5%ﬁonnance

\through
innovation

T

BRIDGINEPESEA T .,.m.du D OPERATIONS
THE MAASTRICHT UAC ADVANCEMENTS

EASN CONFERENCE, SALERNO

INATM TECHNOLOGY

Maastricht Upper Area Control Centre




=4
-y

41 EUROCONTROL Member States

EUROCONTROL & EU

EUROCONTROL but not EU

2 Comprehensive Agreement States:
Israel and Morocco

*|celand to join as 42" member state in 2025
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MAASTRICHT UAC (MUAC) — essential facts & figures o

e 190 million passengers are transported
safely across MUAC airspace each year

* On busy days, MUAC controls more than
5,700 alrcraft

e 80% of MUAC's traffic is climbing and
descending (not purely overflights)

* One of the most complex airspaces in the
world

e Cross-border sector boundaries

~« International Integrated civil-military Air
- Traffic Management
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Presentation Notes
Highlight the complexity of MUAC airspace. Not a usual upper airspace. Most of the traffic interacting in climb and descend due to the proximity of major airports
Picture shows the MUAC sectorisation independent of country boundaries and the numerous military activity areas


Traffic streams

2022 traffic peak:
8 July 2022: 5,221 flights

All-time traffic peak:
29 June 2018: 5,702 flights
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EUROCONTROL
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Presentation Notes
Main traffic flows
Major airport hubs below or next to MUAC airspace: Amsterdam, Frankfurt, London , Paris, etc
East-west: transatlantic and trans-continental flights
North-south Scandinavia to holiday destinations in south of Europe,


MUAC innovations for the network

MUAC has been, since its inception, a validation center for innovative ATM concepts and tools
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EUROCONTROL

Year Objectives & Benefits Exposure

First Short Term Conflict Alert (STCA) system in the world Was a blueprint for European-wide

1980 . : . L. —
Improving safety by alerting controllers on potential separation infringements specification of STCA systems

Was a blueprint for European-wide

2001 First operational continental Air/Ground Data Link in the world specification of Air/Ground Data Link

E ler for i AT ivi
First trajectory-based ATC system in the core area of Europe MEIRUET G (METEESEE AIED) [pRoR UG, St

2008 advanced SESAR features such as ADS-C/EPP
downlink
Demonstrated the feasibility of downlinking
2012 World’s first initial 4D (i4D) flight together with Airbus and partners FMS data into ATC ground systems and flying

to a time constraint

iIFMP: integrating traffic prediction, sector configuration / complexity /
2015 airspace management and man-power planning functions; full digital data
exchange between ANSPs, airlines, FPSP and NM.

In operations by DFS Karlsruhe Upper ATC
since 2023

First operational use of A.l. in ATM worldwide (neural network-based traffic SES Innovation Award 2019

predictions)

Pre-ops and fully operational use of the FMS Extended Projected Profile (EPP) ATM Award 2020 Enabling Technology
to compare with ATC ground trajectory ATM Award 2022 Airspace Management

2021 World’s first contrail prevention operational trials _

2018

2020-2022
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Presentation Notes
Examples of MUAC technical innovations:
Short Term Conflict Alert (STCA). Alerts controllers of potential infringements of separation. Improved safety and allowed to increase capacity. Today is a standard tool in all ATC systems 
MUAC pioneering role in air-ground datalink: first implementation over continental airspaces in the world in 2001; first i4D flight in the world in 2012 and first operational implementation in the world in 2022
iFMP: tool to predict traffic complexity and optimise sector opening/closing times. First use of machine learning applications in ATM
World’s first contrail prevention live trials
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MUAC innovation streams moving from R&D into
operations

 Air-ground integration

« Complexity management
* Eco services

e Objective: bring (mature) research into operations to
achieve business / operational benefits

e


Presenter
Presentation Notes
Practical examples of innovation from research into operations
Air-ground integration is about the SESAR i4D flights with airbus
Complexity management is about the MUAC iFMP tool
Eco services is about contrails avoidance and the low emission route adviser tool (LERA)
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Downlink of FMS trajectory via ADS-C g

Benefits

= FMS trajectory can be checked anytime, discrepancy warnings
reduce the need for monitoring — ATCO/pilot workload
reduction

= Reduced need for monitoring the vertical profile
(Top of Climb / Top of Descent display) —
ATCO/pilot workload reduction

Flight efficiency and reduced environmental impact

=  Optimized climb and descend profiles

=  Optimized routes, less miles flown

= Fuel saving + Reduced CO2 emissions — greener flights
=  Already available in MUAC's airspace

e

CO,
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Presentation Notes
Downlink of the flight trajectory from the flight management system (FMS) to the ATC ground system
Allows controllers to identify discrepancies between the information the pilot have on board the aircraft and the information on the ground system; Improves safety and reduces controller workload
Gives the controller an indication about the optimum climb and descent profile of the flight. 
Better prediction of the flight trajectory allows controllers to avoid conflicts and reduces pilot and controller workload
Allows for flights to operate close to the most fuel efficient trajectory, hence reducing also the impact on the environment

Examples in the pictures:
Upper right show a horizontal deviation. The blue line is the route in the ATC system, the purple one is the route (with flight levels) from the FMS. The controller can then allow the flight to continue on the most direct route (the purple line)
Left picture shows the Top of Climb point from the FMS (the purple triangle showing FL350). The controller knows when the flight will reach it’s assigned flight level and can better estimate potential conflicts
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o Traffic Prediction Improvements
(using machine learning algorithms)

* Route deviations — due to predicted
military activity

o Take-off times

e Sector skip/bypass

e Automated conflict resolution

MUAC ARGOS project (under
development)

« analytical cinematic equations with
(potentially) aircraft speed profiles
derived by A.l. algorithms
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Presentation Notes
To better plan the opening / closing of sectors and avoid situations of overload flow mangers need an accurate estimation of traffic load 
AT MUAC this is implemented in the IFMP tool which is now also used by DFS in Karlshruhe
Using machine learning algorithms, we can predict the most likely traffic situation hours ahead of time
For instance we can predict the likelihood of restrictions due to military activity or better estimate departure times from nearby airports

ARGOS is a project under development which aims to propose controllers with conflict-free trajectories
In the future some controller tasks could be perform automatically by the system using instructions sent to the aircraft via datalink
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EUROCONTROL

MUAC Contrail Avoidance Project

 In collaboration with The Deutsches Zentrum fir Luft- und Raumfahrt (DLR)

« Live trial 2021: world-wide fist operational trial (publication in Meteorologische Zeitschrift
and 15th ATM R&D Seminar 2023)

 Real-Time simulation April 2023: sector capacity estimates (report is available)
« Live trials 2023-2024.
 AKKL (Arbeitskreis Klimaneutrale Luftfahrt) trial
 Google flight trials: new concept validation

More research necessary:

 Magnitude of the non-CO2 effect contribution

* Prediction of ice super-saturation regions (ISSRs)
 Observations with satellite and ground-based cameras
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Presentation Notes
First trial in the world
Demonstrated that contrail prevention is operationally possible
Based on research and in cooperation with many R&D organisations and industry: DLR, NASA, EUROCONTROL Innovation Hub, Airbus, Google, MIT, …
More research is needed. MUAC continues trials in 23 and 24
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LERA Low Emissions Route Advisor

« LERA (Low Emissions Route Advisor)

e Itis an experimental Prototype which primary objective is to identify environmentally friendly routes prior
to departure.

* The service scope currently consist of delivering rerouting advise to AO’s, targeting lowest achievable
Flight Emissions

« To accurately assess the emissions, we have integrated the Advanced Emission Model (AEM), a tool

developed by the EUROCONTROL innovation Hub in Bretigny (France).

* integrates Machine Learning Techniques:
* ANN (Artificial Neural Networks): Used for the runway prediction.
« PCA (Principal Component Analysis): Used for emissions measurement summarization.
 MLR(Machine-Learned Ranking): Used for ranking the proposal acceptance and the user experience.

e


Presenter
Presentation Notes
This is a pre-flight service that proposes route alternatives to airlines that are evaluated as having lower environment impact compared to what the airlines have initially planned
It uses the EUROCONTROL advanced emission models which is recognised as a reference in industry
Uses real-time information as well as historical data based on machine learning techniques to identify the best possible alternative routes

https://www.eurocontrol.int/model/advanced-emission-model

"CLEARER FOR ... QUESTIONS”
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