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The future ATM system

Global
Air Traffic Management
Operational Concept

To achieve an interoperable global air traffic
management system, for all users during all
phases of flight, that meets agreed levels of
safety, provides for optimum economic
operations, is environmentally sustainable and
meets national security requirements
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Guiding principles

° Safety The ATM community will depend extensively on the

° H uman prov.ision of tim.ely, relev:ant, accurate, accredited and
quality-assured information to collaborate and make

® TECh nOIOgy informed decisions. Sharing information on a system-

. CO”aboration wide basis will allow the ATM community to conduct its
business and operations in a safe and efficient manner.

o Continuity
e Information



Aviation Is
undergoing a
FUNDAMENTAL
change
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DRIVERS FOR CHANGE

e Expectations of the ATM community

— Expected benefits
e Airspace users
e Service providers
e Regulators

— Total system performance framework
o Competing expectations to be balanced
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Concept components

AOM — Airspace organization and management
DCB — Demand/capacity balancing

AO — Aerodrome operations

TS — Traffic synchronization

CM — Conflict management

AUO — Airspace user operations

ATM SDM — ATM service delivery management
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Information: Key for evolution

Global information utilization, management and
iInterchange enabling...

... the future of the air navigation system
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Information Service Requirements

e System-wide information management
« Accredited, quality-assured
and timely information

* Nature of information Manual on

- . Air Traffic Management
o Va||d|ty penod System Requirements
e Integrated picture
« Aviation data standard and reference system
* Information exchange protocols and procedures
e Collection and integration

 Reduction in transactional friction
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Information Service Requirements

* Relevant operational information available
o Optimize flight operations management
e Optimize 4-D trajectory planning and
operation Manual on
Air Traffic Management
o Status of ATM system resources System Requirements
* Flight parameters and aircraft
performance characteristics
e Access to MET information
« Standards for meteorological model

« Environmental performance targets
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Information Management

e Functions:
— Provide accredited, quality-assured
timely information
— Monitor and control quality of
shared information
— Provide information-sharing
mechanisms

 Meeting expectations ATM community
S
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Aeronautical Information

 Temporality and issuance concepts
— Overload
— Intelligent IM
 Media
— Fully electronic
— Networked environment
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Meteorological information

Integrated function
Tallored

Main benefits
Performance

management
— Quality Assurance
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GANP 2013

“Increase the capacity and improve the
efficiency of the global civil aviation system”

% (Cr0

e Through the GANP, offer a long-term vision to assist
R all aviation stakeholders, and ensure continuity and
| | on . . . .
harmonization among modernization programmes

-----

;;;;;;

e Through the Aviation System Block Upgrades
(ASBU), provide a consensus-driven modernization
framework for integrated planning based on
performance

......
bla P
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GANP 2016

 Objectives

— International and overarching framework of a global
investment plan: make it more usable towards
implementation

— Keep it stable while making the necessary
updates/additions

— Adjust the periodicity to the Assembly and ICAO editing
cycles

« A Planning Document for Implementation

— GANP should serve as a comprehensive planning tool to
support the development and implementation of a
harmonized global air navigation system

1 November 2017
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CAPACITY & EFFICIENCY

2016-2030
Global Air Navigation Plan
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Needs Analysis / Validation

Compliance & Verification

if needed @
= ... *
= _ - o S

GLOBAL PLANS

SARPs & PANS

Implementation Planning
p_— .

Training & Guidance

1 November 2017



http://www.icao.int/meetings/advancedATM/
http://www.icao.int/meetings/mpl/
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2019 Update of the GANP

Multilayer Structure COMPONENTS

GATMOC VISION GLOBAL PERFORMANCE

AMBITIONS
CONCEPTUAL ROADMAP
A -

LAYERS
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Global Air Navigation Planning

2002

Global Air Navigation Plan
for CNS/ATM Systems

Wbt onal Shl AviaBun O ganiation

2007

Global
Air Navigation
Plan

2013

2016

ICAO

2013-2028
Global Air Navigation Plan
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CAPACITY & EFFICIENCY

2016-2030
Global Air Navigation Plan
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Key concepts

« ASBU Block: asix year timeframe whose starting date defines a deadline for an
element to be available for implementation.

e ASBU Thread: key feature area of the air navigation system that needs improvement
in order to achieve the vision outlined in the Global ATM Operational Concept.

« ASBU Module: a group of elements from a thread that, according to the enablers’

roadmap, will be available for implementation within the defined deadline established by
the ASBU Block.

e ASBU Element: a specific change in operations designed to improve the
performance of the air navigation system under specified operational conditions.

e ASBU Enabler: component (standards, procedures, training, technology, etc)
required to implement an element.
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GANP 2019: ASBU Framework

o Template:

Wake turbulence separation applied to IFR flights is provided based on three aircraft wake turbulence categories
(heavy, medium and light) as described in PANS-ATM. The wake turbulence separation does not apply to VFR
flights neither to IFR flights executing visual approach when the aircraft has reported having the preceding aircraft in
sight although the ATC unit concerned will issue a caution of possible wake turbulence when appropriate.

Wake turbulence separation applied to IFR flights is provided based on 6 (or more) categories of aircraft wake
turbulence categories. In airports with parallel runways with runway centre lines spaced less than 760m (2500 fi)
apart, under certain wind condifions, wake furbulence separation can be reduced on dependent parallel approaches
or wake turbulence independentdepartures. Independent segregated parallel operafions can be realised.

‘Wake turbulence separation applied to IFR flights is provided based on leaderfollower static pair-wise wake
separations. In airports with parallel runways with runway centre lines spaced less than 760m (2500 ft) apart, under

PART 1:
.
monitored wind conditions, wake turbulence separation can be reduced on dependent parallel approaches or wake

» Concept of
turbulence independent departures . Independent segregated parallel operations can be realised, based on static

O pe ratio nS pair-wise wake separations.

PART 1

WAKE-BOM Wake turbulence separation minima based on six or more aircraft categories
in diffe re nt BIOCkS WAKE-BO/2 Dependent parallel approaches and wake independent departures
WAKE-BO/3 Independent segregated parallel operations
WAKE-B1/1 Wake turbulence separation minima based on leader/follower stafic pair-wise
— PA RT 2 - WAKE-B1/2 Dependent parallel approaches (with decision support)
- WAKE-B1/3 Independent segregated parallel operations (with decision support)

 List of operational
improvements in that ASBU thread
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GANP 2019: ASBU Framework

To optimise the wake rbulence separmton apohed 1o mstrment inndng oo Ftons on parnie | unways wah
centes knes soaced loss than 75 0m (25006,

 Template:

PART 3:

 For each element
listed in PART 2:

description, e
dependencies, . e I
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GANP 2019: ASBU

o Template:

— PART 5:
 Applicability
e Performance impact
— PART 6:
« Performance objectives

PART &

PART®

Aeroarcmes with demand that
naving centrelinet spaced less

or daily capa
w0 760 m (2500 Teet) spart

v resulting in

rspace user, ANSP, airpom operator

Alrspace user, ANSP [ & Network), airport operator

Alrspace user, AN5P, Birpor oper:

Increase prok capacity

Alrapace user, ANSP, airpart oper,

Efficiency (temporal eificiency, i e delav)

Alrspace user, ANSP

Framctabliity

Adrspace user, ANSP

Fuel savings

Focus Areas

Alripace user

= Mast specific performance objective(s)
impact | supported

Capacity

Capacity.
:woqmm

KPP 06 ENcrouts irspace
capacity

KP1 09 Alrport peak arrival
capacity

.- Mote. there are no specific objective in
the cotalogue

KP1 10 Airpart peak arrival
throughput

- Improved categarisation of sircraft
= Increase pirpor

KFI 11 Airport arrival
capacity utilization

- Increase airport arrival capacity utilization
when demand exceeds capacity

Capacity
shortfall &

WP1 07 : Encrause ATFM
delny

aelay

KP1 12" Alrporz/terminal
ATFM delay

Leficiency

Additicnal
Flight tirme &

KPI 02: Tawi-out additicnal
tirne

distance

WP1 04: Flieatlight plan gn-
Foute extensicn

KP1 D5 Actusl gn-route
extension

KPI 08 : Additional time in
terminal airspace

T - rviual Eapacity at quickly
as possitle

BPI 13 Tani-in additional
time

KPI 17 Level-off dharing
elimbes

KPi 15 Lavalmaoongaunng
eruize”

KPI 19 Lawe ioff during
descent™

Additionsl fusl
Burn

EPI 16 Adud tional Fusl bun

Fredicrabil
ity

Funcruality

EFI 01 Departure
Punctuality

EF 14: Arrival punctuality

WP 03 ATFM clot acherence

VS Tram The CATAIOgGr

K115 FIght tims vt it
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GLOBALLY INTEROPERABLE SYSTEMS
AND DATA (SWIM)

GLOBALLY Ve v N

INTEROPERABLE BLOCK 0 BLOCK 1 BLOCK 2 BLOCK 3
SYSTEMS AND BO-FICE B1-FICE B2-FICE B3-FICE
DATA (SWIM) BO-DATM B1-DATM

BO-AMET B1-AMET B3-AMET
B1-SWIM B2-SWIM
A A A




% |ICAO  UNITING AVIATION

\ h

U Fice @ DoA™ [ | AMET [ swim



ICAO  UNITING AVIATION

"&.

AMET: MET INFORMATION

« MET Iinformation vs. existing products

— Information = phenomenon/parameter and
data characteristics such as severity,
accumulation, intensity, probability of
occurrence, confidence/ uncertainty of
forecasts and reliability, etc.
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AMET Block O

e Concept of operations

— Global, regional and local meteorological information to support flexible airspace
management, improved situational awareness, collaborative decision-making
and dynamically optimized flight trajectory planning.

 Elements
— AMET-B0/1 Meteorological observation products
— AMET-B0/2 Meteorological forecast products
— AMET-B0/3 Climatological and historical meteorological products
— AMET-B0/4 Dissemination of meteorological products
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Meteorological observations in support of flexible airspace management, improved situational awareness,
collaborative decision-making and dynamically optimized flight trajectory planning.

Provision of additional observations. More automated observations. Higher temporal and spatial resolution for
lightning, radar and satellite information.

Meteorological forecasts (including advisories and warmnings) in support of flexible airspace management,
improved situational awareness, collaborative decision-making and dynamically optimized flight trajectory
planning.

Greater resolution (spatial and temporal) of gridded WAFS information. ICE, TURE, CB WAFS. Improved
visualisation of meteorological forecast products.
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Climatological products in support of the design and planning of infrastructure, flight routes and airspace

management. Histoncal meteorological observations, forecasts, advisories and wamings in support of incident
and accident investigation.

Nil

Dissemination of meteorological products in support of flexible airspace management, improved situational
awareness, collaborative decision-making and dynamically optimized flight trajectory planning

Commencement of the exchange of meteorological information using the ICAO Meteorological Information

Exchange Model (IWXXM), being the conversion of Traditional Alphanumeric Code (TAC), using an IWXXM
schema, into XML/GML.




-. ICAO  UNITING AVIATION

AMET Block 1

e Concept of operations

— Meteorological information supporting automated decision process or aids,
involving meteorological information, meteorological information translation, ATM
impact conversion and ATM decision support.

e Elements
AMET-B1/1 Meteorological observation information
AMET-B1/2 Meteorological forecast information
AMET-B1/3 Climatological and historical meteorological information
AMET-B1/4 Meteorological information in SWIM
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Meteorological observations information in support of automated decision process or aids, involving
meteorological information, meteorological information translation, ATM impact conversion and ATM decision
support.

Commencement of change from product-centric to data-centric information. Space weather information.
Sulphur dioxide (SOz2) services. Enhanced hazardous weather services.

Meteorological forecast information (including warnings) in support of automated decision process or aids,
involving meteorological information, meteorological information translation, ATM impact conversion and ATM
decision support.

Commencement of change from product-centric to data-centric information. Space weather information.
Sulphur dioxide (SOz) services. Enhanced hazardous weather services.
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Climatological products in support of the design and planning of infrastructure, flight routes and airspace
management. Histoncal meteorological observations, forecasts, advisonies and wamings in support of incident
and accident investigation.

Climatological data. Climate change information.

Meteorological information in SWIM in support of automated decision process or aids, involving
meteorological information, meteorological information translation, ATM impact conversion and ATM decision
support.

Meteorological information in ICAO Meteorological Information Exchange Model (IWXXM) form starts to
replace traditional alphanumeric code (TAC) products. Human-readable products will start to be denved from
the IWXXM information (rather than the other way around). The introduction of web services allows for
progressive replacement of fixed line dissemination systems.
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DATM: Aeronautical Information

» Digital vs. Paper documentation & telex-based text messages .
Quality management

— Through aeronautical information service (AlS) to aeronautical information
management (AIM) implementation, use of aeronautical information exchange
model (AIXM), migration to electronic aeronautical information publication (eAlP)
and better quality and availability of aeronautical data.

e Cross-domain information exchange
e Access via internet-protocol-based tools
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DATM Block O

e Concept of operations

— Aeronautical information which encompass improved data quality (accuracy, resolution,
integrity, timeliness, traceability, completeness, format), timely distribution of information,
digital exchange and processing of information, and more efficient management of
aeronautical information to avoid reliance on manual processing and manipulation. Quality-
assured aeronautical information is essential.

 Elements
— DATM-B0O/1  Provision of quality-assured aeronautical data and information
— DATM-B0/2  Provision of digital AIP data sets
— DATM-B0/3  Provision of digital terrain data sets
— DATM-B0/4  Provision of digital obstacle data sets
— DATM-B0/5  Provision of digital instrument flight procedure data sets
— DATM-B0/6  Provision of digital aerodrome mapping data sets
— DATM-B0/7 NOTAMs improvement
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The main purpose of this element is to ensure that aeronautical data and information comply with
quality standards in order to meet the needs of airspace users and support the safety of flight
operations.

1) Implementation of quality management systems to ensure that aeronautical data and
information comply withthe required standards.

2) Useof common reference systems (spatial - WGS84 and temporal- AIRAC) to facilitate
consistent interpretation of aeronautical data and information and facilitate their timely
exchange.

3) Fullmoveinto an automated data-centric environment so that the management,
processing, verification, usage and exchange can be done in a structured, automatic
manner and human intervention is reduced.

4)  Aeronautical data and information is of high quality if it is aggregated and provided by
authoritative sources. This requires to properly control relationships along the whole
data chain from the origination to the distribution to the next intended user (formal
arrangements with data originators, neighbouring States, data and information service
providers and others).
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The purpose of this element is to introduce the capability to provide AIP data sets to usersin an
interoperable and mutually-understood manner.

Replacement of existing sections of the AIP through the provision of digital AIP data sets. AIM
envisages a migration to a data-centric environment where aeronautical data and information
{AIP) will be provided in a digital form through the use of information exchange models (e.g.
AIXM) and in a structured way.

The purpose of this element is to introduce the capability to provide terrain data sets to users in
an interoperable and mutually-understood manner.

Provision of terrain data as digital data sets. AIM envisages a migration to a data centric
environment where terrain data will be provided in a digital form and in a structured way.

The purpose of this element is to introduce the capability to provide obstacle data to users inan
interoperable and mutually-understood manner.

Provision of obstacle data as digital data sets. AIM envisages a migration to a data centric
environment where obstacle data will be provided in a digital form through the use through the
use of information exchange models {e.g. AIXM) and in a structured way.
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The purpose of this element is to introduce the capability to provide instrument flight procedure
data to users in an interoperable and mutually-understood manner. It also includes the need to
use specific criteria for coding instrument flight procedures to ensure compliance with the
navigation specifications, consistency in design, coding and operation of PBN procedures and
avoid differences in the aircraft behaviour in response to the coded path terminators.

Provision of instrument flight procedure data as digital data sets. AIM envisages a migrationto a
data centric environment where instrument flight procedure data will be provided in a digital
form through the use of information exchange models (e.g. AIXM) and in a structured way.
Applying new rules for coding Instrument flight procedures will limit the number of allowable path
terminators for PBN procedures in compliance with the PBN Navigation Specifications.

To provide timely and relevant information about status and condition of the ANS infrastructure
to the next intended users via NOTAM.

1) Identification of clear operational conditions to determine when a NOTAM shall or shall not be
originated, thus ensuring that the information provided meets the needs of the users.

2) Replacement of paper NOTAMSs by a digital version through the use of information exchange
models {e.g. AIXM), thus enhancing the quality of information provided.
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DATM Block 1

e Concept of operations

— This module addresses the need for increased aeronautical information integration and will
support a new concept of ATM information exchange fostering access via internet-protocol-
based tools based on service orientation in accordance with the SWIM concept.

Additional aeronautical information may be required.

 Elements
— DATM-B1/1 AIM requirements to support NOPS-B1/5

Provide additional AIM information regarding airspace usage plan to support enhanced Network
operations features

Airspace usage plan (AUP) and User usage plan (UUP) are exchanged using SWIM.
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FICE: FLIGHT & FLOW INFORMATION

 Manual vs. digital transfer of flight data.
TBO foundation.

— Implement pre-flight collaborative coordination
and maintenance of advanced flight
iInformation: improved response to operators
flight preferences.
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FICE Block O

e Concept of operations

— To improve coordination between air traffic service units (ATSUS) by
using ATS basic interfacility flight data communication. The benefit is the
improved efficiency through digital transfer of flight data.

 Elements
— FICE-BO0/1 Automated basic Inter facility data exchange
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To improve message exchange between ATS facilities by automating it.

Replacement of coordination via voice by automatic message exchange

This element represents a first automation step in the evolution of the coordination between
neighbouring ATS units to guarantee that all related and necessary flight information will be
available to the other unit as per agreement.
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FICE Block 1

e Concept of operations

— Establish foundation for TBO by enabling exchange of advanced flight information between
operators and ATM and unique identification of the flight. Implement pre-flight collaborative
coordination and maintenance of advanced flight information: improved response to
operators flight preferences. Capacity and demand balancing improvement (better capacity
utilization) due to timely and accurate flight information.

e Elements
— FICE-B1/1
— FICE-B1/2
— FICE-B1/3
— FICE-B1/4

Flight Information Exchange Model (FIXM)
eFPL processing

Planning Service

Flight Plan Information Requests
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Provide and extensible XML schema to support the services envisioned by FF-ICE Step 1 Provisions as well
as for the use by ATC/ATM applications e.g. NOPS, APTA, etc.

¢  Support the exchange of the Globally Unique Flight Identifier (GUFI) as prescribed in the FF- Ice
Manual.

¢  Support for data in the current ATS messages of interest in PANS-ATM Appendix 3

¢  Support for new content envisioned for FF-ICE/1, e.g. 4D Trajectories, to be described in the new
PANS-ATM Appendix 7 being developed for ATMRPP.

¢  Support for messaging, such as addresses, versioning, message numbers which supports FIXM in
the FFICE and SWIM environment
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Provides for full flight plan processing that includes full constrainttesting and enhanced flight
information sharing.

An ATM Service Provider (ASP) implementing FF-ICE must accept any valid Filed Flight Plan,
I.e. whether with minimum required content or any of the more advanced content. The ASP must
also decide whether and how to take advantage of more advanced content provided by the
operator to include:

¢  Climb and descent performance data to allow more accurate and consistent calculation
of 4D Trajectories by the service provider.
e  Operator-calculated 4D-Trajectory to allow understanding by the service provider of the

operator expectations.
e  Qperator constraints that the service provider can take into account when assessing
the flight and developing a clearance.
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Allows flight operator to test portions of proposed flights with advanced service providers as part of the
flight planning cycle.

To provide the Planning Service, a provider needs at a minimum to be able to determine relevant
constraints applicable to a flight and feed them back to the operator. A service provider that supports
Preliminary Flight Plans and provides feedback must also evaluate whether to provide a “re-evaluation”
service, i.e. updates to the feedback that reflect changes to constraints after the initial feedback is
provided.

Makes available a query and reply service allowing an operator to query the service providers for
information on one of its flights - allows an operator to verify the status of a flight previously
submitted.

A service provider implementing FF-ICE must at a minimum support flight plan information
requests that replicate the function of the RQP and RQS messages and allow another service
provider or operator to request an FF-ICE flight plan, or supplementary information about a flight
in FF-ICE format.
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SWIM: INFORMATION MANGEMENT

« ATS messages vs. SWIM.

— Enabler for all envisioned ATM information exchange in support of ATM
operations

* Point-to-point connectivity and protocols using pre-defined
messages

 Advanced exchange of ATM information via a secure aviation
Intranet



) [ICAO  UNITING AVIATION

SWIM Block 1

« Concept of operations

— System Wide Information Management replaces the current point-to-point
technologies by a secure aviation intranet relying on internet technologies for
providing information (exchange) services to the entire ATM community. In order
to facilitate information exchange through standardised SWIM information
services via, for example, request/reply or publish/subscribe exchange patterns,
common data models and service descriptions are defined and appropriate
governance rules are established. This thread is not in itself an operational
improvement but rather a fundamental enabler to support all ATM improvements
that require information to be made available.
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SWIM Block 1

 Elements
— SWIM-B1/1 SWIM information service provider
— SWIM-B1/2 SWIM information service consumer

— SWIM-B1/3 SWIM registry
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Provide an information service provider the toolsto make available ATM information in a SWIM
environment

Information services are exposed to the ATM community preferably via a registry.

Via the registry metadata specifying the characteristics of the provided information are made
availablein an information service description

SWIM Information services support request/reply or publish/subscribe access mechanisms
Information Service provider provides access to their services thanks to access point that are
made available to the authorized users.

Provide an information service consumer the tools to access and use ATM information in a SWIM
environment

ASWIM information consumer has access to registries in order to discover the information services
available.

SWIM information service consumer may need metadata mining capabilities if they want to
automatically understand the information offering provided in the service description.

Request and subscribe exchange patterns have to be supported as those are SWIM information
access mechanisms.

Capability to connect to an IP access point as SWIM services is made available over an IP
infrastructure.
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To provide a mechanism to discover and ultimately access SWIM information services within an
internet-based ATM information environment.

A registry is the preferred means to discover and provide relevant ATM information services.

It offers the SWIM service provider with the capability to expose SWIM information services to
potential consumers.

A registry enables a SWIM service consumer to discover and find sufficient description (namely
metadata) about SWIM information services.

Provide the capability for managing the metadata in the registry.

Registry includes user access control mechanism.
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What does this mean In real life?

https://www.faa.gov/tv/?mediald=1437
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North American

Central American

and Caribbean South American IcAD

(NACC) Office (SAM] Office Headquarters
Mexico City Lima Montréal

Western and
Central African
[WACAF) Office
Dakar

European and
North Atlantic
[EUR/NAT) Office
Paris

Middle East
[MID) Office
Cairo

Eastern and
Southern African
[ESAF) Office
Nairobi

Asia and Pacific
|APAC) Sub-office
Beijing

Asia and Pacific
[APAC) Office
Bangkok
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