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1 Executive summary 
Among its recommendations, the FLY AI report encourages a “rapid uptake of AI-based 
solution in operations”. With this recommendation in mind, the Network Manager has 
already launched a set of initiatives aiming at introducing AI into its operational 
systems. These initiatives have been possible based on the creation of the NM Lab, 
which intends to innovate and deliver on its operational research. 

In parallel of these initiatives, EASA has published its AI roadmap, and has launched a 
project aiming at delivering on this roadmap. A major milestone is the delivery of a first 
version of the guidance. It is EASA intention to also rely on partners for the creation of 
guidelines, and some activities in the NM Lab have been considered in this partnership. 

This report intends to present the main outcomes of one Sequence of the NM Lab 
named “Climb’n Descent”. The objective of this Sequence is to improve the prediction 
of a 4D trajectory, by introducing an AI/ML component which will better predict the 
climb and descent rates of flights taking off from or landing at an airport located in the 
NM area. 

The report is organized into chapters aligned to the structure of the guidance delivered 
by EASA. 

The guidance makes reference to chapters of this report, so that the audience could 
get a concise and precise understanding of the approach taken, and main outcomes 
reached. 

The report will be enriched when additional activities will take place to better cover the 
scope of the guidance. 
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2 Description of Use Case and Concept of 
Operations 

2.1 Introduction 

4D trajectory of a flight during pre-tactical phase, tactical phase, or when the flight is 
airborne is a fundamental element for correct network impact assessment and 
potential measures to be taken on congested airspace. 

4D trajectory is (re)calculated in the context of many different services delivered by 
the Network Manager. And many different roles are interested in the 4D trajectory. As 
well, many different triggering events can generate the computation of a 4D trajectory. 

This document aims at identifying for what purpose, when, and to whom the 4D 
trajectory is relevant. It is not intended to describe the algorithms used to compute the 
4D trajectory. 

Note: 4D trajectory and flight profile are to be considered as synonyms in this 
document. 

2.2 Roles 

All the following roles are involved and have interest in the 4D trajectory: 

1. (AO) Flight Dispatcher: (AO) Flight Dispatcher assists in planning flight 
paths, taking into account aircraft performance and loading, enroute 
winds, thunderstorm and turbulence forecasts, airspace restrictions, and 
airport conditions. Dispatchers also provide a flight following service and 
advise pilots if conditions change. They usually work in the operations 
center of the airline. 

2. Air Traffic Controller (ATC): Air Traffic Controllers (ATC) are personnel 
responsible for the safe, orderly, and expeditious flow of air traffic in the 
global air traffic control system. 

a. Area or en route (ATC in this document): Area controllers are 
responsible for the safety of aircraft at higher altitudes, in the en-
route phase of their flight surrounding busier airports and 
airspace. Area controllers may also handle aircraft at lower 
altitudes as well as air traffic around small airports that do not 
have their own towers or approach controllers. 

b. Aerodrome or tower (TWR in this document): Aerodrome or 
Tower controllers control aircraft within the immediate vicinity of 
the airport and use visual observation from the airport tower. 

3. Flow Management Position (FMP): Upon implementation of Regional 
ATFM, an FMP position is established within each ANSP. FMPs are part 
of a flow management unit that is responsible for managing the 
operation of the ATFM system and the associated CDM processes within 
the ANSP. 

4. NM Tactical Team: The NM tactical team is under the leadership of the 
Deputy Operations Manager in charge of managing the ATFCM Daily Plan 
during the day of operation. 
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The tactical team is formed by the tactical Senior Network Operations 
Coordinator, the Network Operations Controllers, the Network Operations 
Officer and the Aircraft Operator Liaison Officer on duty. 

a. Senior Network Operations Coordinator (NM SNOC): The purpose 
of the role is to develop, propose and dynamically coordinate an 
ATFCM Daily Plan, through a CDM process and tactical and pre-
tactical ATFCM solutions for aircraft operators and Air Traffic 
Control Centres in order to optimise capacity and its utilisation 
within the European airspace while respecting and promoting 
good safety practices. The SNOC role is an H16 responsibility. 

b. Network Operations Controller (NM NOC): The purpose of the role 
is to optimise the available airspace capacity and its use for 
aircraft operators taking into account the restrictions and 
limitations required by ACCs and airports, while respecting and 
promoting good safety practices. The NOC role is an H24 
responsibility. 

c. Network Operations Officer (NM NOO) – ATFCM function: The role 
is meant to execute real-time operational functions within the 
ATFCM area of activity in accordance with defined processes, 
procedures and reporting requirements while respecting good 
safety practices. 

d. Aircraft Operator Liaison Officer (NM AOLO): The role is meant to 
assist aircraft operators in optimising their use of available 
airspace capacity taking into account the restrictions and 
limitations required by ACCs and airports. 

2.3 4D trajectory before flight departure 

 Initial 4D trajectory based on flight plan (FPL) 

A first version of the 4D trajectory is computed on the reception of a valid flight plan 
(FPL) by the AO. 

The 4D trajectory or flight profile is a representation of the four dimensional path that 
a flight is expected to follow between departure and arrival aerodrome. The profile 
calculation is required to validate the route of that flight, to determine the address list 
for the distribution of messages and to facilitate air traffic forecasting. 

The 4D trajectory is distributed to all ATC and TWR interested by the flight. 

Note: When transmitting messages in the ADEXP format, all flight data messages 
distributed by the IFPS shall contain the complete details of that flight, including the 
flight profile as calculated by the IFPS and the entire list of addresses to which that 
message is to be distributed. 

 Reception of a change message (CHG) 

When an individual flight plan (FPL) has been filed but it is decided, before departure, 
to use an alternative routeing between the same aerodromes of departure and 
destination, the AO may decide to send either a modification message (CHG) or 
alternatively: 

1. A cancellation message (CNL) shall be sent to IFPS; 
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2. Not less than 5 minutes after sending the CNL message, a replacement 
flight plan (RFP) in the form of an FPL with identical call sign shall be 
transmitted; 

3. The RFP shall contain, as the first element of Item 18, the indication 
’RFP/Qn’, and 

4. The last RFP shall be filed at least 30 minutes before EOBT. 

Reception of a CHG message triggers the re-calculation of the 4D trajectory and 
distribution to all ATC and TWR interested by the flight. 

 Reception of a delay message (DLA) 

On receipt of a delay message (DLA) by the AO, the IFPS shall re-calculate the 4D 
trajectory of that flight based on the revised EOBT.  

Note 1: The IFPS shall automatically reject any delay message that does not respect 
these time parameters. 

Note 2: When re-calculating the 4D trajectory using the revised EOBT, the IFPS shall 
apply the route and airspace availability checks relevant to that flight.  

Note 3: Where any unavailable items are found, that message shall fail automatic 
processing and be passed for manual processing by the IFPS staff. 

 ATFCM Solutions to Capacity Shortfalls 

Where overloads are detected and the CDM process is initiated, different ATFCM 
solutions should be considered between the NM and the respective FMP(s). 

This consists in: 

1. Optimise the utilisation of available capacity, 

2. And/or Utilise other available capacities 

a. Rerouteing 

i. Flows. 

ii. Flights. 

b. FL management. 

c. Advancing traffic. 

3. And/or Regulate the demand. 

Constraints will be imposed to traffic by the solutions set out under the heading. It 
consists of real-time optimisation of capacity / demand across Europe, and delay 
management where aircraft are affected by a regulation in order to offer alternatives 
and minimise delay. Flights taking place on that day receive the benefit of ATFCM, 
which includes the allocation of individual aircraft departure times, re-routeings to 
avoid bottlenecks and alternative flight profiles to maximise efficiency. 



EUROCONTROL  Directorate Network Manager

 

Edition Number: 1.0 Edition Validity Date: 05-10-2021 Classification: Green Page: 6 

 

2.4 4D trajectory all along the lifecycle of the flight 

 Updating CACD Data in Predict / ETFMS 

The environmental data subject to an update with the consequences described below 
are: 

1. taxi time; 

2. runway in use for departures; 

3. runway in use for arrivals; 

4. Time to Insert in the Sequence (TIS); 

5. Time to Remove from the Sequence (TRS); 

6. start time of validity; 

7. end time of validity. 

Updates to these parameters of the ETFMS / PREDICT shall always be made directly 
by the FMP via CIFLO or B2B Web Services. 

During tactical operations read / write access regarding RWY criteria updates is 
available to TWRs through CITO. 

Taxi time updates and actual SID used by aircraft originating from A-CDM (from EOBT-
3h up to TTOT) are communicated to the ETFMS via DPI messages for each individual 
aircraft. 

The above parameters may be updated for each different (active) runway and the flight 
profiles are re-computed (and improved) using this information. 

 Airport CDM 

Most advanced Airports have engaged with NM in a Collaborative Decision Making 
process aiming at improving the quality of information on which decisions are made, 
then leading to enhanced operationally efficiency and facilitating optimum use of 
available capacity. 

CDM is achieved by the mean of DPI messages involving the Airport, the TWR and the 
NM Tactical Team. 

DPI messages involve a single aircraft departing from an A-CDM. 

Some of the DPI messages received by the ETFMS will have as a consequence the re-
computation of the 4D trajectory for this specific flight (e.g. Taxi time updates and 
actual SID used by aircraft originating from A-CDM (from EOBT-3h up to TTOT)). 

 ETFMS Flight Data message (EFD) / Publish Subscribe Flight Data (PSFD) 

The EFD is basically an extract of flight data that is available in the ETFMS of which 
the flight profile is the most important part.  

The EFD is sent by ETFMS to ANSPs of FDPAs that request such information.  

The first event at which an EFD is sent is at the moment of the flight plan creation (e.g. 
reception of a FPL or APL message from IFPS). 
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EFD distribution ends when the status of the flight changes to terminated, cancelled 
or suspended in ETFMS. ETFMS will send an EFD for the status change followed by a 
limited number of periodically transmitted EFDs. 

In between the transmission of the first EFD and the last one, EFDs are distributed 
when the EFD data changes (e.g. FPL, CHG, DLA, CPR, FSA, DPI, slot changes, 
processing of a diversion by ETFMS, etc.). 

In the last years, EFDs have been complemented with PSFDs accessible via the NM 
B2B services. 

2.5 4D trajectory after departure 

 Flight Data Information 

On departure, the AO should send a DEP message. Some AOs are sending Aircraft 
(operator) Position Report (APR) messages to ETFMS. This data will then be used by 
the ETFMS to update the 4D trajectory in the current flight model (CTFM) of the flight 
and also all other times (ETOs) in the flight profile are updated accordingly. 

Upon the flight’s entry into the NM area, the flight’s profile is then updated by FSA and 
CPR messages where applicable. 

For trans-Atlantic flights, Flight Notification Message (FNM) from Gander and 
Message From Shanwick (MFS) are messages that are received which provide an 
estimate for the oceanic exit point. MFS and FNM are processed first by IFPS, that 
sends then the information to ETFMS. IFPS also sends it to AOs. 

These estimates are used by the ETFMS to update the corresponding flight profiles. 

 Correlated Position Reports (CPR) 

A flight may deviate from its last computed profile triggering a profile recalculation in 
one or more of the following aspects: 

1. Level: For the en-route phase, any deviation of the profile by more than 
400 feet. For climb / descent phases, any deviation of the profile by more 
than 1000 feet. 

2. Lateral: Any deviation of the profile by more than 10 nautical miles (NM). 

3. Time: Any deviation of the profile by more than 1 minute (note that 
vertical and/or horizontal deviations have precedence over time 
deviation). 

The ETFMS uses the measured aircraft speed (from CPRs) to extrapolate the speed to 
the subsequent segments of the route and update the flight profile accordingly. 

2.6 Other usage of 4D trajectory 

 Network simulations 

The Network Manager is responsible for the management of strategic ATFCM plans. 
Such plans rely on many simulations running in parallel and involve FMPs and AOs. 
Some simulation can imply the 4D trajectory calculations for flows under scrutiny. 
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 Post OPS analysis and reporting 

The Network Manager regularly reports on its activities and deliveries.  

Among these post operations activities, some reports elaborate on alternative 4D 
trajectories of the flown ones for further analysis in terms of flight efficiency (improved 
use of airspace, fuel consumption …). 

2.7 Measures 

Considering a normal day of operations with: 

1. #30.000 flights, 

2. #5.000.000 CPR messages received, 

3. Multiplicity of scenarios being launched in the context of ATFCM 
operations, 

4. New requests coming from A-CDM airports, 

A rough estimation gives # 300.000.000 of 4D trajectories computed every day. 
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3 Expected benefits and justification for 
Level 1 

Following the Anticipated MOC in EASA GM, the AI Level 1A ’Human augmentation’ 
classification is justified by the only augmentation of the precision of the climb and 
descent phases, which participate to the computation of the 4D trajectory distributed 
to  the roles involved with the flight profile. This augmentation (support to information 
analysis) does not suggest any action or decision making. 
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4 Trustworthiness analysis 

4.1 Safety Support Assessment 

The following describes the process that has been supporting the safety support 
assessment of the Use Case. The execution of the process takes into account the 
existence of a BSSC for the NM services currently in the operations. 

 Introduction 

4.1.1.1 Purpose 

The SSC is developed in accordance with the applicable provisions of Regulation No 
2017/373 laying down common requirements for providers of air traffic 
management/air navigation services and other air traffic management network 
functions and their oversight. The SSC provides the argumentation and evidence that 
the operational services provided by NMOC will behave and continue to behave as 
specified in the respective service specification following the implementation of 
Artificial Intelligence (AI) in support of the 4D trajectory calculation during the climb 
and descent phases of a flight. 

To this end the SSC documents the results of the safety support assessment (SSA) of 
the change (implementation of AI in flight trajectory calculation), and establishes the 
necessary and sufficient set of safety support requirements to ensure the behaviour 
of the NM operational services is not adversely affected. 

This report may support the SSA of the operational implementation of AI in the NM 
functional system. 

4.1.1.2 Safety Support Assessment Process 

The safety support assessment of the change (use of AI in 4D flight trajectory 
calculation) documented in this report has been carried out in compliance with the 
requirements included in Regulation No 2017/373 and its associated AMCs and GMs 
for service providers other than ATS providers. 

The first step is the understanding and scoping of the change. It includes 
determination of t the changed/new components of the NM Functional system (FS), 
impacted (directly and indirectly) components of the NM FS, interfaces and 
interactions, and its operational context. 

The second step of the safety support assessment used the Failure Mode and Effect 
Analysis (FMEA) technique to identify functional system failures, which can cause the 
services to behave in a non-specified manner namely through a different to the 
specified service output (e.g. lost, incorrect, delayed). Failure modes are linked 
(traceable) to the degraded mode(s) that can be caused by the failure. Where 
appropriate internal (safety support requirements) and external mitigations 
(assumptions) have been derived to reduce or prevent undesired failure effects. 

The degraded mode causal analysis (causal analysis), has been performed by means 
of facilitated structured brainstorming. It enabled the identification of the potential 
contribution of the changed and impacted elements of the NM functional system to 
the occurrence of the degraded modes, as well as the establishment of safety support 
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requirements to control the occurrence of the degraded modes and hence the service 
behaviour. 

The third step is the evaluation of the behaviour of changed system in the absence of 
failures (called often “success case”) in order to prove that the FP/ATFCM/CCAMS 
services will behave and continue to behave as specified in the respective service 
specifications or, in case of modified behaviour, to update the respective service 
specification(s) following the applicable procedures. 

The fourth step will be the provision of the needed arguments and justification to 
demonstrate compliance with the safety support requirements. This step will be 
completed within a future NM release, subject to a positive implementation decision 
by the appropriate NM entity. 

 Change Description 

4.1.2.1 Scope 

The change involves implementation of Artificial Intelligence for the estimation of the 
aircraft climb and descent rates for the purpose of 4D flight trajectory calculation by 
NM systems. This will be a new software module to be integrated in the current NM 
systems’ software in the form of AI libraries, referred to further in this chapter 4.1 as 
“AI module”. 

The AI module will run on the same virtual machines and server configurations that 
host the IFPS, ETFMS and PREDICT processes. Hence, there is no change to the 
equipment hardware, infrastructure COTS software and their configuration. 

4.1.2.2 Impacted FS components, interfaces and interactions 

The AI module shall have an interface to Curtain (application software) to deliver the 
predicted climb or descent rate based on past data.  Curtain builds or modifies the 4D 
trajectory of a flight by using the predicted vertical climb or descent rates by the AI 
module to compute of the climb and descent curves of the 4D flight trajectory.  

Curtain shall be modified in order to support the interaction with the AI module and 
processing of the climb and descent rate predictions delivered by the latter. 

Curtain is shared between different NM backend systems, notably IFPS (Initial Flight 
Plan System) and ETFMS (Extended Traffic & Flow Management System) and PREDICT. 
This means that the output of curtain – the 4D trajectory - is used by the 
IFPS/ETFMS/PREDICT critical processes (e.g. Message handler, Profiler) to deliver the 
various components of the Flight planning, ATFCM and CCAMS services. 

The provision of the Airspace data services is not impacted by the change. The 
environment (CACD) data used in the 4D trajectory calculation (e.g. taxy times, runways 
in use, etc.) remain unchanged, as well as the procedure for their input and update.  

The human and procedure elements of the NM functional system are not impacted by 
the change, either. Human operators will be able to check whether the computed 4D 
flight trajectories are realistic (function available today, too) and will continue to use 
them in accordance with the applicable procedures to deliver the specified operational 
services. 
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 Assessment of failure conditions and component failures  

4.1.3.1 Purpose 

The purpose of the assessment of functional system component failures and failure 
conditions is to: 

1. Identify the potential changes to the behaviour of NM operational 
services that may be caused by failures, malfunctions or incorrect 
operation of the changed or impacted functional system elements, as 
identified in chapter 4.1.2. 

2. Determine the effect of such failures on the service output, the impacted 
service performance criteria and the associated degraded mode(s), if 
applicable.   

3. Determine the potential causal factors of the analysed 
system/component failures. 

4. Determine the associated internal mitigations (safety support 
requirements) and assumptions, which could reduce or prevent failure 
effects and thus minimise/prevent the impact on the service behaviour. 

4.1.3.2 Failure Mode Analysis 

4.1.3.2.1 Degraded modes of service delivery 

The FMEA technique was used to analyse potential failures of the NM functional 
system, assess their impact on the service outputs (e.g. missing, partial, corrupted 
output, etc.) and establish the effects of these failures on the service behaviour. 

The scope of the FMEA was limited to the changed and impacted elements of the NM 
functional system. Only credible failure modes, related to the change subject to the 
assessment, were analysed in the process. No new service degraded mode was 
identified by the analysis; however failures of the AI module or the modified Curtain 
may cause some of the already specified degraded modes of the FP, ATFCM or 
CCAMS services.  

Depending on the exposure to the failure mode in terms of number of 4D flight 
trajectories affected by the software failure two types of degraded modes can be 
caused by a failure, notably related to: 

 service integrity, when one or few flight trajectories are affected;  

 service availability, when several to many or all flight trajectories are 
affected. 

Table 1 below provides a summary of the FMEA output. 
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Service Affected service 
component 

Degraded mode Impacted service 
performance 

FMEA case 
reference 

Flight 
planning 
service 

Flight plan 
message 
processing and 
distribution 

DGM10 - Incorrect or 
partial flight plan data 
provided to users. 

integrity 

CnD-01  

CnD-02(1)  

CnD-04(2) 

CnD-05  

CnD-07 

CnD-08  

CnD-09 

CnD-10 

DGM06 - Total IFPS 
service interruption 

availability CnD-02(2)  

CnD-03 

CnD-08 

ATFCM 
service 

Load and capacity 
monitoring; 

Demand-capacity 
balancing; 

FM Helpdesk 

DGM15 - Incorrect 
demand data and/or 
demand-capacity 
balancing and/or 
corrupted helpdesk 
support; 

integrity 

CnD-02(1)  

CnD-08 

CnD-10 

DGM11 - Total ETFMS 
service interruption, and 

availability CnD-02(2)  

CnD-03 

CnD-08 

CCAMS 
service 

Assignment and 
distribution of SSR 
codes 

DGM19 - Incorrect SSR 
code assignment 

integrity 

CnD-02(1)  

CnD-08  

CnD-10  

 

DGM17 - Total CCAMS 
service interruption 

availability CnD-02(2)  

CnD-03 

CnD-08  

Table 1: FMEA summary table 

 

4.1.3.2.2 Effect mitigations and assumptions/conditions 

The FMEA provided for the identification of a number of mitigations, some of which 
captured as safety support requirements of this report. The purpose of these 
mitigations is to prevent the failure or reduce the probability of failure occurrence, or 
to protect against an occurred failure to result in a degraded mode.   

Also, the FMEA allowed for the identification of possible external mitigations of the 
potential failures by the users of the NM operational services. The mitigation potential 
of these mitigations has not been considered in this SSA (these are mitigations for the 
provision of the ATS services by the users) but they have been included in the FMEA 
table provided in Annex A for completeness and reference in case of AI operational 
implementation.   

The assumptions made during the FMEA are listed in a dedicated section 4.1.4 later in 
the document. 
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4.1.3.3 Causal Analysis 

The purpose of the causal analysis is to: 

1. Analyse the FS failures considered by the FMEA and identify the possible 
causal factors related to the changed and/or impacted FS elements. 

2. Identify an appropriate and sufficient set of safety support requirements 
to control the failure rate and, respectively, the degraded mode 
occurrence.  

3. Record any related conditions and assumptions that may apply and 
impact on the effectiveness of the safety support requirements. 

The causal analysis was carried out in the form of guided brainstorming sessions with 
competent technical staff. All failure modes identified by the FMEA were analysed for 
potential causal factors related to the change under assessment. Where appropriate 
safety support requirements were established to prevent or reduce the likelihood of 
causal factor occurrence.  The full list of the safety support requirements established 
by the FMEA and the causal factor analysis is provided in section 3.5.  

The analysis was reviewed and validated by competent technical and safety staff. 

All assumptions made in the course of the safety support assessment have been 
documented in chapter 4 of this report. 

4.1.3.4 Safety Support Requirements 

Table 2: Safety support requirements contains the inventory of the safety support 
requirements, i.e. the necessary means and measures derived by the safety support 
assessment to ensure that NM operational services will behave as specified following 
the implementation of AI for the estimation of aircraft climb and descend rates. The 
table provides traceability to the mitigated service degraded modes, and receptively 
the service performance.  

No transition safety support requirements have been derived as the implementation of 
AI for the aircraft climb and descend rate estimation does not require a transition 
period.  

ID Safety support requirement Mitigated degraded 
mode 

Impacted 
service 

performance 

R-01 Curtain shall implement alternative way of 
prediction calculation (e.g. based on fall-back 
BADA table). 

DGM06 

DGM10 

DGM11 

DGM15 

DGM17 

DGM19 

integrity 

availability 

R-02 The AI component shall return error code in 
case it is able to detect an incorrect prediction. 

DGM10 integrity 

R-03 Curtain shall implement means to detect 
incorrect prediction provided by the AI 
component. 

DGM10 integrity 
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ID Safety support requirement Mitigated degraded 
mode 

Impacted 
service 

performance 

R-04 Curtain shall perform validation check of the AI 
prediction using a set of established criteria. 

DGM10 

DGM15 

DGM19 

integrity 

R-05 Rules for use of alternative prediction 
computation by curtain shall be implemented. 

DGM-10 integrity 

R-06 Learning assurance shall be applied to the AI 
module to optimise the model generalisation. 

DGM10  

 
integrity 

R-07 Carry out adequate tests of the AI module.  DGM10  

 
integrity 

R-08 Carry out focused TensorFlow tests. 

R-09 Measure the time to obtain a prediction and 
trigger alarm in case a defined threshold has 
been reached. 

DGM06  

DGM11 

DGM17 

availability 

R-10 Design and execute dedicated test to refine the 
prediction validity threshold. 

DGM10  

DGM15  

DGM19 

integrity 

R-11 Carry out load tests (at development and 
verification level).  

DGM06  

DGM11  

DGM17 

availability 
R-12 Ensure resources (e.g. memory, disk space, 

CPU load) monitoring in operations. 

R-13 Comply with the SWAL4 requirement for 
IFPS/ETFMS. 

DGM10  

DGM15  

DGM19 

integrity 

Table 2: Safety support requirements 

 Behaviour in the absence of failures 

To ensure the completeness of the change argument documented in this report, there 
is a need to analyse the behaviour of changed and impacted components of the NM 
Functional system in the absence of failures in order to prove that the 
FP/ATFCM/CCAMS services continue to behave as specified in the respective service 
specifications or, in case of modified behaviour, to update the respective service 
specification(s).   

The objective of AI implementation is to improve the 4D trajectory calculation of flights 
by better prediction of aircraft climb and descent rates, i.e. to improve the accuracy of 
the 4D trajectory portions related to the climb and descent phases of the flight 
compared to the use of a static aircraft performance database (BADA) to derive the 
climb and descent rates. A credible estimation of the degree of accuracy improvement 
is not feasible before the operational evaluation of the change due to the intrinsic to 
the ATM system factors that impact on the flight trajectories and cannot be predicted 
(accurately), such as: 

 ATM tactical restrictions and clearances, in particular those related to the 
climb/descent phases and the associated climb/descent rates; 

 Aircraft operating procedures, e.g. the index the crew is asked to fly to; 
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 The actual aircraft take-off mass; 

 Mismatch of the weather phenomena encountered along the planned 
aircraft trajectory with the forecast. 

In view of the above, the following qualitative high level safety requirement has been 
derived: 

The use of AI-predicted climb and descent rates in 4D trajectory calculation shall, in 
general, improve the accuracy of the calculated aircraft trajectories compared to the 
use of BADA to predict the climb and descent rates. 

Note: The words “in general” is used as, depending on the individual flight and ATM 
system state, the flight trajectory calculated using the legacy method (based on BADA) 
may be as good as the one calculated with the help of AI (e.g. no ATM restrictions on 
climb/descent, aircraft flown to manufacturers advice, etc.). 

In order to achieve the above high level objective the following safety support 
requirements have been placed on the changed and impacted by the change FS 
elements: 

 R-14. The AI/ML component shall use industry recognised technology 
(e.g. Deep Neural Network) for training the prediction model. The use 
of TensorFlow shall be considered. 

 R-15. The AI/ML component shall ensure correct generalisation 
capabilities which shall be verified by means of pre-operational 
evaluation with real flight plan data and, if necessary, improved. 

 R-16. The AI/ML component shall expose an interface which shall be 
consumed by Curtain. 

 R-17. The AI/ML component shall be able to process up to 100 
requests per second Curtain shall send prediction request to the AI/ML 
component upon identification of the need to build a new or update an 
existing 4D trajectory. 

 R-18. Curtain shall process the climb and descent rate predictions 
delivered by the AI/ML component. 

 Assumptions 

Table 3 below contains the list of assumptions made during the safety support 
assessment that may apply and impact on the effectiveness and/or availability of the 
mitigation means and measures. It traces the assumptions and conditions to the 
associated degraded modes where they have been raised. The table also provides 
justification that the assumptions are correct and valid. 

 

ID Assumption/ Condition 
Degraded 

Modes 
Justification 

A-01 

Exhaustion of system 
resources will not only 
affect the AI module, but 
Curtain and other system 
processes, too. 

DGM06 
DGM11 
DGM17 

The AI module, Curtain and other 
critical system processes use the same 
computing resources (disk, memory 
and CPU). 



EUROCONTROL  Directorate Network Manager

 

Edition Number: 1.0 Edition Validity Date: 05-10-2021 Classification: Green Page: 17 

 

ID Assumption/ Condition 
Degraded 

Modes 
Justification 

A-02 

By design, consecutive 
incorrect rate prediction 
for different flights cannot 
occur. 

DGM10 

DGM19 

Successive incorrect rate predictions 
due to AI design issues will be 
identified during the software 
development and integration testing 
phase, and the AI predictive model will 
be enhanced consequently. 

A-03 

Failure of Curtain to 
compute an alternative 
prediction cannot occur 
for all flights. 

DGM10 

DGM19 

This is a legacy function that has been 
proven in operation since years.  

Table 3: Assumptions 

 Monitoring Criteria 

4.1.6.1 Introduction 

As per Regulation 2017/373, monitoring criteria is to be used to demonstrate that 
following the change, the service(s) affected by the change behaves and continue to 
behave only as specified in the specified context. 

4.1.6.2 Integrity 

The criterion about the correctness and consistency of the service output (integrity) is 
measured by: 

 The number of reported and investigated occurrences of incorrect 
FP/ATFCM/CCAMS service output caused by failures/malfunctions of 
the AI module, i.e. occurrences of incorrect output (e.g. incorrect FPL 
distribution, incorrect demand data) provision over a 12-month rolling 
period (24/7 operations) when the service is provided and used in 
accordance with stated conditions in a normal operational environment; 

 The recovery time determined as the time taken from the reception of 
occurrence report by the Technical helpdesk until the correct service 
output is restored. 

4.1.6.3 Reliability 

The criterion is measured by: 

 The number of the unplanned FP/ATFCM/CCAMS service/service 
component interruptions per defined period of time (normally, 12-month 
rolling period) due to exceedance of a defined “error rate” threshold for 
trajectory calculation. 

4.1.6.4 Availability 

The criterion is measured by: 

 The number of hours the FP/ATFCM/CCAMS service were unavailable  
per defined period of time (normally, 12-month rolling period) due to 
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unplanned service interruptions caused by exceedance of a defined 
“error rate” threshold for trajectory calculation. 

 Safety Support Requirements Satisfaction  

This chapter will provide the needed assurance that the safety support requirements 
listed above are implemented, as required in order to ensure that NM operational 
services (flight planning, ATFCM and CCAMS) will continue to behave only as specified 
in the respective service specifications. 

[To be completed, when and as appropriate]. 

 Impact on the service specifications and BSSC   

4.1.8.1 Impact on the service specifications 

The change (implementation of AI for the estimation of climb and descend rates in the 
4D flight trajectory calculation) does not have any impact on the NM operational 
service specifications for: 

 The change introduces an alternative way of aircraft climb and descend 
rate prediction used in the calculation of the 4D trajectories and will be 
implemented within the part of the NM FS - application software – that is 
outside the scope of the service specifications.  

 The change does not in any way alter the service components and 
functions, the service context, the interfaces and interactions with users 
and NM/users’ responsibilities. 

 The described service degraded modes are not affected - no changed or 
new degraded modes have been identified by the SSA. 

 Service performance criteria on availability and reliability and the related 
monitoring criteria, specified in the BSSC, are not impacted and remain 
as defined. 

4.1.8.2 Impact on BSSC 

The change has been analysed for the potential impact on the NM BSSC. The results 
of the analysis are summarised below: 

 Service descriptions. There is no impact on the service descriptions as 
the descriptions do not include any reference to the Functional System 
(FS) architecture, and in particular the software components that enable 
the provision of the Flight planning, ATFCM and CCAMS services. 

 Failure analysis and degraded modes. There is no impact on the failure 
mode analysis (FMEA) and on the degraded modes identified in the BSSC 
as the analysis and the definition of the degraded mode are done at the 
level the service provision/service output and do not refer to the 
components (e.g. application software modules) of the NM FS (people, 
procedures and equipment) supporting the service provision.   

 Degraded mode causal analysis. The degraded mode causal analysis 
(FTA) is not impacted due to the level of granularity of the identified 
causal factors (basic FT events). The basic events related to the failure 
or malfunction of the application SW layer are defined at the level of 
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IFPS/ETFMS critical processes (e.g. Profiler, Message handler) and do 
not identify the failure/malfunctions of the lower level software 
components.   Consequently, all the safety support requirements (SSR) 
identified by the FTA remain valid and unaffected. Notwithstanding this, 
the requirements of permanent nature identified by this SSA (R01 to R07, 
R10, R13 and R14) need to be added to the list of BSSC safety support 
requirements. 

 CCF analysis. All potential contributors to CCF identified in the BSSC and 
the related safety support requirements have been analysed for any 
potential impact of the change. No impact on the potential CCF and 
related requirements has been identified. 

 BSSC assumptions. There is no impact on the assumptions established 
in chapter 7 of the BSSC. The assumptions concern the user actions in 
case of degraded modes of NMOC service provision and do not depend 
on the algorithm used in the NM FS for the calculation of 4D flight 
trajectories. 

 Conclusion  

The safety support assessment (SSA) of the use of AI for the estimation of climb and 
descend rates in the 4D flight trajectory calculation is valid and complete for: 

 The SSA has correctly defined the scope of the change, including any 
potential direct or indirect impact on the components of the NM 
functional system, its interfaces and interactions. This is a relatively 
simple change introducing one new software component (AI module) 
and changes to one existing software component (Curtain) of the NM FS. 
The human and procedures elements of the FS are not affected.  

 Potential failure conditions and failures of the changed and impacted 
elements have been identified, assessed for their impact on the service 
and, the related degraded modes of service delivery have been 
established. The scope of the functional failure analysis documented in 
section 4.1.3.2 covers the new and the changed elements of the FS.  

 The possible causal factor that can lead to the failure of the NM FS 
components, impacted by the change, have been identified. The causal 
factor analysis documented in section 4.1.3.3 covers the new and the 
changed elements of the FS. 

 A sufficient and appropriate set of safety support requirements, 
documented in section 4.1.3.4, has been placed on the new and changed 
(impacted) FS elements to control the likelihood of occurrence of the 
degraded modes and ensure that specified service behaviour continues 
to be achieved in case of software malfunctions or failures. 

 The behaviour of the new and changed components in normal operating 
conditions (absence of failures) has been analysed in order to prove that 
the NM operational services impacted by the change will continue to 
behave as specified in the respective service specifications. An 
appropriate set of performance related success case safety support 
requirements has been derived and documented in section 4.1.4. 
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 The SSA has confirmed that the NM operational service specifications 
remain valid and correct. 

 Appropriate monitoring criteria have been specified to support 
continuous verification of the system and NM service performance and 
behaviour. 

4.2 Information security considerations 

<To be completed> 

4.3 Ethics based assessment 

The ethics based assessment was not addressed at this stage of the project and will 
be dealt with during industrialisation. 
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5 Learning Assurance 

5.1 Learning Assurance process planning 

The Learning Assurance process follows the guidelines defined by EASA. 

Learning Assurance follows the product lifecycle as defined in the NM SAS. 

Requirement elicitation instantiates the Requirement Management process. 

Verification applies the Verification Management process. 

The following chapters in this document describe all activities and associated 
artefacts expected by the W-Shaped cycle in EASA Guidance Material. 

5.2 Data management 

 Data preparation 

5.2.1.1 Data collection 

5.2.1.1.1 Data sources 

Three years of data were extracted from the ops data warehouse from the ARU1 
schema. This is basically all flights in the NM area for the last three years, and these 
were taken into the data set. 

This database is an on-premise database and the data was uploaded to the Azure TEC 
cloud for further processing using the Microsoft data science virtual machine 
instances. 

The aircraft performance was taken from the DWH aircraft type and performance 
category tables, specifically ARU_ENV.ACFT_TY & ARU_ENV.PERF_CAT. A full 
description of these tables can be found in the NM DWH SRD. 

The FTFM and CTFM profiles were taken from the ARU. PT_PROF table.  

Weather information was taken from the UK Met office Sadis source. This is stored in 
the ops FTP server under the Met directory. EUROCONTROL has had a long-standing 
contract with the UK Met office to provide this data. 

5.2.1.1.2 Data labelling 

The data labels2 are also extracted from the ARU data set. In addition to our predicted 
climb performance, we also have the radar plots of the actual positions of the aircraft 
and hence the actual climb performance can be calculated. 

The following presents an instantiation of the calculation for a specific flight in the 
dataset: 

                                                        
1 Due to the mainframe phase-out this system was converted to UNIX under the heading of the ARU 
System (Archive System on Unix). Once most functions were migrated to UNIX, the system was 
renamed to Data Warehouse System (DWH). 
2 Data labelling is a key part of data preparation for machine learning because it specifies which parts 
of the data the model will learn from. 
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5.2.1.1.2.1 Flight Plan, FTFM and CTFM profiles 

15629320180109 
{'ICAO_ACFT_TY_ID': 'A319', 'FLT_UID': 15629320180109, 'FLT_LOBT': Timestamp('2018-
01-09 06:25:00'), 'AIRAC_CYCL': 434, 'FLT_ATOT': Timestamp('2018-01-09 07:10:00'), 
'FLT_ATA': Timestamp('2018-01-09 08:07:00'), 'FLT_ETOT': Timestamp('2018-01-09 06:44:00'), 
'FLT_ETA': Timestamp('2018-01-09 07:38:23'), 'FLT_DEP_AD': 'LEMD', 'FLT_FTFM_ADES': 
'LECO', 'FLT_CTFM_ADES': 'LECO', 'FLT_REG_MARKING': 'ECKKS', 'AO_ICAO_ID': 'IBE', 
'ETOT_HOUR': 6, 'ETOT_DAYOFWEEK': 1, 'ETA_HOUR': 7, 'ETA_DAYOFWEEK': 
 1, 'ETA_DAYOFYEAR': 9} 
 
 

 

Figure 1 - FTFM Vertical Point Profile 
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5.2.1.1.2.2 
Rates of climb and descent by performance slice 

In a first step, we calculated the rate of climb between consecutive points of the point 
profile. This is the most accurate and easy way to get the rate of climb and descend 
from point profiles. However, the estimated climb and descent rates are defined and 
stored by vertical slices in the DWH. Therefore, if we want to get better estimates with 
statistics or machine learning comparable to the stored values, we also need to 
calculate the observed ones by slice. At the end of this step we will compare the two 
approaches and select the most relevant from a business point of view. 

For a given flight phase, the time 𝑇 for which a flight arrives at the flight level 𝐹, if there 
is no point at this flight level in the profile, 𝑇 can be approximated by linear 
interpolation: 

 
where prev and next stand for the point of the profile respectively before and after the 
flight level. 

If there is a point at the requested flight level we simply use its time over. 

 

Figure 2 - CTFM Vertical Point Profile 
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Figure 3 - Climb and Descent rates by performance slice 

5.2.1.1.2.3 Removing high frequency noise 

It was observed that the calculated climb rates appear to have a lot of high-frequency 
noise overlaid on the signal and so we removed it by applying a low-pass filter to that 
in the form of a simple moving average window function of width five. 

The Learning Process Verification section will elaborate further on the improvements 
brought by the low-pass filter applied on the labels. 

5.2.1.2 Data pre-processing 

5.2.1.2.1 Data cleaning 

Several data cleaning operations were performed: 

 Removal of yo-yo flights- these kind of flights are clearly an anomaly and 
climb rates while yoyo will only pollute the quality of the model. 

 This dataset is particularly large and initially it contains all the trajectory 
points both predicted and received from radar. However we are only 
concerned with the performance and the climb and descent phase and 
hence all of the data from the cruise phase could be discarded. 
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5.2.1.2.2 Outliers 

All data samples with climb rates that were calculated to be greater than 10,000 ft/min 
were removed from the dataset. This was done in an automated way as part of the 
data pipeline to prepare the datasets using Python as part of the data pre-processing. 
Around 0.1% of the 400 million samples were removed by this operation. 

These are likely to be not physically realistic and are related to inaccuracy in the radar 
plots. 

5.2.1.2.3 Data normalisation 

All data were normalised by centring on zero by subtracting the mean and given similar 
ranges by dividing by the standard deviation of that feature. 

5.2.1.3 Feature Engineering 

A partitioning approach was taken to allow parallel pipeline processing of the bulk of 
the operations. The dataset was partitioned into separate files for each day so that the 
transformations could occur in parallel and in only a couple of places in the pipeline 
required joining of the partitions. Typically there were 32 days of data processed in 
parallel from a total of around 900 days in the set. 

The structure of the pipeline can be described thus. The data held in the database is 
basically a set of 4D points for the predicted trajectory and the actual trajectory. 

The pipeline's purpose is to enrich that data with various calculated features required 
for further operation. 

Firstly the SID and STAR are extracted from the flown route and attached to separate 
fields to the flight information so that they can be used as independent features. 

The representations of coordinates in the database were string format rather than 
decimal format and these were converted into decimal degrees. 

The data was prepared for merging with the weather forecast data.  

The weather forecast data source only specifies data points every 1.25 ° on the earth 
surface. 

Each point in the profile had the nearest forecast sample point calculated and added 
to the sample. In addition, the time of the sample was used to calculate the weather 
forecasts dataset filename. 

Additionally, the flight level in the sample was converted into a pressure level which is 
how the weather forecast data is specified in the SADIS source. 

This information was then used to allow the join of the Weather forecast data with the 
sample data such that the temperature and wind speed components could be added 
at the particular point of the  sample. 

Sometimes related calculated features were added like the hour of day, day of year, 
day of week etc… were  then added. 

The next step in the process is to look at the neighbouring points in the trajectory of a 
given flight, turn  the times and positions into climb or descent rates which could then 
be added as calculated features to the sample. This is done for both the predicted 
model (FTFM) and the actual flight model (CTFM). 
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Several additional calculated weather forecast related features were then produced 
namely wind speed, wind direction relative to the aircraft. 

Some further features were then added, it was discovered that using the latitude and 
longitude of the aerodrome of departure and destination as well as the first and last 
point of the climb and descent was more effective than any other encoding of these 
values. For example an embedding layer was used to encode the categorical values, 
E.g. the ICAO names for aerodromes of departure and destination, but this wasn't 
nearly as effective as the vector encoding as latitude and longitude. 

This resulted in a model with some 40 features which is saved in a parquet file which, 
when loaded, was around a hundred gigabytes in RAM. 

The permutation importance (https://www.kaggle.com/dansbecker/permutation-
importance) for these features was then calculated. This was a very heavy calculation 
taking several days on a GPU to complete. 

Permutation importance: 

Climb Descent 

Weight Feature Weight Feature 

494468.7164 ± 269.1501 PERF_CAT_LOWER_FL 392129.5391 ± 248.7002 PERF_CAT_LOWER_FL 

217568.8688 ± 138.2701 FTFM_CLIMB_RATE 211356.3405 ± 95.6282 FTFM_DESC_RATE 

138494.9605 ± 44.0213 FTFM_MAX_FL 133131.4453 ± 68.8156 FTFM_DESC_FIRST_PT_LAT 

114020.7645 ± 86.3738 FLT_DEP_AD 85637.1216 ± 64.1071 FTFM_DESC_LAST_PT_PT_LAT 

109271.3590 ± 243.7783 FLT_DEP_AD_LAT 85262.9041 ± 138.5218 FLT_FTFM_ADES_LAT 

105701.0231 ± 96.9098 FTFM_CLIMB_FIRST_PT_LAT 80916.0368 ± 71.9405 FLT_FTFM_ADES 

95154.7142 ± 86.0832 ICAO_ACFT_TY_ID 72740.5408 ± 34.9251 FTFM_DESC_FIRST_PT_LNG 

86846.6291 ± 88.8068 FTFM_CLIMB_FIRST_PT_LNG 70372.2655 ± 109.2796 FTFM_DESC_LAST_PT_LNG 

86710.6489 ± 193.9731 FLT_DEP_AD_LNG 69247.5777 ± 83.0451 FLT_FTFM_ADES_LNG 

23296.1818 ± 26.1849 FTFM_CLIMB_DURATION 43342.9997 ± 56.8700 FTFM_MAX_FL 

21731.4291 ± 59.1714 AO_ICAO_ID 37916.0572 ± 130.2117 FTFM_DESC_DURATION 

20337.5237 ± 73.7881 FTFM_CLIMB_FIRST_PT 32727.9660 ± 55.2942 FTFM_DESC_LAST_PT 

18971.2889 ± 22.4656 FLT_FTFM_ADES_LAT 12746.5049 ± 19.2558 ETA_DAYOFYEAR 

18136.2638 ± 26.9874 FLT_FTFM_ADES_LNG 11355.1165 ± 65.0552 AIRAC_CYCL 

18026.4043 ± 22.2186 FTFM_DESC_LAST_PT_PT_LAT 9524.1099 ± 37.4795 ICAO_ACFT_TY_ID 

16417.4972 ± 20.0458 FTFM_DESC_LAST_PT_LNG 6437.3164 ± 30.2539 AO_ICAO_ID 

15343.8757 ± 44.8245 ETA_DAYOFYEAR 5731.4322 ± 19.5940 FLT_REG_MARKING 

15176.5899 ± 32.8208 FLT_REG_MARKING 5658.8823 ± 21.7385 FTFM_CLIMB_FIRST_PT_LAT 

15034.2075 ± 24.5128 FTFM_CLIMB_LAST_PT_LNG 5400.5508 ± 40.4232 FTFM_CLIMB_LAST_PT_LNG 

14964.0634 ± 29.0470 FTFM_CLIMB_LAST_PT_LAT 5119.9972 ± 15.9033 FTFM_CLIMB_FIRST_PT_LNG 

5277.5141 ± 34.1406 AIRAC_CYCL 4980.9815 ± 21.1130 FTFM_CLIMB_LAST_PT_LAT 

5241.9545 ± 21.2503 FLT_FTFM_ADES 4700.7469 ± 24.7470 ETA_HOUR 

4887.8957 ± 17.6464 FTFM_DESC_FIRST_PT_LNG 4670.4889 ± 45.3331 FTFM_DESC_FIRST_PT 

3690.1746 ± 25.7551 FTFM_DESC_FIRST_PT_LAT 4651.6086 ± 44.6057 FLT_DEP_AD_LAT 

3012.4545 ± 14.8094 TMP 3753.9084 ± 4.9501 FTFM_CLIMB_DURATION 

2183.6777 ± 16.3065 FTFM_DESC_DURATION 3006.2726 ± 18.9401 ETOT_HOUR 

1564.0903 ± 14.7829 ETOT_HOUR 2245.8780 ± 20.6452 FLT_DEP_AD_LNG 

1345.6206 ± 13.0203 ETA_HOUR 1997.4443 ± 10.4342 FLT_DEP_AD 

800.5184 ± 9.6858 ETOT_DAYOFWEEK 1193.9671 ± 10.3647 TMP 

753.4219 ± 10.7042 FTFM_CLIMB_LAST_PT 471.1080 ± 6.1305 FTFM_CLIMB_FIRST_PT 

721.3021 ± 10.8727 FTFM_DESC_LAST_PT 459.9846 ± 13.7360 ETOT_DAYOFWEEK 

637.9216 ± 12.4657 UGRD 292.5480 ± 8.8095 ETA_DAYOFWEEK 

610.3421 ± 8.2791 ETA_DAYOFWEEK 231.8482 ± 4.1430 FLT_UID 
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Climb Descent 

Weight Feature Weight Feature 

294.7066 ± 8.4218 VGRD 159.9437 ± 6.6919 VGRD 

280.6895 ± 3.4741 WIND_SPD 159.6583 ± 4.7820 UGRD 

224.4980 ± 2.5128 FTFM_DESC_FIRST_PT 137.9027 ± 3.8524 FTFM_CLIMB_LAST_PT 

94.7180 ± 3.4824 FLT_UID 104.0301 ± 4.4942 WIND_SPD 

30.0619 ± 2.5353 WIND_DIR_RELAT_TO_ACFT 62.3850 ± 6.1863 WIND_DIR_RELAT_TO_ACFT 

Table 4 - Candidate Features by importance 

When the permutation importance of a feature is low, it means the feature is not very 
decisive for obtaining a result. 

This information allowed a simplified API containing the top 14 features to be provided 
for ETFMS. 

 Data validation 

5.2.2.1 Data Completeness 

The period which has been considered for the data in the dataset (three years of 
archived data from the DWH) ensures the completeness of the data for the Use Case. 

5.2.2.2 Data Accuracy 

Data accuracy has been established through the different activities performed during 
the Data Management phase. In particular, incorrect or not representative data have 
been removed from the dataset during data cleaning (e.g. removal of yoyo flights), or 
when identifying outliers (flights with unrealistic climb or descent rates). 

5.2.2.3 Data Traceability 

All operations performed on the source dataset extracted from the DWH were 
orchestrated via scripting and pipelining in different python modules. All code is under 
configuration management, ensuring full traceability and capability to reproduce 
featured input and labelled data for subsequent training. 

5.2.2.4 Data Representativeness 

The 4D trajectory applies to the ECAC area. The DWH archives all information which 
has been processed by IFPS/ETFMS, then ensuring that the data set fully covers this 
geographical area. 

5.2.2.5 Data splitting – Data Independence 

There are roughly 370 million data samples in the data set. The test set was chosen at 
random and had 5% set-aside. 

The validation set was a further 5% of the remaining. 

Considering the large amount of data samples, keeping 5% of all data for the test set 
represents 25 million samples in the test dataset, which is enough to provide a 
statistically valid result. Same remark applies to the validation dataset. 
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 Hosting for data preparation (and model training) 

Data preparation was hosted under Azure. The model training was hosted in a 
Cloudera Machine Learning (CML) environment. This is Cloudera's cloud-native 
machine learning service, built for CDP. The CML service provisions clusters, also 
known as ML workspaces that run natively on Kubernetes. 

Each ML workspace enables teams of data scientists to develop, test, train, and 
ultimately deploy machine learning models for building predictive applications all on 
the data under management within the enterprise data cloud. ML workspaces are 
ephemeral, allowing you to create and delete them on-demand. ML workspaces 
support fully-containerised execution of Python, R, Scala, and Spark workloads through 
flexible and extensible engines. 

This facility allows you to automate analytics workloads with a job and pipeline 
scheduling system that supports real-time monitoring, job history, and e-mail alerts. 

A job automates the action of launching an engine, running a script, and tracking the 
results, all in one batch process. Jobs are created within the purview of a single project 
and can be configured to run on a recurring schedule. You can customise the engine 
environment for a job, set up email alerts for successful or failed job runs, and email 
the output of the job to yourself or a colleague. 

You can configure a job to depend on another existing job, thus creating a pipeline of 
tasks to be accomplished in a sequence. Note that the script files and any other job 
dependencies must exist within the scope of the same project 

As data science projects mature beyond ad hoc scripts, it is best practice to break 
them up into multiple steps. For example, a project may include one or more data 
acquisition, data cleansing, and finally, data analytics steps. Cloudera Machine 
Learning allows you to schedule multiple jobs to run one after another in what is called 
a pipeline, where each job is dependent on the output of the one preceding it. 

 
Figure 4 - Cloudera machine learning environment 
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5.3 Learning process management 

 Model selection 

A deep neural network (DNN) was selected. 

 
Figure 5 - Deep Neural Network Structure 

Multiple architectures were tested during hyperparameter tuning. The most successful 
architecture for the hidden layers was as follows. 

Layer number number of neurons 

1 512 

2 512 

3 256 

4 256 

5 128 

6 64 

Table 5 - Internal architecture of the DNN 

 

 Activation function 

The PReLU activation function was chosen for a number of its advantages in deep 
neural networks particularly avoiding the vanishing gradients problem as was the case 
with standard relu but in addition the avoidance of the dying neuron problem. The 
development was done initially using standard relu and a noticeable improvement in 
performance was noticed on the adoption of PReLU. 

5.3.2.1 Parametric Rectified Linear Unit (PReLU) 

A Parametric Rectified Linear Unit, or PReLU, is an activation function that 
generalises the traditional rectified unit with a slope for negative values 
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The intuition is that different layers may require different types of nonlinearity. In 
experiments with convolutional neural networks that use PReLus for the initial layer 
have more positive slopes, i.e. closer to linear. Since the filters of the first layers are 
Gabor-like filters such as edge or texture detectors, this shows a circumstance where 
positive and negative responses of filters are respected. In contrast, deeper layers 
have smaller coefficients, suggesting the model becomes more discriminative at 
later layers (while it wants to retain more information at earlier layers). 

 

 
Figure 6 - ReLU c.f. PReLU 

 Loss function selection 

Several loss function strategies were studied during the learning and training process. 
Finally it was decided to use 'mean_squared_error' which appears to give the best 
results on the test set. 

As an exemple, 'mean_squared_logarithmic_error' was tried in the hope that it would 
give better results and be less sensitive to outliers, but appeared to make things worse. 

 Initialization strategy 

Before training a network, you must initialise the values of the weights. In most 
situations, the biases are initialised to 0.0, and so initialisation isn't an issue for biases. 
As it turns out, neural networks are surprisingly sensitive to the initial weight values, 
and so weight initialisation is essential. 

In the early days of neural networks, the most common technique for weight 
initialisation was to set the values to small uniform random values between two 
arbitrary limits, for example, random values between -0.01 and +0.01. This technique 
works reasonably well but has two drawbacks. First, there's no good way to determine 
the initialisation limit values. Second, because different data scientists use different 
initialisation limit values, and rarely document what those values are, replicating other 
people's results is often difficult or impossible. 

The Glorot weight initialization algorithm is named after the lead author of a technical 
paper that described the technique. There are actually two versions of Glorot 
initialization: Glorot uniform and Glorot normal. The algorithm is best explained using 
code. Here's Glorot uniform for the input-hidden weights: 

def init_weights(self):  # Glorot uniform 

  nin = self.ni; nout = self.nh 

  sd = np.sqrt(6.0 / (nin + nout)) 

  for i in range(self.ni): 
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    for j in range(self.nh): 

      x = np.float32(self.rnd.uniform(-sd, sd)) 

      self.ih_weights[i,j] = x 

. . . 

Here ni and nh are the number of input and hidden nodes. The nin and nout stand for 
"number in" and “number out". These are sometimes called the "fan-in" and the "fan-
out". In short, instead of using fixed limits like -0.01 and +0.01, Glorot uniform 
initialisation uses limits that are based on the number of nodes in the network: sqrt( 6 
/ (nin + nout)). 

The Glorot initialization technique not only works better (in most cases) than uniform 
random initialization but Glorot also eliminates the need for you to guess good values 
of fixed limits. 

 Hyper-parameter tuning 

Hyper-parameter tuning was a recurrent activity all along the learning process 
management and the model training. 

 Hosting for model predictor 

 
Figure 7 - tensorflow component model and dependencies 

 

The above diagram represents the TensorFlow component model and dependencies. 
The predictive models were developed using Keras Python interfaces to TensorFlow - 
See above on the left side.  

The model training pipeline based on Python and Keras produces a saved model in 
protobuf format and associated model weights files. This is done in the cloud as 
described above 

In order to achieve the performance necessary, the ML predictor is linked with the 
profiler process in TACT to avoid any inter-process communication that would be 
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orders of magnitude too slow. This was done using the C Tensorflow API library and 
loading the model files. 

This library was delivered to the ETFMS, and an Ada binding is produced so that the 
predictions could be provided by a simple in-process call in the same address space. 

The reason for this is the need for very low latency and high bandwidth to ML 
predictions as the trajectory calculations in ETFMS is particularly performance 
sensitive. It is not feasible or desirable to use a traditional technique of providing a ML 
REST based server to provide the predictions as the latency of the network connection 
would make the predictions useless in this context. 
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5.4 Model training 

 Optimised feature set 

The following table represents the current list of features which were used for the 
training: 

Feature Type 

AO_ICAO_ID                 float32 

ETA_DAYOFYEAR              float32 

FLT_DEP_AD_LAT             float32 

FLT_DEP_AD_LNG             float32 

FLT_FTFM_ADES_LAT          float32 

FLT_FTFM_ADES_LNG          float32 

FLT_REG_MARKING            float32 

FTFM_CLIMB_RATE            float32 

ICAO_ACFT_TY_ID            float32 

PERF_CAT_LOWER_FL          float32 

Table 6 - List of Features as an input to model training 

 

 Learning curves 

The figures below depict two different learning curves. 

 
Figure 8 - Model training (Mean Absolute Error) 
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Figure 9 - Model training (Mean Square Error) 

Note: the instability in the validation set results is typical of the PReLU activation 
function. 

The model used an early stopping callback. The callback saves the results at the end 
of each Epoch such that the best model was retrieved from the training process even 
if by the end of the training the performance had begun to deteriorate. Early stopping 
callback had its patience value set to 3 which indicates the number of Epochs it would 
continue after the model performance had stopped getting better. 
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5.5 Learning process verification 

 Evaluation of an initial version of the model 

This section provides elements of the evaluation of the value of an early version of the 
model. 

5.5.1.1 3D histogram plot of the predicted values 

This figure below shows 3D histogram plot of the predicted values against actual 
values and what we expect to see in a well-functioning model is a line at 45° which 
was added to the diagram using at the black dashed line. The pixel intensity indicates 
the number of values at that location: 

 

 
Figure 10 - Predicted Climb rates vs actual from CTFM (no low pass filter) 

axes.hist2d(test_labels,test_predictions,  bins=200) 
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5.5.1.2 Mean Square Error of predicted values over CTFM 

Performance of unfiltered model without the low-pass filter 

 

Testing set Mean Abs Error: 392.48 
Testing set RMS Error: 622.61 
FTFM Prediction testing set RMS Error: mseF 799.5461 
FTFM Prediction testing set Mean Abs Error:  maeF 526.367 
 

 
Figure 11 - Mean Square Error on actual climb rates 

 Evaluation of an advanced version of the model 

5.5.2.1 3D histogram plot of the predicted values 

The below figure shows a plot for all of the test data of climb rate predictions against 
actually observed climb rates. This plot shows the case with the low-pass filter being 
used. 

It is clear that the dispersion is greatly reduced corresponding to the removal of noise 
in the source data. 
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Figure 12 - Predicted Climb rates vs actual from CTFM (with low pass filter) 

5.5.2.2 Mean Square Error of predicted values over CTFM 

Performance of model with the low-pass filter 

Testing set Mean Abs Error: 294.31 

Testing set RMS Error: 488.38 
FTFM Prediction mseF Testing set RMS Error:  712.3957 
FTFM Prediction maeF Testing set Mean Abs Error  479.43484 
 

 

Figure 13 - Mean Square Error on actual climb rates (with low-pass filter) 
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5.6 Implementation 

 System architecture 

Depending on the context where the 4D trajectory calculation is performed, the AI/ML 
library could be called from different processes. The following is the logical 
architecture of ETFMS. The 4D trajectory is calculated within the “Profiler Process”: 

...
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Figure 14 - ETFMS logical architecture 

The “Profiler Process” computes the flight profile or 4D trajectory.  For performance 
reasons, several processes can co-exist in ETFMS.  An algorithm statically associates 
a flight to a “Profiler Process” to allow parallelism.  

The “Profiler Process” is mission-critical. Its failure induces an ETFMS failure. 

The flight load is distributed equally by a hashing algorithm amongst the number of 
“Profiler Processes”.  Once a flight has been associated to a given instance of a 
process, for the sake of data consistency, this instance is the only one that manages 
the flight; all messages relating to the flight are directed to it. 

The “Profiler Process” embeds the “Curtain” software package. 

The “Curtain” software package has been adapted to use the AI/ML library. In the 
current design of ETFMS, the BADA aircraft performance data is used in the 
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construction of profiles in the Flight layer of the Curtain profile. This is the initial layer 
of the profile only containing data derived from basic flight plan elements such as 
aircraft type and aerodromes. Using the aircraft type and any filed weight, the BADA 
profiles are used to build performance curves. As an initial implementation (see more 
below), to do an initial assessment of the ML based performance, the retrieval in 
ETFMS of the BADA profiles was adapted to make a call to the AI/ML library with the 
flight plan data and the BADA data, to retrieve AI/ML based performance data instead.  

 AI/ML Component as a Library 

5.6.2.1 General information 

A prediction is a numerical value provided by a TensorFlow model. The inputs are an 
ordered list of fields and, usually, after transformation and normalisation, are passed 
to the model which returns a value, the prediction. The library must be supported with 
additional information: the TensorFlow model resulting from training, the statistics 
from the training data (mainly mean and standard deviation) used by the 
normalisation, the conversion from categorical value to numerical value used to 
include categories in the prediction. The library is also configured with a description of 
the fields, categories, eventual ways to validate the input and output, and, in the case 
of invalid input, how to replace them by acceptable values. 

A prediction is provided by a predictor. The API let the user create and register one or 
more predictors with a given name. It is possible to remove an existing predictor but 
also to swap two predictors (they exchanged their names) as a shortcut to remove and 
re-create. Creation implies moving in memory several lookup tables, so swapping can 
improve performance in some cases. 

Each predictor is linked to one or more TensorFlow models, provided as TensorFlow 
.pb and checkpoint files.  

As a lot is triggered by configuration, there is a function in the API to print the global 
configuration (input data and pre-computed lookup tables) from a predictor. Another 
function will try to analyse the predictor in order to see if it is consistent (at least one 
model, at least one field…). 

What was described is covered by management scenarios; the last part is the list of 
scenarios covering prediction calculation per se. 

The API is a C API and will provide different functions, structures to represent input 
data and enumerations for code values. 

5.6.2.2 Workflow 

The library implemented a workflow which is generic and can be reused for different 
AI/ML Use Cases. 

The figure below depicts the workflow for prediction which was implemented: 
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Figure 15 - Workflow for prediction delivered by the AI/ML library 

5.6.2.3 Specialisation of the library 

As already mentioned, the library needs some configuration to operate. 

The following describes the configuration which was applied to the Climb’n Descent: 

5.6.2.3.1 Specific API 

5.6.2.3.1.1 Extra structure with names of fields (one based on integers) 

Specific structure contains fields named after the fields used by the models. 
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typedef struct ClimbDescentIO 
{ 
    uint16 nr_levels;   ///< number of levels  

    uint16* i_PERF_CAT_LOWER_FL; 
    uint16* i_FTFM_RATE; 
    int16* o_RATE;     ///< caller owns & allocates memory 
    uint16 i_ETA_DAYOFYEAR; 
    int i_FLT_DEP_AD_LAT;   ///< signed number of seconds (-90*60*60, +90*60*60) 
    int i_FLT_DEP_AD_LNG; 
    int i_FLT_FTFM_ADES_LAT; 
    int i_FLT_FTFM_ADES_LNG; 
    const char* i_FLT_REG_MARKING; 
    const char* i_AO_ICAO_ID; 
    const char* i_ICAO_ACFT_TY_ID; 

    uint16* i_ICAO_ACFT_TY_ID_INDEX;  /// if defined take precedence 

    uint16* i_FLT_REG_MARKING_INDEX;  /// if defined take precedence 
    uint16* i_AO_ICAO_ID_INDEX;  /// if defined take precedence  
} ClimbDescentIO; 
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5.6.2.3.1.2 API to limit the management of primary and secondary predictors 

The API allows to create only two predictors: primary and secondary with explicit API 
functions dedicated. It is expected that the prediction will be requested on the primary 
predictor. The secondary predictor let the user to introduce a different set of models 
or/and configuration. To use the new predictor, there is a function to switch primary 
and secondary predictors. 

 

typedef struct CodeMapping_t 
{ 
    IndexPair_t* a_FLT_REG_MARKING; 
    int num_FLT_REG_MARKING; 
    IndexPair_t* a_AO_ICAO_ID; 
    int num_AO_ICAO_ID; 
    IndexPair_t* a_ICAO_ACFT_TY_ID; 
    int num_ICAO_ACFT_TY_ID; 
} CodeMapping_t; 
 
/** Initialize the primary predictor 
 * @param [in] mapping mapping between neos indexes and string for some categories based 
on explicit fields 
 * @param [in] directory directory where to look for lookup tables if null then env 
variable CD_PREDICT_HOME is considered 
 * @return 0 if ok 
 * @note equivalent to initPrimaryPredictor 
 */ 
int initPrimaryClimbDescentPredictor(CodeMapping_t* mapping, const char* directory); 
 
/** Initialize the primary predictor 
 * @param [in] mapping mapping between neos indexes and string for some categories based 
on generic fields 
 * @param [in] directory directory where to look for lookup tables if null then env 
variable CD_PREDICT_HOME is considered 
 * @return 0 if ok 
 * @note equivalent to initPrimaryClimbDescentPredictor 
 */ 
int initPrimaryPredictor(CategoriesMapping_t* mapping, const char* directory); 
 
/** Initialize the secondary predictor so that we can switch it with the primary later 
 * @param [in] mapping mapping between neos indexes and string for some categories based 
on explicit fields 
 * @param [in] directory directory where to look for lookup tables if null then env 
variable CD_PREDICT_HOME is considered 
 * @return 0 if ok 
 * @note equivalent to initSecondaryPredictor 
 */ 
int initSecondaryClimbDescentPredictor(CodeMapping_t* mapping, const char* directory); 
 
/** Initialize the secondary predictor so that we can switch it with the primary later 
 * @param [in] mapping mapping between neos indexes and string for some categories based 
on generic fields 
 * @param [in] directory directory where to look for lookup tables if null then env 
variable CD_PREDICT_HOME is considered 
 * @return 0 if ok 
 * @note equivalent to initSecondaryClimbDescentPredictor 
 */ 
int initSecondaryPredictor(CategoriesMapping_t* mapping, const char* directory); 
 
/** Remove an existing primary Predictor (only if no secondary) 
 * @param name name of the predictor 
 * @return 0 if ok 
 */ 
int removePrimaryPredictor(); 
 
/** Remove an existing secondary Predictor 
 * @param name name of the predictor 
 * @return 0 if ok 
 */ 
int removeSecondaryPredictor(); 
 
/** Swap primary and secondary predictors 
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 * @return 0 if two existing predictors have been switched (success) 
 * @return -1 if primary predictor not defined 
 * @return -2 if secondary predictor not defined but primary is defined 
 */ 
int switchPredictors(); 
 
/** Get the climb rate from the primary predictor with data mainly as integer 
 * @param [in, out] cdi structure holding information about the model input 
 * @param [out] results list of predictions 
 * @return positive value if prediction is valid else negative value 

 * @see getClimbRateFloat 
 */ 
PredictionCode getClimbRate(ClimbDescentIO* cdi); 
 
/** Get the descent rate from the primary predictor with data mainly as integer 
 * @param [in, out] cdi structure holding information about the model input 
 * @param [out] results list of predictions 
 * @return positive value if prediction is valid else negative value 

 * @see getDescentRateFloat 
 */ 
PredictionCode getDescentRate(ClimbDescentIO* cdi); 
 
/** Get the climb rate from the primary predictor with data mainly as float 
 * @param [in, out] cdi structure holding information about the model input 
 * @return positive value if prediction is valid 

 * @see getClimbRate 
 */ 
PredictionCode getClimbRateFloat(ClimbDescentIOFloat* cdi); 
 
/** Get the descent rate from the primary predictor with data mainly as float 
 * @param [in, out] cdi structure holding information about the model input 
 * @return positive value if prediction is valid 

 * @see getDescentRate 
 */ 
PredictionCode getDescentRateFloat(ClimbDescentIOFloat* cdi); 
 
/// overwrite part of configuration, return negative if problem 
int reconfigure(const char* text); 
 
/// analyse configuration, return negative if problem 
int analysePrimary(); 
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5.6.2.3.2 Specific configuration 

policies: 
  generic: PREDICTION 

 
fields: 
  - AO_ICAO_ID 
  - ETA_DAYOFYEAR 
  - FLT_DEP_AD_LAT 
  - FLT_DEP_AD_LNG 
  - FLT_FTFM_ADES_LAT 
  - FLT_FTFM_ADES_LNG 
  - FLT_REG_MARKING 

  - FTFM_CLIMBDESC_RATE 

  - ICAO_ACFT_TY_ID 
  - PERF_CAT_LOWER_FL 
 
aliases: 
  FTFM_CLIMB_RATE: FTFM_CLIMBDESC_RATE 
  FTFM_DESC_RATE: FTFM_CLIMBDESC_RATE 
 
categories: 
  - AO_ICAO_ID 
  - FLT_REG_MARKING 
  - ICAO_ACFT_TY_ID 
 
verbosity: off   # off, trace, info, error, debug 
 
constants:  
  FLT_FTFM_ADES_LAT: 55.9725 
  FLT_FTFM_ADES_LNG: 37.413055 
  FLT_DEP_AD_LAT: 36.675 
  FLT_DEP_AD_LNG: -4.4991665 

  AO_ICAO_ID: mean 

  FLT_REG_MARKING: mean 

 
non-replaceable: 
  - ICAO_ACFT_TY_ID 

  - ETA_DAYOFYEAR 

  - FTFM_CLIMBDESC_RATE 

  - PERF_CAT_LOWER_FL 
 
other: 
    out_of_range_prediction: error 
 
ranges: 
  prediction: 
    - 0 
    - 9999 

  ETA_DAYOFYEAR: 

    - 0 

    - 366 

  FTFM_MAX_FL: 

    - 0 

    - 680 
  FLT_DEP_AD_LAT: 
    - -90.0 
    - 90.0 
  FLT_DEP_AD_LNG: 
    - -180.0 
    - 180.0 
  FLT_FTFM_ADES_LAT: 
    - -90.0 
    - 90.0 
  FLT_FTFM_ADES_LNG: 
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    - -180.0 
    - 180.0 
  FTFM_CLIMBDESC_RATE: 

    - 0 

    - 9999 

 
mode: OPS 

 
models: 
  - climb 
  - descent 

 Executable model architecture 

The following depicts part of the NM operational infrastructure running the ETFMS. 
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Figure 16 - Extract from the NM operational infrastructure 

ETFMS is located on-premise. It is part of the mission critical cluster RED. 

ETFMS operational instance (ptacop1 or ptacop3) is part of the sub cluster RED_03, 
which contains 4 Virtual Machines (red011 to red014). 
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These Virtual Machines are based on Linux Red Hat Enterprise Server Operating 
System. 

All the virtual machines of RED Cluster are spread over the 6 HP  DL560 G10 Servers 
(Rambo, rocky, rufus, romeo, rusty, roger) all base on 36 CPS and 1,5 TB of RAM. 

Hypervisor used to manage the Virtual Machines is VMWare ESXi.  

Storage for this cluster is spread over NASes (rednas10 to 13). 
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5.7 Inference model verification 

 Improvements at network level 

The most appropriate way to assess the performance of the AI/ML component was to 
analyse the impact on the network situation.  This analysis is possible based on some 
tools capable of replaying specific situations which have occurred in the past (also 
known as PREQUAL). 

5.7.1.1 Description of PREQUAL 

The PREQUAL tool (PREdiction QUALity analysis tool) has been developed to benefit 
from features available on the NM Systems. These features allow a user to replay for 
a certain period of time traffic scenarios based on all the events received by the NM 
Systems during this period of time. 

At high level, these are the phases of a PREQUAL replay: 

1. For each flight during the selected period of time, the CTFM profile is 
extracted and considered as the reference for this flight, 

2. Time evolves and all events received for each flight are processed by the 
system. In particular 4D trajectories are computed or re-computed for 
each event triggering such a computation, 

3. For each flight, the tool evaluates the quality of a new or updated 
prediction by comparing it to the reference (the CTFM profile) on different 
axis: 

a. Lat/long (horizontal view) 

b. Level (vertical view) 

c. Time. 

4. All these measures are consolidated by “integrating” the difference over 
the time of validity of a prediction, 

5. A report is produced when the time of the period of time considered for 
the replay has elapsed. 

5.7.1.2 Test methodology 

The test objective is to verify that the new AI/ML component produces more accurate 
predictions than the current ETFMS baseline.  

In the following, the ETFMS software implementing the AI/ML component is called 
“ML” and the current ETFMs baseline is called “BL”. 

Based on PREQUAL, the same day is replayed once with “BL”, then with “ML”. The two 
reports are then compared. 

5.7.1.3 Test results 

5.7.1.3.1 Improvements at network level 

The test methodology is applied on two days: 

1. one hot day (10-Aug-2020), 
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2. and one cold day (14-Feb-2020), known as one day with the highest
traffic for that year (just before the Covid-19 pandemic).

As temperature has impact on barometric altitude, improvement or degradation of ML 
are likely to be more obvious. 

The table below demonstrates significant improvements on the network: 

10/08/2020 14/02/2020 

Avg Max Avg Max 

BL 283051 1860046 544428 3226165 

ML 265889 1655747 514225 2880420 

Improv. 6,06 % 10,98 % 5,54 % 10,71 % 

Table 7 - Improvements on the network 

The global indicators are Avg Level Diff and Max Level Diff. All oplogs are retrieved 
and sorted by IFPS ID (same flight oplogs adjacent). Each Avg Level Diff of the oplog 
is multiplied by its duration and added to a local Avg Level Diff integration variable. 
The Duration is also added to a local Duration integration variable. 

The duration is obtained by using the time of the prediction minus the time of the 
previous prediction and adjusted to be inside the actual overflying period. When the 
IFPS_ID changes, the results of that flight are output in the summary file. The Avg Level 
of that flight is then the Avg Level Diff integration variable divided by the Duration 
integration variable. After every flight, the data collected for that flight are used to 
maintain the local integration variables for the All flights statistics results. 

The Totals line at very bottom shows the value of the local integration variables for All 
Flights, thus still multiplied by duration => FL.H for Level Diff. 

5.7.1.3.2 Test results per Flight Indicators 

PREQUAL computes for each deviation of the flight with the computed profile (either 
by ML or BL) the average of deviation in FL and the max deviation. As a result, 
PREQUAL displays for each flight the number of updates to the profile (number of time 
the profile was computed triggered by operational events), the average of the deviation 
observed for the whole flight (Avg-Avg), the average that has the biggest deviation 
(Avg-Max), the maximum deviation average (Max-Avg), and the Maximum of the 
average deviation for the whole flight (Max-Max) 
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Figure 17 - Error occurancies 

The graph above displays the number of flight having the same deviation per deviation 
indicators Avg (Avg-Avg and Avg-Max). It shows that ML computation is more 
accurate because more flights have a lower error than BL computation 

5.7.1.3.3 Study of worst cases 

It is important to study the worst case of ML and observe if BL would have done a 
better prediction and also the other way around (ML better in worst case of BL). The 
worst 185 flights of each predictor for each day was taken. 

When ML is providing a bad prediction. BL is better in 29,19 % of the case. However, 
when BL is giving a bad prediction, ML is providing either the same or better prediction 
in 91,62 % of the case (62,97 + 29,65). 

Resilience 

Based on the system requirements identified for Curtain, and the target architecture, 
should the model suffer from resilience issues, then the legacy climb and descent 
computation would continue to deliver the service even in a less performant mode of 
operation. 

Robustness 

At the date of this report, the robustness of the AI/ML component remains to be 
investigated. It will be progressively assessed via additional testing at the limits (e.g. 
how will the model perform when being faced to abnormal data like an unknown airport 
or unknown aircraft type). 

The safety support assessment performed has identified safety support requirements 
which ensure that the system is resilient. 
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7 ABBREVIATIONS 

Abbreviations and acronyms used in this document are available in the EUROCONTROL Air 
Navigation Inter-site Acronym List (AIRIAL) which may be found here:  

http://www.eurocontrol.int/airial/definitionListInit.do?skipLogon=true&glossaryUid=AIRIAL 
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