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TAPAS   
TOWARDS AN AUTOMATED AND EXPLAINABLE ATM SYSTEM 

This document is part of a project that has received funding from the SESAR Joint Undertaking under 
grant agreement No 892358 ǳƴŘŜǊ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀrch and innovation 
programme. 

 

 

Abstract  

This document presents the final version of the TAPAS deliverable D5.2 Validation Report. It contains 
the results of the ATFCM and CD&R experiments carried out under the umbrella of TAPAS project. 

Several Human-in-the-Loop (HITL) Real Time Simulation (RTS) were performed for both ATFCM and 
CD&R use cases involving operational experts to validate eXplainable Artificial Intelligence (XAI) 
decision support components working in scenarios at different levels of automation (level 1, 2 and 3). 
Th HITL validation experiments were used to extract conclusions and principles for transparency and 
explainability when deploying automation based on these types of AI tool. However, as the TAPAS 
activity remains an exploratory research project with a low TRL, the experiments were not designed to 
evaluate the performance of the support tools and focused only on the aspects of explainability 
needed to help operational users comprehend solutions at the different automation levels. 

Different simulation sessions were performed for scenarios at each of the automation levels. In the 
first series of experiments these focused on FMP tasks carried out to support ATM network Demand 
and Capacity Balancing activities in the pre-tactical planning phase. In the second series of experiments 
the focus was in supporting the Conflict Detection and Resolution tasks carried out by Air Traffic 
Controllers in the execution phase. The results obtained from the various simulations are described in 
this VALR at an exercise level, and then aggregated into the global results according to the different 
levels of automation. 
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Deviations from D5.1 TAPAS VALP, as well as conclusions and recommendations for future activities 
are also provided. 
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1 Executive summary 

The TAPAS research aims at using explainability and transparency components to demonstrate how 
Artificial Intelligence (AI) based Decision Support Tools (DST) can be used to assist operators in the 
execution of Air Traffic Flow and Capacity Management (ATFCM) and Air Traffic Control (ATC), Conflict 
Detection and Resolution (CD&R) tasks in a manner that can be understood by a human operator.  

In support of this objective, a set of validation experiments were performed that included prototype 
DST working at varying levels of automation, ranging from the provision of advisory information to the 
automated execution of actions identified by the DST. These tools were accompanied by a dedicated 
set of transparency tools, which provided interactive Visual Analytics (VA) and explanatory 
information, designed to help the human operator to understand the proposed decisions. 

The deployment of AI-based tools is becoming commonplace in many aspects of our daily lives, and 
Air Traffic Management (ATM) is no exception to this phenomenon. In practice, as the ATM system is 
becoming increasingly saturated, enhanced tools which employ AI techniques are being considered to 
help to increase the capacity and resilience of the system through higher levels of automation.  

In this scenario, a fundamental change in the automation approach from classical human-machine 
interfaces (HMI) to potentially richer solutions supported through AI and Machine Learning (ML) 
techniques is proposed. However, a significant challenge related to AI/ML solutions is the fact that 
these types of tools tend to be based on complex mathematical and highly recursive, deep searching, 
ǇŀǘǘŜǊƴ ƳŀǘŎƘƛƴƎ ŀƭƎƻǊƛǘƘƳǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ΨƭŜŀǊƴƛƴƎΩ ǇǊƻŎŜǎǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘƛǎ Ŏŀƴ ǊŜƴŘŜǊ ǘƘŜƳ ŘƛŦŦƛŎǳƭǘ 
to comprehend by human users. 

Using ΨeXplainable !LΩ ό·!Lύ ǘŜŎƘƴƛǉǳŜǎΣ ǎǳǇǇƻǊǘŜŘ ōȅ ŜƴƘŀƴŎŜŘ Visual Analytics, it is expected that the 
reasons why certain solutions are being proposed by the DST can be presented in an understandable 
ǿŀȅ ǘƻ ǘƘŜ ƘǳƳŀƴ ƻǇŜǊŀǘƻǊ ŀƴŘ ǘƘŀǘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŜȄǇƭŀƴŀǘƛƻƴǎ Ŏŀƴ ƘŜƭǇ ōǳƛƭŘ ΨtrustΩ ƛƴ ǘƘŜ ƴŜǿ 
technology as the level of automation increases. We recall that trust in these new AI-based systems is 
paramount if the decisions being made are going to be widely accepted, and a potential lack of 
explainability would be detrimental to their future deployment or certification. 

As a part of the validation process, subjective qualitative and objective quantitative data has been 
collected from a series of Human in the Loop (HITL) simulation experiments. These have been analysed 
to assess the TAPAS concept and research goals as expressed in the validation plan, with a strong focus 
on identifying principles and recommendations relating to transparency needs when using AI solutions. 

In the initial scenarios, the focus was on the ATFCM domain with XAI based DST providing automated 
recommendations at levels of automation ranging from Level 1 to Level 3. A Visual Analytics support 
tool and a prototype FMP client application were also used to assist the human operators for 
explainability and transparency for simulation scenarios that were executed using the INnovative 
Network Operations Validation Environment (INNOVE) [2].  

The second set of experiments provided automated AI based support in the Conflict Detection and 
Resolution activity provided by the ATC Radar/Executive controller with DST also running at the three 
different levels of automation. The XAI based CD&R automation was used to identify conflict situations, 
provide recommended actions, and support conformance monitoring to help users solve ATC problems 
in real-time experiments conducted using the ENAIRE/CRIDA SACTA ATC simulator platform. 
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2 Introduction 

2.1 Purpose of the document 

This document provides the Validation Report (VALR) for experiments performed to support 
explainability and transparency concepts when using XAI automation tools to support Demand-
Capacity Management in the ATFCM domain and the detection of aircraft separation conflicts, 
provision of potential solutions and monitoring of traffic conformance for Radar Controllers during the 
execution phase (CD&R). It describes the results of validation exercises defined in the Validation Plan 
[3] and documents how the objectives included in that plan were achieved.  

Based on additional post-simulation analysis, a set of relevant conclusions, lessons learned, and 
recommendations relating to the principles expressed in the TAPAS ATFM Transparency Requirements 
[4] are provided. 

2.2 Intended readership 

This document is intended to be used by: 

¶ SJU programme managers. 

¶ TAPAS project members, in particular partners from WP5 dealing with the execution of the 
validation exercises and the validation report, WP3 related to transparency principles and 
WP4 for the implementation of the transparent AI/ML components and VA support. 

¶ SESAR2020 and the international research community addressing automation in Air Traffic 
Management, Artificial Intelligence, Machine Learning and transparency/explainabiity 
principles. 

2.3 Background 

The TAPAS research will determine how the use of XAI techniques combined with supporting Visual 
Analytics can help to deliver better transparency about how decisions have been reached by the AI/ML 
components supporting automation in ATM. It is expected that these explanations will allow domain 
experts to better understand why those decisions were made. In turn, it is expected that sufficient 
trust and confidence can be established in this type of tool to allow AI-based systems to be certified as 
reliable solutions which can be deployed to support ATFCM and ATC operators in their daily activity. 

It should be noted, however, that as TAPAS remains an exploratory research activity executing at a low 
TRL, ƴƻ ŀǘǘŜƳǇǘ ƛǎ ƳŀŘŜ ǘƻ ǘǊȅ ǘƻ ƛŘŜƴǘƛŦȅ ΨƘƻǿΩ !Lκa[ ōŀǎŜŘ ǎƻƭǳǘƛƻƴǎ Ŏŀƴ ōŜ verified and/or certified. 
TAPAS only focuses on identifying methods by which the process can be explained to human operators 
to help them understand why (and possibly how) decisions have been made and why the proposed 
actions are appropriate. 

TAPAS experiments have been designed in two selected ATM/ATC domains ς the Air Traffic Flow and 
Capacity Management (ATFCM) domain and Air Traffic Control (ATC) domain. These experiments were 
executed in two distinct sets of validation experiments in June 2021 (ATFCM) and March 2022 (CD&R). 
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To execute the ATFCM validation experiments, XAI and VA prototypes were integrated in the INNOVE 
platform - which is a human in the loop simulation and gaming platform, and a prototype FMP client 
working position was developed to allow operators to perform Demand-Capacity Management 
activities in real-time.  

During the execution of the ATFCM experimental scenarios, operators were required to: 

¶ Monitor and manage air traffic demand against the available capacity for all airspace sectors 
located in the Madrid ACC 

¶ Identify overload periods (Hotspots) where demand exceeds the defined capacity thresholds 

¶ Investigate the characteristics of the traffic that contributes to the overloads 

¶ Determine suitable ATFCM solutions that can be applied to mitigate the identified problems 

¶ Apply and test those solutions and assess the results of the mitigation actions 

In the case where the XAI components were used to automatically identify Hotspots in the region and 
optionally propose or automatically implement solutions, the operators were required to:  

¶ Review and validate the Hotspots that were identified by the XAI 

¶ At automation level 2:  

o Select one or more of the proposed solutions and implement them 

¶ At automation level 3: 

o Review the solutions that had been automatically applied by the platform 

¶ Review the explanations provided and the associated Visual Analytics which help to 
understand the choices and solutions being proposed 

¶ Report on their level of understanding of the solutions and their confidence that those 
solutions have been based on reliable reasoning 

For the CD&R validation experiments, the XAI and VA prototypes were connected to the ENAIRE/CRIDA 
SACTA real-time ATC simulator platform, from where they consumed the necessary data to detect 
conflicts, elaborate solutions and present all this information through visual aids to the air traffic 
controllers.  

SACTA is the system that manages ATC in all enroute, approach, and terminal centres in Spain. A replica 
of this ATC platform, installed at the CRIDA premises, was used as a human in the loop simulation 
platform that both manages how aircraft operate in one or more ATC sectors and which provides a 
highly realistic ATC Controller Working Position (CWP). The CWP provides all the same features as the 
actual ATC system used to manage the Spanish airspace. Flight trajectories are calculated using the 
SACTA flight models and control of flights in the region is performed by support staff operating via a 
pseudo pilot interface. In addition, to emulate fully automated execution of conflict resolution 
clearances propƻǎŜŘ ōȅ ǘƘŜ !L ǘƻƻƭΣ ŀ ΨƎƘƻǎǘ ŎƻƴǘǊƻƭƭŜǊΩ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǇƭŀǘŦƻǊƳ ǿƘƻ Ŏŀƴ ƛƳǇƭŜƳŜƴǘ 
the changes being recommended by the DST without the need for the ATC user to intervene. 
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Using the CWP and other SACTA tools, users can perform all the functions that are carried out by both 
the Planner and Executive/Radar Controller for the selected airspace in real-time, including any 
communication that is required with pseudo aircraft pilots that are also connected to the simulator 
platform.  

During the execution of the CD&R experimental scenarios, operators were required to: 

¶ Monitor and manage air traffic as it flies through one of two upper airspace sectors (Toledo 
and/or Domingo upper) located in the Madrid ACC 

¶ Acquire and hand-off flights as they arrive into / depart from the managed sector 

¶ Observe the radar picture and flight plans as traffic progresses through the region 

¶ Monitor aircraft-aircraft separation in the controlled sector and the bordering region  

¶ Identify potential separation issues (with the help of the conflict alerting tool provided by the 
AI component) and prevent collisions between aircraft in flight 

¶ Identify of potential solutions to predicted separation issues, with or without the help of the 
AI automation tool 

¶ Provide of instructions/clearances to traffic to avoid separation losses  

¶ Monitor the traffic compliance to proposed flight plans and any separation management 
instructions provided (manually, using proposed solutions and/or automatically) 

¶ Provide of instructions/clearances to allow traffic to recover its original plan following 
separation management actions towards, or at, the sector exit / transfer point  

¶ Select and execute efficient solutions to traffic separation issues, e.g. through the use of direct 
to solutions or manoeuvres that are as efficient as possible 

¶ Timely deliver conflict avoidance instructions to ensure the safe and efficient conduct of flight 
operations in the region 

¶ Select and implement the most suitable solution being recommended by the AI DST 
(automation level 2) 

Monitor and understand the solutions that have been automatically implemented by the AI 
DST and recovery of control whenever the automatic XAI system fails partially or completely 
to resolve conflicts (automation level 3) 
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2.4 Structure of the document 

The document is structured as follows:  

¶ Section 1 ς Executive Summary 

Provides a short summary of the document. 

¶ Section 2 (this section) ς Introduction 

Describes the purpose of the document, the intended readership, the background, and 
provides explanations of the acronyms used throughout the document. 

¶ Section 3 ς Context of the validation  

Presents the context of the validation and a short description of the experiments, validation 
aspects, objectives, assumptions, etc. 

¶ Section 4 ς Validation results 

Provides the results and achievements of the exercises. 

¶ Section 5 ς Conclusions and Recommendations 

Presents the conclusions of the validation exercise and from the analysis of the results. 

¶ Section 6 ς References 

Provides a list of references. 

¶ Appendix 

Appendix A includes a description of the validation platform and the connected components.  
Appendix B provides detailed results from the XAI automation 
Appendix C contains a description of the VA features. 
Appendix D provides information about the real-time ATC simulation platform used to perform 
the TAPAS CD&R validation exercises 
Appendix E offers an insight into the VA information display provided to support Radar 
Controllers when performing the CD&R process 
Appendix F contains details on how the XAI algorithms were validated 
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2.5 Acronyms 

Term  Definition  

AI Artificial Intelligence 

ANSP Air Navigation Service Provider 

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 

CWP Controller Working Position 

DCB Demand and Capacity Balance 

DDR2 Demand Data Repository 

DST Decision Support Tool 

FMP Flow Management Position 

HITL Human In The Loop 

HMI Human Machine Interface 

INNOVE INnovative Network Operations Validation Environment 

iTEC Interoperability Through European Collaboration  

KPI Key Performance Indicator 

LTM Local Traffic Manager 

ML Machine Learning 

NM Network Manager 

OCVM Operational Concept Validation Methodology 

SESAR Single European Sky ATM Research 

SJU SESAR Joint Undertaking 

TAPAS Towards an Automated and Explainable ATM System 
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Term  Definition  

TBO Trajectory Based Operations 

TRL Technology Readiness Level 

VA Visual Analytics 

VALP Validation Plan 

VALR Validation Report 

XAI Explainable AI 

 

Table 1. Acronyms and terminology 
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3 Context of the Validation 

3.1 Explainable AI/ML automation and VA: a summary 

3.1.1 eXplainable AI (XAI) 

With the advances in computing power that have been seen in the last 5-10 years, the application of 
AI is becoming commonplace for solutions where automated support is concerned. The ATM domain 
is no exception to this. 

AI techniques rely on high powered statistical methods that are usually deeply recursive, which can 
make the understanding and verification of these algorithms a challenge. This is particularly true if 
solutions are to be widely adopted and need to work in safety-critical applications. However, the 
concept of trust in AI solutions still presents a significant challenge which is magnified when safety is 
a concern. Therefore, as the number of AI/ML applications increases, so does the need for them to 
provide additional information to render them trustworthy. 

In response to these challenges, and the need for humans to understand how the AI came to a given 
solution, organisations around the world have set up expert groups to help to elaborate a strategy on 
explaining AI and to consider the societal and trust elements of the technology.  

A remarkable initiative is underway at the US DARPA (Defence Advanced Research Projects Agency), 
which is progressing in creating an XAI framework addressing a variety of techniques and methods 
covering the effectiveness-versus-explainability trade space. In Europe, the EUROCAE and SAE WG-114 
and G-34 working groups have also been developing a set of guidelines for the development, 
certification, and deployment of AI-based tools, particularly in safety critical applications. These 
guidelines all agree that explainability is a major axis for the certification effort for AI-based 
automation. 

 

Figure 1. Explainable Artificial Intelligence (XAI) 
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3.1.2 Visual Analytics (VA) to support transparency 

In the context of TAPAS, Visual Analytics is the use of analytical reasoning, supported by interactive 
visual interfaces to help synthesize complex data and provide a better picture to human operators of 
why certain solutions have been selected by an automated process.  

The VA modules that were developed for the ATFCM use case in TAPAS work in combination with the 
ML/(X)AI components as an integrated prototype. The ML/(X)AI components develop solutions for 
demand-capacity imbalance problems while the VA component provides additional support to allow 
users to explore the problems being addressed and the solutions that have been proposed. 

In this integrated solution, the VA component is used to help ATFCM operators to: 

¶ Understand why problems, such as demand-capacity imbalances, have been identified by the 
automated system. 

¶ Explore the reasons, through visual representation, why the proposed solution is appropriate 
for the problem 

¶ Help the human to understanding how solutions developed by the ML/AI component were 
determined 

 

Figure 2. Snapshot of the VA tool for the ATFCM use case 

For TAPAS, the ATFCM VA component supports the following analytical tasks: 

¶ Gain an overview of a single scenario.  

¶ Compare two or more scenarios that involve the same set of flights.  
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¶ Understand the process of solution development, i.e., see how the ML component modifies 
the flight plans and resolves the hotspots, with each step of the solution development 
represented by a scenario based on the modified flight plans. 

¶ Investigate details for selected scenarios, sectors, time intervals, and subsets of the flights. 

¶ Explore solutions at high level of abstraction and low levels of detail to obtain overviews of 
scenarios, to identify major differences between scenarios, or to track major changes along 
the process of solution development. 

¶ Explore sectors at lower levels of abstraction and higher level of detail, including information 
about individual flights 

For the CD&R exercises, the VA tool is also integrated with the ML/XAI component and connected to 
the ATC platform. In this case, the VA component supports the ATCO in the following analytical tasks: 

¶ Awareness of potential conflicts in the following 7-10 minutes between flights inside the sector 
of focus and in the immediate exit area of that sector.  

¶ Understanding of the conflicts detected, including their severity and main characteristics: 

o Flight IDs and attitude of the aircraft involved in the conflict.  

o Horizontal and vertical separation at the start of the infringement point, closest point 
(CPA) and at the end point. 

o Time of the potential conflict, at the start, CPA and at the end of conflict. 

o Conflicts associated with the new detected conflict, whenever it comes from a 
previous detected one or other resolution action proposed. 

o Severity scores of the conflict and Measure of Compliance with the separation minima 
required.  

o 2D visualisation of the conflicts together with a representation in the Z axis. 

¶ Explore solutions proposed by the XAI algorithm for the specific conflicts. The solutions (direct 
to a WP, change of HDG/FL/speed) are presented through a tab and arranged in a ranking list 
from best to worst solution.  

¶ Impact metrics relating to each solution proposed are also included in the listed solutions. 

¶ Awareness of non-conformance monitoring events through a pop-up window showing the 
aircraft and related condition/s that has/have been violated according to the last available FPL. 
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Figure 3. Snapshot of the VA tool for the CD&R use case 

 

3.2 Summary of the Validation Plan 

3.2.1 Validation Plan Purpose 

The objective of the TAPAS Validation Plan was to set the framework for all the research activities and 
exercises that have been performed by the members of the TAPAS project in two main domains: 

¶ ATFCM ς with a focus on Demand-Capacity Management activities to solve load imbalances in 
the planning phases of ATM network management, using XAI-based automation with VA to 
support transparency and explainability. 

¶ ATCς applying XAI and VA techniques to support automated Conflict Detection and Resolution 
processes during the execution of aircraft flight plans. 

The objectives of the validation, along with any assumptions, and a description of the exercises to be 
performed are provided in the VALP. 

The different domains are addressed using two independent sets of validation experiments, held at 
different times during the research project.  

The ATFCM experiments aimed to allow human operators to work interactively in a realistic pre-
tactical network capacity planning environment at different levels of automation (levels 1 ς 3). The 
operators were asked to identify and solve overloads during the ATFCM planning phase either 
manually (level 1), with partial automation (level 2) where possible solutions are identified but the 
operator maintains the control of whether to apply them or not, and full automation (level 3) where 
proposed solutions are automatically executed by the tools. 
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The focus of the experiments was on the regional Flow Management Position - FMP (also known as 
the Local Traffic Manager - LTM) and, in line with the VALP, the objectives were to understand if 
situational awareness and understanding of the problems identified or being solved by the AI tool was 
sufficiently supported through the explainability and visual analytics components. 

The TAPAS ATFCM VALP also provides traceability between the validation and the research objectives, 
by setting the relationship between the TAPAS ATFCM Use Cases [3] and the corresponding Validation 
Exercises. 

The ATC CD&R experiments offer a much more challenging environment within which to deploy the 
AI-based automation support tools. The aim of the CD&R to allow human operators to work 
interactively in a realistic ATC environment where the DST provides conflict alerting and, according to 
the level of automation (levels 1 ς 3), recommendations for potential clearances that would solve those 
issues, or at the highest level, solve those issue automatically without ATCo intervention. The challenge 
in this role was the short lead time between detection of a problem and the necessary actions needed 
to resolve those issues - which needed to be performed in a very short time-window leading up to the 
identified separation problems. With such a short timeframe, beyond which safety could be 
ŎƻƳǇǊƻƳƛǎŜŘΣ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ±! ΨŜȄǇƭŀƛƴŀōƛƭƛǘȅΩ ŜƭŜƳŜƴǘǎ ƴŜŜŘŜŘ ǘƻ ōŜ ǾŜǊȅ ŎƻƴŎƛǎŜ ŀƴŘ ǇǊƻǾƛŘŜ 
information rapidly to the user, in a manner that could be quickly and easily understood. Furthermore, 
with such a short timeframe between the identification of the conflict and the need to provide suitable 
clearance(s) little or no time was available to allow the user to drill down into the VA support tools to 
discover more detailed information. 

During the exercises, operators were asked to either identify and solve conflicts in the controlled 
sector, either manually (level 1), with partial automation (level 2) where possible solutions are 
identified but the operator maintains the choice of which solution(s) to consider/apply or not, and full 
automation (level 3) where proposed solutions are automatically executed by the tools. 

The focus of the experiments was on the Executive/Radar Controller Position, and in line with the VALP, 
the objectives were once again to understand if situational awareness and understanding of the 
problems identified or being solved by the AI tool was sufficiently supported through the explainability 
and visual analytics components but in the CD&R case, with significant time constraints on the overall 
process. 

The TAPAS VALP also provides traceability between the validation and the research objectives, by 
setting the relationship between the TAPAS ATFCM and CD&R Use Cases [3] and the corresponding 
Validation Exercises. 

3.2.2 Summary of Validation Objectives and success criteria 

No changes were made to the validation objectives and success criteria that were expressed in the 
TAPAS D5.1 Validation Plan Ed 00.01.00 (see VALP section 3.5 [3]). 

3.2.3 Validation Assumptions 

The following table summarises the validation assumptions that have been made regarding the ATFCM 
validation exercises (see TAPAS D5.1 Validation Plan section 4.2 [3]): 
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Identifier Title Description Justification Impact on Assessment 

ASS-
TAPAS.AT
FCM-001 

ATFCM 
automation 
tasks allocation 

The allocation of 
tasks between 
human and 
machine is done as 
indicated in VALP 
section 3.2.3 [ref] 

Exercise 
characteristics 

High 

ASS-
TAPAS.AT
FCM-002 

Familiarisation 
of human 
operators with 
ATFCM process 

The operational 
actors involved in 
the execution of 
the experiments 
are fully familiar 
with NM Pre-
Tactical Planning 
and DCB process 

Exercise 
performance 

High 

ASS-
TAPAS.AT
FCM-003 

Human 
operators 
Training 

Sufficient training/ 
briefing has been 
provided to the 
human operator in 
regard to the 
scenario and 
available tools to 
ensure no lack of 
familiarity has a 
negative factor in 
the understanding 
or acceptance of 
the proposed 
solution. 

Exercise 
performance 

High 

ASS-
TAPAS.AT
FCM-004 

Realistic 
environment 

The operational 
scenario is 
modelled in a 
realistic 
environment using 
a validation 
platform (INNOVE) 
that supports all of 
the B2B ATFCM 
planning services 
available from NM. 

Representative of 
actual environment 

Medium 

ASS-
TAPAS.AT
FCM-005 

XAI Training XAI components 
have been suitably 
trained using 
historic datasets 

To guarantee the 
applicability of XAI 
algorithm to the 

Medium 
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Identifier Title Description Justification Impact on Assessment 

for the analysis 
region 

validation 
scenarios  

ASS-
TAPAS.AT
FCM-006 

Exercise 
execution Data 

Data used for the 
validation exercise 
is unseen data for 
the XAI training 
process 

Using different 
data to avoid over-
fitting of the XAI 
algorithm 

Low 

ASS-
TAPAS.AT
FCM-007 

Integration of 
XAI and 
validation 
platform 

The XAI 
component is 
integrated 
(loosely) with the 
validation platform 
and uses the same 
scenario data 

Exercise 
performance 

High 

ASS-
TAPAS.AT
FCM-008 

FMP client 
prototype 

It is assumed the 
FMP prototype will 
support human 
operator similarly 
to real operational 
environment 

Exercise 
performance 

High 

ASS-
TAPAS.AT
FCM-009 

VA prototype A co-located visual 
analytics and 
explanation display 
included in the 
FMP Position 

Exercise 
performance 

High 

ASS-
TAPAS.AT
FCM-010 

VA data 
consumption 
and visuals for 
explainability 

VA components 
consume data 
from the XAI 
automation 
component to 
provide suitable 
visual and 
information and 
scenario drill down 
functionality 

VA component is 
responsible of 
providing the 
explanations to 
extract main 
conclusions from 
the validation 
exercises. 

High 

Table 2. Validation Assumptions overview for the ATFCM use case 

The XAI CD&R prototype, together with the appropriate VA techniques, provides features to monitor 
the current situation, detect possible conflicts, propose resolution measures for those conflicts, 
monitor traffic compliance to any clearances that are provided and, for automation level 3, implement 
those solutions automatically. 
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However, unlike the ATFCM solution, which executed in the D-1 time frame, the CD&R solution must 
focus on the timely provision of solutions and associated explanatory information due to the short lead 
time between the identification of a problem and the need to solve it. 

To respond to the different requirements in the CD&R validation exercises the following assumptions 
have therefore been made (see TAPAS D5.1 Validation Plan section 5.2 [3]): 

Identifier Title Description Justification Impact on Assessment 

ASS-
TAPAS-
CDR-001 

CD&R 
automation task 
allocation 

The allocation of 
tasks between 
human and 
machine is done as 
indicated in VALP 
section 3.2.4 

Exercise 
characteristics 

High 

ASS-
TAPAS-
CDR-002 

Familiarisation 
of human 
operators with 
ATC process 

The operational 
actors involved in 
the execution of 
the experiments 
are fully familiar 
with the tasks 
carried out by ATC 
Radar controllers 
and are certified 
on the airspace 
sectors used in the 
scenario 

Exercise 
performance.  

Relevance and 
utility of results. 

High 

ASS-
TAPAS-
CDR-003 

Human 
operators 
Training 

Sufficient training/ 
briefing has been 
provided to the 
human operator in 
regard to the 
scenario and 
available tools to 
ensure no lack of 
familiarity has a 
negative factor in 
the understanding 
or acceptance of 
the solutions being 
proposed 

Exercise 
Performance 

High 

ASS-
TAPAS-
CDR-004 

Realistic 
Environment 

The operational 
scenarios are 
modelled in an 
environment that 
is both realistic 

Representative of 
the real working 
environment 

Medium 
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Identifier Title Description Justification Impact on Assessment 

and has an 
environment that 
is similar to the 
real working 
situation (using 
SACTA) 

ASS-
TAPAS-
CDR-005 

XAI Training XAI components 
have been suitably 
trained using 
historic datasets 

To guarantee the 
applicability of the 
AI models for the 
validation 
scenarios and tasks 
to be performed 

Medium 

ASS-
TAPAS-
CDR-006 

Exercise 
Execution Data 

The data used for 
the validation is 
unseen data for 
the AI DST support 
tools 

Use different data 
to avoid over-
fitting of the XAI 
algorithm 

Low 

ASS-
TAPAS-
CDR-007 

Integration of 
the XAI DST and 
the validation 
platform 

The XAI 
components are 
well integrated 
with the SACTA 
simulation 
platform 

The XAI 
components are 
integrated with the 
SACTA platform 
using pub-sub 
messaging and can 
share key data 
easily and in a 
timely manner 

High 

ASS-
TAPAS-
CDR-008 

Emulation of full 
automation 

! ΨƎƘƻǎǘΩ ŎƻƴǘǊƻƭƭŜǊ 
position will be 
used to emulate 
the automated 
execution of 
clearances 
provided by the 
XAI 

Users need to 
ŜȄǇŜǊƛŜƴŎŜ ΨŦǳƭƭ 
ŀǳǘƻƳŀǘƛƻƴΩ ǘƻ 
evaluate how the 
associated 
information helps 
them understand 
what has been 
performed by the 
XAI 

Medium 

ASS-
TAPAS-
CDR-009 

Available 
resolution 
clearances 

The XAI will be 
limited in scope to 
include Lateral, 
Speed, Altitude 

The scope of the 
simulation is to 
focus on 
understanding 
explainability and 
not to evaluate the 

Low 
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Identifier Title Description Justification Impact on Assessment 

and Direct-To 
solutions 

efficiency of the 
XAI CD&R solutions 

ASS-
TAPAS-
CDR-010 

Conflict Alerting Existing conflict 
alerting (e.g. STCA) 
will be disabled in 
favour of using the 
conflict alerts 
provided by the 
XAI 

The exercises 
should use a 
consistent alerting 
mechanism to 
avoid any 
confusion on the 
part of the 
operator 

Low 

ASS-
TAPAS-
CDR-011 

Real-Time 
execution 

The scenarios will 
be executed in 
synchronised real-
time mode with 
regular track/flight 
plan updates being 
provided to the 
XAI to support the 
CD&R decision 
making process 

The XAI needs to 
work on up-to-date 
information to 
identify conflict 
situations in real-
time and to 
provide solution 
options in a timely 
and safe manner 

Medium 

ASS-
TAPAS-
CDR-012 

Late provision 
of resolution 
action 

It the XAI is unable 
to identify a 
problem and 
recommend 
solutions in a 
suitable time to 
solve the conflict, 
the operator is 
able to rationalise 
the situation and 
provide suitable 
solutions 
themselves 

The human 
remains capable of 
identifying and 
solving problems 
even when 
automation is 
running at the 
highest level to 
ensure the safe 
execution of traffic 
across the entire 
scenario 

Medium 

ASS-
TAPAS-
CDR-013 

Controller 
Working 
Position 

The CWP provided 
to the users during 
the validation 
exercises is as 
realistic as possible 
using the SACTA 
CWP and 
associated 
simulator features  

The human 
operator is working 
in a realistic and 
up-to-date Radar 
control 
environment 

Low 
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Identifier Title Description Justification Impact on Assessment 

ASS-
TAPAS-
CDR-014 

VA Support A co-located visual 
analytics and 
explanation display 
is provided for use 
by the controller 

Appropriate 
information is 
provided to allow 
the user to 
understand and 
implement the 
proposed 
solution(s) as 
needed 

Medium 

ASS-
TAPAS-
CDR-015 

Interoperable 
components 

The VA and XAI 
components can 
exchange key data 
in a fully 
integrated and 
timely manner 
during the exercise 

Key information 
from the XAI 
should be provided 
to the use in a 
clear, concise, and 
timely manner to 
support decision 
making during the 
validation exercises 

Medium 

Table 3: Validation Assumptions overview for the CD&R use case 

3.2.4 Validation Exercises List  

As previously stated, TAPAS project consists of two main experiments: 

¶ ATFCM validation, the focus of the Interim version of the document  

¶ CD&R validation, added to produce the latest TAPAS deliverable D5.3 Validation Report (this 
version of the document). 

3.2.4.1 AFTCM exercises 

Regarding the TAPAS ATFCM validation, three different scenarios were considered based on the levels 
of automation tackled by the project, namely automation level 1, 2 and 3 (section 4.6 of VALP [3]). 

For each scenario, several runs were executed using different traffic dates and studied sectors as 
summarised below.  

 

Exercise Day / 
Execution Date 

TAPAS 
Scenario 

Automation 
Level 

Traffic 
Sample Date 

Summary of the Exercise 

Day 1 

14/06/21 

Scenario#1 Level 1 22/06/2019 Initial exercise for 2 FMP users 
working manually using the FMP 
client application.  
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The exercise was primarily aimed 
at the provision of training and 
platform familiarisation. 

Scenario#2 Level 2 03/07/2019 Initial exercise for 2 FMP users 
working with the FMP client 
application and supported by 
XAI/VA prototypes to 
automatically detect Hotspots, 
provide suggestions for potential 
solutions and offer explanations 
supported by the VA application 
on a co-located display.  

The exercise was primarily aimed 
at the provision of training and 
familiarisation with the XAI and 
VA components. 

Table 4. Summary of exercises - Day 1 

 

Exercise Day / 
Execution Date 

TAPAS 
Scenario 

Automation 
Level 

Traffic 
Sample Date 

Summary of the Exercise 

Day 2 

16/06/21 

Scenario#1 Level 1 05/07/2019 Interim exercise for a single FMP 
user working manually using the 
FMP client application.  

The exercised aimed at 
improving familiarity with the 
platform to help gain more 
confidence in its use to identify 
solve DCB problem scenarios 
using Regulation and/or Flight 
Level Capping measures as well 
as the gathering of results and 
FMP user feedback 

Scenario#3 Level 3 04/07/2019 Initial exercise for a single FMP 
user working with the FMP client 
application and full automation 
from the XAI prototype to 
automatically detect Hotspots 
and implement solutions without 
human intervention. The VA 
application was available on a co-
located display and could be 
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interrogated as needed by the 
FMP user.  

The exercise was primarily aimed 
at the provision of training and 
platform / VA-component 
familiarisation in full automation 
mode 

Table 5. Summary of exercises - Day 2 

 

Exercise Day / 
Execution Date 

TAPAS 
Scenario 

Automation 
Level 

Traffic 
Sample Date 

Summary of the Exercise 

Day 3 

17/06/21 

Scenario#1 Level 1 05/07/2019 Additional exercise for a single 
FMP user working manually using 
the FMP client application.  

The exercised provided an 
additional opportunity for users 
to work manually with the 
platform to continue to gain more 
confidence in its use to identify 
and solve DCB problem scenarios 
using Regulation and/or Flight 
Level Capping measures as well as 
the gathering of results and FMP 
user feedback 

Scenario#2 Level 2 22/06/2019 Exercise for a single FMP user 
working with the FMP client 
application and partial 
automation from the XAI 
prototype to automatically detect 
Hotspots, and provide proposals 
for potential solutions. The VA 
application was available on a co-
located display and could be 
interrogated as needed by the 
FMP user.  

The exercise was a repeat of the 
initial exercise, performed 
previously on day 1, but with a 
higher level of automation, with 
the aim of acquiring more 
feedback from the FMP user 
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Exercise Day / 
Execution Date 

TAPAS 
Scenario 

Automation 
Level 

Traffic 
Sample Date 

Summary of the Exercise 

Scenario#3 Level 3 04/07/2019 Additional exercise for a single 
FMP user working with the FMP 
client application and full 
automation from the XAI 
prototype to automatically detect 
Hotspots, and implement 
solutions without human 
intervention. The VA application 
was available on a co-located 
display and could be interrogated 
as needed by the FMP user.  

The exercise was aimed at 
enhancing FMP user familiarity 
with the fully automated scenario 
as well as in the interactive use of 
the VA-component to help 
understand the solutions that had 
been implemented. FMP user 
feedback was gathered including 
information on workload, 
situational awareness, levels of 
trust and confidence in the 
solutions. 

Scenario#3 Level 3 14/07/2019 Additional scenario running with 
full automation from the XAI 
component and the FMP user 
interacting with the VA 
component to investigate and to 
help understand how and why 
solutions had been implemented 
by the DST.  

The exercise was aimed at further 
enhancing FMP user familiarity 
with the fully automated scenario 
as well as in the interactive use of 
the VA-component to help 
understand the solutions that had 
been implemented. FMP user 
feedback was gathered including 
information on workload, 
situational awareness, levels of 
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Exercise Day / 
Execution Date 

TAPAS 
Scenario 

Automation 
Level 

Traffic 
Sample Date 

Summary of the Exercise 

trust and confidence in the 
solutions. 

Table 6. Summary of exercises - Day 3 

This resulted in a total of eight (8) individual exercises that were performed using the platform. It 
should be noted that the first two exercises were executed with a heavy focus on training purposes, 
to ensure that the FMP experts could acquire sufficient knowledge and familiarity with the DSTs and 
the platform that was used during the different sessions. 

Interim sessions were aimed at enhancing the FMP familiarity with the platform and the associated 
DST running at different levels of automation.  

The final day of the experiment included execution of the platform at each of the levels of automation 
to allow the FMP users to operate in scenarios with increasing levels of automation, and since time 
permitted, included a second scenario running at full automation to allow the FMP to delve deeper 
into the VA support component and its capabilities. 

During the exercise, facilitators, that is, the validation team involved during the execution of the 
exercises, provided interactive training and advice as well as performing observations on how the FMP 
were interacting with the various tools. First of all, the training was delivered intensively during the 
first day of the executions and through the use of presentations, demonstrations of the tools and by 
performing different runs with those tools to familiarise the FMP users with the new FMP Client and 
XAI/VA tool. Additionally, the validation team accompanied the operational staff involved in the tests 
throughout all the process and executions, supporting them in any doubts or questions they may have 
on the functioning of the tools and algorithms behind, as well as preparing the needed material for the 
executions (airspace scenarios and traffic demand, presentations, facƛƭƛǘƛŜǎΣ ŜǘŎΦύΣ ƳŀƪƛƴƎ ΨƻōǎŜǊǾŀǘƛƻƴǎ 
ƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ƻƴ ǘƘŜ ŜȄǇŜǊǘǎ ŎƻƳƳŜƴǘǎ ŀōƻǳǘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ 
prototypes and other related topics included in this VALR. 

At the end of each exercise a debrief session was held and the FMP completed a questionnaire about 
the experience. 

TAPAS Scenario ATFCM Scenario #1: DCM with low (Level 1) automation 

Scenario description Scenario#1 was a series of Human-in-the-Loop, Demand Capacity 
Balancing gaming exercises running at Automation Level 1 for traffic 
that was planned across the Iberian peninsula for various 24-hour 
traffic samples from the June-July 2019 time period. 

The ATFCM environment data was extracted from the 
EUROCONTROL Demand Data Repository (DDR2) for the 
corresponding AIRAC cycle (1907).  

Traffic data was provided in ALLFT+ V5 format for traffic that was 
planned to execute in the region at any time for each of the selected 
validation exercise dates (detailed below). 
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TAPAS Scenario ATFCM Scenario #1: DCM with low (Level 1) automation 

The ATFCM scenario was loaded into the INNOVE Network 
Management gaming platform which emulates the majority of the 
NM B2B (SWIM) services and simulates the majority of the NM 
system features, as well as a number of new prototype services in 
support of on-going SESAR research projects.  

INNOVE was executed on a dedicated Amazon Web-Service (AWS) 
instance as a cloud-based service-oriented gaming platform, working 
interactively in real-time with the human operator and connected 
client applications to provide a highly realistic Network Management 
environment in which the FMP users can operate (see Appendix A). 

To provide a familiar environment, a dedicated FMP client interface 
was developed through which the FMP were able to interact with the 
INNOVE platform to perform demand monitoring for any airspace in 
the Spanish ACC. This interface allows the FMP operator to identify 
overload issues, create hotspots, interrogate flight counts and lists, 
and create ATFCM Measures/Regulations to help manage 
imbalances. Using the same application, the FMP is also able to 
immediately evaluate the results of any proposed action, as well as 
to undo previously requested measures/regulations if required.  

The focus of the various exercises performed for scenario #1 was to:  

¶ Provide training to the FMP users in the first rounds of 
exercise, in particular for the use of the FMP client interface 
that had been specifically developed by ISA Software to 
support the exercises 

¶ Use the available functions in the FMP client to interrogate 
traffic demand / load in Madrid ACC sectors 

¶ Create SIMULATION snapshots of the current situation to 
ǎǳǇǇƻǊǘ ΨǿƘŀǘ-ƛŦΩ ŀǎǎŜǎǎment of potential issues and 
solutions 

¶ Identify demand-capacity imbalances and declare Hotspots 
in either the OPERATIONAL dataset or in one or more 
SIMULATIONs 

¶ Interrogate traffic lists for the Hotspot periods  

¶ Proposed suitable Regulations and Level Capping measures 
ǘƻ ǘǊŀŦŦƛŎ ŀƴŘ Ψ/ƘŜǊǊȅ-tƛŎƪΩ ǘƘƻǎŜ ŦƭƛƎƘǘǎ ǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ 
delayed to solve the problem 

¶ Review the impact of the Regulations and Level Capping 
measures when submitted to the INNOVE platform to 
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TAPAS Scenario ATFCM Scenario #1: DCM with low (Level 1) automation 

validate if the proposed actions had successfully resolved the 
identified issues 

As Scenario #1 was executed at Automation Level 1 ςno additional 
automated support was provided, other than the standard 
functionality available from the INNOVE platform and its B2B services 
and the support features that were available via the FMP client 
interface. 

This allowed the FMP users to focus on the different DCB Measures 
that could be applied based on their own working experience but did 
not provide any proposals for potential solutions. 

Exercises performed Three exercises were performed at Scenario #1 (Level 1) automation 
during the TAPAS ATFCM validation: 

Exercise 1: [Day 1] Simulation of all traffic planned to operate in the 
Iberian peninsula on 22nd June 2019 [3728 flights] ς manual 
identification and solving of Hotspots using Regulations and/or Flight 
Level Capping Measures for Madrid ACC sectors. Primarily focused 
on training and familiarisation with the validation platform. 

Exercise 3: [Day 2] Simulation of all traffic planned to operate in the 
Iberian peninsula on 5th July 2019 [3736 flights] ς manual 
identification and solving of Hotspots using Regulations and/or Flight 
Level Capping Measures for Madrid ACC sectors. Designed to allow 
users gain more confidence in the use of the platform to identify and 
solve DCB problem scenarios using Regulation and/or Flight Level 
Capping measures and gathering of results and FMP feedback. 

Exercise 5: [Day 3] Simulation of all traffic planned to operate in the 
Iberian peninsula on 5th July 2019 [3736 flights] ς manual 
identification and solving of Hotspots using Regulations and/or Flight 
Level Capping Measures for Madrid ACC sectors. Designed to be part 
of a sequence of exercises with increasing levels of automation 
where users could identify and solve DCB problem scenarios 
manually using Regulation and/or Flight Level Capping measures as 
well as the gathering of results and FMP feedback. 

Expected Achievements At Automation Level 1, the expected achievements were:  

¶ Train the operational experts involved in the simulations on 
the new FMP Client tool so they become familiar with the 
new DST available, avoiding a negative impact on the results 
due to ignorance lack of familiarity with the tools to be used. 
(in particular for exercises 1 and 3) 
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TAPAS Scenario ATFCM Scenario #1: DCM with low (Level 1) automation 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support (exercise 5) 

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform (all 
exercises) 

¶ hōǘŀƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available features to 
identify and solve DCB related issues (all exercises) 

¶ Debrief users after completion of each exercise and gather 
feedback / complete scoring questionnaires (all exercises) 

V Phase FO-AO 

Use Cases ATFCM Use case 

Validation Technique HITL Gaming 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 14/06/2021 

End Date 17/06/2021 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform INNOVE / FMP Client 

Validation Location Madrid (ENAIRE/CRIDA Premises) 

Status Complete 

Dependencies None 

Table 7. Description of TAPAS Scenario #1 

 

TAPAS Scenario ATFCM Scenario #2: DCM with partial (Level 2) automation 

Scenario description Scenario#2 was also a series of Human-in-the-Loop, Demand 
Capacity Balancing gaming exercises but running with partial 
automation (Level 2) using traffic that was planned across the Iberian 
peninsula traffic from the June-July 2019 time period. 
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TAPAS Scenario ATFCM Scenario #2: DCM with partial (Level 2) automation 

As with Scenario #1, ATFCM environment data was extracted from 
the EUROCONTROL Demand Data Repository (DDR2) for the 
corresponding AIRAC cycle (1907).  

Traffic data was provided in ALLFT+ V5 format for traffic that was 
planned to execute in the region at any time for each of the selected 
validation exercise dates (detailed below). 

The ATFCM scenario was loaded into INNOVE and executed on a 
dedicated Amazon Web-Service (AWS) instance, working 
interactively in real-time with the human operator and connected 
client applications. 

The FMP client interface was further supported by the XAI 
component which used the same scenario data to automatically 
identify DCB issues, define Hotspots and provide proposals for 
potential solutions using Regulations and/or Flight Level Capping 
Measures.  

FMP users were also able to interrogate the VA component, using a 
dedicated co-located interactive display, to help understand the 
Hotspots that had been identified and how/why the proposed 
solutions had been determined by the DST. 

The focus of the various exercises performed for scenario #2 was to:  

¶ Provide training to the FMP users in the first rounds of 
exercise at level #2, in particular for the use of the VA tools 
provided in the FMP workstation 

¶ Use the available functions in the FMP client and the VA 
display to interrogate traffic demand / load in Madrid ACC 
sectors, understand Hotspots that had been identified by the 
XAI, and to help understand the proposals for mitigation that 
the tools provided. 

¶ Create SIMULATION snapshots of the current situation to 
ǎǳǇǇƻǊǘ ΨǿƘŀǘ-ƛŦΩ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǇƻǘŜƴǘƛŀƭ ƛǎǎǳŜǎ ŀƴŘ 
solutions 

¶ Evaluate/verify the Hotspots that had been identified by the 
DST in either the OPERATIONAL dataset or in one or more 
SIMULATIONs 

¶ Interrogate traffic lists for the Hotspot periods  

¶ Review the Regulations / Flight Level Capping measures that 
were being suggested by the automation tools, 
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TAPAS Scenario ATFCM Scenario #2: DCM with partial (Level 2) automation 

¶ Investigate reasons and explanations of the proposed 
solutions using the interactive features made available in the 
VA display to hep understand why those solutions had been 
proposed 

¶ Review the impact of the Regulations and Flight Level 
Capping measures when submitted to the INNOVE platform 
to validate if the proposed actions had successfully resolved 
the identified issues 

Since Scenario #2 was executed at Automation Level 2, additional 
automated support was provided, along with the standard 
functionality available from the INNOVE platform, its B2B services 
and the support features that were available via the FMP client 
interface. These included the automated identification of Hotspots 
by the XAI component (which were consolidated by the FMP client 
to conform to the NM definition of Hotspots ς see Appendix A for 
more details), provision of a series of potential solutions 
(Regulation/FLC) and interactive display of explanatory data using 
the dedicated VA component. 

This allowed the FMP to validate DCB issues identified by the 
automation and to use the VA features to help to understand the 
DCB Measures being proposed by the DST and the reasoning that 
lead to those solutions being proposed. 

Exercises performed Two exercises were performed for Scenario #2 (Level 2) automation 
during the TAPAS ATFCM validation: 

Exercise 2: [Day 1] Simulation of all traffic planned to operate in the 
Iberian peninsula on 3rd July 2019 [3734 flights] ςHotspots were 
identified by the XAI component and automatically 
consolidated/added to INNOVE by the FMP client application.  

Proposals for possible solutions were provided by the XAI 
(Regulations and/or Flight Level Capping Measures) for Madrid ACC 
sectors and the user was able to interact with the VA component 
through its dedicated display features to help understand what was 
being proposed and why.  

The exercise, held on the first day, was mainly focused on training 
and familiarisation with the validation platform and in particular, 
how the partial solutions being proposed by the connected XAI 
component were able to be integrated with the scenario being 
simulated in the INNOVE platform.  

It was also used to introduce and provide training on the 
accompanying VA component and the features it provides through 
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TAPAS Scenario ATFCM Scenario #2: DCM with partial (Level 2) automation 

its dedicated display in support of transparency, explanations and 
drill-down understanding of the DST processes. 

Exercise 6: [Day 3] was the second in the series of exercises 
performed at increasing levels of automation that were executed on 
the final day of the validation. Traffic planned to operate in the 
Iberian peninsula on 22nd June 2019 [3728 flights] was simulated with 
the XAI using the same scenario data to identify Hotspots and 
providing a set of proposals (using Regulations and/or Flight Level 
Capping Measures) on how to solve them for Madrid ACC sectors.  

Users were able to consult the FMP client interface to review 
demand charts created using the data provided by the XAI, as well as 
the accompanying VA display to investigate why hotspots had been 
identified, and how the solutions being proposed had been 
developed by the XAI algorithms. Users were also able to use the VA 
ΨŘǊƛƭƭ ŘƻǿƴΩ ŦŜŀǘǳǊŜǎ ǘƻ ƘŜƭǇ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǇǊƻǇƻǎŀƭǎ in more detail 
and to develop a better understanding why those solutions were 
being suggested by the XAI tool. 

Expected Achievements At Automation Level 2, the expected achievements were:  

¶ Train the operational experts involved in the simulations on 
the new FMP Client and VA tool so they become familiar with 
these two new DST, therefore avoiding a negative impact on 
the results due to a lack of familiarity with the tools to be 
used. (In particular for exercise2) 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support (exercise 6) 

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform and the DST 
features being provided by the XAI (all exercises) 

¶ Use the features available in the VA display to understand 
the decisions being proposed by the XAI and why/how those 
decisions were made (all exercises) 

¶ Use the validation tools to understand what the impact of 
single or combined solutions may be on the overall demand-
capacity issues that have been identified (all exercises) 

¶ hōǘŀƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available features 
and VA support to identify and solve DCB related issues (all 
exercises) 
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TAPAS Scenario ATFCM Scenario #2: DCM with partial (Level 2) automation 

¶ Debrief users following the completion of each exercise and 
gather feedback / complete scoring questionnaires (all 
exercises) 

V Phase FO-AO 

Use Cases ATFCM Use case 

Validation Technique HITL Gaming 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 14/06/2021 

End Date 17/06/2021 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform INNOVE / FMP Client / XAI DST / VA Display 

Validation Location Madrid (ENAIRE/CRIDA Premises) 

Status Complete 

Dependencies None 

Table 8. Description of TAPAS Scenario #2 

 

TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

Scenario description Scenario#3 included a set of Demand Capacity Balancing gaming 
exercises running with full automation (Level 3) for traffic that was 
planned across the Iberian peninsula traffic from the June-July 2019 
time period. 

As with the other scenarios, ATFCM environment data was extracted 
from the EUROCONTROL Demand Data Repository (DDR2) for the 
corresponding AIRAC cycle (1907). 

Traffic data was provided in ALLFT+ V5 format for traffic that was 
planned to execute in the region at any time for each of the selected 
validation exercise dates (detailed below). 

The ATFCM scenario was loaded into INNOVE and executed on a 
dedicated Amazon Web-Service (AWS) instance, working 
interactively in real-time with the human operator and connected 
client applications. 
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TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

The FMP client interface was further supported by the XAI 
component which used the same scenario data to automatically 
identify DCB issues, define Hotspots and provide solutions using 
Regulations and/or Flight Level Capping Measures. These solutions 
were automatically published by the FMP client for implementation 
in INNOVE. 

To help understand those solutions, FMP users were able to 
interrogate the VA component, using the co-located interactive 
display, to review the Hotspots that had been identified and any/all 
of the proposed solutions had been provided by the XAI. In particular 
the sector and flight-based drill down features available in the VA 
tool were able to be used to help users understand how and why 
those solutions had been determined. Impacts of the solutions were 
able to be seen in traffic demand charts available in the FMP client 
as well as through advanced features in the VA display. 

The platform also provided the opportunity (if required) for the user 
to cancel any of the solutions that had been published to INNOVE. 

The focus of the various exercises performed for scenario #3 was to:  

¶ Provide training to the FMP users in the early runs of 
exercises at level #3, in the use of the VA tools provided in 
the FMP workstation to help understand what the XAI 
solutions included and why. 

¶ Use the available functions in the FMP client and the VA 
display to interrogate traffic demand / load in Madrid ACC 
sectors, understand Hotspots that had been identified by the 
XAI, and to help understand the chosen mitigation actions. 

¶ Create SIMULATION snapshots of the current situation to 
ǎǳǇǇƻǊǘ ΨǿƘŀǘ-ƛŦΩ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǇƻǘŜƴǘƛŀƭ ƛǎǎǳŜǎ ŀƴŘ 
solutions 

¶ Evaluate/verify the Hotspots that had been identified by the 
DST in either the OPERATIONAL dataset or in one or more 
SIMULATIONs 

¶ Evaluate/verify/assess the impact of Regulations/Flight Level 
Capping Measures that had been automatically 
implemented from the XAI 

¶ Interrogate demand and traffic lists before/after the 
solutions had been published 
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TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

¶ Review the Regulations / Flight Level Capping measures that 
were being suggested by the automation tools, 

¶ Investigate reasons and explanations of the proposed 
solutions using the interactive features made available in the 
VA display to hep understand why those solutions had been 
proposed 

¶ Review the impact of the Regulations and Flight Level 
Capping measures when submitted to the INNOVE platform 
to validate if the proposed actions had successfully resolved 
the identified issues 

¶ Cancel XAI actions that were automatically implemented by 
the platform (optional) 

¶ Add new Regulations / Measures to solve any problems that 
remained after the automated solutions from the XAI had 
been implemented (optional) 

Since Scenario #3 was executed at Automation Level 3, additional 
automated support was provided, along with the standard 
functionality available from the INNOVE platform. This included the 
automated identification of Hotspots by the XAI component (which 
were consolidated by the FMP client to conform to the NM definition 
of Hotspots ς see Appendix A for more details), automatic 
implementation of solutions (Regulation/FLC) coming from the XAI 
and interactive display of explanatory data using the dedicated VA 
component including full sector and flight-based drill down features. 

FMP were able to validate DCB issues identified by the automation 
and to use the VA features to help to understand the Measures being 
proposed as well as the reasoning behind those solutions. 

Exercises performed Three exercises were performed for Scenario #3 (Level 3) automation 
during the TAPAS ATFCM validation: 

Exercise 4: [Day 2] Simulation of all traffic planned to operate in the 
Iberian peninsula on 4th July 2019 [3787 flights] ςHotspots were 
identified by the XAI component and automatically 
consolidated/added to INNOVE by the FMP client application.  

Proposals for possible solutions provided by the XAI (Regulations 
and/or Flight Level Capping Measures) for Madrid ACC sectors were 
consumed by the FMP client application and automatically published 
for implementation in the INNOVE platform. The FMP user was able 
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TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

to interact with the VA component through the dedicated display 
features to help understand what was being proposed and why. 

The exercise, which was held on the day two of the process, focused 
on training and familiarisation with the validation platform and how 
the solutions proposed by the connected XAI component were able 
to be processed to allow them to be published for implementation in 
the scenario simulated in INNOVE. 

Users were also introduced to many of the advanced features 
available in the VA component and in particular the features it 
provides to support transparency, explanations, and drill-down 
understanding of the DST processes ς especially given that solutions 
were automatically published and implemented without operator 
action. This allowed them to become familiar with the functionality 
of the VA tool prior to the final Day 3 experiments. 

Exercise 7: [Day 3] was the final exercise in the series that were 
performed at increasing levels of automation during the final day of 
the validation. Traffic planned to operate in the Iberian peninsula on 
4th July 2019 [3787 flights] was simulated once again with the XAI 
using the same scenario data to identify Hotspots and providing 
solutions (using Regulations and/or Flight Level Capping Measures) 
for Madrid ACC sectors that were automatically converted and 
published/implement in INNOVE by the FMP client with no operator 
intervention. 

Users were able to consult the FMP client interface to review 
demand charts created using the data provided by the XAI, as well as 
the accompanying VA display to investigate why hotspots had been 
identified, and how the solutions that had been developed by the XAI 
algorithms and automatically implemented had impacted the 
scenario.  

¦ǎŜǊǎ ǳǎŜŘ ǘƘŜ ±! ΨŘǊƛƭƭ ŘƻǿƴΩ ŦŜŀǘǳǊŜǎ ǘƻ ƘŜƭǇ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ 
solutions in more detail and to develop a better understanding why 
those solutions were being suggested by the XAI tool. 

Exercise 8: [Day 3] was the final exercise of the validation and was 
used to execute an additional Level 3 (full) automation exercise with 
a different traffic scenario. Traffic planned to operate in the Iberian 
peninsula on 14th July 2019 [3724 flights] was simulated with the XAI 
using the same scenario data to identify Hotspots and automatically 
provide solutions to any issues identified. 

The main objective of the final exercise (#8) was to offer the FMP 
user an additional opportunity to work with the full automation in 
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TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

place and to try to use more of the advanced features available in the 
VA support tool.  

Expected Achievements At Automation Level 3, the expected achievements were:  

¶ Train the operational experts involved in the simulations on 
the FMP Client, XAI and VA tools so they become familiar 
with these all the available DST capabilities, therefore 
avoiding a negative impact on the results due to a lack of 
familiarity with the tools to be used. (In particular for 
exercise 4) 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support (exercise 7) 

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform and the DST 
features being provided by the XAI 

¶ Use the features available in the VA display to understand 
the which solutions had been implemented and what they 
were solving as well as why/how those decisions were made 

¶ hōǘŀƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available XAI 
features and VA support to identify and understand how DCB 
related issues were actually solved by the automation 

¶ Debrief users following the completion of each exercise and 
gather feedback / complete scoring questionnaires 

V Phase FO-AO 

Use Cases ATFCM Use case 

Validation Technique HITL Gaming 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 14/06/2021 

End Date 17/06/2021 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform INNOVE / FMP Client / XAI DST / VA Display 

Validation Location Madrid (ENAIRE/CRIDA Premises) 
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TAPAS Scenario ATFCM Scenario #3: DCM with full (Level 3) automation 

Status Complete 

Dependencies None 

Table 9. Description of TAPAS Scenario #3 

 

3.2.4.2 CD&R exercises 

Regarding the TAPAS CD&R validation, three different scenarios were considered based on the levels 
of automation tackled by the project, namely automation level 1, 2 and 3 (section 5.4 of VALP [3]). 

The validation took place over a period of three days, with exercises on Day 1 focused on the provision 
of training to the users as well as to ensure they became familiar with the various XAI and VA solutions 
provided as part of the validation process.  

This included  

1) getting to know and understand the exercise objectives,  

2) familiarisation with the TAPAS operational concept in a CD&R context, and  

3) training on the support tools provided to support the CD&R process. 

Days 2 and 3 were used to run the full validation scenarios and to assess the effect on human 
performance and understanding when using the XAI and VA tools at different levels of automation. 
One of the two selected sectors from the Madrid ACC ς Toledo Upper (TLU) and Domingo Upper (DGU) 
was used as the measured sector in each scenario. 

The original experimental planning included:  

¶ 3 scenarios executed at Level 1 automation (one per day),  

¶ 3 scenarios at Level 2 automation (one per day) and,  

¶ 5 exercises running at Level 3 automation with the ATCO working in only a monitoring mode  

o 1 exercise on day 1 used for training purposes 

o 2 exercises on day 2, one with and one without unexpected failure of the tool 

o 2 exercises on day 3, one with and one without unexpected failure of the tool 

However, following the verification phase of the CD&R activity, which included running scenarios with 
ATC experts from ENAIRE and getting their feedback on the proposed exercises, it was decided to 
reduce ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜȄŜǊŎƛǎŜǎ ǊǳƴƴƛƴƎ ƛƴ [ŜǾŜƭ о όΨŦǳƭƭ ŀǳǘƻƳŀǘƛƻƴΩύ for a variety of reasons, including 
the performance of the XAI ǘƻƻƭ ƛƴ ΨŦǳƭƭΩ ŀǳǘƻƳŀǘƛƻƴ ƳƻŘŜ and time limitations when the ENAIRE ATC 
experts were not available.  
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From a technical perspective, the XAI solutions did not always solve all the conflicts that occurred in 
the scenarios. Therefore, this meant that all the Level 3 scenarios that were executed already included 
ǎƻƳŜ ǘȅǇŜ ƻŦ άsystem failure/ATCO recovery of controlέ component, which eventually resulted in the 
scenario reverting to automation Level 2.  

Furthermore, all the controllers who helped to verify the platform and assess the suitability of the 
automated solutions thought that Level 3 (full automation) was not a realistic/feasible solution at this 
stage of the research (for the CD&R activity) ς that is scenarios where the ATCO is only acting in a 
monitoring role whilst the system implements solutions automatically were unrealistic in the scope of 
the experiments. 

Hence due to this view of the automation, and the time constraints on the availability of domain 
experts, it was decided to reduce number of Level 3 runs from (from 5 to 3) rather than impacting 
scenarios at the other levels and more focus was placed on Level 2. 

The adapted experimental planning that was finally used included:  

¶ 3 scenarios executed at Level 1 automation 

o 1 scenario with 2 ATCo managing the sector and 2 scenarios with a single ATCO, 
resulting in 4 sets of questionnaire responses,  

¶ 5 scenarios at Level 2 automation  

o 2 scenarios with 2 ATC experts managing the airspace and 3 scenarios with a single 
ATCo, resulting in 7 questionnaire responses and,  

¶ 2 scenarios executed at Level 3 (including unexpected degradation of the automation) 

o both with only a single ATCo monitoring the scenario resulting in 2 questionnaire 
responses. 

Scenarios were then executed using different traffic levels and studied sectors as summarised in the 
table below. 

Exercise Day / 
Execution Date 

Scenario / 
Sector 

Automation 
Level 

Traffic  Summary of the Exercise 

Day 1 

07/03/2022 

TS1.1 - TLU Level 1 Low density The TS1.1 scenario provided a 
baseline reference scenario 
against which other results 
could be compared if required. 

The TS1.1 scenario, executed at 
the start of the first day was 
used as a training and 
familiarisation exercise. 

In this scenario, 2 ATCo worked 
with the system providing 
Radar/Executive controller 
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functions for the Toledo Upper 
sector (TLU) between FL345 
and UNL.  

A low-density traffic sample 
was used to allow the users to 
familiarise themselves with the 
working position and available 
tools provided by the SACTA 
simulator platform.  

Conflict alerts were provided by 
the XAI DST component which 
was consuming all traffic and 
flight plan data on a 30-second 
cycle and assessing the 
information received for 
potential conflict situations.  

TS1 traffic samples presented 
low complexity, low traffic 
demand (average OCC of less 
than 5 flights in windows of 5 
minutes) and a low number of 
conflicts (2 conflicts per 15 
minutes). For these traffic 
samples night hours were 
selected (between 2:00 to 3:00) 
from the 30th of June 2019. 

Alerts were provided via the 
connected VA support display 
which was co-located on a 
small screen placed next to the 
main Radar view. This allowed 
the users to familiarise 
themselves with the 
information being provided in 
relation to any conflict that was 
detected by the tools.  

However, all resolution 
decisions and resulting actions 
were made and implemented 
by the human in this scenario 
without help from the AI tools. 



D5.2 TAPAS VALIDATION REPORT 

 

 

 

Page 48 I 171 
 

  
 

 

 

TS2.1 - DGU Level 2 Medium to 
low density  

The TS2.1 scenario was 
executed for the Domingo 
Upper (DGU) sector with partial 
automation support being 
provided by the XAI tools with 
the 2 ATCo providing support 
for the Tactical/Radar controller 
functions during the exercise. 

TS2.1-DGU on day 1 was 
primarily used as a training and 
familiarisation exercise. 

Traffic in the TS2 level samples 
presented medium to low 
complexity, medium traffic 
demand (with average OCC of 
more than 5 flights and less 
than 10 flights in windows of 5 
minutes).  

A low number of conflicts (3 
conflicts per 15 minutes) was 
included in the traffic sample.  

For these traffic samples 
morning hours were selected 
(from 8:00 to 8:30) from the 
4th of July 2019. 

Users received conflict alerts 
and a set of proposed solutions 
that had been determined by 
the XAI tool.  

Using the VA support, the users 
could review the actions 
proposed and decide to apply 
one or more of them to try to 
solve the conflict.  

Actions were based on 
clearances for one or other of 
the flights involved and were 
prioritised to offer users an idea 
of which may be the most 
effective clearance(s) to 
attempt.  
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Clearances were still given by 
the users through the ATC 
management features available 
in the SACTA CWP (e.g. using 
the HMI and voice-based 
instructions) and clearances 
were implemented by the 
pseudo pilot on request.  

Following the issue of the 
clearance(s) the users were 
responsible for monitoring 
traffic to ensure it complied 
with the instructions given. The 
monitoring process was also 
supported by the XAI/VA 
components which provided 
visual alerts if traffic was 
ƛŘŜƴǘƛŦƛŜŘ ǘƻ ōŜ ΨƻŦŦ-ǘǊŀŎƪΩ ƻǊ 
non-compliant with the 
instruction. 

Day 2 TS4 - DGU Level 1 Medium 
Density 

The TS4-DGU scenario was the 
first of the measured validation 
scenarios to be executed for 
the CD&R study and focused on 
Radar control at Level 1 
automation in the DGU sector.  

The airspace was managed by 1 
ATCo who provided support for 
Tactical/Radar Control 
functions via the SACTA CWP. 

TS4 level traffic presents very 
high complexity, medium traffic 
demand (average OCC of more 
than 5 flights and less than 10 
flights in windows of 5 minutes) 
and a medium number of 
conflicts (6 conflicts per 15 
minutes). For these traffic 
samples morning hours were 
selected (from 8:00 to 8:30) 
from the 25th of June 2019.  

Basic levels of automation that 
are the same as features that 
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are available in current day 
operations were used.  

The XAI component was used to 
identify conflicts and to provide 
alerts which were shown in the 
associated VA display 
component.  

No potential resolution actions 
were provided, and the user 
was requested to solve the 
conflicts that the XAI identified 
with no additional assistance 
from the automation 
components.  

Conformance monitoring (both 
against the proposed flight plan 
and any clearance provided by 
the Radar controller) was also 
active in the scenario. 

TS1.2 - TLU Level 2 Low Density TS1.2-TLU was executed with 1 
ATCo providing the 
Tactical/Radar control function 
on the TLU radar position.  

TS1 traffic samples presented 
low complexity, low traffic 
demand (average OCC of less 
than 5 flights in windows of 5 
minutes) and a low number of 
conflicts (2 conflicts per 15 
minutes). For these traffic 
samples night hours were 
selected (between 2:00 to 3:00) 
from the 30th of June 2019. 

Partial automation support at 
Level 2 was provided to the 
user. The automation 
performed conflict alerting and 
provided a prioritised list of 
potential actions for flights that 
could be used to solve those 
issues.  
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The ATCo users was able to 
review the conflicts that were 
reported using both features 
available in the CWP and 
information provided by the co-
located VA display tool.  

At level 2, the user was asked 
to select and apply solutions 
from the proposed list but the 
implementation of any 
clearances chosen had to be 
performed by the Radar 
controller using the facilities 
available in the SACTA CWP 
HMI and using voice-based 
instructions to the pseudo pilot. 

Conformance monitoring (both 
against the proposed flight plan 
and any clearance provided by 
the Radar controller) was also 
active in the scenario. 

TS2.1 - DGU Level 3 Medium 
Density 

TS2.1-DGU provided users with 
a more complex, higher density 
traffic scenario running with 
Level 3, full automation. 

1 ATCo was responsible for 
monitoring the DGU sector and 
intervening if needed. 

In this scenario, the user was 
requested to allow the XAI 
components to perform all the 
conflict detection, alerting, and 
to initiate the preferred 
resolution actions without help 
from the Radar controller. 

The human monitored the 
scenario, looking at why 
conflicts had been identified, 
and assessed how and why the 
proposed solutions were 
chosen as well as their 
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suitability in solving those 
issues. 

The user had to maintain a 
good situational awareness as 
well as to monitor the 
conformance of traffic to the 
automated resolution 
clearances ς with the assistance 
of the conformance monitoring 
functionality in the XAI 
components.  

In addition, the user was 
requested to intervene and 
recover the situation when a 
sudden and unexpected failure 
of the automation occurred. 
This included identifying 
conflicts which were not 
captured by the automation, or 
which were captured but not 
solved. 

The scenario used TS2 level 
traffic samples which present 
low to medium complexity and 
medium traffic demand 
(average OCC of more than 5 
flights and less than 10 flights in 
windows of 5 minutes) and a 
medium number of conflicts (3 
conflicts per 15 mins). For these 
traffic samples morning hours 
were selected (from 8:00 to 
8:30) from the 4th of July 2019 

TS3 - DGU Level 2**  Medium 
Density 

The TS3 ς DGU scenario 
performed on Day 2 provided 
users with a more complex, 
higher density traffic scenario 
running at level 2, partial 
automation.  

The Radar/Executive controller 
function was provided by 2 
ATCo during the simulation 
exercise. 
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Users were requested to allow 
the XAI components to perform 
all the conflict detection and 
alerting, as well as to provide a 
set of resolution actions that 
could be used to solve conflicts 
using one or more of the 
recommended clearances. 

The human role was then both 
monitor traffic in the scenario 
using the CWP, looking at why 
conflicts had been identified, 
and assessing the proposed 
solutions to determine which 
were suitable to help solve 
those issues. Users were not 
required to use the highest 
priority solution(s) and were 
free to choose other 
alternatives being suggested, or 
to implement their own 
solution(s). 

Tasks also included identifying 
conflicts which were not 
captured by the automation, or 
which were captured but no 
suitable solution was offered. 

To support this task the users 
had to maintain a good 
situational awareness as well as 
to monitor the conformance of 
traffic any resolution clearances 
that they had selected ς with 
the assistance of the 
conformance monitoring 
functionality in the XAI 
components.  

Traffic for the TL3 scenario 
presents medium complexity, 
medium traffic demand 
(average OCC of more than 5 
flights and less than 10 flights in 
windows of 5 minutes) and a 
medium number of conflicts (4 
conflicts per 15 minutes). For 
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these traffic samples morning 
hours were selected (from 8:00 
to 8:30) from the 25th of June 
2019. 

Day 3 TS4 ς DGU Level 1 Medium 
Density 

The TS4-DGU scenario 
performed on Day 3 of the 
validation was a repeat of the 
same scenario from Day 2 with 
a different Radar controller 
operator performing the 
exercise. 

1 ATCo was responsible for 
providing Radar/Executive 
controller functions during the 
execution of the scenario with 
limited automation support at 
Level 1. 

TS1.2 - TLU Level 2 Low Density The TS1.2-TLU scenario 
performed on Day 3 of the 
validation was a repeat of the 
same scenario from Day 2 with 
a different Radar controller 
operator performing the 
exercise. 

1 ATCo provided support for 
the Radar/Executive controller 
function with the assistance of 
the XAI-based automation and 
VA information support tool. 

Suggestions offered by the 
automation could be selected 
by the ATCo then appropriate 
clearances delivered to traffic 
with automation running at 
Level 2. 

TS3 - DGU Level 3 Medium 
Density 

The TS3-DGU scenario 
performed on Day 3 of the 
validation was a repeat of the 
same scenario from Day 2 with 
a different Radar controller 
operator performing the 
exercise. 
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1 ATCo was responsible for 
monitoring conflicts identified 
by the automation and the 
solutions that were being 
automatically applied to try to 
solve them.  

The user was also requested to 
indicate when conflicts were 
not correctly identified and/or 
if solutions were inappropriate 
or did not solve the problems. 

TS2.1 - TLU Level 2 Medium to 
Low density 

The TS2.1-TLU scenario 
performed on Day 3 of the 
validation was a repeat of the 
same scenario from Day 2 with 
a different Radar controller 
operator performing the 
exercise. 

Table 10. Summary of exercises - Day XX 

At the end of each exercise a debrief session was held and the Controller completed a questionnaire 
about the experience. 

The three main types of scenarios, based on the level of automation made available to the users in 
each set, are described in the following tables: 

Scenario ATC CD&R Scenario #1: low (Level 1) automation 

Scenario description CD&R Scenario#1 provided a series of Human-in-the-Loop 
simulation exercises running at Automation Level 1 using the SACTA 
real-time simulation platform with the XAI and VA support tools 
connected.  

Simulations were performed with users working the Radar/Executive 
control position for either the Toledo or Domingo Upper airspace 
sectors (TLU/DGU) and depending on the exercise they were 
supported by a planning controller. 

As the scenarios were automation level 1, the connected tools only 
provided conflict alert information. No proposals were made for 
actions that might help solve those conflicts, and the Radar 
controller had to determine their own resolutions and provide 
clearances to traffic using the standard ATC features available in the 
SACTA system (i.e. using the CWP HMI features and voice 
instructions). Human operators on the SACTA pseudo-pilot position 
implemented any instructions provided to traffic by the user. 
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Scenario ATC CD&R Scenario #1: low (Level 1) automation 

The XAI also provided some conformance monitoring for flight tracks 
against both the original flight plans and when following ATC 
clearances. 

Low density traffic data was used for the baseline reference scenario 
(TS1.1-TLU) which also formed part of the training sessions that were 
provided to users at the start of the validation exercises. 

Medium to High density traffic scenarios were used to assess the 
effect of the XAI/VA support tools on the performance of the 
operators at level 1 (TS4-DGU). 

The focus of the various exercises performed for scenario #1 was to:  

ω Provide training to the ATC users in the first rounds of 
exercise in the use of the SACTA CWP and other ATC features along-
side the VA support display that was co-located with the CWP. 

ω Use this level 1 scenario as a baseline of the current 
operating methods and as a means of comparison between other 
scenarios with higher levels of automation (level 2/3). 

ω Use the available functions in the SACTA CWP to manage 
traffic and provide ATC services for the selected Madrid ACC sectors 

ω Help the users to become familiar with the additional 
information being provided by the XAI and VA display for conflict 
alerts and conformance monitoring 

ω Let the users perform ATC services for the target sectors and 
based on the conflict alerts provided determine and implement 
suitable resolution actions using SACTA ATC features (HMI/Voice) 

ω Monitor the compliance of traffic to flight plans and any ATC 
clearances provided for separation management 

ω Provide additional instructions to traffic to recover the 
original flight plan and coordinate the hand-off to downstream 
sectors in accordance with the original flightplan / any localised 
agreements 

ω Review the impact of the clearances provided on flight 
efficiency, safety, and ATC workload 

Exercises performed Three validation exercises were performed at level 1 automation:  

TS1.1-TLU ςbaseline scenario for training/familiarisation (Day 1) 

TS4-DGU ς measured scenario with high density traffic (Day 2) 
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Scenario ATC CD&R Scenario #1: low (Level 1) automation 

TS4-DGU ς measured scenario with high density traffic (Day 3) 

Expected Achievements At automation level 1, the expected achievements were:  

¶ Train the operational experts involved in the simulations on 
the SACTA platform and ATC support features (CWP / Voice 
etc), the XAI DST and the co-located VA support display so 
that they become familiar with the available tools. This 
would avoid a negative impact on the results due to 
ignorance or a lack of familiarity with the tools being used. 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support 

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform (all 
exercises) 

¶ hōǘŀƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available features to 
identify and solve DCB related issues (all exercises) 

¶ Debrief users after completion of each exercise and gather 
feedback / complete scoring questionnaires (all exercises) 

V Phase FO-AO 

Use Cases Air Traffic Control ς CD&R use case 

Validation Technique ATC Real-time HITL Simulation 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 07/03/2022 

End Date 09/03/2022 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform SACTA ATC Real-Time Simulator platform 

Validation Location Madrid (ENAIRE/CRIDA Premises) 

Status Complete 

Dependencies None 

Table 11. Description of TAPAS CD&R Scenario #01 
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Scenario ATC CD&R Scenario #2: medium (Level 2) automation 

Scenario description CD&R Scenario#2 provided a series of Human-in-the-Loop 
simulation exercises running at Automation Level 2 using the SACTA 
real-time simulation platform with the XAI and VA support tools 
connected.  

Simulations were performed with users working the Radar/Executive 
control position for either the Toledo or Domingo Upper airspace 
sectors and depending on the exercise they were supported by a 
planning controller. 

At automation level 2, the connected tools provided both conflict 
alert information and a set of proposals for actions that might help 
solve those conflicts. These were listed on a flight-by-flight basis and 
included an assessed priority which helped to inform the user about 
which actions the XAI believed were the most suitable.  

The Radar controller had to review the proposed actions and decide 
which of them to use to try to solve the conflict. No constraints were 
placed on the users regarding which, or how many, solutions to try, 
nor whether the highest priority ones should be selected or not. This 
choice was left to each user for each conflict situation that was 
identified. 

Once one or more solutions had been chosen, the Radar controller 
had to provide clearances to traffic using the standard ATC features 
available in the SACTA system (i.e. using the CWP HMI features and 
voice instructions). As previously, human operators on the SACTA 
pseudo-pilot position implemented any instructions provided to 
traffic by the user. 

The XAI also provided some conformance monitoring for flight tracks 
against both the original flight plans and when following ATC 
clearances. 

Low to medium density traffic data was used for the training scenario 
(TS2.1-DGU) that was run on the first day of the validation to allow 
to users to become familiar with the information provided by the VA 
display support tool based on the XAI decisions. 

Similar traffic scenarios were used to assess the effect of the XAI/VA 
support tools on the performance of the operators at level 2 on the 
second and third days (TS1.2-TLU). 

The focus of the various exercises performed for scenario #2 was to:  
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Scenario ATC CD&R Scenario #2: medium (Level 2) automation 

ω Provide training to the ATC users on the first day of exercises 
in the use of the SACTA CWP and other ATC features and advanced 
features of the VA support display that was co-located with the CWP. 

ω Use the available functions in the SACTA CWP to manage 
traffic and provide ATC services for the selected Madrid ACC sectors 

ω Allow users to interrogate the additional information being 
provided by the XAI and VA display for conflict alerts and proposed 
solutions 

ω Let the users preform ATC services for the target sectors and 
based on the conflict alerts provided determine and to select and 
implement resolution actions from the list being proposed by the XAI 

ω Transmit appropriate clearances to traffic using the SACTA 
ATC features (HMI/Voice) based on the actions being recommended 
by the XAI 

ω Verify that the selected action(s) were able to successfully 
resolve the identified conflict(s) 

ω Monitor the compliance of traffic to flight plans and any ATC 
clearances provided for separation management 

ω Provide additional instructions to traffic to recover the 
original flight plan and coordinate the hand-off to downstream 
sectors in accordance with the original flightplan / any localised 
agreements 

ω Review the impact of the clearances provided on flight 
efficiency, safety, and ATC workload 

Exercises performed Five validation exercises were performed at level 2 automation:  

TS2.1-DGU ς baseline scenario for training/familiarisation (Day 1) 

TS1.2-TLU ς measured scenario with low-med density traffic (Day 2) 

TS3-DGU ς measured scenario with medium complexity traffic (Day 
2) 

TS1.2-TLU ς measured scenario with low-med density traffic (Day 3) 

TS2.1-TLU ς measured scenario with medium complexity traffic (Day 
3) 

Expected Achievements At automation level 2, the expected achievements were:  
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Scenario ATC CD&R Scenario #2: medium (Level 2) automation 

¶ Train the operational experts involved in the simulations on 
the SACTA platform and ATC support features (CWP / Voice 
etc), the XAI DST and the co-located VA support display so 
that they become familiar with the available tools. This 
would avoid a negative impact on the results due to 
ignorance or a lack of familiarity with the tools being used. 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support 

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform (all 
exercises) 

¶ Let users select and implement one or more of the solutions 
being proposed by the XAI and verify that they successfully 
resolved the identified conflict(s) 

¶ Obtain observŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available features to 
identify and solve DCB related issues (all exercises) 

¶ Debrief users after completion of each exercise and gather 
feedback / complete scoring questionnaires (all exercises) 

V Phase FO-AO 

Use Cases Air Traffic Control ς CD&R use case 

Validation Technique ATC Real-time HITL Simulation 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 07/03/2022 

End Date 09/03/2022 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform SACTA ATC Real-Time Simulator platform 

Validation Location Madrid (ENAIRE/CRIDA Premises) 

Status Complete 

Dependencies None 

Table 12. Description of TAPAS CD&R Scenario #02 
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Scenario ATC CD&R Scenario #3: full (Level 3) automation 

Scenario description CD&R Scenario#1 provided a series of Human-in-the-Loop 
simulation exercises running at Automation Level 3 using the SACTA 
real-time simulation platform with the XAI and VA support tools 
connected.  

Simulations were performed with users working the Radar/Executive 
control position for either the Toledo or Domingo Upper airspace 
sectors (TLU/DGU) and depending on the exercise they were 
supported by a planning controller. 

As the scenarios were automation level 3, the connected tools 
provided conflict alert information and automatically issued 
clearances to traffic that should resolve those conflicts.  

The Radar controllers were requested to monitor the situation 
without intervening on any reported conflicts and allowing the XAI 
to provide a solution. Users were also tasked with understanding the 
actions that had been taken and to verify that those actions were 
suitable for each of the identified conflict situations. Information 
related to the conflict and associated actions was provided to the 
Radar controller via the co-located VA display. 

¢ƻ ŜƳǳƭŀǘŜ ǘƘŜ ŀǳǘƻƳŀǘŜŘ ŜȄŜŎǳǘƛƻƴ ƻŦ ǊŜǎƻƭǳǘƛƻƴ ŀŎǘƛƻƴǎΣ ŀ ΨƎƘƻǎǘΩ 
controller provided the clearances to the SACTA system and human 
operators on the SACTA pseudo-pilot position then implemented 
those instructions without communication to the ATC radar 
controllers ς to emulate that the automation had performed the 
task. 

The XAI also provided some conformance monitoring for flight tracks 
against both the original flight plans and when following ATC 
clearances which allowed the Radar controller to review how flights 
were responding to the automated solutions.  

Medium complexity, medium density traffic scenarios were used for 
both the training and the measured scenarios in the level 3 full 
automation experiments (TS3-TLU for training and TS3-DGU for the 
two measured exercises). 

Users were also required to monitor the situation to respond to any 
unexpected failure of the automation tool (e.g. conflicts not 
detected or missing/inappropriate resolution actions).  

On recognising the failure, users were required to recover the 
situation and intervene manually to resolve any on-going conflicts in 
a safe and timely manner.  
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Scenario ATC CD&R Scenario #3: full (Level 3) automation 

This allowed the team to further evaluate the level of situational 
awareness that the Radar controllers were able to maintain in 
situations where automated solutions were being executed. 

 

The focus of the various exercises performed for scenario #3 was to:  

ω Provide training to the ATC users in the first rounds of 
exercise in the use of the SACTA CWP and other ATC features along-
side the VA support display that was co-located with the CWP. 

ω Allow the users to become familiar with the additional 
information being provided by the XAI and VA display when 
identified conflicts were being automatically resolved by the XAI tool 
and to support conformance monitoring of those solutions. 

ω Let the users evaluate whether the resolution actions being 
performed were suitable for the conflict situations that occurred and 
resolved them successfully 

ω Monitor the compliance of traffic to flight plans and the 
clearances provided by the automation for separation management 

ω Provide additional instructions to traffic to recover the 
original flight plan and coordinate the hand-off to downstream 
sectors in accordance with the original flightplan / any localised 
agreements following an automated resolution action 

ω Determine whether users could maintain a sufficient degree 
of situational awareness to be able to recover in situations when the 
automation fails unexpectedly 

ω Review the impact of the automated clearances provided by 
the XAI on flight efficiency, safety, and ATC workload 

Exercises performed Two validation exercises were performed at level 3 automation:  

TS2.1-DGU ς measured scenario with low-med density traffic and 
unexpected failure of automation/situation recovery by ATC (Day 2) 

TS3-DGU ς measured scenario with med density traffic and 
unexpected failure of automation/situation recovery by ATC (Day 3) 

Expected Achievements At automation level 3, the expected achievements were:  

¶ Train the operational experts involved in the simulations on 
the SACTA ATC support tools and the XAI and VA tools 
operating in fully autonomous mode. This allows users to 
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Scenario ATC CD&R Scenario #3: full (Level 3) automation 

become familiar with these the available DST capabilities and 
how conflicts are solved by the tools. This helps to avoid a 
negative impact on the results due to a lack of familiarity 
with the tools to be used. 

¶ Contribute to a series of consecutive exercises with 
increasing levels of automation support  

¶ Allow users to become comfortable with the functionality 
and features available in the validation platform and the DST 
features being provided by the XAI 

¶ Use the features available in the VA display to understand 
the solutions that were implemented, what they were 
solving and why/how those decisions were made 

¶ hōǘŀƛƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ όΨƻǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩύ Řŀǘŀ ƻƴ Ƙƻǿ ǘƘŜ 
users worked with the platform and the available XAI 
features and VA support to identify and understand how DCB 
related issues were actually solved by the automation 

¶ Debrief users following the completion of each exercise and 
gather feedback / complete scoring questionnaires 

V Phase FO-AO 

Use Cases Air Traffic Control ς CD&R use case 

Validation Technique ATC Real-time HITL Simulation 

KPA Considered <Human Performance> <Efficiency> <Safety> 

Start Date 07/03/2022 

End Date 09/03/2022 

Validation Coordinator ENAIRE/CRIDA 

Validation Platform SACTA ATC Real-Time Simulator platform 

Validation Location Madrid (ENAIRE/CRIDA Premises) 

Status Complete 

Dependencies None 

Table 13. Description of TAPAS CD&R Scenario #03 
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3.3 Deviations 

3.3.1 Deviations with respect to the Validation Plan 

The following deviations with respect to TAPAS D5.1 Validation Plan were identified: 

¶ During the ATFCM exercise execution, due to time and resources limitations not all the opened 
sectors of Madrid ACC were analysed. Only some of the most interesting in terms of number 
of hotspots were finally studied by the FMP expert. 

¶ For ATFCM automation level 1, the developed simplified FMP Client did not have a system 
integrating algorithms like CASA to automatically allocate delays to flights once a regulation is 
created by the user. This led to a slightly lower level of automation than is currently available 
in the live operational system (which uses CASA to automatically assign delays to traffic for a 
user requested Regulations). However, this should have no impact on the results since TAPAS 
aims to extract principles and requirements on explainability not to validate the tools 
developed to support said aim, and since the operators were still able to solve some of 
hotspots manually. 

¶ For ATFCM automation level 3, non-nominal situations were tested. However, none of the runs 
performed for this automation level were used to ask the user to try to solve the remaining 
hotspots once the XAI implemented its solution. Instead, they focused their work into 
understanding the solutions and problems detected using the available tools.  

¶ For the CD&R exercise execution, the original workstation design was to provide a co-located 
display for information related to the conflicts identified by the AI support tool and depending 
on the automation level, solutions proposed to help solve them. However, as this required 
that the ATCo had to turn away from the standard CWP to look at the display and since the 
display was relatively small in comparison to the CWP, it became evident that operators were 
reluctant to use the view when issues needed to be solved rapidly. To address this issue, the 
VA information was integrated into the CWP display itself during some of the later exercises 
and this gave the operator much more opportunity to use the information provided. 

¶ In response to limited availability of ATC experts to perform the experiments combined with 
ǎƻƳŜ ǘŜŎƘƴƛŎŀƭ ŘƛŦŦƛŎǳƭǘƛŜǎ ŀƴŘ ŀ ǎƻƳŜǿƘŀǘ ƭƛƳƛǘŜŘ ŀōƛƭƛǘȅ ŦƻǊ ǘƘŜ [ŜǾŜƭ о όΨŦǳƭƭΩύ ŀǳǘƻƳŀǘƛƻƴ ǘƻ 
identify and successfully solve conflicts that was observed by controllers during the verification 
of the platform, the number of Level 3 exercises was reduced to 2 instead of the planned 5, 
with Level 2 (partial automation) exercises being increased to 5 instead of 3. 

The reported deviations have not altered the meaningfulness of the exercises and the 
corresponding results, since, as previously stated, TAPAS main objective is to define principles and 
criteria for explainability. The deviations identified above have no major impact in this aim. 
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4 TAPAS Validation Results 

 

4.1 Summary of ATFCM Validation Results 

The table below summarises the validation results against the stated objectives that were obtained from the ATFCM validation scenarios: 

TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

OBJ 1: Identify 
principles for 
Transparency of AI-
based solutions 

 

 

 

 

 

 

1.1 Determine how much 
additional information is needed 
at automation levels 2 & 3 to 
ensure that the human operator 
is able to make informed 
decisions to help solve ATM 
problems. 

VA and explanatory support 
information is clear and 
understandable and the tools are 
able to provide the required 
information at the right time.  

Users were able to access and consult the VA display and 
associated information very easily and in an interactive 
manner. 

Information was provided in a timely fashion via the VA 
display and helped users to maintain their Situational 
Awareness. 

Explanations provided via the VA component were 
generally clear, but some issues to understand solutions 
being proposed were highlighted. 

POK 

1.2 Identify when support 
information is required, what 
level of detail is needed and how 
should it be provided in a timely 
manner. 

Key data that can be easily 
understood by the human has 
been identified that supports 
transparency needs and is 
provided in the required time 
frame and at an appropriate 
frequency 

During the initial training scenarios held on day 1 (level 2 
partial automation) and day 2 (level 3 full automation) and 
for the final day 3 exercises, users reported that the effort 
to scan both the FMP and VA displays was low. 

However, understanding the XAI solutions was considered 
poor, particularly at level 2 (partial automation). 

POK 
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TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

 Effort required to gather and interpret information was 
initially considered high but improved as the users became 
familiar with the VA display and its available features. 

1.3 Evaluate areas where the 
levels of transparency may need 
to be improved. 

Information that is unavailable 
but could help during the use of 
the proposed XAI has been 
identified and catalogued for 
future analysis. 

General comments from users suggested that some aspects 
of the system were very intuitive and both tools used 
provide all the information they could need. However, the 
way the information was present in some cases were 
somewhat obscure could be improved.  

Additionally since the methodology applied by the XAI 
(solve all of the problems at once) was quite different to 
how FMP work today (solve problems one by one) ς it was 
identified that the provision of aggregated information 
describing the overall effect of the solutions would be 
advantageous in future ς this need has been captured and 
documented as unavailable information at that moment 
(the impact of the solution was included but not in 
aggregated way) and will be taken into consideration as an 
input for the other TAPAS use case of CD&R. 

OK 

1.4 Propose suitable methods by 
which the level of understanding 
and trust in the AI automation 
can be measured 

Questionnaires, ΨƻǾŜǊ-the-
ǎƘƻǳƭŘŜǊΩ ƻōǎŜǊǾŀǘƛƻƴ ŀƴŘ 
debriefing analysis metrics have 
been identified to support the 
necessary measures. 

Over the shoulder observation and the use of debriefing 
and questionnaires at the end of each exercise proved to 
be very useful, in particular to capture how the scores 
tended to improve as users became more familiar with the 
platform.  

In general, levels of trust could be seen to improve as users 
became more familiar with the tools. This was reflected in 

OK 
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TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

the scores which became vƛǎƛōƭȅ ΨƳƻǊŜ ƎǊŜŜƴΩ ƛƴ ǘƘŜ ƭŀǘŜǊ 
exercises. 

OBJ2: Develop 
prototype XAI/VA 
methods for ATM use 
cases to address 
transparency at 
various levels of 
automation 

2.1 Produce customised VA views 
to support transparency and 
explanatory information to the 
human operator at different 
levels of automation. 

VA display tools are able to 
consume data provided by the 
XAI component to support 
interactive drill down views for 
the human operator 

The VA display was able to consume data from the XAI 
component and to present a series of visual aids to help 
users to interrogate information related to Hotspots and 
solutions being identified by the tool.  

Detailed capabilities that are Sector based and Traffic 
based allowed users to drill down and interactively obtain 
more detailed information from the VA tools whenever 
this was required. 

OK 

2.2 Assess how the VA methods 
can help enhance operator 
understanding and trust in AI-
based automation 

Elements provided in the VA 
provide clear visual evidence 
related to the actions being 
performed by the XAI tools 

The elements provided in the VA support tool were 
designed to help users understand the issues that had 
been identified, as well as the reasons why the proposed 
solutions were selected 

Users felt that solutions were sometimes slightly difficult 
to understand. However additional comments from the 
users suggest that the difference in the paradigm that the 
XAI uses to create solutions (solve all in one go) 
contributed to these issues as it was unfamiliar to users 
who normally solve issues one by one. 

POK 

2.3 Evaluate the effectiveness of 
the transparency solutions being 
deployed 

Human operators are able to use 
the visualisation to interrogate 
the on-going scenario and 
solutions being considered 

Using the VA display and features available combined with 
the FMP client interface, users were able to easily 
interrogate the scenario and investigate solutions being 
proposed.  

OK 
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TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

Additional explanations about how, and why, solutions 
were selected were provided through the VA sector and 
traffic exploration features. 

2.4 Determine the different 
needs for transparency at 
different automation levels 

Human operators classify the 
information being provided and 
confirm that it is sufficient to 
explain the decisions being made 

At automation level 1 (manual) the users were able to 
easily classify information being provided (sector 
load/demand charts, overloads, flight lists etc.).  

At higher levels of automation, available information could 
be easily found but users identified missing information 
which would have helped to improve the explanations 
being provided 

 

POK 

2.5 Evaluate the level of 
understanding and situational 
awareness of the human as the 
automation proposes / 
implements solutions 

Human operators are able to 
describe what the automation is 
doing and why solutions have 
been proposed 

In general, using the available features in the FMP client 
and VA display, users were able to maintain Situational 
Awareness at all times, and remained neutral about 
things being under control.  

At higher levels of automation, users reported some 
ŘƛŦŦƛŎǳƭǘȅ ǘƻ ŦƻŎǳǎ ƻƴ ǘƘŜ ǇǊƻōƭŜƳ Ψŀǎ ŀ ǿƘƻƭŜΩ ǊŀǘƘŜǊ ǘƘŀƴ 
ǎƛƴƎƭŜ ǇǊƻōƭŜƳǎ ŀƴŘ ǿŜǊŜ ǎƻƳŜǘƛƳŜǎ ΨǎǳǊǇǊƛǎŜŘΩ ōȅ 
unexpected events. This was probably due to the 
differences of the new operating method used (solve all in 
one go). 

OK 

2.6 Verify that the human can 
successfully take over and 
recover control of the situation if 

The human was able to either 
take over and complete the 
current task when automation 
failed, 

Not tested during the validation exercise 

Not tested 
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TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

the automation fails for any 
reason 

2.7 Ensure that the human is able 
to identify and resolve any 
remaining issues at the end of 
the XAI process, if present. 

The human operator was able to 
identify and to complete any 
remaining issues that were not 
successfully solved at the end of 
the process 

Not tested during the validation exercise 

Not tested 

2.8 Demonstrate how 
transparency can promote 
operational and social 
ŀŎŎŜǇǘŀƴŎŜ ƻŦ ΨōƭŀŎƪ-ōƻȄΩ !L 
solutions 

The operator confirms that the 
solutions provided by the XAI 
were fit for purpose 

Users responded either neutrally or slightly negatively 
when asked whether the system was useful, reliable, 
accurate and understandable when automation was in 
place. 

 

Information provided to help explain Hotspot 
identification was reported as being good, but 
explanations related to solutions were reported as being a 
little difficult to use in some cases. 

Scores related to overall confidence in the solutions 
remained relatively neutral or slightly negative.  

However, in discussions during the exercises and the 
debrief sessions, users seemed to be willing to accept that 
if the solutions that were implemented by the automation 
were reasonable across all airspace users, then acceptance 
and trust would be able to be achieved.  

POK 
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TAPAS ATFCM 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

2.9 Assess shortfalls and areas 
where transparency can be 
improved in future solutions 

Operational experts identify 
areas where information was 
insufficient to support 
understanding 

The operational experts were able to review the Hotspots 
that the XAI identified with relative ease, together with 
the solutions that were included in the FMP tool and their 
explanations in the VA display.  

However sometimes the information was difficult to 
understand, some explanation features were no auto 
explanatory and more focused on how the XAI algorithm 
worked. 

In this aspect, users identified that providing information 
ƛƴ ŀƴ ΨƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘΩ ǿƻǳƭŘ ƘŜƭǇ ƛƳǇǊƻǾŜ 
transparency.  

POK 

2.10 Identify opportunities for 
additional training 

Additional training or processes 
to enhance the ability for the 
XAI/VA to assist the human in 
understanding the process at 
different automation levels has 
been identified by the team 

Following the completion of the various exercises, the 
analysis team performed a general review of the design, 
execution and results of the validation scenarios and 
results. 

Key points were presented to the TAPAS project partners 
to provide feedback on Explainability, Tooling and Lessons 
Learned. 

 

OK 

Table 14. Summary of ATFCM Validation Exercises Result 
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4.2 Summary of CD&R Validation Results 

The table below summarises the validation results against the stated objectives that were obtained from the CD&R validation scenarios: 

TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

OBJ 1: Identify 
principles for 
Transparency of AI-
based solutions 

1.1 Determine how much 
additional information is needed 
at automation levels 2 & 3 to 
ensure that the human operators 
can make informed decisions to 
help solve conflicts identified by 
the system at various levels of 
automation. 

VA and explanatory support 
information that is clear and 
understandable is provided in a 
short timeframe and the tools 
provide the required information 
to allow the user to rapidly 
understand the situation being 
managed and context of the 
proposed solution.  

As regular and certified users of the Spanish ATC system, 
which the SACTA simulator platform replicates, users were 
highly familiar with the tools and features that the CWP 
provided. For this reason, it was difficult for them to move 
away from using those features when analysing predicted 
conflict situations and their possible solutions during the 
TAPAS CD&R exercises. 

Nevertheless, when instructed to use the available 
information provided in the co-located VA display, users 
were able to quickly assimilate the information that was 
provided for a conflict and use the detailed information to 
review the solutions being proposed. 

Some features of the display were considered less useful 
than others. For example, Users indicated that the graphical 
display of the conflict trajectories provided at the side of 
the textual information in the VA display was less useful 
than capabilities already available in the SACTA CWP. When 
observing the users work at levels 2 and 3, it was clear that 
they preferred to use existing ATC/traffic monitoring 
features over that view.  

However, other information that was provided via the co-
located display, related to conflict alerts and the proposed 
actions, was considered very useful and allowed the users 

OK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

to quickly understand the conflict and traffic involved, as 
well as the solutions that were proposed, even if they did 
not always agree with the priorities given by the XAI tool. 

In cases where the users disagreed with the clearances 
being proposed, or those implemented automatically at 
level 3, they still tended to accept the solutions if they 
solved the conflicts ς even though the solutions differed 
from those that they would have applied themselves.  

However, if the proposed solution only partially solved, or 
failed to solve the issue, users questioned why those 
actions had been proposed. In such cases, there was no 
further information available to explain why those actions 
had been selected. 

In conclusion, most users indicated that due to the often 
very short lead times for conflicts to be identified, solved 
and instructions given to traffic, offering more information 
than was already provided would not necessarily have 
changed the understanding that they could usually acquire 
in a very short time due to their own experience and 
expertise in the domain.  

Therefore, users generally agreed that the level of 
information provided was sufficient for their needs in the 
CD&R use case.  

Users indicated the need to integrate the VA display 
information into the SACTA CWP HMI. Having the display 
located on a smaller screen that was next to the main CWP 
display required the Radar controller to change from 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

viewing the Radar screen to look at information on the co-
located display which was a distraction and could lead to 
loss of awareness about the evolving traffic conditions in 
the sector, especially when traffic loads are high and 
complex. 

To further evaluate this effect, during some of the later 
exercises some modifications were included in the CWP to 
allow the VA-display information to be seen in pop-up 
dialogues within the main CWP HMI. When these changes 
were included in the scenario it was very clear that the 
controller made more use of the information that was being 
provided than when it was located on the adjacent display. 

1.2 Identify when support 
information is required, what 
level of detail is needed and how 
should it be provided in a timely 
manner. 

Key data that can be easily 
understood by the human has 
been identified that supports 
transparency needs and is 
provided in the required time 
frame and at an appropriate 
frequency. 

Additional information providing 
more detailed information that 
can help explain more complex 
situations and the decisions that 
were made is available for 
consultation by the user in an 
Ψƻƴ-ŘŜƳŀƴŘΩ ƳƻŘŜ ƛŦ ǊŜǉǳƛǊŜŘ 

Integration of the XAI and VA information display 
components was carried out using a publish-subscribe 
Message Queue solution (RabbitMQ).  

However, the refresh rates at which key flight plan and track 
data was shared with the XAI/VA was set at 30-seconds for 
the experiments. This setting sometimes resulted in delays 
occurring between a conflict being identified and the 
related information being provided to the users. 

 Additionally, users needed to wait on some occasions for 
the information to be updated with the set of proposed 
resolution action, while on other occasions, the information 
being displayed was modified or over-written as new or 
changing conflict situations manifested which caused users 
to be a little disoriented from time to time.  

OK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

The consequence of these technical issues did have a 
noticeable impact on the users at times, and they were 
sometimes waiting for information that was expected 
(based on their own experience/expertise) when it was not 
already provided. 

From the perspective of validation objective 1.2, which was 
looking at both the content and delivery time for key 
support information, these technical issues provided a good 
insight into what controllers would need in an eventual 
operational deployment of such tools.  

Information was found to be useful and suitably presented 
in a way that allowed users to quickly comprehend the 
situation and understand any actions that were being 
proposed/implemented.  

However, the delays in presenting information (usually due 
to the selected data sharing frequency of 30 seconds) did 
result in some negative effects due to both unexpected 
delay in the provision of that data as well as sudden updates 
that caused the user to be a little disoriented at times. 

1.3 . Evaluate areas where the 
levels of transparency may need 
to be improved 

Information that is unavailable 
but could help during the use of 
the proposed XAI has been 
identified and catalogued for 
future analysis. 

ATC were generally satisfied with information that was 
made available by the XAI/VA components.  

Information provided was easy to use and complemented 
the expertise of ATCO as well as existing SACTA tool suite. 

OK 

1.4 Propose suitable methods by 
which the level of understanding 

vǳŜǎǘƛƻƴƴŀƛǊŜǎΣ ΨƻǾŜǊ-the-
ǎƘƻǳƭŘŜǊΩ ƻōǎŜǊǾŀǘƛƻƴ ŀƴŘ 

Over the shoulder observation and the use of debriefing 
and questionnaires at the end of each exercise proved to 

OK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

and trust in the AI automation 
can be measured 

debriefing analysis metrics have 
been identified to support the 
necessary measures. 

be very useful, and in general how the scores tended to 
improve as users became more familiar with the platform.  

OBJ2: Develop 
prototype XAI/VA 
methods for ATM use 
cases to address 
transparency at 
various levels of 
automation 

2.1 Produce customised VA views 
to support transparency and 
explanatory information to the 
human operator at different 
levels of automation. 

VA display tools consumed data 
provided by the XAI component 
to support interactive views for 
the human operator in a timely 
and concise manner. 

In practice, due to the short timeframe between conflicts 
being identified and the need to implement a suitable and 
safe clearance to one or more flights, the usefulness of the 
co-located view was limited.  

Over the shoulder observation and discussions held during 
the Level 2 exercises confirmed that the ATCo tended to 
use the existing functions and features within the SACTA 
CWP (features that they are highly familiar with already) 
over any new features that were provided by the VA 
support display.  

Furthermore, as the amount and type of information that 
was able to be provided was somewhat limited, by design 
to keep it as concise as possible, in-ŘŜǇǘƘ ΨŜȄǇƭŀƴŀǘƻǊȅΩ 
information was not available from the VA tool. 
Furthermore, users indicated that little time is available to 
use information of this type in a CD&R situation since 
actions need to be performed and verified rapidly, before 
moving on to the next task. 

Other issues were identified in discussions with the users 
that related to the set-up of the working position. Since 
the VA support display was located next to the main CWP 
and was only provided on a small laptop screen, 
consultation of information on that display resulted in the 
user losing focus on the main CWP and on-going traffic 

OK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

situation, which in turn could risk a loss of situational 
awareness or worse. Similarly, the update frequency (30 
sec) and lack of clear indication about when data was last 
refreshed could lead to users being unclear whether the 
information was up to date (or remaining from a previous 
situation) and in some cases new data appearing on the 
display could lead to other information being hidden or 
potentially lost. 

A clear improvement in how the information was provided 
and used by the ATCo was visible when the CWP interface 
was enhanced to include an additional pop-up window for 
the VA information. In this case it was clearly observable 
that the ATCo made greater use of the information than 
when it was co-located on the smaller laptop screen. 

Most, if not all ATCo also indicated that they did not really 
require the additional graphical view of conflict situations 
that accompanied conflict details in the VA display. In 
general, the existing tools in the CWP HMI, combined with 
the expertise and experience of the ATCo were considered 
sufficient to understand all of the conflict situations rapidly 
without the need to consult the additional graphical view, 
ŀƴŘ ΨmeasuringΩ ǘƻƻƭǎ ƛƴ ǘƘŜ /²t IaL ǘƘŀǘ ǘƘŜ !¢/ƻ ǿŜǊŜ 
ƘƛƎƘƭȅ ŜȄǇŜǊƛŜƴŎŜŘ ƛƴ ǳǎƛƴƎ ǿŜǊŜ ǎŜŜƴ ŀǎ ǘƘŜ ΨƎƻ-ǘƻΩ 
function when review conflict situations and potential 
clearances. 

2.2 Assess how the VA methods 
can help enhance operator 

Elements provided in the VA 
provide clear visual evidence 

Users had mixed opinions when responding to question 
about visual evidence for conflict resolution proposals.  

POK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

understanding and trust in AI-
based automation 

related to the actions being 
performed by the XAI tools 

Low confidence in proposed actions from the automation 
which did not match how ATCO would have solved the 
issue themselves influenced some of the answers.  

Questions that were directly related to the information 
provided about the proposed solution, rather than its 
quality were well reviewed. 

2.3 Evaluate the effectiveness of 
the transparency solutions being 
deployed 

Human operators are able to use 
the visualisation to interrogate 
the on-going scenario and 
solutions being considered 

User were able to easily access the information provided in 
the VA support to understand solutions being proposed and 
using features in the CWP they could measure the 
impact/applicability easily. 

OK 

2.4 Determine the different 
needs for transparency at 
different automation levels 

Human operators classify the 
information being provided and 
confirm that it is sufficient to 
explain the decisions being made.  

Optional detailed views are able 
to support more complex 
situations and can provide 
additional detailed understanding 
in an acceptable timeframe 

CD&R users indicated that information provide was 
sufficient for their needs and no additional data would be 
necessary to support transparency.  

In CD&R little/no time is available for drill down actions 
OK 

2.5 Evaluate the level of 
understanding and situational 
awareness of the human as the 
automation proposes / 
implements solutions 

Human operators are able to 
describe what the automation is 
doing and why solutions have 
been proposed. 

Many responses were in agreement or neutral on many 
questions relating to understanding what the automation 
was doing/proposing. However, when trying to 
understand why some solutions were proposed users were 
split 40:60 between strongly agreeing and strongly 
disagreeing suggesting more work is required on this topic. 

POK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

2.6 Verify that the human can 
successfully take over and 
recover control of the situation if 
the automation fails for any 
reason 

The human was able to either 
take over and complete the 
current task when automation 
failed, 

Technical issues with the XAI automation resulted in the 
operator needing to take over control when running at 
Level 3. However, while ATCO could intervene in most 
cases, it was not always able to be carried out in a suitable 
time. 

POK 

2.7 Ensure that the human is able 
to identify and resolve any 
remaining issues at the end of 
the XAI process, if present. 

The human operator was able to 
identify and to complete any 
remaining issues that were not 
successfully solved at the end of 
the process 

For automation level 3 scenarios the XAI only detected 
some (but not all) of the conflicts. Others that were 
identified were solved in a less than efficient manner or 
ǳǎƛƴƎ ΨƻǇŜƴ ƭƻƻǇΩ ƳŀƴƻŜǳǾǊŜǎ όŜΦƎΦ ŀ ƘŜŀŘƛƴƎ ŎƘŀƴƎŜύ 
without additional instructions to recover the original 
plan. Hence the ATCO was required to identify those 
missing conflicts, enhance some of the solutions and/or 
include additional clearances to recover the flight plan 
following a resolution action. 

POK 

2.8 Demonstrate how 
transparency can promote 
operational and social 
ŀŎŎŜǇǘŀƴŎŜ ƻŦ ΨōƭŀŎƪ-ōƻȄΩ !L 
solutions 

The operator confirms that the 
solutions provided by the XAI 
were fit for purpose 

ATCO were able to understand the solutions being 
proposed using the available information but on some 
occasions those solutions were not considered suitable to 
solve the problem. 

Scoring suggests that ATCO confidence in the solutions 
remained low and this impacted some of the operational 
acceptance of the automation proposals. 

POK 

2.9 Assess shortfalls and areas 
where transparency can be 
improved in future solutions 

Operational experts identify 
areas where information was 
insufficient to support 
understanding 

In the CD&R scenarios ATC indicated that all required 
information was already provided. 

Some issues were reported regarding conformance 
monitoring, but these were solved once users became 
familiar with how this feature was supported by the tool. 

OK 
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TAPAS CD&R 
Validation 
Objective 

Sub-Focus Success Criterion Validation Results Status  

ATC suggested that conformance monitoring in primarily a 
human task. 

2.10 Identify opportunities for 
additional training 

Additional training or processes 
to enhance the ability for the 
XAI/VA to assist the human in 
understanding the process at 
different automation levels has 
been identified by the team 

Users responded that the system was easy to use and 
understand with little or no assistance from technical 
support personnel.  

Users also indicated that little or no additional training was 
considered necessary 

OK 

Table 15. Summary of CD&R Validation Exercises Result 
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4.3 Detailed analysis of SESAR Solution Validation Results per 
Validation Objective 

4.3.1 Analysis approach 

The various high-level objectives identified in the TAPAS validation plan and summarised in the 
previous section were analysed during the execution of the different ATFCM and CD&R scenarios, and 
detailed questionnaires were completed by the participants to support analysis. 

Results for each of the operational scenarios have been categorised by validation objective and sub-
focus topics for each operational domain as described below. These are then compared/contrasted for 
each of the high-level objectives/sub focus topics in the different validation domains. 

4.3.2 TAPAS VAL_OBJ_1 ς Principles for Transparency 

Objective 1 of the TAPAS activity aimed to identify principles for transparency of decision support 
solutions that have been implemented using AI and ML techniques.  

The two scenarios focused on different ATM functions, one in the ATFCM pre-tactical planning domain 
and the other for the provision or air navigation services by the ANSP for ATC Conflict Detection and 
Resolution (CD&R) activities. For each domain, scenarios were executed that considered the AI-based 
DST working at different levels of automation:  

Level 1 with limited automation (the current working environment),  

Level 2 with partial automated support that allowed the user to review proposed actions and select 
one or more of them for implementation and,  

Level 3, where the system automatically publishes and implements the solutions without any user 
action. 

Using low automation scenarios (level 1) the users were able to obtain a fundamental understanding 
of the issues relating to the identification of ATFCM demand-capacity issues (Hotspots) and ATC CD&R 
separation issues (Conflicts). At level 1, the integrated systems used to support the validation exercises 
supported the investigation of the traffic involved as well as the manual development of suitable 
solutions to help resolve the problems. In this way, the users were able to become familiar with the 
validation platform and support tools: For AFTCM - the INNOVE simulator and the FMP client 
application. For the CD&R experiments, the SACTA platform, and its CWP/ATC support features. 

At higher levels of automation, XAI decision support tools combined with visual analytic information 
displays were used to help operators understand the ATFCM/CD&R problems being identified and 
solutions that were proposed or automatically implemented. 

To measure whether the principles for transparency have been achieved, three different methods 
were applied including:  

¶ ΨhǾŜǊ ǘƘŜ ǎƘƻǳƭŘŜǊΩ ƻōǎŜǊǾŀǘƛƻƴ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ŜȄŜŎǳǘƛƻƴ ƻŦ ŜŀŎƘ ǾŀƭƛŘŀǘƛƻƴ 
exercise  

¶ Debriefing sessions held immediately after each exercise 
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¶ Completion of scoring questionnaires for each exercise. 

The TAPAS validation OBJ 1 is made up of four sub-criteria whose assessment results are summarised 
in the following sections. Results for each of the validation domains (ATFCM then CD&R) are provided 
for each of the sub-criteria below. Note that when evaluating these objectives, as for the other 
validation objectives considered in the TAPAS validation, all success criteria involved are considered 
equally and no weight is applied for their consideration. 

On this basis, from the ATFCM perspective the overall OBJ-1 objective result is considered partially 
achieved ς since two out of four success criteria were totally achieved but the other two were only 
partially achieved, 

From the CD&R perspective, the overall OBJ-1 objective is considered as having been fully achieved for 
Level 2 since all the sub criteria were considered as OK.  

Results for each of the four sub-criteria for each ATM domain are detailed below: 

4.3.2.1 ATFCM Scenario ς Objective 1.1 assessment results 
Sub-Focus Success Criterion Success Criterion Verdict 

1.1 Determine how much additional 
information is needed at automation 
levels 2 & 3 to ensure that the human 
operator is able to make informed 
decisions to help solve ATM problems. 

VA and explanatory support information is clear 
and understandable and the tools are able to 
provide the required information at the right 
time. 

POK 

Table 16. TAPAS ATFCM OBJ1.1 assessment result 

The verdict of this first success criterion was based on the feedback received from the FMP during the 
execution of the ATFCM validation experiments.  

The figures below present the answers received in the questionnaires on situational awareness and 
explanations that the tools provided.  

As described previously, during the three-day exercise execution there were two different FMP experts 
involved in the tests. Each one of them participated during two different days, but due to time 
limitations not all of them performed the same number of runs, therefore the number of answers may 
vary according to the automation level tackled due to this reason. 
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Figure 4. Success Criterion 1.1. FMP answers. Automation level 2 

It must be noted that level 2 answers also include results from Day 1, whose runs were focused on 
training purposes. Answers provided differed, especially related to the last four questions shown on 
the graph related to situational awareness. For these questions, on the first day of validation the 
general answer was neutral, but once the knowledge on the tool improved in the last run, the FMP 
experts agreed they were able to maintain the situational awareness. 

 

Figure 5. Success Criterion 1.1 FMP answers. Automation level 3 
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4.3.2.2 CD&R Scenario ς Objective 1.1 assessment results 
Sub-Focus Success Criterion Success Criterion Verdict 

1.1 Determine how much additional 
information is needed at automation 
levels 2 & 3 to ensure that the human 
operators can make informed decisions 
to help solve conflicts identified by the 
system at various levels of automation. 

VA and explanatory support information that is 
clear and understandable is provided in a short 
timeframe and the tools provide the required 
information to allow the user to rapidly 
understand the situation being managed and 
context of the proposed solution.  

OK 

Table 17. TAPAS CD&R OBJ1.1 assessment result 

In the CD&R case, success criterion for Objective 1.1 were based on the feedback received from the 
expert users that worked the Radar/Executive position during the execution of the real-time ATC 
simulations for upper sectors in the Madrid ACC during the ATC validation experiments carried out 
using the SACTA real-time simulation platform. These experiments were performed at automation 
levels 2 and 3 with integrated XAI automation components providing conflict alerts, resolution 
proposals and providing conformance monitoring services. Key information relating to the conflicts, 
associated resolution actions and conformance were shared through the co-located VA information 
display. 

The figures below present the answers received in the questionnaires on situational awareness and 
explanations that the tools provided.  

 

Figure 6: Success Criterion 1.1 ATCO answers. Automation level 2 

Responses confirmed that information was readily available, easy to access, and that it was clear and 
able to be understood in a timely manner. As seen in the selection of questions shown for Level 2 
above, a high number of answers to questions relating to Objective 1 sub criterion 1.1 agreed or 
strongly agreed with the statements.  

Users considered that the information provided a clear vision of the conflict resolution actions being 
proposed, they were able to easily identify all the conflicts and were not disturbed or overloaded by 
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too much information. Moreover, users indicated that they had a good global overview and were 
ahead of the traffic and fully capable of planning and organising the work that they needed to do.  

 

Figure 7: Success Criterion 1.1 ATCO answers. Automation level 3 

With Level 3 automation users also scored positively for Objective 1.1, with responses that agreed with 
the proposed observations, or which remained neutral. 

4.3.2.3 ATFCM Scenario ς Objective 1.2 assessment results 

In general, the supporting tools provided all the necessary information. However, the explanations 
were not always easy and clear to understand. Nevertheless, FMP understanding on explanations did 
improve when they had gained more knowledge on the tools.  

 

Sub-Focus Success Criterion Success Criterion Verdict 

1.2 Identify when support information 
is required, what level of detail is 
needed and how should it be provided 
in a timely manner. 

Key data that can be easily understood by the human 
has been identified that supports transparency needs 
and is provided in the required time frame and at an 
appropriate frequency 

POK 

Table 18. TAPAS ATFCM OBJ1.2 assessment result 

The second success criterion refers to human understanding of the data presented by the tools and 
the support that those tools provide to ease human workload. This criterion is considered to be 
partially achieved, since the data was easy to access, but the FMP expert had difficulties when 
understanding the explanations shown in the VA tool especially for automation level 2. 
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Figure 8. Success Criterion 1.2 FMP answers. Automation level 2 

 

Figure 9. Success Criterion 1.2 FMP answers. Automation level 3 

4.3.2.4 CD&R Scenario ς Objective 1.2 assessment results 

In the CD&R scenario, objective 1.2 considered when support information is required, and which level 
of detail was appropriate. This included how quickly information should be provided to ensure that 
the ATCO has sufficient time to respond and deliver a suitable clearance(s) to solve the identified 
conflict(s). 

Sub-Focus Success Criterion Success Criterion Verdict 

1.2 Identify when support information 
is required, what level of detail is 
needed and how should it be provided 
in a timely manner. 

Key data that can be easily understood by the 
human has been identified that supports 
transparency needs and is provided in the required 
time frame and at an appropriate frequency. 

Additional information providing more detailed 
information that can help explain more complex 
situations and the decisions that were made is 
ŀǾŀƛƭŀōƭŜ ŦƻǊ Ŏƻƴǎǳƭǘŀǘƛƻƴ ōȅ ǘƘŜ ǳǎŜǊ ƛƴ ŀƴ Ψƻƴ-
ŘŜƳŀƴŘΩ ƳƻŘŜ ƛŦ ǊŜǉǳƛǊŜŘ. 

OK 

Table 19. TAPAS CD&R OBJ1.2 assessment result 
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Given the short timeframe available between the identification of conflict situations and the need to 
identify then deliver clearances to resolve those conflicts, during the exercises most controllers 
indicated that considering the information provided by the VA support, combined with their own 
ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƻƻƭǎ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ǎǘŀƴŘŀǊŘ /²tΣ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ΨŘǊƛƭƭ 
ŘƻǿƴΩ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ƭƻǿ. Furthermore, if additional drill-down details existed, they would be 
unlikely to consult it in an operational situation (although this may be useful in a simulation exercise 
and/or to help validate, certify or enhance the automation tools ς which was outside the scope of the 
TAPAS analysis). 

As seen in the responses to questions relating to objective 1.2 topics, responses were predominantly 
in strong agreement with the statements provided and ATCO were happy with the information being 
provided, its content and ability to support transparency and understanding of the situation and 
proposed actions. Similarly, the information allowed users to maintain a good global overview of the 
situation and it was provided with sufficient time to allow them to understand the situation, review 
the options being proposed and select a solution.  

 

Figure 10. Success Criterion 1.2 ATCO answers. Automation level 2 

For automation Level 3, responses to some of the questions that were related to objective 1.2 were 
more varied. However, only 2 scenarios were executed at this level so it remains difficult to draw 
distinct conclusions from these scores.  

Nevertheless, the answers collected did reflect those seen at Level 2 in the sense that users considered 
that low effort was needed to establish a good understanding about what the automation was trying 
to do. However, some disagreement was seen in responses that related to how that information should 
or could be interpreted and how to cross reference that information with the traffic situation shown 
in the radar display. 
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Figure 11. Success Criterion 1.2 ATCO answers. Automation level 2 

4.3.2.5 ATFCM Scenario ς Objective 1.3 assessment results 
Sub-Focus Success Criterion Success Criterion Verdict 

1.3 Evaluate areas where the levels of 
transparency may need to be improved. 

Information that is unavailable but could help during 
the use of the proposed XAI has been identified and 
catalogued for future analysis. 

OK 

Table 20. TAPAS ATFCM OBJ1.3 assessment result 

In general, regarding the data provided by the supporting tools, the FMP experts comments agreed 
that all the information they needed was included in some way and was presented in the tools. In some 
aspect the systems were very intuitive to use (e.g.: information on declared hotspots, traffic counts 
charts, etc.). Nonetheless, in some cases the access to information was somewhat obscure and could 
be improved.  

Users specifically mentioned that the visualisation of aggregated information describing the impact of 
the proposed measures could be very useful in the future when assessing the effectiveness of the XAI 
solutions. This was considered especially necessary since the methodology applied by the XAI 
algorithm consisted in a global technique, solving all the hotspots in Madrid ACC at once, in contrast 
with the way the FMP currently works, solving hotspot locally, focusing on a single TV at a time.  

Therefore, during the exercises execution this aggregated information on the impact of the proposed 
measures was identified as unavailable (the information on the impact was there but not in an 
aggregated way) and very useful to improve the use and transparency levels presented by the tool. In 
consequence, this new founding will be taken into consideration and included when tackling the other 
TAPAS use case, the CD&R. 

4.3.2.6 CD&R Scenario ς Objective 1.3 assessment results 
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