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Figure 1:Source: Eurocontrol - Echo Project
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Figure 4. EASA Al Roadmap 1.0
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Key NextGen Improvements

Legacy System NextGen
Radar Satellite
Inefficient Routes Performance Based Navigation (fuel savings)
Voice Communications Voice & Digital Communications
Disparate Information Automated Decision Support Tools
Fragmented Weather Forecasting Integrated Weather Information

Weather Restricted Visibility
Forensic Safety Systems
Nationwide Focus

Improved Access in Low Visibility
Prognostic Safety Systems
Focus on Congested Metroplexes  Aviation Data

N

Domeslic / Oceanic C’Uise
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Assembly Resolution A41-21: Consolidated statement of continuing ICAO
policies and practices related to environmental protection — Climate
change

Noting that, to promote sustainable growth of international aviation and to achieve its global aspirational goals, a comprehensive approach, consisting of a basket of measures
including technology, sustainable aviation fuels, operational improvements and market-based measures to reduce emissions and possible evolution of Standards and
Recommended Practices (SARPs), is necessary;

Recognizing that air traffic management (ATM) measures under the ICAO Global Air Navigation Plan contribute to enhanced operational efficiency and the reduction of aircraft
CO2 emissions;

25. Requests States to:
a) work together with manufacturers, air navigation services providers (ANSPs), aircraft operators and airport operators to accelerate the development and
implementation of fuel efficient routings and air navigation procedures and ground operations to reduce aviation emissions, and work with ICAO to bring the
environmental benefits to all regions and States, taking into account the Aviation System Block Upgrades (ASBUs);
b) reduce legal, security, economic and other institutional barriers to enable implementation of the new air traffic p ing for the

environmentally efficient use of airspace;

i

a) maintain and update on operational measures to reduce international aviation emissions, and place emphasis on increasing fuel efficiency in all

aspects of the ICAO’s Global Air Navigation Plan (GANP); encourage States and stakeholders to develop air traffic management that optimizes environmental benefits;

o
<<
Q
@ 26. Requests the Council to:




3NMbetween 4.  Designated point
centre lines A meets 3 NM and
at these points ,” other operational
3 MM betueen P constraints for
UEss ,§’ joining ILS
G- 3NM ¢ >

Designated point Runway Runway

coincident with IAF spacing 73 spacing -

meets 3 NM and FAF + FAF FAF F FAF

other operational

constraints for

joining RNP AR

IAFIIE To RWY R To RWY L IAF/IF To RWY R To RWY L

Figure 6-6. Established on RNP AR APCH concept
(RNP AR APCH/precision approach with 3 NM separation minimum example)

— @ oo

Efficiency and Emissions benefits

In the first full month of EOR oberations at one location:

' The track mile savings in !
_this location alone in one
ryear now represent the
. distance to the moon and
back every year!

ICAO

.
S
jdw o

Efficiency and Emissions benefits

As at November 2022, there are six implementations of EOR, and approximately 12 other
locations considering implementation.

Worldwide there are over 50 locations that are eligible to implement PANS-ATM 6.7.3.5
DETERMINATION THAT AN AIRCRAFT IS ESTABLISHED ON RNP AR APCH, and would therefore
benefit in terms of capacity, efficiency and emissions/noise reduction.

—— % 1CA0
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The En-route Phase

— @ oo

11

PANS-ATM: 8.7.4 Separation minima using ATS
surveillance systems where VHF voice
communications are not available.

Efficiency and emissions benefit:

* In one region (there’s a hint in the picture) -
Over 4,400 more flights in 2019 assigned their
requested level when compared to 2018, most
of whom were previously flying 2,000 or 3,000

S feet lower than requested.
= Safety benefit:

#

A .
“y¢ » The drop to zero time spent at unprotected
| flight levels or tracks.

12

But wait, there’s more!

Reduced divergence departures from parallel runways

* Greater efficiency in the airspace
*+ PANS-ATM 6.7.2.2 REQUIREMENTS AND PROCEDURES FOR INDEPENDENT PARALLEL DEPARTURES

Target to target separations based on ATS Surveillance, for use with RCP240

* Freeing aircraft from having to select a pre-determined track that best fits where they want
to go, 15nm horizontal separation. IFATCA agreed to the proposal with no comments.

+ In process for PANS-ATM 8.7.3 SEPARATION MINIMA BASED ON ATS SURVEILLANCE SYSTEMS

N

% And more to come.

— i+ CAD
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These new and recently added separations will
help reduce emissions significantly.

IFATCA is involved in creating them.

Thanks!

ICAO

4 But...is your State using them to the best of their
| ability?!

14

Flight and Flow — Information for a
Collaborative Environment (FF-ICE)

—— % 1CA0

Why FF-ICE?

y N
[ Enable transitioningtoa |
fully collaborative
environment where a
flight trajectory is
shared and optimized
during all phases of a

< flight 4

Address limitations and
constraints of the current
flight planning
mechanism

—— % (CA0
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FPL 2012 FF-ICE

New mechanisms to exchange

held by various stakeholders (operator, information uniquely identify flights,
aircraft, departure aerodrome, and ensure all stakeholders work from
downstream ATS units) the correct information

Intention of flight can only be New interactions between
to ATM and stakeholders facilitate coordination
on the supplied and negotiation
flight intent

to New data exchanges allows indication
> accommodate changing information of advanced capabilities, and is
@ needs at global, regional, and state extensible to address emerging needs
EVER

17

Flight Deck
eFPL
Trajectory
Negotiation
Met
Airspace
And more
Service Providers () ~ flrspace Jser
ervice rroviaers
Ground Element
—— %+ 1CAO
Towards Visign
13:10 13:43 _—
Agreed Trajectory
Execution
P &
14:15
10:24
O
09:40
> ETA
Z e 14:48



Towards Visign

Synchronisation

Operation Cost

—O——O—
Multiple ETA
ATM Service
= Providers
2
&
ATM Service >
Provider

FPL2012 Sunset FF-ICE

Planned ICAO State Letter 22/108
Q4 2034 — Global Sunset Q4 2024 - Applicability of FF-ICE/R1

Q1 2025 — States begin
implementation of FF-ICE/R1

IFATCA agreed to the PfA without
comments

%8 |ICAO

21

FF-ICE Releases
A phased approach without “big-bang”

FF-ICE / Release 1

Pre-departure Flight FF-ICE / Release 2
Planning & Filing

Post-departure Negotiation  [kisida AL EEEES
Flight Re-planning

“Strategic” actors

Agreed Established pre-departure Modified strategically

. L . . Fully Integrated TBO Vision
Trajectory | Informs initial execution Informs execution y &

—— %+ 1CAO



Concept into Servicg,i

Optional

. Operator Operator F"omt
services that Submits Submits ERTIY ATC Aircraft Aircraft
facilitate Prelim. Filed wheerA:ZTC delivers off Wheels
wsaaliraiien F:Ight Flight coord clearance Blocks Up
an Plan .
and required

: which can replace
Il T some ATS messages
T 11 *
l_ITriaI Service (FPL, RQP, RQS)

|| Flight Data Request Service

| Publication Service

. -l
negotlatlon
Planning Service Minimum capabilities,
| Filing Service
. |

L] = || L] [

Optional |
service which [ [ [ [] [ ] [ ]
can replace | | Notification Service

Arrival (ARR)
and Departure
(DEP) messages

* FPL (Filed Flight Plan), RQP (Request Flight Plan), RQS (Request Supplementary Flight Plan)

Planned Implementations

Canada
2024-2025 EUROCONTROL
AT A Network Manager
2018-2024 Republic of

S i Korea
United States JIATMECE ooy Japan
2023~2025 - - 2027~2030
ASCNA Thailand
2025-2031 A:Imi':ﬁ;zesgft}s
ATMRPP-WG/42-1P02 .
South Africa 20262030

ATMRPP/4 Report, N
Agenda Item 2 Refers Australia
ATMRPP/4 Report,
Agenda Item 2 Refers

—— % 1CA0

What we do, How we do it,
didn’t change evolves




Air Traffic

Flow
Management

—— % 100

—— % 1CA0

Contingency

—— % 1CA0

26

Ongoing focus of work in ATM Operations
Panel

* Strengthening SARPs on ATFM to improve efficiency
through collaborative decision-making processes.

But that’s the future, what about the now?
Are you:

Measuring your capacities? * Communicating your capacities?




— & oo

Do you have a contingency plan?

Is it comprehensive?

Does it include contingency routes?
Are those routes separated?

And:

Has it been promulgated?!

28
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MITRE

MITRE As A ‘Connector’

Our nation’s challenges and opportunities require a whole-of nation perspective
- demanding that MITRE serve in the role of ‘connector’

MITRE’s Corporate Strategy

Pioneering for a better future e [ covawnon |

Solving problems for a safer world
4111814 INTERNATIONAL

Leading communities to discover 4
new possibilities & create impact Uty -

Z3
PROBLEs Fop n SIS
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Assets That Empower MITRE As A ‘Connector’

Innovation Centers

-

Artificial Intelligence
and Autonomy

Cost, Acquisition,
Management Solutions

Cyber Operations
& Effects

Cyber Solutions

Data and Human-
Centered Solutions

Electronic Systems
Emerging Tech

Enterprise Strategy
and Transformation

Health Innovation

Infrastructure and
Networking Innovation

Modeling, Simulation,
Experimentation,
and Analytics

Software Engineering
Systems Engineering

Transportation

Simulation, Experimentation, Analytics

Concept
Development

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

MITRE

Center for
Integrated
Transportation
(CIT) Mission

Solving transportation

problems for a more

efficient, equitable,
and safer world

o &
By sl
B e

e\ N & 2
©2023 THE MITRE C&PORATOON‘AITL RIGHTS RESERVED.

CIT Work Program Overview

Tpade
Advance the future of transportation to a scalable, adaptable, and resilient system through developing future
concepts aligned with the info-centric NAS vision, evolving infrastructure for secure comm, nav, and surveillance

solutions, and engineering the evolution of future automation capabilities

Deliver efficient, resilient, and safe transportation operations that enable mobility for a better life by
increasing efficiency in an integrated, optimized operating environment, identifying opportunities to
improve operational performance, and adapting integrated operational solutions to meet global needs

Achieve the next level of safety across the transportation domain by taking a systems-level approach in
adoption and implementation of SMS, advancing proactive monitoring and analysis, democratizing data
with common standards and frameworks, and pursuing a uniform safety continuum approach to enable
smart policy

Support FAA and US interested in advancing safety, efficiency and security through global leadership and
harmonization through strategic partnerships, knowledge sharing, and technology transfer.

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.




s Tra'j ectory Basad
'Operation:

<
Global Trajectory-Based
Operations Concept

Informing Future Realizing Global
Concepts and Standards Concepts and Standards

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

FAA’s Definition of TBO

Trajectory Based Operations (TBO) is an air traffic management method for
strategically planning, managing, and optimizing flights throughout the operation

TBO...

s v Improves the ability to exchange trajectory
information across systems in the NAS.

£ Vision for
Trajectory Based Operations

v Is based on the aircraft’s ability to fly
precise flight paths at precise times with
seamless information exchange between
air and ground systems.

o

MITRE © 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 9



Trajectory Based Operations (TBO) is about predicting where
a flight will be and at what time.

®  Flight trajectories are defined in 4 Dimensions

® The trajectory

® |s used as a reference for each flight and shared between

systems and stakeholders

® Forms the basis for a strategic plan

® |s updated as operations evolve over time and new
information becomes available, to maintain accuracy

® |s used in aggregate to predict system-level demand and
used to proactively manage demand/capacity imbalances

Longitude Altitude

Latitude

Source: FAA

MITRE © 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. . 10

1T,

Tn = Predicted Crossing Time

. Data SI0: NOAA, USS: Navy. NCA ('EB(‘O

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

4 LDEO -Columbia, NSF. NOAA

e Landsat | Copernic

.omk earth

Source: MITRE "

Performance Based Navigation (PBN)

Comprised of Area Navigation
(RNAV) and Required Navigation
Performance (RNP)

Ability to Navigate Point-to-Point
using Performance Standards

Predictable and Repeatable Flight
Paths

Relies on Airlines Equipping and
FAA Procedure/Route
Implementation

MITRE

Current Ground RNAV
Navigation Aids

Increased Airspace
Efficiency

Limited Design
Flexibility

Source: MITRE
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Time-Based Management (TBM)

LING ; [AE

Estimated Scheduled Capacity Constraints
Time of Time of 3
Arrival Arrival

Separation Minima Departure Release :

—<FLG3517

—<DAL1160

Crossing Point

MITRE 13

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. Sourc

4D Trajectories Enabled by TBM and PBN

= Trajectories used
to organize traffic
flows between
airports

= Time is used at
defined merge and
crossing points

= Results in a
unified flow that is
more efficient,
predictable, and
easier to manage
and makes best
use of available

capacity
MITRE © 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED, 14
Key TBO Benefits and Expectations
F F F
T < T AT T
E-@ o
R ‘ _g:%)@_) X x>
°
Delay Reduced Airborne Daily Schedule Flight Path Strategic Decisions
Redistribution Holding and Integrity Confidence
Vectoring
u/'\ TN TN TN
X = =L\ (7 E
=1 I <) (5
Throughput Utilization of RNP Efficient Flight Reduced Block Airspace Flexibility
RF Approaches Profile Descents Time Variability

Location Specific Benefits

Sou N
MITRE ©2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 15



TBO Is An Initiative of the Next Generation Air
Transportation System (NextGen) Program

NEXTGEN:

Foundation for the
Future

)

4 »
,.""’x- OUrces FAA

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

Legacy System NextGen
Radar Satellite
Inefficient Routes Performance Based Navigation (fuel savings)
Voice Communications Voice & Digital Communications
Disparate Information Automated Decision Support Tools
Fragmented Weather Forecasting Integrated Weather Information
Weather Restricted Visibility Improved Access in Low Visibility
Forensic Safety Systems Prognostic Safety Systems

Nationwide Focus Focus on Congested Metroplexes  Aviation Data

pomestic/ Oceanic Crujse

Performance-Based Navigation
(PBN Routes and Procedures

Time-Based Management Enabling
Autorretion Systems

Data Communications
System-Wde Information
Management (SAIM

Controller Decision Support Todls

e - Y Arrivals (STARs) Meter Point
within AIII'TI'affIC mm = - - ——— Departures (SIDS) Extended Meter Point
A tomation N " k. _ ﬂ = En Route Coupled Meter Point

Notional Graphic Flight Operations FAAATCSCC A Top of Descent Arrival Meter Point
- and Facilities

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. @ Departure ol 18




The FAA’s TBO Evolution Phases

® )o<GEN

Trajectory Based
Operations
2023

Implementation Plan

7 \ AW

Deployed the foundational
automation, surveillance,
weather, information and

data exchangeinfrastructure
to support TBO enabling
capabilities and products

Common Framework for

Initial TBO capabilities are
being deployed for use
domain bydomain with

integration of the capabilities
left to the human operator

Capabllities for integrated

Full TBO capabilities delivered
to alldomains providingthe
ability to automate the
integration of time-based
managementdataand tools
in order to greatlyimprove
strategic planning and
execution

Integrated Automation

Dynamic TBO capabilities will
use advanced aircraftand
ground automation to enable
flight-specific ime-based
solutions for reroutes and
aircraft sequencingand
advanced aircraft-based
pairwise trajectory solutions.
Information will be integrated
andsharedto furtherimprove
NAS operations

Collaboration, Operations, £ Advancing Individual Aircraft
vl sk B i arrival and departure Capabilities for advanced Slitions
Na - operations trajectory management
Source: FAA
MITRE ©2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 19

The FAA is Implementing Initial TBO

FLIGHTDECK

Multi-Domain,
Regional Integration

Requires Interoperability of
Technology and People

Initial Focus on Integrating
Arrivals and Departures

TRAFFICFLOW
MANAGEMENT

Right Tools at the Right Place
at the Right Time

Source: MITRE

MITRE
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The FAA is Implementing Initial TBO

Multi-Domain,
Regional Integration

Mission-Driven Collaboration

MITRE is a key partner to the
FAA on achieving TBO

@) ()

Requires Interoperability of
Technology and People

o
ning ]
P
Operational |
Demonstrations

Initial Focus on Integrating
Arrivals and Departures

Stakeholder
Engagement

N

Risk
Reduction

Training and
Education

()

Benefits

Right Tools at the Right Place at
the Right Time

MITRE
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TRANSITION REGION
Orbital and

/" Spaceplanes )ﬂﬁhﬂl"" Reentry Debri

,/ Parabolic Launch

SupersonicAviation

e ¥ Ui 7~ High Altitude
)

Balloon Long Endurance

Military Training Foreign Launch

Urban Air Mobility
UTM [ -~ Skt
—— Air Traffic :

o & = Service

Provid
Small UAS

And Operations Are Bvalving
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Changing Operations Greate OPPORTUNTIES FOR EVOLUTION

evolve to afuture NAS environment

CHARTING AVIATION’S FUTURE:
OPERATIONS IN AN INFO-CENTRIC
NATIONAL AIRSPACE SYSTEM

c
=2
I
c
o
£
G
o
E
(@]
[a]
'—

Infrastructure Comm, Nav, and Surveilance Systems, Weather Systems

Strategic and Tactical DemandCapacty Managemon!, Departure Scheduling,
Time-Based Management Aborne Metering, Surface Management
Information Sharing for A Traffc Automation System Data, Operator Data, Weather Data
Continuous Improvement Publshed for Al Stakeholders

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

AMSONFR Interconnected, Aexible, and Inclusive
THERUILRE for All Stakeholders
| e

Enabled through inprovenents in

A Operations % Infrastructure %87 In-Time Safety
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Necessary for coordination and
collaboration

Enabling operator-focused decision
> EL[

g@ﬁi’lﬁb—g\ @}m Wm Supporting flight rules and airspace

use for diverse operations
1LINFORMATION==S

Infrastructurewillibe'deliveredasa
PERFORMANCE: BASH ) SERVICE
ored tatheineed(ofitheloperation

Commercial services will fill gaps

Redundant web of communications
will ensure resiliency and be robust
to outages

Bvolution towards

RAPID ANDALEXELE
Capability

Monolithic Service-Based
Automation Systems Architectures




‘8~ In-Time Safety

i -

SYSIBVS |J':\/E_[i Continuous Data Exchange
SAFETY assurea Prognostic Risk Modeling -

f\_thfﬁ,lgh: "% »  Automated Monitoring and Alerting ‘*.
v
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TBO Capabilities and Enablers Are Foundational For
Achieving the Info-Centric NAS Vision

—— e
Electronic Flight Data for Surface and \ |-

Tower Operations :

System-Wide Information Management

SWIM is the

Data C icati Digital
ata communications Data-Sharing
BACKBONE

of NextGen.
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Examples of Information-Enabled Operations

NAS AWARENESS TRAJECTORY SAFETY AND
MANAGEMENT SECURITY

Airborne Wind Service Real-Time Risk

Communicating Ownshi M
Turbulence and Trajector?/ Sharingp anagement
Detection Cognitive
Flexible Departures Trajectory Negotiation Assistance
in Response to Time of Arrival Control GPS Spoofing,

NAS Demand Cyber Applications
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Considerations Moving Forward

 Fostering Trust in Advanced Automation and Technologies
Cybersecurity
Interoperability
Impact of More Distributed Decision-Making
Leveraging Safety Predictions

© 2023 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

MITRE
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NOTICE

This work was produced for the U.S. Government under Contract 693KA8-22-C-
00001 and 1s subject to Federal Aviation Administration Acquisition Management
System Clause 3.5-13, Rights In Data-General, Alt. IIT and Alt. IV (Oct. 1996).

The contents of this document reflect the views of the author and The MITRE
Corporation and do not necessarily reflect the views of the Federal Aviation
Administration (FAA) or the Department of Transportation (DOT). Neither the
FAA nor the DOT makes any warranty or guarantee, expressed or implied,
concerning the content or accuracy of these views.

For further information, please contact The MITRE Corporation, Contracts

Management Office, 7515 Colshire Drive, McLean, VA 22102-7539, (703) 983-
6000.
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