the same previous objectivecasiiering
the fixed availability values,

- Changes in both vertical and horizontal limitslod sectors, that is, a combination of the two
previous points, with the same objective and consider the fixed availability values. So that,
part of a sector may become part of another, based on a flight level amclfepgeographical
coordinates,

- Fine twne sector configuration plan by identifying the best moment to implement a sector
configuration change, in order to have the least impact possiblaD@O awareness,

- Assess combination of demand and capacity measures, as it will be developed latelgrin ord
to ensure the changes will be ptges in an overall environment,

- Reassessment of a configuration due to unexpected reduction of ail@jlais resources.

The technical objective of these modifications is balancing the comparison between number of
available controllers and needed controllers. Therefore, unlike the medrmn process, the number

of readjusted sectors should be minimum by this method, and mainly motivated to avoid potential
imbalances.

In support of this process, it would be advisatderovide an optimisation algorithm considering the
modification of the airspace avoiding short trajectories in a sector, which can imply a greater
complexity; and the modification of the airspace trying to reduce the number of coordination
communicatiorbetween sectors, avoiding those ones that could be consider unnecessary for example
attaching a part of a sector to another.

Finally, a Cost Assessment of the sector configuration change shall also be carried out from a capacity
and safety point of viewlt is not enougho estimate the best possible configuratiaolely based on
demand consideration as this may be counterproduciiveerms of situational awareness, safety risk,
change impact on AT etc. Then, it is possible that the benefits resulfeadm the configuration
change would not be as worthy if the impact on those aspects is high.
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Therefore, it is also needed criteria that consider the previous configuration, as well as the
enhancement that changes will suppose. Also having this idea in mhisdecommended to consider

a set of beneficial configurations for the chan§¥ith the new operating method, the number of
possible configurations that form said set will be likely increased, allowing a higher flexibility in the
sectorisation.This wg, there will not only bethe best one from the perspective able capacity
considered in the optimisation process baliso it will be possibléo select the one with the best
balance betweertapacity high ATCQroductivity and minor impact on situatiohawareness.

Another factorthat should be considered in the algorithm is not only single configurations but the
sequence of configurations throughout the day of operatibrleed,it is possible thathe changes
establishedor a limited timeperiod. Meaning that,after it, it is necessary toeturn to the previous
configurationor anothersimilar. So, in tis case,the workloadrequired to set and unset thehange
should be considered to evaluate properly if the change is still wasthyot, especially if the change
impliessplitting or reconfiguring a sectoirhe change workload should remé&wer than theexpected
benefitsfrom the change to a new configuratiom other words, it should beecessary to consider
the configurations path, inading theprecedentand upcoming sector configurations the plan

As summary the idea would be ensuring that the decision to implement a sectorisation change is
supported by the traffic level, the established sectorisation, the coming sectorisati@fiture and

the effect of the change itself. Altogether will serve to evaluate change feasibility in terms of impact
on capacity, cost efficiency and safety.

Finally, the algorithm should even consider demand measures because, although the mairvebjecti
is not applying demand measures, it could be that the impact that a reduced number of demand
measures has lower affection to the usability aspects than a configuration change could have. For
example, changes in two trajectories or two or three delayieghfs may suppose less impact than a
new sectorisation oMTCOTo complete this paragraph, you may refer33.2.4.2.2

Finished an airspace optimisation process and in a giomt time horizon before the operation, it
occurs that a set of imbalances between demand and capacity continues to ettigsércases, it shall
inevitably make use of DCB measures that impact demand.

3.3.2.1.3.2.6 ATCQprocedures related to DAC and Human axis

3.3.2.1.3.2.6.1 Sector Configuration Algorithm & Airspace Block Attributes (minimum sector duration,
maximum load duration, etc.)

The sector confuration algorithm should consider different criteria to achieve the best possible

solution according to the current constraints it has to deal with (see seé&ti®®2.1.3.2.2

When proposing a new sector configuration, the used algorithm should incorporate in its calculation
as requirements, the stablished Airspace Blocks attributes, which are going to define said sector
configuration. These attribtes are:
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- Airspace blocks Family arrangementhe rules about how the different airspace blocks can
be grouped should be determined in advance. In general, grouping AB should follow the same
guidelines for building Airspace Blocks and Configured Sectoradg presented in previous
sections of this document.

As a reminder, it should be preferable to avoid, at much as possible, the balconies in CS, while trying
to accommodate the traffic flows in the best way possible anuiding no allowed unions (e.gnion
of non-collateral airspace blocks, etc.) to guarantee the usability of such group of AB.

- Delegations Two different types of airspace delegation could be performed:

o Delegations between same organisational levdlhis delegation refers to the one
produced between two ATS units (elgetween ACC Madrid and ACC Sevilla). This
implies an interoperability between ATSUs systems, together with the possession of
the right licenses of the participatimf§TC@ to alow such delegation of control,

o0 Delegations between upper and lower organisational levEbr example, between a
FAB and ANSP.

- Notified time to change sector configurationit is important when implementing a new
configuration to inform the involved air traffic controllers. This nogfion will be done by the
ATSU supervisor and with enough time (e.g. 10 min) for the controller to assimilate the new
situation and to maintain a gal level of situation awareness,

- Minimum Sector Duration.Stability of a sector configuration (e.g. 20 mif} it is said before,

a very short time of sector duration will not be useful in terms of workload and cost efficiency,
as the cost of changing the daguration will outweigh the benefits of such change,

- Maximum Load DurationMaximum duration of the mamum load peak before triggering
reorganisation (e.g. 10 min)

- Maximum time duration of negative performance indicator peaka relation to performance
improvement needs, there will be other performance indicators, apart from the load value,
that will trigger a reorganisation of the sector configuration when these indicators reach a
certain value over a period of time (e.g. 15 min). The considered performance indicators will
be probably more than one and they could measure performance levels from a rnetwor
local perspective, focusing in a Configured sector level or configuration one.

3.3.2.1.4 What-If Service

3.3.2.1.4.1 General description

The Whatlf Service will be one of the core functionalities of the ANSP DCB support tool, providing all
the involved actors (ATC Supisor, LTM and EAP) with an automated support for the assessment and
decision making of the most appropriate measures to resolve a local imbaapcevide opportunity

for local performance enhancement (optimizing available staff).

The Whatlf service shall incorporate both airspace management measures and demand measures to
allow the end user to decide, during the different time horizons, from theTRtical to Tactical Phase

(up to a range of value or discretion for each ACC)twaha the measures with higher effectiveness
and performance with regards to the resolution of a declared hotspot. The \l¥katvice should also
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allow the exchange of the actions and measures to be taken with the impacted actors through the
appropriate ®M mechanisms.

This Whatlf service will complement the Imbalance Prediction and Monitoring Service: by monitoring
available staff, traffic, workload and complexity within defined airspace volumes, overload situations
should be avoided as much as posséenhel/or adequate solutions to complexity issues derived from
the assessment performed should be found with the support of the Wh8ervice. The output will

be useful for the integration of DAC into INAP processes.

In consideration of these basic charagstics, the Whaif Service will be therefore customized for
each type of DCB measure (capacity or demand) at different time horizons, to answer to the different
and specific needs of the operator in order to assess the performance of the resolutionsptopo

Even though the capacity and demand services have been presented as separated measures,-the What
If functionality shall support the complete process, i.e. as demand and capacity measures are part of
the whole DCB process, the optimum solution may denerally, a combination of both measures.
Under these considerations, the WhHittool shall be able, on the one hand, to define a combination

of capacity and demand measures and, on the other hand, to assess and calculate the performance
indicators regadless of the measure nature.
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What-If Service Requirements

Performance Indicators

Sectorisation  (split
collapse, change o
configuration, SAM
flexible boundaries)

WhatlIf on the available capacit
(predefined acceptable
configurations, available
configurations based on othe
constraints, assessment of D/

configurations before thei
activation on the CWP).
This will support operationa

personnel in identifying the bes
sector configuration at the whole
airspace level or at ACC level at
within an ACC, at sector level, t
manage the demand.

According to the DCB timelineairspace
management measuresiclude both airspace
configuration actions and airspace refineme
elements. Thereforethe LTM/EAP shall b
able to take measures on both approach®s
the support of the Whatf functionality.

On the one hand, by regrouping the airspa
volumes that were defined in the strateg
phase, the LTM/EAP acts within the airsps
configuration process. In order to do s
LTM/EAP shall be able to select diffet
airspace volumes, group them and define t
outcome airspace volume as operatior
sector/ CAB.

On the other hand, and in line with gainir
flexibility and dynamicity, LTM/EAP shall
able to redefine the vertical and later:
boundaries of the opettional sectors/CAB ant
even of the airspace volume, by the use
flexible boundaries and the definition ¢
VSAMs definition.

After the definition of the new airspac
configuration or, in the latter case, th
airspace  design refinement,  Whdt
functionalty must reassess the differer
performance indicators.

HEC, OCC, Complexity, Worklo
Sectorisation Usability
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&R0

Once the whaif process has been complete
the user should be able to implement tr
change from the Whalf tool.

Demand Measures

Whatif on demand and trajectory
measures such as M&Hound
Delay, LeveCapping, Horizonta
ReRouting (both at flight and flov
levels, ground and airborne).

ATFM Scenarios
(Leveicapping and
Horizontal Rerouting

What-if on the application of ATFN
scenarios published in the NOP.

As part of the whaif capabilities requirec
from the system, the LTM/EAP shall be able
seled individual flights from the list anc
change manually one or more of the
trajectory elements in order to simulate an
assess the impact on demand, workloe
complexity indicators and/or other kind c
performance indicators.

HEC, OCC, Complexity, Worklo
Total delay, Average Delay p
flight, Number of delayed flights
Additional Flight Time, Addition:
Flown Distance, Additional Fu
Consumption, Additional CQC
emissions.

Once the whaif process habeen completed,
the user should be able to select a combinati
of measures on individual flights and/or traff
flows.

As soon as the what process has beel
completed, the user should be able to sele
both the candidate flow and the STA
measures to b@roposed for implementation.

HEC, OCC, Complexity, Worklo
Additional Flight Time, Additions
Flown Distance, Additional Fu
Consumption, Additional CC
emissions.

ATFM Regulation

Whatif on the application of ATFN
Regulations, simulating the impa
of different regulation time
windows and regulation rates.

The LTM/EAP shall be able to simulate !
impact of different Regulation Durations ar
RegulatiorRates.

HEC, OCC, Complexity, Worklo
Total delay, Average Delay p
flight, Number of delayed flights.
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WhatIf Services for capacity and demand measures, should work in an integrated manner to achieve
a seamless DCB process in which the involved actors are able to compare different capacity and
demand measures proposals for a specific airspacatsitu (eg. sector configuration scheme; and/or

a set of proposed demand measures complementary to the sector configuration and most likely to
solve the identified imbalance)

WhatIf services will be accessible through an HMI, with functionalities allowing theich, as well

as the presentation of their results. The WHatelies on the service functionalities, which are closely
linked to the HMI, as the LTM/EAP shall propose a solution, assess the impact and the benefits of that
solution in terms of performareindicators and finally, implement it. Therefore, the WAtigibol shall
display, on the one hand, the starting airspace design and on the other hand, the foreseen trajectories
and, from that point on, the HMI shall let the user propose the capacity adathd measures
according to the DCB timeline.

3.3.2.1.4.2 Local Whatif in support of NM Whatlf function
Local Whailf Service can support the NM Whidtfunction in different processes described hereafter:

- At Strategic, Pr@actical and Tactical Levels, the solutiom local imbalance provided by the
local Whatlf function is then used by the NM to consolidate the Network view,

- During the CDM process aimed at defining an optimal DAC configurations plaid andD
of operations, by checking the consistency of tptimum Network scenario suggested by
NM vs local performance targets and performing tuning actions by running a local¥\iitd
capacity or demand measures, selecting the most optimum combinations of DCB measures
allowing the adherence to performantargets, and coordinating them with NM,

- During the Tactical phase, when the LTM is notified of a possible imbalance identified by the
NM through its own Imbalance Prediction and Monitoring Service. The LTM assists NM with
local expertise, data and knowleelgassessing the imbalance and depending on the nature,
declaring a hotspot or an optispot,

- At tactical level, during the coordination process of Target flow CASA regulations, when the
INAP actor (or the local system) interacts with the NM to select (epthe most appropriate
flows in order to have the minimum ATFM impact.

3.3.2.1.5 What-else feature

3.3.2.1.5.1 General description

The Whatelse feature, even if it is relatively immature at this stage, is expected to be part of any
decision making process characterized bgertainty and complexity in strategic to tactical phases.

This service is built on Al techniques bringing a greater capacity than human in computational
information processing, as well as an analytical approach. For these reasonslséagrvice throgh
SYOSRRSR !'L (SOKyAljdSazr Aa +FtotS G2 SEGSYR KdzYhy
reduce some of the inconsistencies known in current operations due to human subjectivity and
variability of INAP actors experience.

The Al Techniques, usingsturic data as training datasets, are capable of learning from previous
KdzYly FOG2NDRa +FO0lA2ya yR 3ISYSNIGS 1y26f SRIAS TN
solutions and choose among them the best one(s), recognizing in the explored dataritegs and

NHzf Sa% RAAO02OSNAY3I RAFFSNBYyOG RSOA&AAZ2Y YIF{1Ay3d ail
operators, and searching for improved strategies, thus enhancing the scenarios with more relevant
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indicators that can help INAP actors to dagentify, agree and share common and, to some extent,
more realistic picture.

In the context of Solution 44, partners aim at taking advantage of the latest developments in the Al
Techniques field with the use of computational agéasedmodel throughthe application of Deep
Learning or Reinforcement learning. The Whkse service is inteted to help INAP actors to find
potential alternative solutions in case of unsatisfactory solutions obtained using other tool or services,
such as the Whalf servie, and therefore select optimum DCB solution that may include capacity
and/or demand measures.

3.3.2.1.5.2 What-else Implementation

The whatelse service has not been developed within the solution. Only a first description and analyses
after workshops among expersve been performed. Itis planned to be further pursued within SESAR
3. The schema below presents the genémgblementation foreseen.

DCB ALGORITHM

BT

* Imbalance detection
* Declared hotspot

el |MPLEMENTATION

User assessment

Airspace design and

. . Traffic measures
configuration measures

Sectorization change
impact

Balance demand &
configuration measures

Figurel6. WhatElse Implementation Schema
3.3.2.1.6 Local Complexity Service

3.3.2.1.6.1 Complexity andATCONorkload Definition

Ly VyIdGdNItf aegaiasSvyazr GKS 02y OSLIi 2F O2YLX SEAG@
dza SR (G2 RS&AONARGS GUKS adrkiS 2F aRAA2NRSNE Ay |
of a complex and dynamic system: there are many elements (aircraft and constraints) that are
interconnected. All these elements are changing constantly due to both the actions of the air traffic
controller ATCQ and their own dynamics. Some of the variablesrzot transparent to theATCQbut

the objective is to manage the traffic safely, orderly and efficiently at the same time. SESAR has defined
traffic complexity aphy X YSI adzNB 2F (GKS RAFFAOdzZ de& GKFG LI
airtrlk FTA O  OF44]0 TH® doriséh il view among the ATC research and operational community

is that traffic complexity is a key driver of t#él COmental workload,which in turn is thought to

Q¢ >
s ¢
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ultimately limit the ATM system capacity. This is one of the main reasons behind the use of complexity
data as additional information by the ATSU Supervisor, LTM and EAP to detect imbalances, declare
hotspots, and make decisionsgarding the application of the most appropriate DCB measures to
resolve them.

In addition, the nature of ATC Tasks performance is strongly cognitive related. ATC tasks such as
monitoring traffic, traffic assumption, harover, conflict detection, confit resolution or
coordination, imply multiple cognitive processes such as perception, comprehension, projection,
decision making and execution. All these cognitive processes are consumersAdf@aattentional
resourcesATCMental Workload is definedhien as the relationship between the cognitive demand

of attentional resources to perform the control tasks (dependant on traffic complexity and automation
levels among others) and the available mental resources that directly depend on factors sucls,as skill
training, experience, fatigue and stress.

Ultimately, capacity is the maximum throughput thatAMCCGran manage in a challenging volume of
airspace and is limited, as previously mentioned, byAR€ Qvorkload.

Skills, Training,
Expernience

Automation Levals

Demanded Resources |
(Task Load)

Fatigue, Stress

ATCo Tasks \ Available Resources
Trafficand
Environment

Figurel?. Relatonship between Traffic ComplexitATCONorkload and Capacity

On the other hand, traffic complexity can be considered as asulijective description of the traffic
situation, but the workload perceived by th&TCOwill depend mainly on the function allaton
between the human and the machine (automation levels). Therefore, for capacity estimations, it is of
paramount importance the consideration of the different levels of automation foreseen in future time
horizons. Regarding the available resourcescasmmmonly assumed in ATM that the workload
estimation is foreseen for an averagd C(Q'same training, same skills and experience) and he/she is
not suffering from fatigue or stress, meaning that the available resources are fixed and, as a
consequence, theATCOworkload assessment correlates with the traffic complexity and levels of
automation.

For these reasons, the following sabctions of the OSED are focused on a deeper understanding on
Traffic Complexity Assessment and their usage for imbalances pogedastd monitoring and capacity
estimations.

3.3.2.1.6.2 Local Complexity Assessment Methodologies

Due to the specificities and particular problems over the airspace of the different ANSPs, several local
complexity assessment methodologies may be defined and usedatiie ECAC area.

Even though the concept of operations document is not strictly concerned with the specific complexity
calculation and estimation methods, following, four different approaches are briefly introduced.
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- Dynamic Density This is a formula Is&d calculation method that is computed as the summation
of a series of predefined factors with associated weights. This approach is a good method to
provide estimations into welknown situations (e.g. trajectories with low uncertainty levels) and
not sogood when confronted with new operational concepts, higicertainty or when there is
no operational experience availahle

- Cognitive Complexityor cognitive difficulty of controlling an air traffic situation). This complexity
assessment methodology is le@bon the mentaATC@ a & (G NHzOG dzNJ £ | 6a G NF Ol A 2
mitigate traffic complexity. The assumption behind this methodology is that all the factors that do
not correspond to familiar patterns (such as flows, groupings, etc.) are potential sources of
cognitive complexy generation. In particular, the methodology is built on traffic and flow features
that increase theATCCOcognitive difficulty to manage the air traffic flows. Amongst the most
common features considered as noeomplexity facilitators are the interactiot®tween standard
flows, flights out of standard flows, potential dtiots and flights in evolution,

- Weighted Density.This complexity approach is based on the modulation of the occupancy counts
through the consideration of weightecbmplexity contributirg factors,

- ATCOWorkload. The workload assessment methodologies can be based on models (usually for
prediction) or based on empirical data collection (for monitoring and jopst analysis)

0 Models:This approach is based on A COPsychological Model thainsiders two main
components: the functional structure of the controller cognitive system and the
attentional resources needed for its functioning to carry out the ATC tasks. These models
need as inputs thdir Traffic Control (ATC) Events. The ATC Ewaeatthe psychological
stimulus to which theATCOresponds (e.g. solve conflicts) and ATCOTask Model
composed byATC Actionghat are carried out with the implication of cognitive processes
that consume attentional resources. The workload quantifaratis calculated by using
attentional resources theories thabnsidersa nonlinear workload increasewhen tasks
performed in parallel overlap in time and demand the same cognitive processes. This
method is good to provide estimations in pegps analys, where ATC events are
available. It is also possible to use it for prediction if the ATC Events are known in advance
and for so, predictive models based on maehi@arning may be a good option,

o Empirical data:There are three main methods fohTCOworkload data collection:
performance, physiological and subjective measures. Performance measures consistin the
performance of a secondary easy task along with the primary task (ATC control), assuming
that if the operator experiments performance difficultie® the secondary task, the
primary tasks is consuming considerable cognitive resources and hence the workload is
high. Performance measures in ATC are not used for being highly intrusive. Psycho
physiological measures are based on the known correlatiowéen Mental Workload
and specific psychphysiological variables, such as EEG;teaking parameters or the
heart rate. Current technology allows the use of these measures in ATC (wearable EEG
helmets, eyetracking glasses or smart bracelets). Finalljpjective measures could be
also obtained by asking the operator to estimate the workload he/she is feeling when
performing the tasks. The latter are typically used in ATC simulations by means of
gathering NASALX questionnaires and Instantaneebslf Asessment (ISA) values, but
not in real time operations.

- Systems engineerindncluded in this category are all those methods (such as social graph network
theory or Lyapunov's coefficients) that provide a representation of the complexity. The majority
of these methods areomputationallyintensive and not recommended for real time operations.
These approaches could be used, however, for airspace design purposes.
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Although several complexity assessment methodologies could be defined, as explained befae, it ha
been considered as appropriate to provide a list of common factors that have been agreed as sources
of complexity and as a consequence, of workload. These factors could be part of the different local
complexity approaches, or they just could be subjecbé monitored by the LTM/EAP for situational
awareness purposes.

The factors influencing complexity can be classified into two different categories depending on its
nature: static features, such as airspace and operational restrictions; and dynamieiatependent
on the air traffic situation.

- Airspace Factorare those factors related to the characteristics of the airspace that is Uhd€0O
Area of Responsibility. These factors include properties such as the distribution of navigational
aids, and other geometrical aspects such as sector shape and its implications during the
coordination tasks. In general, Airspace Factors are egtasc ard their negative influence should
be avoided when designing new airspace structuresrptiie Airspace Design process,

0 Sector dimensions (shape, physical size, number of flight levels, relevant airspace beyond
sector boundaries).

0 Letters of Agreement (L&A and standardised procedures.

o Number and position of standard entry and exit points.

0 Spatial distribution of airways and navigational aids (usefulness of placement).

o Standard flows (number of, lack of, orientation of these flows with regards to the 1secto
shape, trajectory complexity).

o Interactions between standard flows (crossing points and merge points)

o Coordination with other controllers (Haraver, Coordination Points)

- Traffic Factorare dynamic factors that depend on the instantaneous distributibtradfic within
a particular airspace. Many traffic factors are directly related to or are consequences of the
airspace factors. For example, the location of the closest approach point of an aircraft encounter
will depend on the routes flown by each a@ét; these routes are often a function of the standard
flows defined through the airspace. The contribution to workload of the encounter can be strongly
influenced by the relation between the position of the closest point of approach to airspace factors
such as the sector boundary. Traffic Factors are the ones that should be deeply analysed during
the prediction and monitoring of imbalances

o Interactions between flows and flightsthis factor captures the complexity of merging
and crossings of flows andgtits within a traffic volume. In high density scenarios, where
the traffic along the paths defined by the flows is really high, the complexity of merging
and crossing points increases as the situation requires higher levels of precise planning.
This factoirincludes also the complexity of traffic flows converging at the same point, and
the merging and crossing of aircraft at naw angles,

o Traffic mixture in relation to flights in climb, cruise and descetttis factor looks at the
vertical movement of theraffic within a particular traffic volume, assuming that handling
mix of climbing, cruising and descending traffic is more complex tramdling only
cruising traffic,

o Nonstandard flights:this factor tries to capture the complexity and increase AhCO
workload when handling nefamiliar air traffic situations, such as flights following non
standard routes or flights whose route is not frequent enough, flights with unusual RFL for
the type of aircraft operated, and flights with routes containing dangerand sharp
turns, amongst others,
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o Potential conflicts or proximate pairsthe number of proximate pairs and potential
conflicts gives an indication of tlelr CQvorkload and complexity associated to separation
tasks. This factor is entitled to identify theaffic volume complexity due to multiple
crossing points or crossing ps close to sector boundaries,

o Traffic density distribution:this factor looks at the geographical concentration of aircraft
in certain parts of the airspace or in certain peak hours. It does reflect the increase of
complexity when theATCChas to handle more aircraft in a smaller volume of airspace
and/or less tine,

0 Mixture of aircraft types and performancedhis factor captures the differences between
aircraft in a given traffic volume in terms of performance. It is assumed that a situation
where aircraft have similar performancesand in particular speeds isless complex to
handle compared to the same situation with a mixture of aircraft performances. This factor
may also refer to the mix of commercial and military aircraft unther same area of
responsibility,

o Intruder flights: this factor refers to all thas flights entering a sector where it was not
expected, which might lead to potential complexity peaks, sector ovdsl@nd potential
safety issues,

0 YoYo flights:this factor is intended to capture all those flight plans with different RFLs
(following clmb/descend/climb paths in a sequence of less than three sectors) to avoid
regulations. This kind of flights increase, at the end, AR€Qvorkload and complexity of
the supposed avoided sector, because AUs do not usually adhere to these flight plans and
request shortcuts or higher flight levels once they are on frequency, creating then
intruders. These flights could lead to severe complexity spots and thus, potential safety
issues.

- Operational Constraintsare additional operational factors that place rdstions on possible
control actions. These factors tend to represent skterm or temporary variations in operational
conditions.

0 Restrictions on the available volume of airspace for aircraft manoeuvring (presence of
convective weather, activation of sgat use of airspace for military activity, aircraft in
holding patterns). This factor is intended to represent the distribution of traffic flows
within the airspace to mainly capture the existence of airspace areas that restrict the
aircraft manoeuvring &a. The presence of military areas can increase complexity in the
sense thatATC@ will have less airspaceailable for aircraft vectoring,

0 Procedural restrictions (noise abatement procedures, RAD restrictions)

o Communication limitations,

o Wind Effects (dlection, strength, changes).

3.3.2.1.6.3 Local Complexity Granularity

The granularity at which the local complexity information is needed to allow an efficient DCB decision
making process varies from the strategic to the tactical phase, in order to provide appeoioiaits

for airspace design, sector configuration optimisation and, in the broader context, DCB measures
elaboration.

In general terms, granularity could be definedési KS f S@Stf 2F RSOFAf SAGK
predicted, measurgd and evaluated, iginis directly related to the demand datgailable The closer
G2 GKS SESOdziaz2y LKIaSsz (GKS Y2NB | OO0dzNI G6S (GKS
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In this way, granularity relates also to the number of factors or elements that the user or system
considerswhen determining complexity, considering both airspace and time horizon. Additional
elements will lead to finer resolution of the complexity model: the coarser the model, the coarser the
results obtained.

From the DAC perspective, the minimum level of grariylaequired to provide appropriate inputs

during the airspace design process at strategic phase is set at airspace building blocks level (SAM and
SAB). This level of granularity will offer the possibility to assess multiple airspace combinations that
will determine the set of optimum sector configurations for a particular ANSP, considering the need of
having sector boundaries as much flexible as possible due to the existence of -Rdutégg
environment. But this level of granularity is not only requidkgting the strategic phase, but also in
pre-tactical and execution phases, where the variability and uncertainty of traffic demand will make
mandatory the continuous assessment of the optimum sector configuration plan.

On the other side, for theetection of imbalances and elaboration of DCB measures for the resolution
of hotspots, complexity should be defined, at least, at the following levels of granularity: Traffic
Volume, flow, and flight. These levels will provide appropriate insights orrdbecauses of the
complexity issues for the detected imbalances and will allow INAP actors to make an infoasea
decision on the most appropriate candidate flights to be impacted by the DCB measures prepared for
the resolution of the hotspots declared

And above all, granularity ensures a common understanding of the complexity levels that enables a
consistent and fair process to select and implement DCB solutions, supporting an early deconfliction
process in a seamless, efficient and consistent manner

3.3.2.1.6.4 Local Complexity Usage

The use of local complexity assessments envisages the full DCB process, giving support from the
strategic to the tactical phase, and more specifically during the INAP timeframe as part of the
Imbalance Prediction and Monitoring S&re [3k20min]*. For each stage of the DCB process, different
complexity assessment methodologies are to be used depending on the input available and expected
outcome (as described B13.2.1.6¢ Local Complexity Assessment Methodologies section). Each usage

is further described in the related process (strategic-fa@ical, tactical & posops).

3.3.2.1.6.5 Local Complexity Impact Assessment

As previously described i8.3.2.1.6.3¢ Local Complexity Granulargy?2.3.5 the LTM and EAP are
responsible to monitor the air traffic tsiation, detect imbalances, declare hotspots, elaborate and
implement the most appropriate DCB measures, and monitor the hotspot resolution status under their
Area of Responsibility. During the elaboration of the required DCB measures, the LTM and EAP are
responsible as well to perform a local complexity impact assessment of the measures proposed, and
analyse if these measures have an impact in adjacent sectors.

1 This timeframecorresponds @ the Entry Time in the Area of Responsibility where the ATFCM service
is provided, and in particular, where a hotspot has been declared.
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- If the adjacent sectors impacted belongs to the same cluster of sectors or ACC, the local
compkexity values should be available by means of the Imbalance Prediction and Monitoring
Service

- If the adjacent sectors impacted belongs to a different cluster of sectors or ACC, but this ACC
belongs to the same ANSP, the local complexity values shouldbeaeilable by means of
the Imbalance Prediction and Monitoring Service. However, if this is the case, the LTM or EAP
that trigger the measure will coordinate the impact of the measures WithLTM/EAP of the
adjacent ACC,

- Ifthe adjacent sectors impaadébelongs to a cluster of sectors or ACC of a neighbouring ANSP,
the LTM/EAP will request a Network Impact Assessment, which should provide the impact in
terms of complexity through the provision of the Regional Complexity Indicator aggregated by
the Netwak Management Function.

1

3.3.2.1.6.6 Consolidation of Local Complexity Assessments

In order to support the Network Management Function (NMf) in the building of a Regional Complexity
Indicator that will allow a common situational awareness of the air traffic complstatys across the
network by all the affected stakeholders, the INAP related supporting tool will automatically share with
the NMf the local complexity assessment results for each Traffic Volume along the timeline. This shall
be done based on agreed an@sdardised rules and procedures.

Since each ANSP may identify imbalances based on their local complexity methodologies, it shall be
agreed a common way of exchange this complexity information with the NM in order to ensure a
common understating by all amts, including neighbouring ANSPs, of the Network Impact Assessment.

In this way, the proposal is to translate the local complexity values, calculated by each ANSP
methodology, into the following code of colours:

- Green This level indicates that the complgy is lower than the established local thresholds.

A green value indicates that more aircraft are welcome into the area of measurement
(although with each new aircraft, the complgxlevel will be recalculated),

- Yellow: At this level, complexity is abewthe sustained established local threshold less than
the 50% of the time within a period of 30 minutes. A yellow value indicates that the addition
of aircraft to the area of measuremeéshould be analysed with care,

- Orange:This level indicates that complexity is above the sustained established local threshold
more than the 50% of the time within a period of 30 minutes. An orange value indicates that
no additional aircraft should be sent into the area of measurement, anettaio number of
flights should be removed to keep the complexity above the sustained threshold less than the
50% of the time within 30 minutes,

- Red:This level indicates that the complexity value is over the established complexity peak local
threshold. Aicraft planned through this volume should be removed and sent elsewhere.
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Figurel8. Consolidation of Local Complexity Assessments

3.3.2.2 Strategic process

The strategic process takes place from years to months, ideally to six months, before the day of
operation. This process starts with a definition and analysis of the airspace at issue. This analysis
includes a traffic demand forecast forday, using diffeent data sources such as historical data to
predict the trajectories. Once it is clear the characteristics of said airspace environment, an
identification of constraintgffecting SD&@ust be performed.

The main constraints for the design of new confagions are related to ATC resources and external
airspace borders (FAB concept will help to solve this problem with borders more operationally
feasible), together with other regulatory limitations. These ATC resources are the number of
controllers in possgsion of the corresponding licenses. To get these licenses the ATCOs have to be
trained in the new sectors to guarantee their knowledge on them. This means the design and
development of new sectors and configurations, together with ATCOs training phasetciae done

in this strategic process

In the new operational method proposed, the designing of new sectors and configurations is conceived
from a more automatic perspective, with the use of Machine learning algorithms and Big data technics
to help inthis problem. These algorithms shouwddnsiderparameters such as the flows crossing the
airspace. Contrary to the current operating method where there are fixed ATS routes instead of free
route trajectories, in this new environment the AUs share theitrdzctory and agree this trajectory

with the involved actors in a more flexible way. Therefore, the identification of the main flows crossing
the airspace becomes a less direct process as they are no longer following fixed routes. This also means

2 Although it is out of the scope of the present project, it is important to mention that the potemtial f
tools-based norgeographical licence approach may suppose a partial mitigatiosecnoimg ATCO
training process. Readenn refer b SESAR Wave 2 Solution@.3
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that inthe new operational method there is a shift from individual trajectories, which drive occupancy
counts, to flows, when designing the airspace.

The algorithm used to design these sector configurations could also identify the main flows crossing

the airspae, or at least it should have this information as an input. Thus, the algorithm can design the
aSOG2N) I OO2NRAY3 (2 GKSasS Ff2g¢gaz LINA2NARGAAAY3T (K
should be characterised, identifying their number,quency, geographical position, as well as their
interactions with other flows to detected potential conflicts between them, and the flights density of

each flow, as the number of flights per unit that follow that flow.

By analysing the forecasted traffiemand, including the main flows, a group of useful demand
measures (such as a set of STAM measures, or other ATFCM measures, which could be implemented
earlier ¢ please refer to §.3.2.9 could be determined months before the day of operation.
Accompanying these demand measures, a group of sector configurations could also be identified as
the ones that work better together with these particular demand measures. Thaxdng a set of
ATFCM measures associated to a specific set of sector configurations. As stated in the previous
paragraphs, the needed analysis and this airspace design concept will be only feasible with the help of
big data and machine learning algoriterand technics, together with a good feedback loop from post
operational analysis.

The logic behind adapting the sector configuration to demand measures is that applying demand
measures changes the trajectories of some of the flights crossing the airgpésue or even the
trajectory of the main flows. This means a modification of the traffic conditions on which the previous
sector configuration was based on. Then this configuration is no longer the optimised one. Also, by
combining demand and capacityeasures, more efficient DCB solutions can be implemented in terms
of performance impact.

Therefore, when the demand and capacity balancing process requires the application of ATFCM
methods, there will be already a set of configurations whose performanioetisr compared to that
of the optimised configurations proposed only based on capacity measures.

3.3.2.2.1 Complexity Assessment during the Strategic Phase (from several years or
months in advance up to )

During the strategic phase, the use of local complériigrmation should support the airspace design
process that takes place from several years or months in advance and up to 6 months previous to
operations.

In particular, complexity assessment should help the ANSP Airspace Designer in the definition of the
most appropriate airspace blocks (AB) and sharable airspace blocks (SAB) to finally build the set of
configured sectors (CS) of a particular ACC. Complexity assessment metrics will allow the evaluation of
how the expected traffic flows could be distributedong the airspace under analysis considering
appropriate sector boundaries and shapes, as well as transition layers. At this stage, complexity
assessment may not exclusively rely on traffic parameters, but most importantly on geometrical
aspects and flovinteractions.

In addition, complexity assessment will gain special importance at this stage considering that air traffic
flows will be handled in a Freeouting environment, providing valuable input in the definition of
flexible sector boundaries to avoitie existence of multiple critical crossing points under the same
area of responsibility of aATCQas well as in the definition of the most adequate transition level to
ATS structured airspace and in the selection of the E/X/A/D points.
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Figurel9. Example of ACC complexity cell grid for complexity assessment during airspace design process

The expected output of this stage (from years in advance and up to six months previouay)

an automated analysis of a set@mplexity metrics that will help airspace designers on deciding the
airspace volumes distribution of the area under definition. From six months and up to thieaPtieal
Phase, complexity metrics could be used for refinement and airspace configuratiposes, as traffic
information and flows distribution becomes more reliable.

3.3.2.3 Pretactical processes

The pretactical process will start from several days to the day before the day of operation, while the
tactical process will cover the day of operations bbth processes, as time goes by, more accurate
information is received, as more data about AUs intentions is shared, improving the prediction of traffic
demand and trajectories, and that could lead to updating the configurations plan. In addition, and
since the update may be based on combining both capacity and demand measures, this update will be
performed following a collaborative decision process between all actors involved, especially in the
tactical process, where flight execution is nearer.

The CDMrocess steps and considerations regarding the application of the best possible DCB solution
in pre-tactical processes are very similar to the ones in the next phase, presented in the following
section. Although, in the tactical phase it will be unlikelysee CDM taking place with actors not
directly involved in assuring safety, unlike in the-paetical phase. In the case of capacity measures,
the difference lies in the fact that in these early phases any modification to the proposed sector
configuratbns to be open affects the configurations plan, while in the tactical phase it could also affect
the already implemented configurations. Something similar happens with demand measures.

3.3.2.3.1 Complexity Assessment during the Piactical Phase (B ¢ D-1)

The man objective of the preactical phase is to optimise efficiency and to balance demand and
capacity through an effective organisation of resources.

At this stage, the level of uncertainty and volatility of air traffic demand may be too high to make
decisbons based on complexity information. It may be possible as time progresses, taovever, to

use complexity information to support the detection of major demaragpacity imbalances that could
lead to severe peaks &TCQOworkload and thus, trigger thepmlication of ATFCM scenarios, other
kind of ATFCM measures, or even ATFCM Regulations.

In addition, at this stage complexity information could be used as input to the automated sector
optimisation tool that will be used by the ANSP to determine the semtofiguration plan for the day

of operations. However, due to the uncertainty associated to complexity values at this phase, the
weight of complexity in the optimisation algorithm should be probably set as low as possible, giving
more importance to the aailability of resources or the avoidance of high levels of traffic density.
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