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TAPAS
TOWARDS AN AUTOMATED AND EXPLAINABLE ATM SYSTEM

Abstract
This document defines the considerations regarding the transparency requirements for the activities
involved in the Air Traffic Flow and Capacity Management (ATFCM) and Conflict Detection and
Resolution (CD&R) operational use cases.
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1 Executive Summary
This document describes in detail the set of transparency and explainability requirements to be
implemented in TAPAS project for the use cases of Air Traffic Flow and Capacity Management (ATFCM),
at pre-tactical phase, and the Conflict Detection and Resolution (CD&R), at tactical phase.
In particular, this document proposes some ideas, criteria and requirements regarding transparency
and explainability aspects to be considered and included later on when using pertinent Visual Analytics
(VA) and Explainable AI (XAI) techniques to achieve technical solutions that will allow addressing levels
2 and 3 of automation for the use cases.
In general, this set of requirements attempts to provide clear instructions on how to impregnate with
levels of transparency and interpretability to the tasks and functions involved during the development
of the ATFCM and CD&R use cases, as well as serving as reinforcement for conducting air traffic
management tasks more fluently, efficiently, safely and robustly for the user. Regarding the content
of the transparency requirements presented in this document, it is worth mentioning that these
sometimes might involve appropriate visual representations as well as minor functional aspects,
merely aiming at providing a meaningful context and basis for the transparency and explainability
concepts included in the requirements.
The ultimate aim would be, at the end of the TAPAS project development, to be able to infer from
these requirements, their implementation, and the validation activities performed with them including
Human-In-The-Loop exercises, a set of valuable principles and recommendations regarding
transparency in AI/ML implementations in ATM.
This framework is intended to pave the way towards the uptake of AI/ML techniques as a mean
towards higher levels of Automation in accordance with the ATM Master Plan.

7

D3.1 - USE CASES TRANSPARENCY REQUIREMENTS

2 Introduction
2.1 Purpose of the document
The main objective of this document is to provide a guide containing key requirements to achieve
higher levels of transparency and explainability in the activities involved across the ATFCM and CD&R
use cases defined in [1] (D2.1 TAPAS Use Cases Description), whilst considering higher automation
levels than the current ones, specifically levels 2 and 3 of automation, as defined in [2] (D2.2
Consolidated Requirements and Functional Roadmap).
In order to give adequate background, firstly an introduction of some of the main concepts in the stateof-the-art regarding transparency and explainability in AI is provided. Also, a definition of levels 2 and
3 of automation will be provided in order to bring pertinent context for the proposed transparency
requirements.
In particular, this document presents the most typical functions over two common scenarios: Air Traffic
Flow and Capacity Management (ATFCM) and Conflict Detection and Resolution (CD&R, Executive
Controller) use cases, already described in terms of functional requirements in the aforementioned
deliverables [1] and [2] . Then, we provide a proposal on how these activities can be impregnated with
complementary specific requirements in order to increase the transparency and interpretability levels
when obtaining solutions computed by a machine. In some cases, and generally speaking, the more
accurately the human controller can understand specific solutions given by a machine, the more trust
he/she will have in those and very likely the human decision-making process behind it will be therefore
stimulated and reinforced.
The set of requirements will be presented in a list format, ordered in different sections by level of
automation. It is worth mentioning that the requirements will sometimes involve appropriate visual
representations as well as minor functional aspects, merely aiming at providing a meaningful context
and basis for the transparency and explainability concepts included in the requirements.
The requirements are meant to drive the technical development for the implementation of the
solutions proposed by the WP04.

2.2 Intended Readership
This document is intended to be used by:
•

SJU programme manager;

•

TAPAS project members, in particular WP4 dealing with the XAI and Visual Analytics
prototypes.;

•

SESAR2020 and international research community addressing automation in Air Traffic
Management and Artificial Intelligence / Machine Learning.
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2.3 Document Structure
This document is structured into the following sections:
•

Section 1 is the Executive Summary and provides an overview of the objectives of the
transparency requirements in the ATFCM and CD&R (Executive Controller) use cases, as well
as the practical utility of integrating them in the automation of such scenarios.

•

Section 2 presents an Introduction that provides the purpose of the document, the intended
readership, the document structure and the terminology and acronyms used throughout the
document.

•

Section 3 provides a background of the main concepts and frameworks of transparency and
explainability in AI, as well as some internal decisions regarding the definition of the
requirements.

•

Section 4 presents general considerations about the transparency requirements, such as the
requirements derivation process, the structure, organization and content of the transparency
requirements, decisions on transparency, and finally the transparency requirements
corresponding to the ATFCM and CD&R (Executive Controller) use case scenarios.

•

Section 5 provides the project next steps.

•

Section 6 provides the references used during the writing of this document.

9
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2.4 Terminology and Acronyms
Term

Definition

3D

Three-Dimension

AI

Artificial Intelligence

AR

Augmented Reality

AoR

Area of Responsibility

AoI

Area of Interest

ATC

Air Traffic Control

ATCo

Air Traffic Controller

ATFCM

Air Traffic Flow and Capacity Management

ATM

Air Traffic Management

CD&R

Conflict Detection and Resolution

CPA

Closest Point of Approach

DR

Dimensionality Reduction

DCB

Demand and Capacity Balancing

DL

Deep Learning

EASA

European Aviation Safety Agency

EC

Executive Controller

EC

European Commission

FMP

Flow Management Position

GDPR

General Data Protection Regulation

HEC

Hourly Entry Counts

KPI

Key Performance Indicator

LTM

Local Traffic Manager

ML

Machine Learning

NM

Network Manager
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NOP

Network Operations Plan

MDV

Multivariate Data Visualization

OCC

Occupancy Counts

PC

Planner Controller

PM

Projection Module

EC

Executive Controller

SESAR

Single European Sky ATM Research

TAPAS

Towards an Automated and Explainable ATM System

TBO

Trajectory Based Operations

VA

Visual Analytics

XAI

Explainable AI
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3 Transparency in AI
This section presents general concepts, definitions and frameworks that serve as fundamental basis
for the conceptual design and implementation of the transparency and explainability solutions for the
ATFCM and Conflict Detection and Resolution (CD&R) use case scenario.
The concept of trustworthiness in AI has special relevance in the context of ATM. In June 2018, the
European Commission (EC) set up a High-Level Expert Group on AI. The objective was to support the
implementation of the European strategy on AI. This included the elaboration of recommendations on
future-related policy development and on ethical, legal and societal issues related to AI, including some
socio-economic challenges. Later on, In April 2019, this group of experts proposed the following seven
key requirements for trustworthy AI, which were published in its report on Ethics Guidelines on AI [4]:
•
•
•
•
•
•
•

Accountability
Robustness and safety
Oversight
Privacy and data governance
Non discrimination
Environmental well being
Transparency

Bearing in mind that the adoption of these requirements will take time, the trustworthiness concept
has been meant to be a key enabler of the societal acceptance of AI. In addition to this document,
others trying to regulate the safe use of AI in aviation and ATM have been proposed recently [5][6][7].
TAPAS project will fully explore and address the concept of transparency, as key element for
trustworthy automation of different ATM operational scenarios. Explainable AI (XAI) and Visual
Analytics (VA) stands out as very promising technologies to achieve this automation in trustable
manners. Thus, these technologies are expected to have a key relevance during the automation of the
activities involved during several ATM use cases, as ATFCM.
Up until today, there is not a single definition of XAI that is generally accepted, but it is important to
know how XAI is currently outlined. For an AI system user, it would be very satisfactory to have
explanations of internal decisions within an AI system that lead to a decision. In this regard, such
explanations should provide clear insight into the rationale the AI uses to generate the output [30]. A
definition of explainable AI can be found in [31].
•

Definition 1. 'Produce more explainable models while maintaining a high level of learning
performance (e.g., prediction accuracy), and 2) enable humans to understand,
appropriately trust, and effectively manage the emerging generation of artificially
intelligent partners.'

A different definition of explainable AI is provided in [29].
•

Definition 2. 'Explainable Artificial Intelligence is a system that produces details or reasons
to make its functioning clear or easy to understand.'
12
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It is widely argued that the goals of explainable AI are trustworthiness, causality, transferability,
informativeness, confidence, fairness, accessibility, interactivity and privacy awareness [29] [32]. In
addition, there is certain level of agreement in that an XAI system should not be opaque (aka. a black
box) that hides its inner functional mechanism. Furthermore, 'if a system is not opaque and one can
even understand how inputs are mathematically mapped to outputs then the system is interpretable'
[30]. These concepts considered together translate into model transparency and explainability.
Sometimes similar and used indistinctly, transparency and explainability are treated in some cases as
two independent concepts because they can both contribute to the interpretability of an action given
by an AI system.
Going deeper into definitions, transparency seeks to provide valuable information to the user on the
inner mechanisms of AI-based models, as well providing comprehensible insights on aspects such as
what the system is doing, why it made certain decisions over others, as well as give intuitive rationale
for certain solutions that might seem counterintuitive, at first, to the human operator. From these
concepts, it can be concluded that achieving higher transparency levels can be straightforwardly
related to a higher comprehension and trust to the outcomes given by the machine. Explainability,
instead, relates to the AI system's ability to produce diverse types of effective explanations by means
of proper visualization, text or examples, and also make such explanations comprehensible to humans
with diverse expertise, and support their reasoning.
In TAPAS, the concepts of explainability and transparency are tackled, but explicit textual distinction
between them in the description of the requirements are not made. Sometimes, the nature of the
requirement itself will need to naturally dig into specific inner mechanisms of the AI models used for
providing clear details of the solutions given by the machine. However, in other situations, specific
explanations (in different means) will be required to provide the human an understanding of the
decisions and actions carried out by the machine. For example, for a given task, it might be more critic
for the human to quickly understand the rationale that explains why the system did a specific action
to reach the solution, rather than providing all the inner details of the mechanisms and functions used
to reach that solution. In this document we did not identify specific constraints on this regard, so it
was considered in the end that there is no firm motivation, at this stage, to make explicit distinction
between them. The requirements have been designed to be informative enough not to require that
distinction.
There is not yet a unified consensus across the scientific literature on how to provide with transparency
to the different solutions or results provided by a machine in order to unveil their inner functioning
and reasoning [10][12][13][14][15][16]. This is probably one reason of why it is nowadays a very active
and hot field of AI research. The techniques available for explaining and understanding the decisions
taken by a specific method are sometimes dependent on the application domain [3], which means that
innovative ways of using XAI are strongly required for each specific case (such as in autonomous driving
[21][22], medicine [23][24], finance [25], biology [26], education [27], physics [28]). VA techniques
have also proved to be valuable and successfully applicable in this sense [18][20].
In this sense, different tools for XAI have been proposed over the past years. LIME (Local Interpretable
Model-agnostic Explanations) [33] was presented in 2016 and it provided a novel explanation
technique that explains the predictions of any classifier in an interpretable and faithful manner, by
learning an interpretable model locally around the prediction. DeepLIFT (Deep Learning Important
FeaTures) [34] was presented in 2017 as a method for increasing the interpretability of neural
networks. It is based on a method for decomposing the output prediction of a neural network on a
13
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specific input by backpropagating the contributions of all neurons in the network to every feature of
the input. LORE (Local Rule-Based Explanations) was proposed in 2018 [35] as an agnostic method able
to provide interpretable and faithful explanations. LORE leans a local interpretable predictor in order
to derive from the logic of the local interpretable predictor a meaningful explanation consisting of a
decision rule (which explains the reasons of the decision), and a set of counterfactual rules suggesting
the changes in the instance's features that lead to a different outcome. In the same year, SHAP-TreeMCDA [36] was proposed as an explanation approach usable with any hierarchical multicriteria model,
based on an influence index of each attribute on the decision. LioNets (Local Interpretation of Neural
Networks) [37] was proposed in 2019 as a methodology on providing explanations for a neural
network’s decisions, in a local scope, through a process that actively takes into consideration the neural
network’s architecture. Also, in 2019, AIX360 (The AI Explainability 360 toolkit) [38] was presented by
IBM as an open-source library that supports interpretability and explainability of datasets and machine
learning models.
Digging further into the literature regarding the definition of principles for transparency and
explainability, the NIST (National Institute of Standards and Technology) scientists very recently crafted
and proposed four fundamental principles for determining precisely and judge how explainable
decisions made by AI are [8]. These are based on:
1. Explanation: this principle obligates AI systems to supply evidence, support, or reasoning for each
output. By itself, this principle does not require that the evidence be correct, informative, or
intelligible; it merely states that a system is capable of providing an explanation. For NIST there
are different kind of explanations regarding the end consumer: user benefit (This type of
explanation is designed to inform a user about an output), societal acceptance (This type of
explanation is designed to generate trust and acceptance by society), regulatory and compliance
(This type of explanation assists with audits for compliance with regulations, safety standards,
etc.), system development (This type of explanation assists or facilitates developing, improving,
debugging, and maintaining of an AI algorithm or system), owner benefit (This type of explanation
benefits the operator of a system).
Linking this principle to the TAPAS project development, explanations are probably one of the keys
and most important principles to explore in TAPAS. Very diverse kind of explanations have been
considered in the definition of the requirements for TAPAS depending on the system’s output.
However, probably one key element that would largely contribute to the success of the requirements
for the ATFCM and CD&R use cases was the need to define what is exactly needed to explain to the
user, as well as the level of explanation required for her/him to conduct effective decision-making
processes. For example, at a preliminary stage of the project we considered that the following aspects
might have impact on the explanations:
✓ Responses given by the system, such as specific actions, modes of behaviour, etc.., and at
which level of detail.
✓ Ranking of importance of the features-parameters involved in the system's output for later
decision making.
✓ Can we explore the use of proper visualization means as part of the explanation to stimulate
the operator's understanding process of a solution?
✓ Must explanations give reasoning to specific actions at specific time points, or instead for the
evolution of whole trajectories/sub-trajectories?

14
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✓ In case that we deal with AI models giving probabilistic output... do we need to provide sort of
margins or confidence intervals (along with the probabilities) in order to reduce and deal with
the underlying uncertainty?
2. Meaningful: A system fulfils this principle if the recipient understands the system’s explanations.
Generally, this principle is fulfilled if a user can understand the explanation, and/or it is useful to
complete a task. The Meaningful principle allows for explanations which are tailored to each of the
user groups [8].
For TAPAS, it was decided that the meaningful principle will be used as key performance indicator (KPI)
as direct means to quantify how understandable the provided explanations are. This principle, along
with the concept of complexity of the explanation, will be fully explored altogether during the
validation activities planned at future stages of the project. At this point there are some studies in the
literature already providing hints on how to measure the effectiveness of explanations given by XAI
systems. Initially we plan to follow the insights and criteria provided by these studies and tailor them
accordingly for the specific case of TAPAS. Still, we yet need to design carefully how to implement this
part. One way could be, during the training phase, to thoroughly evaluate and survey human operators
such as the LTMs and ECs in relation to different aspects such as how complex and intuitive the
explanations given by the system are, mainly based to their previous operational experiences. Then,
based on these answers and the effectiveness of some of the decisions made by LTM/ECs from the
explanations given by the system, we might devise a scoring system to weigh how much trust the
human operators are able to build in our system. As mentioned below, this shall be explored during
the validation phase.
3. Accuracy of the Explanation: this principle imposes accuracy on a system’s explanations.
Regardless of the system’s decision accuracy, the corresponding explanation may or may not
accurately describe how the system came to its conclusion. There have been developed some
performance metrics for explanation accuracy [9][10][11]. A system may be considered more
explainable if it can generate more than one type of explanation.
Similarly to the previous principle, the accuracy of the explanation will be used as a KPI. This shall allow
to quantify how accurate the different explanations given by the machine for specific solutions are,
and then select or prioritise those which might fit best in different situations depending on factors
such as: criticality of the action, complexity of the task to perform, time to complete the task, accuracy
required by the task, etc.
4. Knowledge Limits: this principle states that systems identify cases they were not designed or
approved to operate, or their answers are not reliable. The Knowledge Limits principle aims at
increasing trust in a system by preventing misleading, dangerous, or unjust decisions or outputs.
This principle directly refers to generalization and robustness in ML. It was agreed at the definition
stage of TAPAS project development that generalization was out of the scope. However, despite not
being formally part of TAPAS scope, the project will address a significant range of experiments and
might eventually consider some results in this context.
Another approach to make distinction between explanations is based on the concepts of process-based
and outcome-based explanations [14]. This is, the level at which explanations are given. The main aim
of explaining automated decisions is by providing proper rationale and robustly justifying a particular
result to an individual whose interests are affected by it. For instance, this involves:
15
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•

Showing how you and all other people involved in the development of the AI system acted
with responsibility when choosing the processes behind its design;

•

Providing univocally the underlying reasoning behind the outcome of that decision.

In order to properly group these concepts, The Alan Turing Institute divided each of the
aforementioned explanations into the subcategories of ‘process’ and ‘outcome’:
•

‘Process-based’ explanations of AI systems are about demonstrating that you have followed
good governance processes and best practices throughout your design and use.

•

‘Outcome-based’ explanations of AI systems are about clarifying the results of a specific
decision. They involve explaining the reasoning behind a particular algorithmically-generated
outcome in plain, easily understandable, and everyday language.

After some considerations, we ended up deciding that depending on the type of required explanation,
they will be both used in different situations. There were neither special constraints nor preferences
on this regard.
Another taxonomy for the type of explanations given by an AI system can be also found in [14]. This
encompasses the following explanations:
•

Rationale explanation, where the reasons that led to a decision are delivered in an accessible
and non-technical vocabulary.

•

Responsibility explanation describes who is involved in the development, management and
implementation of the AI system, and who to contact for a human review of a decision.

•

Data explanation concerns what data has been used in a particular decision and how. Next,
the 'fairness explanation' is about helping people understand the steps you took (and continue
to take) to ensure your AI decisions are generally unbiased and equitable. It also gives people
an understanding of whether or not they have been treated equitably themselves.

•

Safety and performance explanation. In order to help the people understand the measures we
have put in place, and the steps we have taken (and continue to take) to maximise the
accuracy, reliability, security and robustness of the decisions the AI system helps us to make.
It can also be used to justify the type of AI system we have chosen to use, such as comparisons
to other systems or human decision makers.

•

Impact explanation, where the steps taken across the design and implementation of an AI
system are explained in order to consider and monitor the impacts that the use of an AI system
and its decisions has or may have on an individual, and on wider society.

It is worth mentioning that this taxonomy, as among many others in the literature, only provides a
possible classification of the types of explanations given by an AI system in different situations. There
are multiple types of explanations, lying on very diverse concepts and also subject to personal
interpretations. Therefore, this taxonomy is not presented here as rationale for demonstrating internal
decisions about which ones we will be specifically providing in TAPAS. The reason is that a direct
translation of these with the kind of explanations that we will provide in TAPAS is neither trivial nor a
direct process. Also, it has been considered that there are no specific needs or constraints to group
16
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them in such a way across the requirements, and no relevant benefits derived from doing so have been
identified.
Regarding the data used during the TAPAS project development, there will be specific requirements in
order to ensure the transparency of the different data sources used as input for the AI/ML models.
In addition to defining requirements aimed at increasing transparency and explainability, specific
requirements involving appropriate visual representations and interaction techniques will be provided
in some cases to the user in order to identify patterns of interest. These requirements are meant to
provide enhanced ways to explore situations, solutions and features/objectives driving solutions. Also,
suitable functional requirements will be also proposed, aiming at providing meaningful context for the
presented transparency requirements.
For the sake of clarity and simplicity, the Functional Roadmap (as defined in [2]) and the Use Case
Diagram (as defined in [1]) for the ATFCM and CD&R (Executive Controller) use cases are provided
next.

ATFCM Functional Roadmap

Figure 1. TAPAS ATFCM Functional Roadmap

17

D3.1 - USE CASES TRANSPARENCY REQUIREMENTS

Figure 2. ATFCM Use Case Diagram
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CD&R (Executive Controller) Functional Roadmap

Figure 3. TAPAS CD&R (Executive Controller) Functional Roadmap
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Figure 4. CDR Use Case Diagram (Tactical Separation)
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4 Transparency Requirements
This section transforms the objectives to be achieved across the main flow of the ATFCM and CD&R
use cases into a set of requirements. These will help foster, whenever is possible, the transparency and
explainability of the solutions and the decisions provided by the AI system, aiming at achieving the
Levels 2 and 3 of Automation, as defined in [19].
Section 4.1 is devoted to describe the process followed to derive the transparency requirements from
the functions conducted over the ATFCM and CD&R use cases, as well as other considerations
regarding the structure, organization and content of the transparency requirements in this document.
Sections 4.2 and 4.3 present the transparency requirements for the ATFCM and CD&R use cases,
respectively.

4.1 General Considerations About the Transparency Requirements
4.1.1 Transparency Requirements Derivation Process
The approach followed to derive the transparency requirements is mainly based on going through the
set of activities within the ATFCM and CD&R use cases, and to identify where a ‘delta’ occurs. A ‘delta’
is defined as a change in the actor conducting a function within the use case workflow. For example, a
function that was formerly conducted by the human and now it is intended to be automated, and
therefore conducted by the machine. The ‘deltas’ are identified from Automation Level 1 to
Automation Level 2, and from Automation Level 2 to Automation Level 3. Generally, transparency
requirements shall be provided whenever a ‘delta’ is identified. The reason is that the new automation
processes to be implemented must be impregnated with transparency by means of adequate
requirements. Figure 5 identifies the ‘deltas’ for the ATFCM use case.

Figure 5. Identifying ‘Deltas’ across the different Automation Levels for the ATFCM use case
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The underlying idea that allows extracting and deriving transparency requirements is based on
identifying the main actors who are involved in the scenario to be automated. Later, the scenario must
be thoroughly analysed by understanding the set of possible casuistic, characteristics, important
features, interactions between possible actors, flow of the action and other interesting elements that
might be involved in the process of automating the scenario. Then, the goal is to accurately translate
those identified elements into actionable requirements with potential to foster the transparency and
explainability of the solutions given by the machine as part of the automation processes.
Accurate transparency requirements, if considered for implementation as part of automation
processes, are expected to help a wide range of human actors (e.g., operators, regulators, supervision
authorities and society in general) to build trust in an AI system as well as to better understand its
solutions, with the ultimate goal of making humans more efficient decision-makers.

4.1.2 Structure, Organization and Content of the Transparency Requirements
Within each use case, the transparency requirements are firstly organized by levels of automation.
Each of the two automation levels is given an independent section that groups the corresponding
transparency requirements. At the beginning of each automation level, a definition of the automation
level is given for the reader to understand the role of the human operator and the machine.
The next level of organization is by the activity within the use case flow. This means that, in order for
the requirements to refer to specific actions of an activity, and also to keep temporal coherence over
the use flow, the transparency requirements are listed within subsections that correspond to the
different activities of the use case. In the case that there are other requirements, which might not be
necessarily attached to a specific activity, they will be listed under a separate section called 'Other
requirements'.
Regarding the content of the requirements, it is worth mentioning that the requirements will also
sometimes involve appropriate visual representations as well as functional aspects, aiming at providing
meaningful context for the transparency and explainability requirements.
Requirements purely involving transparency and explainability aspects will be referred as ‘REQATFCM-TXXX’ or ‘REQ-CDRE-TXXX’, respectively for the ATFCM and CD&R use cases. Those
requirements focused on visual representations (which might also include functional aspects in some
cases) will be identified as ‘REQ-ATFCM-VXXX’ or ‘REQ-CDRE-VXXX’, respectively for the ATFCM and
CD&R use cases. The ‘XXXs’ refer to the numbering provided below. Both types of requirements shall
ensure that the overall objectives of the project are adequately fulfilled. For the sake of legibility, for
specific automated actions carried out by the AI system across the different automation levels we will
be using some names and abbreviations referring to specific automation modules or processes. The
Local Traffic Manager is referred as the LTM, and the Executive Controller as the EC.
Considering the exploratory nature of this research project, the main objective at the completion of
the project will be to thoroughly evaluate which requirements are fully or partially satisfied and which
ones cannot be met at this stage, together with the identification of potential gaps. These learned
lessons will, hopefully, help us extract some valuable insights in order to derive principles and
recommendations regarding the increase of transparency and explainability for different automation
levels in specific ATM scenarios.
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4.1.3 Transparency Decisions
The nature, quantity and timing of the transparency provided by the XAI prototype developed and
implemented in TAPAS rely on several aspects, presented next. There is no yet a universal and widely
agreed definition for the term 'transparency' in AI, thus we consider that this term should be merely
understood as a simplification concept of all those elements that foster and contribute to the
understanding of the solutions given by the prototype to the end user. For instance, these elements
sometimes come in the shape of adequate explanations (e.g., visual, textual, examples) giving rationale
or understanding to some decisions behind automation processes, some others they are specific
parameters/indicators/values that had importance in the outcome of an optimization process, as well
as different visualisations intentionally devised to visually stimulate and facilitate the human's
comprehension of a task involving multiple parameters or multidimensional values.
In order to adequately provide transparency to the different situations and tasks given across the
ATFCM and CD&R use cases, valuable feedback provided by different ATCOs experts and members of
our Advisory Board has been considered in order to define how transparency must be provided by
means of the requirements presented in Section 4.2 and 4.3. This feedback is mainly related to aspects
such as how many different levels of transparency should be provided, how the criticality of the action
might impact the required transparency, as well as the time-horizon in which the action takes place.
In general, the most important elements that we have identified and considered in order to provide
different degrees of transparency to the requirements are those related to:
•
•
•
•
•

Time-horizon: ranging from Pre-tactical (D-1) to Tactical D0
Criticality: safety critical, non-safety critical
Complexity: there are tasks that are more demanding in terms of cognitive load than others.
Accuracy: the accuracy provided by the XAI prototype might vary for the different tasks, and
this aspect must be considered to provide more or less degree of transparency to the end user.
Uncertainty: the higher the uncertainty associated to a solution, the higher transparency might
be needed.

These elements, although not explicitly mentioned and highlighted in the requirements, have been
assessed and considered when designing and tailoring the requirements.

4.1.3.1 Timing
Regarding the timing, we distinguish two major ways to tender transparency to the end-user:
▪

▪

Off-line transparency. This involves providing any means of transparency -pre or -post the
operational action. For example:
o -Pre might refer to the training process of ATCOs in which they are instructed and
taught on how to operate with specific tools.
o -Post might refer to the fact of providing transparency once a specific event has
occurred and so the end-user requests some transparency in order to possibly
understand the outcome of a process. For example, in case of formal post-ops
investigations after an operational incident.
On-line transparency. This involves providing any means of transparency during the
operational action itself. This can be seen as real-time transparency supply.
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4.1.3.2 Levels of transparency
In addition, different levels of transparency to be provided, depending on the ongoing action, have
been also defined.
❖ No transparency. Should the solution given by the system be explicative enough or it is known
to be reliable by past experience, then no additional information is needed nor provided.
❖ Transparency on demand. The system may provide additional information to explain the
solution reached, if requested by the human operator. For example, human operators should
be able to ask for rationale at any time, or to request explanations on what happened when
certain solutions go out of the acceptable frame. The decision to ask for further justification
about the proposals/decisions of the system should remain with human operators, depending
on the operational context. This level also encompasses the possibility of 'switching off' or
'disabling' the provided transparency, if the operator is not trusting it. For example, it might
be that if transparency is provided all the time, excessive workload will add up to the cognitive
task without a possible benefit for the operator.
❖ Transparency by default. The system acknowledges the unusual condition of a solution
reached and provides, by default, transparency on it.
It is worth highlighting that, in TAPAS, priority will be given to the levels 'On Demand' and 'By Default'
because we want to explore and experiment with these ways of providing transparency for the ATFCM
and CD&R operational use cases. 'No transparency' is certainly interesting, but firstly we are interested
in focusing on diverse ways of providing transparency.

4.1.3.3 Decisions derived by expert feedback
Once these aforementioned concepts have been presented, some decisions have been taken,
motivated by the diverse insight derived from the expert feedback.
▪

Regarding the timing:
✓ Pre-tactical FMP at D-1 can manage very complex situations at the network level and therefore
he/she needs to understand the solution or alternative of solutions proposed. She/he has time
to analyze in detail the on-line explanations and other transparency elements. There is no
pressure, it is non-safety critical.
✓ Tactical controller at D0 manages conflict resolution with a more limited number of
parameters, but indeed the tasks that he/she conducts are safety critical to be done potentially
under varying levels of pressure: therefore, there is little or no time for on-line explanation.
But she/he needs to understand the logic of the resolution to take action. This involves offline transparency.

→ From these takeaways it can be outlined that the transparency provided by the
requirements over non-safety critical use cases can apply under the on-line schema, while safety
critical use cases should take place under an off-line schema of transparency.
▪

Regarding the levels of transparency:
✓ In non-safety critical scenarios, the transparency is generally provided by default, with the
option to disable or enable (on demand) the transparency, if requested by the human
operator.
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✓ In safety critical scenarios, the transparency is always provided by default (in -pre operations),
and on demand during and -post operations.
→ To comply this, the requirements presented in the next section are individually associated
to an identifier that indicates the level of transparency required (No transparency: NT; On demand:
OD; By default: BD). For example:
•

REQ-ATFCM-T001-BD. The LTM shall be provided with the most effective DCB
measure (or combination of DCB measures) to solve the hotspot.

Figure 6 summarizes the aforementioned decisions in a more intuitive way.

Figure 6. Levels of transparency proposed for the ATFCM and CD&R use cases
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4.2 Air Traffic Flow and Capacity Management (ATFCM)
4.2.1 Level 2 of Automation - Task Execution Support
Definition. Automation supports the human operator in information acquisition and exchange,
information analysis, action selection and action implementation for some tasks/functions. Actions are
always initiated by Human Operator. Adaptable/adaptive automation concepts support optimal sociotechnical system performance.

4.2.1.1 Analysis of the imbalances detected - Identification of hotspots/optispots
The requirements provided for these two tasks, 'Analysis of the imbalances detected' and
'Identification of hotspots / optispots' are grouped together in this subsection. The functionality that
they describe are both part of the same automation process, which is here proposed to be achieved
by a simple rule-based system that will identify hotspots and optispots. So, specific distinction between
both tasks is not required.
•
•

REQ-ATFCM-T001-BD. The LTM shall be provided with the set of decision rules that led to the
identification of a hotspot or optispot.
REQ-ATFCM-T002-BD. Should a decision tree be built as part of the rule-based system, the LTM
shall be provided the complete decision tree containing the rules regarding the identification of a
hotspot or optispot.

4.2.1.2 Sector visualizer
The following requirements are provided as a means to explore the enhancement in the visualization
of the congestion of the sectors, whenever required.
•
•

REQ-ATFCM-V003-BD. In order to alleviate the congestion of sectors that are cluttered and
overloaded with multiple individual aircraft trajectories, the LTM should be provided with effective
visualization means in order to make the visualization clearer and more understandable.
REQ-ATFCM-V004-BD. Trajectories should be clustered by a proper similarity measure and,
depending on different density (number of trajectories) thresholds, a group of similar trajectories
will be represented by one single, wider and bigger trajectory flow.

4.2.1.3 Preparation of DCB measures to solve the hotspot
At this stage, and for the sake of legibility, it is worth highlighting that Capacity Measures are out of
the scope of TAPAS project identified use case. Therefore, DCB measures (as mentioned from now on)
will only refer to Demand measures. In addition, unless otherwise indicated, level-capping and delays
are jointly referred as DCB measures.
•
•
•

REQ-ATFCM-T005-BD. The LTM shall be provided with the most effective DCB measure (or
combination of DCB measures) to solve the hotspot.
REQ-ATFCM-T006-BD. The LTM shall be provided with the most relevant output parameters that
influence the most in determining the proposed DCB measure (or combination of DCB measures).
REQ-ATFCM-T007-BD. Should any kind of importance be given to some input parameters used in
the determination of the DCB measures, this information shall be explicitly provided to the LTM in
form of explanations.
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•
•

•

•
•
•

REQ-ATFCM-V008-OD. Additionally to REQ-ATFCM-T005-BD, the LTM shall be provided with a
preliminary visualization on the display (s) of alternative and backup solutions representing other
‘n’ most effective DCB measures to solve the hotspot.
REQ-ATFCM-V009-OD. This preliminary visualization should include a motion-based
representation of the specific action to be taken (e.g., level-capping or a delay), complemented
with a textual display containing the following parameters:
▪ A metric that measures the effectivity of that DCB measure to solve the hotspot
▪ On-load Areas
▪ Off-load Areas
▪ Flights involved and related flight information
REQ-ATFCM-T010-BD. The LTM shall be provided with explanations regarding the inner reasons of
proposing some DCB measures over others.
✓ For example, 'It has been concluded that, for this current situation, level-capping is able to
solve this specific hotspot in a shorter time and more accurately than a horizontal rerouting; or 'It has been concluded that level-capping and horizontal re-routing are not
going to solve the hotspot, but this specific ATFCM regulation on three flights would be
more effective'.
REQ-ATFCM-T011-BD. The LTM shall be provided with explanations containing detailed
information on how the proposed DCB measure (or combination of DCB measures) impact (s) on
other sectors.
REQ-ATFCM-T012-BD. The LTM shall be provided with a list of the most impacted sectors by the
proposed DCB measure (or combination of DCB measures).
REQ-ATFCM-T013-BD. The LTM shall be provided with explanations and parameters in order to
reinforce the trust of the LTM in the AI system in potential counterintuitive situations (to be
identified during the validation phase) for the LTM.

Selection of candidate flights
As part of the selection of the candidate flights or flows impacted by the DCB measures, a trade-off
process considering different aspects, such as the provided benefits, number of affected flights, and
how long those flights will be affected by the DCB measure (or combination of proposed DCB
measures) is assumed to be conducted. The following requirements are derived:
•
•
•
•

•

REQ-ATFCM-T014-BD. The LTM shall be provided with explanations for her/him to understand the
details of the inner process followed during the trade-off process.
REQ-ATFCM-T015-BD. The LTM shall be provided with all the parameters for her/him to
understand the details of the inner process followed during the trade-off process.
REQ-ATFCM-T016-BD. The LTM shall be provided with a list of the candidate flights or flows
impacted by the DCB measure (or combination of proposed DCB measures), along with
explanations informing about the key parameters involved in the decision for the selection.
REQ-ATFCM-T017-BD. The LTM shall be provided with several alternative solutions to the
candidate flights or flows impacted by the DCB measure (or combination of proposed DCB
measures), along with explanations informing about the key parameters involved in the decision
for the selection.
REQ-ATFCM-T018-BD. The LTM shall be provided with the expected benefits obtained, in the
sector and other possible sectors, by the different proposed solutions.
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•
•
•
•

REQ-ATFCM-T019-BD. The LTM shall be provided with relevant values informing about the total
number of affected flights for the different proposed solutions.
REQ-ATFCM-T020-BD. The LTM shall be provided with relevant values informing about how long
those flights will be affected by the DCB measure (or combination of proposed DCB measures) for
the different solutions.
REQ-ATFCM-T021-BD. The LTM shall be provided with relevant values informing about how many
different airlines are impacted in the different solutions.
REQ-ATFCM-T022-BD. Should there be any other type of valuable information that can help the
LTM make accurate comparisons between the different solutions to make final choices, this
information shall also be identified and provided by the system.
✓ For example, the LTM shall count on accurate and up-to-date information to avoid the possible
situation of causing harm to some airlines by implementing DCB measures on a large number
of aircraft from a specific airline, instead of first prioritizing fairer and more balanced measures.

Analysis of the DCB measure impact – What-if
In this task, a Projection Module (PM) is proposed to allow establishing the technical basis in order to
help later on to provide answers fostering transparency issues for relevant questions on impact, such
as:
✓ 'Would the LTM increase her/his trust in a DCB measure (of uncertain result) if she/he first
sees, analyses and assesses the consequences of that action?'
✓ 'What would be the impact on the network if the LTM decides to implement a DCB measure
(or combination of DCB measures) that explicitly contradicts the recommended suggestion by
the AI system (e.g., assign another delay to a flight, or apply no level capping to another
flight)?'
✓ 'What would be the result in case that some flights are constrained to a specific set of
regulations (e.g., to get only ground delay, or to get only a level capping, or to be constrained
to get a limited delay etc)?'
✓ 'What would happen if some flights (e.g., a specific flow crossing a sector for a period of time)
get a constraint on possible DCB measures (e.g., apply only level capping to those flights
during a specific period of time)?'
•

•
•
•
•

REQ-ATFCM-T023-BD. The LTM shall be provided with a PM that allows the implementation of
hypothetical DCB measures (or combination of DCB measures) in order to project, beforehand,
their consequences, as well as analysing and assessing the expected impact on the network and
potential benefits obtained, in the sector and other possible sectors, by the DCB measure.
REQ-ATFCM-V024-BD. The PM shall provide a suitable visualization depicting the expected effect
of the implemented DCB measure so that the LTM can quickly and intuitively comprehend the
possible consequences of his/her actions in the resolution of the active hotspot (s).
REQ-ATFCM-T025-BD. In the case of not solving the hotspot, the PM shall provide explanations
informing about the underlying reasons of the failure in solving the spot.
REQ-ATFCM-T026-BD. In the case of not solving the hotspot, the PM shall provide explanations
suggesting alternative DCB measures which might help solve the hotspot.
REQ-ATFCM-T027-BD. The PM shall provide a list of the most important parameters involved in
the resolution state of the hotspot.
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•
•

REQ-ATFCM-T028-BD. The PM shall allow setting up different parameters (e.g., hyperparameter
tuning) to be used as input to the ML algorithms, and re-running simulations in order to evaluate
the diversity of the possible solutions, as well as their potential impact on the network.
REQ-ATFCM-T029-BD. In the case of implementing ATFCM regulations involving specific
Regulation Period, Regulation Width and Regulation Rate, the PM shall provide the LTM with the
following parameters so that he/she can understand the real magnitude of the expected impact
and make pertinent decisions.
▪ Occupancy Counts
▪ Hourly Entry Counts
▪ Total delay
▪ Average delay per flight
▪ Estimated additional flown distance

4.2.1.4 Hotspot Resolution monitoring
A Hotspot Resolution Monitoring Module (HRMM) will be implemented for the automation of this task.
The following requirements involving explainability and transparency have been identified.
•
•
•
•

REQ-ATFCM-T030-BD. The HRMM shall provide the LTM with up-to-date and relevant parameters
in real-time to help the LTM univocally understand what the current resolution state of all the
active hotspots is (e.g., number of flights over the declared capacity).
REQ-ATFCM-T031-BD. Should the HRMM detects potential deviations, a list possible corrective
actions shall be provided to the LTM for further assessment.
REQ-ATFCM-T032-BD. Should the resolution of a hotspot be not resolved within D-1, the HRMM
shall provide accurate and explanations stating the underlying reason (s) of why it has not been
resolved.
REQ-ATFCM-T033-BD. Should the resolution of a hotspot be not resolved within D-1, the HRMM
shall textually suggest initiate action(s) for preparation of alternative DCB measures (or
combination of DCB measures) in order to solve the hotspot, taking into account the current
situation of the network.
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4.2.2 Level 3 of Automation – Conditional Automation
Definition. Automation supports the human operator in information acquisition and exchange,
information analysis, action selection and action implementation for most tasks/functions.
Automation can initiate actions for some tasks. Adaptable/adaptive automation concepts support
optimal socio-technical system performance.
This section focuses on the requirements produced when there is a delta from automation level 2 to
automation level 3. The requirements already presented above still apply.

4.2.2.1 Declaration of hotspots / optispots
At this point, a hotspot has been already identified. This task, at Level 3, deals with the decision of
declaring it or not to the NM. Apart from the transparency requirements involved in the decision of
the declaration itself, some other requirements regarding 'Augmented Intelligence' will be also derived
in order to support LTM's comprehension about the rationale behind the final decision made by the AI
system.
•
•
•

•

•

REQ-ATFCM-T034-BD. The LTM shall be provided with the set of decision rules that led to the
declaration, or not, of the hotspot to the NM.
REQ-ATFCM-T035-BD. Should a decision tree be built as part of the rule-based system, the LTM
shall be provided with the complete decision tree containing the rules regarding the declaration,
or not, of a hotspot to the NM.
REQ-ATFCM-V036-BD. In order to complement the information contained in the decision rules,
the LTM should be provided with enhanced visualization means in order to better understand the
analysed hotspot's root cause and complexity. The visualization shall represent key information in
relation to complexity and cause factors, such as:
▪ trajectories
▪ impacts with other sectors
▪ number of flights climbing/descending
▪ number of potential trajectory crossings
▪ number of flows interactions
▪ PRU Complexity Index
▪ Others
REQ-ATFCM-V037-BD. This information shall be displayed into a map and located where required
by using diverse VA tools, along with their numerical values (in form of text). This shall help the
LTM understand in a more analytical objective and transparent way the decision of the AI system
to declare, or not, the hotspot to the NM.
REQ-ATFCM-T038-BD. Should a set of additional parameters (e.g., those that have not been used
in the building of the rule-based system for the identification of hotspots/optispots and might
possibly have some relevance in the decision of declaring a hotspot to the NM. For example,
parameters related to overall network load, or period of the year, etc.) have been used in the
decision of the declaration, they will be provided to the LTM so that he/she can clearly understand
the final decision.
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4.2.2.2 Decision on the DCB measure and flights impacted
The decision of which DCB measure (or combination of DCB measures) must be implemented and
which flights are impacted is to be made by an AI-based automation model. The following
requirements have been identified regarding this task:
•
•
•

•
•
•
•
•
•
•

REQ-ATFCM-T039-BD. The LTM shall be provided with explanations containing the inner reason
(s) about which DCB measure (or combination of DCB measures) has (have) been selected for
implementation.
REQ-ATFCM-T040-BD. The LTM shall be provided with the set of the parameters that influenced
the most in the final decision.
REQ-ATFCM-T041-BD. Should the AI system identified more than one DCB measure that are very
similar in likelihood in terms of solving the hotspot (and so both are highly susceptible for being
selected for implementation), the LTM shall be provided with explanations highlighting the
differences that led it made the decision.
REQ-ATFCM-T042-BD. The LTM shall be provided with a list of the flights impacted by the final
selected DCB measure (or combination of DCB measures).
REQ-ATFCM-T043-BD. The LTM shall be provided with information regarding how long the flights
are to be impacted by the selected DCB measure (or combination of DCB measures).
REQ-ATFCM-T044-BD. The LTM shall be provided with a list of the most impacted airline (s).
'Impacted' means those airlines whose aircraft are directly affected) by the selected DCB measure
(or combination of DCB measures).
REQ-ATFCM-T045-BD. The LTM shall be provided with the most relevant parameters that
influence the most in determining the ordering of the airline (s) ranking.
REQ-ATFCM-T046-BD. The LTM shall be provided with a list of the most impacted sector (s) by the
selected DCB measure (or combination of DCB measures).
REQ-ATFCM-T047-BD. The LTM shall be provided with the most relevant parameters regarding the
decision of which sectors are the most impacted by the selected DCB measure (or combination of
DCB measures).
REQ-ATFCM-T048-BD. The LTM shall be provided with explanations to the question: 'How the
selected DCB measure (or combination of DCB measures) can impact or create new and unexpected
future possible hotspots?

31

D3.1 - USE CASES TRANSPARENCY REQUIREMENTS

4.2.2.3 Implementation of DCB measures
This task refers to the final the implementation of the selected DCB measure (or combination of DCB
measures) into the Network Manager.
•
•

REQ-ATFCM-T049-BD. The LTM shall be provided with an explanation confirming that the DCB
measure (or combination of DCB measures) has (have) been successfully implemented in the
system, as well as providing the flights impacted register.
REQ-ATFCM-T050-BD. The LTM shall be provided with explanations informing about the reason
(s) about why the implementation of the DCB measure (or combination of DCB measures) in the
system has failed, as well as providing insight on further actions to take.

4.2.2.4 Other requirements
The following set of requirements have been also identified but they have not been explicitly grouped
in none of the previous subsections. The reason is that can apply in different situations and it has been
considered that the AI system should also contains suitable functionalities which allow it to provide
clear explanation and reasoning to the situations they involve.
•
•
•
•
•
•
•

REQ-ATFCM-T051-BD. The LTM shall be provided with explanations regarding what is/are the
ATFCM regulation(s) applied to any single flight.
REQ-ATFCM-T052-BD. The LTM shall be provided with explanations regarding what is the joint
ATFCM regulation(s) being applied to a subset of flights (e.g., those crossing a specific sector within
a period).
REQ-ATFCM-T053-BD. The LTM shall be provided with explanations regarding what are the ATFCM
regulations on flights satisfying specific criteria.
REQ-ATFCM-T054-BD. The LTM shall be provided with explanations regarding what are the flights
that can be mostly affected by hotspots.
REQ-ATFCM-T055-BD. The LTM shall be provided with explanations regarding what are the ATFCM
regulations applied on sectors in different periods.
REQ-ATFCM-T056-BD. The LTM shall be provided with explanations regarding how hotspots are
linked in terms of flights crossing the corresponding sectors.
REQ-ATFCM-T057-BD. The LTM shall be provided the inner reasoning considered in support of the
assessment of the criticality of a hotspot to the overall situation.
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4.3 Conflict Detection and Resolution (CD&R, Executive Controller)
This document gives priority to the role of the Executive Controller (EC) in the CD&R use case. The main
reason is that the EC's role is essential because it is the main responsible of any safety related incident
within the sector. Therefore, this document addresses the requirements corresponding to the EC tasks.
Afterwards, the results obtained in the case of the EC will be analyzed in order to find out and assess
to what extent those results are totally, or partially, applicable to the Planner Controller (PC) tasks.
Next figure shows the delta’s where adequate requirements are provided across the following
subsections.

Δ

Δ
Δ
Δ
Figure 7. Identifying ‘Deltas’ across the different Automation Levels for the CD&R (Executive) use case

4.3.1 Level 2 of Automation - Task Execution Support
4.3.1.1 Assessment of the planned and desired trajectory profile
The evaluation of each aircraft desired profile against the current trajectory to comply as much
practicable as possible with the Airspace Users’ preferences is done in this step. The following
requirements have been identified in this task:
•
•

•
•
•

REQ-CDRE-T058-OD. The EC shall be provided with all the parameters that had impact during the
evaluation step of the planned against the current trajectory profile.
REQ-CDRE-T059-OD. The EC shall be provided with simple explanations, highlighting and
comparing the numerical differences in magnitude produced for a same type of parameter (e.g.,
cruise requested flight level vs. actual flight level, cruise requested speed vs. actual speed)
between the planned and the current trajectory profile.
REQ-CDRE-V060-OD. The EC shall be provided with appropriate visualization means in order to
visually quantify the resulting gap between the planned and the current trajectory profile.
REQ-CDRE-T061-OD. The EC shall be provided with explanations informing about the possible
reason (e.g., restrictions applied by upstream sectors, etc.) of the gap between the planned and
the current trajectory profile.
REQ-CDRE-T062-OD. The EC shall be provided with all the relevant parameters that might have
impacted/led to the current gap between the planned and the current trajectory profile.
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4.3.1.2 Identification of potential conflicts
This task is devoted to identifying all the potential conflicts between the aircraft inside the EC’s AoR.
This function is already automated in Level 1, but transparency focused on why the system identified
a particular conflict situation is required.
•

•

•
•

REQ-CDRE-T063-OD. The EC shall be provided with an explanation describing what is the flight
state (climb, cruise, descent) that has been considered in the conflict identification process
(i.e., the flight state expected when the separation minima is breached), as well as possible
corresponding parameters of importance.
REQ-CDRE-T064-OD. The EC shall be provided with an explanation describing what is the most
critical type of violation and severity corresponding to the identified conflict (horizontal or
vertical separation), as well as possible identified corresponding parameters (e.g., how much
the horizontal separation, or the vertical separation will be violated).
REQ-CDRE-T065-OD. The EC shall be provided with information stating if the aircraft speed has
influenced or caused the identified conflict and to what extent
REQ-CDRE-T066-OD. Should the EC be unaware of in which specific sector a conflict has been
identified, he/she shall be provided with this information.

4.3.1.3 Identification of conflict resolution strategies and clearances proposal
In this task, an AI-based automation model will propose different conflict resolution strategies (e.g.,
flight level change, speed restriction, vectoring, direct to, etc.) for all the conflicts identified in the EC’s
AoR. The model will also elaborate the most appropriate ATC clearance to be given to the Cabin Crew.
The following requirements have been identified in this task:
•
•

•

•

•
•
•

REQ-CDRE-T067-OD. The EC shall be provided with metrics that accurately quantify the
uncertainty around the flight trajectories.
REQ-CDRE-T068-OD. The EC shall be provided with parameters related to efficiency (flight and
time efficiency) along with an explanation that accurately quantifies and describes to what extent
these parameters influence the final decision of the most effective conflict resolution strategies.
REQ-CDRE-T069-OD. The EC shall be provided with an explanation that accurately quantifies and
describes to what extent the aircraft’s ground speed influences the final decision of the most
effective conflict resolution strategies.
REQ-CDRE-T070-OD. Should weather data be available, the EC shall be provided with the
parameter wind speed along with an explanation that accurately quantifies and describes to what
extent this parameter influences the final decision of the most effective conflict resolution
strategies.
REQ-CDRE-T071-OD. The EC shall be provided with adequate metrics informing about the
expected accuracy or likelihood of the proposed strategies to resolve the conflict.
REQ-CDRE-T072-OD. The EC shall be provided with the flights impacted by the proposed conflict
resolution strategies.
REQ-CDRE-T073-OD. The EC shall be provided with a quantification of the impact caused by the
proposed conflict resolution strategies (e.g., metric indicating negative deviations from planned
route).
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•

•

•

•

•

•

•

•

•
•

•

REQ-CDRE-T074-OD. The EC shall be provided with adequate values informing about how long
those flights will be affected by the proposed conflict resolution strategies (e.g., when the flights
will resume their planned route).
REQ-CDRE-T075-OD. Should the resolution of a critical conflict be prioritized over another, the EC
shall be provided with explanations clearly stating the reason (s) for such priority (e.g., time to
conflict, conflict severity), as well as highlighting the possible consequences in case that it is not
successfully resolved.
REQ-CDRE-T076-OD. The EC shall be provided with all the additional information that has been
used (if so) to calculate the most effective conflict resolution strategies.
✓ For example, ‘Some conflicts must be resolved as soon as possible (e.g., time factor) in
order to prevent more impactful problems in the future’.
✓ For example, ‘The current traffic congestion might also have impact on the proposal of
some conflict resolution strategies’.
REQ-CDRE-T077-OD. The EC shall be provided with explanations describing the underlying reasons
of proposing one conflict resolution over another. These shall cover aspects like the likelihood of
triggering secondary conflicts and the expected benefit in terms of flight efficiency, time efficiency,
ATCo workload, etc.
✓ For example, 'It has been concluded that, for this current situation, a flight level change
will result in an unnecessary fuel burnt, but speed restriction to 0.75 Mach would be more
efficient.'; or giving detailed rationale about why a specific vectoring would involve high
workload and so performing a flight level change would be preferable in specific situations.
REQ-CDRE-T078-OD. The EC shall be provided with explanations containing insights on to what
extent the proposed conflict resolution strategies manage to reconcile with original planned
trajectory.
✓ For example, ‘has the flight reached the planned cruise level and final speed?’, ‘Is the flight
close to the top of descent?’
REQ-CDRE-T079-OD. Should the proposed conflict resolution strategies might generate additional
conflicts (in-sector or downstream), the EC shall be provided with a list containing all the aircraft
to be affected.
REQ-CDRE-T080-OD. Should the proposed conflict resolution strategies might generate additional
conflicts (in-sector or downstream), the EC shall be provided with explanations describing in detail
the potential impact on other aircraft and in the overall traffic situation.
REQ-CDRE-T081-OD. Should the proposed conflict resolution strategies might generate additional
conflicts (in-sector or downstream), the EC shall be provided with explanations including
parameters about the conditions of the conflicts occurrence (e.g., location, horizontal and vertical
separation at CPA, time to CPA).
REQ-CDRE-T082-OD. Should the proposed conflict resolution strategies might generate additional
conflicts (in-sector or downstream), the EC shall be provided with their likelihood of occurrence.
REQ-CDRE-T083-OD. The EC shall be provided with information describing what is the planned
flight plan of the different aircraft involved in the conflict, after the potential conflict time and
location.
REQ-CDRE-T084-OD. Should the proposed conflict resolution strategies might generate additional
conflicts (in-sector or downstream), the EC shall be provided with explanations describing
alternative solutions and actions in order to mitigate or prevent the occurrence of such conflicts.
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•

•

•
•
•
•
•

REQ-CDRE-T085-OD. The EC shall be provided with explanations describing why a conflict
resolution strategy has failed, as well as the expected location, horizontal and vertical separation
at CPA, and time to CPA.
REQ-CDRE-T086-OD. The EC shall be provided with explanations detailing the inner mechanism for
generating the most appropriate clearance. The explanation shall give rationale about the
automation process in terms of how the proposed resolution strategies and the agreed exit sector
conditions influence the decision for the proposed ATC clearance.
REQ-CDRE-T087-OD. The EC shall be provided with explanations about how the selected clearance
complies with the agreed restrictions and/or coordination conditions.
REQ-CDRE-V088-OD. The EC shall be provided with an appropriate visualisation of unexpected
deviations.
REQ-CDRE-V089-OD. The EC shall be provided with an appropriate visualisation for conformance
monitoring related aspects.
REQ-CDRE-V090-OD. The EC shall be provided with an appropriate visualisation of all conflicts at
the time of their appearance, focusing on those that are going to be resolved.
REQ-CDRE-V091-OD. The EC shall be provided, on demand, with an appropriate 3D visualisation
of the expected conflict. This visualization must represent, intuitively, the following parameters:
o Horizontal separation at CPA
o Vertical separation at CPA
o Time to CPA
o A depiction of the trajectories of the different aircraft involved in the conflict, from the
time of request up to the expected CPA
o Flight levels and speeds for the different aircraft

4.3.1.4 Conformance monitoring resolution
In this task, the AI-based automation model will deal with the resolution actions to be applied when a
conformance monitoring alert is issued, including the ATC clearances to be implemented. The inputs
are the Conformance monitoring alerts, and the generated outputs are the conformance resolution
action and ATC clearances. This function is subject to the same requirements as the conflict resolution
function described previously. Additionally:
•

REQ-CDRE-T092-OD. Should the identified conflict, for which a resolution has been already
proposed, be caused by a non-conformance of the ATC clearance, this information shall be
provided to the EC.
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4.3.2 Level 3 of Automation – Conditional Automation
4.3.2.1 Clearances implementation
This task refers to the implementation of the selected ATC clearances in the corresponding ATC control
system.
•

•

REQ-CDRE-T093-OD. Should a flight be deviated from a given ATC clearance and any conflict (s) is
(are) triggered, the EC shall be provided with explanations informing about the potential impact
that such conflict (s) might cause in-sector or downstream.
REQ-CDRE-T094-OD. Should a flight be deviated from a given ATC clearance and any conflict (s) is
(are) triggered, the EC shall be provided with possible actions to take.
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5 Next Steps
Once the transparency requirements corresponding to each of the automation levels for the ATFCM
and CD&R use cases have been defined, TAPAS WP04, will consider these requirements as input for
the implementation of the AI/ML models to be used.
The aim is to comply with the level of explainability and transparency defined in this document.
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